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FUNCTION GUIDE

1. Introduction
1.1 Dynamic RAM

[ cmos | amxt | «msca00s |— Kmeicao0010 |
oo} o]
— kmaicaoors | kmarcaoorio |
| kwaicaoozs b kmarcaoozr0 |
—  km41ce000a7 | Kkmarcaooons |  KmatCaoooato |
— KM41C4000AL7 |— KMa41Cao00AL8 | — KM41Cao00AL10 |
| KM41C4000ASL7 f— KM41C4000ASL-8 |—] KM41C4000ASL10. |
— kmarcaooa7 | kmarcaooras | Kmarcaooiato |
— KM41Ca002a7 || Kkmarcaooas | Kwarcacozato |

Ql KM41C4000B-5 H KM41C40008-6 ]
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FUNCTION GUIDE

[ cmos h_l Mx4 |- Kkmascioo08 || Kmasciooot0 |

—  kmaacio00L-8

[  «maacroooL10 |

{ KM44C1002-8

H KM4401002-1oj

— Kmaac1000a7  |—{ kmaacio00a8 |— kmasci000a10 |

— KM44C1000AL7 | —{ KMaaCi000AL8 |—| KM44Cro00AL10 |

—-I KM44C1000ASL-7 H KM44C1000ASL-8 H KMMC1000ASL-1ﬂ

—LKM4401002A-7 ]—-L KM44C1002A-8 H KM44C1002A-10 ]

— kmaaciononz H KM44C1010A-8

— «mascronoato |

—{ KM44C1012A7 |—-L KM44C1012A-8

[ Kmascioraro |

—:I KM44C1000B-5 H KM44C1000B-6 I

— 2s6kx16 |  KMatecese7 H KM416C256-8

H KM416C256-10 —I

KM416C266-8

1 kmatecoes7  |—{ 1 kmatecaesto |

—{ 256118 1 «masczser ||  kmateceses 1 kmateceseo |
H sekxe || kmascsizz || kwascsizs || kwascsizio |
'—Q KMascs227 | —| Kmescs2e8 | —|  Kkmascszzt0 |

L sizkee | kmascsiez || wkwmascses || kmascsrzio ]

* New Product

¢ SAMISUNG
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FUNCTION GUIDE

1.2 Dynamic RAM Module

ICMosH Mx8 H KMM581000AN-7 |—r KMMS581000AN-8 H KMMS581000AN-10 ]
(2-chips)

-| Mx9 W KMMSS1000AN-7 I—r KMMS591000AN-8 J—I KMM591000AN-10 ]
(3-chips) '

-l 4Mx8 H KMM584000A-7 H KMMS584000A-8 H KMMS584000A-10 j

-[ 4Mx9 H KMM594000A-7 H KMM594000A-8 H KMM594000A-10 I

—Estz KMMS5321000AVIAVG-7 H KMM5321000AVIAVG-8 H KMM5321000AVIAVG-10 I

—| 1Mx36H KMM5361000A/AG/AT/A1G-7 I—I KMM5361000A/AG/A1/A1G-8 HKMM5361000A/AG/A1IA1G-10]

-|2Mx32 H KMM5322000AV/AVG-7 H KMM5322000AV/AVG-8 H KMM5322000AVIAVG-10J

«L 2Mx36 H KMMS5362000A/AG/AT/AIG-7 HKMM5362000AIAGIA1/A1G-8 HKMM5362000A/AG/A1IA1G-10I

—|1Mx4OH KMMS5401000A/AG-7 H KMMS5401000A/AG-8 H KMM5401000A/AG-10 J

LI 2Mx 40 H KMM5402000A/AG-7 H KMM542000A/AG-8 H KMM5402000A/AG-10 I

(SAMSUNG - 18

Electronics



FUNCTION GUIDE

2. Product Guide
2.1 Dynamic RAM

Generation Part Number Organization | Speed (ns) | Technology| Feature Package |Remark
1stGen. | KM41C4000J 4Mx 1 80/100 CMOS |Fast Page 20Pin SOJ | Now
KM41C4000Z aMx 1 80/100 CMOS  |Fast Page 20 Pin ZIP Now
KM41C4000LJ 4M x 1 80/100 CMOS  |Fast Page 20Pin SOJ | Now
KM41C4000LZ 4Mx 1 80/100 CMOS  |Fast Page 20PinZIP | Now
KM41C4001J 4M x 1 80/100 CMOS Nibble 20 Pin SOJ Now
KM41C4001Z 4M x 1 80/100 CMOS Nibble ) 20 Pin ZIP Now
KM41C4002J 4Mx 1 80/100 CMOS | Static Column| 20 Pin SOJ | Now
KM41C40022 4Mx 1 80/100 CMOS | Static Column| 20 PinZIP | Now
KM44C1000J 1Mx4 80/100 CMOS  |Fast Page 20Pin SOJ | Now
KM44C1000Z 1Mx4 80/100 CMOS  |Fast Page 20PinZIP | Now
KM44C1000LJ 1Mx 4 80/100 CMOS  |Fast Page 20 Pin SOJ | Now
KM44C1000LZ 1Mx4 80/100 CMOS  |Fast Page 20PinZIP | Now
KM44C1002J 1M x4 80/100 CMOS | Static Column| 20 Pin SOJ | Now
KM44C1002Z iMx4 80/100 CMOS |Static Column| 20Pin ZIP | Now
2nd Gen. | KM41C4000AJ 4Mx 1 70/80/100 CMOS  |Fast Page 20Pin SOJ | Now
KM41C4000AP 4Mx 1 70/80/100 CMOS  |Fast Page 18 Pin DIP | Now
KM41C4000AZ 4M x 1 70/80/100 CMOS Fast Page 20 Pin ZIP Now
KM41C4000AT 4M x 1 70/80/100 CMOS Fast Page 20 Pin TSOP| Now
KM41C4000ALJ/ASLJ 4Mx 1 70/80/100 CMOS  |Fast Page 20 Pin SOJ { Now
KM41C4000ALP/ASLP 4M x 1 70/80/100 CMOS  |Fast Page 18 PinDIP | Now

KM41C4000ALZ/ASLZ 4M x 1 70/80/100 CMOS  |Fast Page 20 Pin ZIP Now
KM41C4000ALT/ASLT 4Mx1 70/80/100 CMOS  |Fast Page 20 Pin TSOP| Now

KM41C4001AJ 4M x1 70/80/100 CMOS Nibble 20 Pin SOJ Now
KM41C4001AP 4M x 1 70/80/100 CMOS Nibble 18 Pin DIP Now
KM41C4001AZ 4M x 1 70/80/100 CMOS | Nibble 20 Pin ZIP Now
KM41C4002AJ aM x 1 70/80/100 CMOS Static Column| 20 Pin SOJ Now
KM41C4002AP 4Mx 1 70/80/100 CMOS [Static Column| 18 Pin DIP Now
KM41C4002AZ 4M x 1 70/80/100 CMOS  |Static Column| 20 Pin ZIP Now
KM44C1000AJ 1Mx 4 70/80/100 CMOS  |Fast Page 20 Pin SOJ | Now
KM44C1000AP 1Mx4 70/80/100 CMOS Fast Page 20 Pin DIP Now
KM44C1000AZ 1Mx4 70/80/100 CMOS  |Fast Page 20 Pin ZIP Now
KM44C1000AT 1Mx4 70/80/100 CMOS Fast Page 20 Pin TSOP| Now
KM441000ALJ/ASLJ 1MMx4 70/80/100 CMOS Fast Page 20 Pin SOJ Now

KM441000ALP/ASLP 1Mx4 70/80/100 CMOS  |Fast Page 20PinDIP | Now
KM44C1000ALZ/ASLZ 1iMx4 70/80/100 CMOS  |Fast Page 20PinZIP | Now
KM44C1000ALT/ASLT 1Mx4 70/80/100 CMOS  |Fast Page 20 Pin TSOP| Now

KM44C1002AJ iMx4 70/80/100 CMOS  [Static Column| 20 Pin SOJ | Now
KM44C1002AP 1Mx4 70/80/100 CMOS Static Column| 20 Pin DIP Now
KM44C1002AZ 1Mx4 70/80/100 CMOS Static Column| 20 Pin ZIP Now
KM44C1010AJ 1M x4 70/80/100 CMOS  |Fast Page 20 Pin SOJ | Now
with WPB
KM44C1010AP 1Mx4 70/80/100 CMOS Fast Page 20 Pin DIP Now
with WPB
KM44C1010AZ 1Mx4 79/80/100 CMOS Fast Page 20 Pin ZIP Now
with WPB
KM44C1012AJ 1Mx4 70/80/100 CMOS  [Static Column| 20 Pin SOJ | Now
with WPB
KM44C1012AP 1Mx4 70/80/100 CMOS  |[Static Column| 20 Pin DIP Now
with WPB
KM44C1012AZ 1iMx4 70/80/100 CMOS Static Column| 20 Pin ZIP Now
with WPB
3rd Gen. | *KM41C4000B AMx 1 50/60 CMOS |Fast Page 20 Pin SOJ | 2Q, '92
*KM44C1000B 1Mx4 50/60 CMOS Fast Page 20 Pin SOJ | 2Q, '92
*KM416C256J 256Kx16 | 70/80/100 CMOS  |Fast Page 40 Pin SOJ | 2Q, '92
*KM416C256Z 256K x 16 | 70/80/100 CMOS |Fast Page 40 Pin ZIP- | 2Q, 92
o3 14
¢! SAMSUNG
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Dynamic RAM (Continued)

Generation Part Number Organization | Speed (ns) | Technology Feature Package |Remark
*KM416C266J 256Kx 16 70/80100 CMOS Fast Page 40 Pin SOJ | 2Q, ’'92
with WPB
*KM416C266Z 256K x 16 | 70/80/100 CMOS Fast Page 40 Pin ZIP | 2Q, ’92
with WPB
*KM418C256J 256K x 18 | 70/80/100 CMOS Fast Page 40 Pin SOJ | 2Q, '92
*KM418C256Z 256Kx 18 | 70/80/100 CMOS Fast Page 40Pin ZIP | 2Q, 92
*KM48C512J 512K x 8 70/80/100 CMOS Fast Page 28 Pin SOJ | 2Q, '92
*KM48C5122 512Kx8 | 70/80/100 CMOS  |Fast Page 28 Pin ZIP | 2Q, '92
*KM48C522 512Kx8 | 70/80/100 CMOS  |Fast Page 28 Pin SOJ | 2Q, '92
with WPB
*KM48C5222 512K x 8 70/80/100 CMOS Fast Page 28 Pin SOJ | 2Q, '92
with WPB
*KM49C512J 512Kx9 | 70/80/100 CMOS | Fast Page 28 Pin SOJ | 2Q, '92
*KM49C512Z 512K x 9 70/80/100 CMOS Fast Page 28 Pin ZIP | 2Q, '92
2.2 Dynamic RAM Module
*S: Single Side
*D: Double Side
. Speed PCB
Part Number Organization (ns) Technology Feature Package Height [In]
KMM581000AN 1Mx8 70/80/100 CMOS Fast Page Mode | *S, 30 Pin SIMM 0.65
KMM591000AN 1MMx9 70/80/100 CMOS Fast Page Mode | *S, 30 Pin SIMM 0.65
KMM584000A 4Mx 8 70/80/100 CMOS Fast Page Mode | *S, 30 Pin SIMM 0.805
KMM594000A 4AMx 9 70/80/100 CMOS Fast Page Mode | *S, 30 Pin SIMM 0.805
KMM5321000AV/AVG 1Mx 32 |70/80/100| CMOS |Fast Page Mode |*S, 72 Pin SIMM 0.855
AJAG: *D, 72Pin | AIAG: 1.25
KMM5361000A/AG/A1/A1G| 1Mx36 |70/80/100| CMOS |Fast Page Mode AVA1G: *S, 72 Pin | AVAIG: 1.0
KMM5322000AV/AVG 2M x 32 70/80/100 CMOS Fast Page Mode | *D, 72 Pin SIMM 0.855
KMMS362000A/AG/AT/AIG | 2Mx36 | 70/80/100| CMOS |Fast Page Mode |*D, 72 Pin SIMM | phC: 125
KMM5401000A/AG iMx40 |70/80/100f CMOS |Fast Page Mode |*S, 72 Pin SIMM 1.0
KMM5402000A/AG 2M x 40 70/80/100 CMOS Fast Page Mode | *D, 72 Pin SIMM 1.0
l== 1
& SAMSUNG 5
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3. Cross Reference
3.1 Dynamic RAM

Org. Mode Samsung Toshiba Hitachi Fujitsu NEC Oki
X1 F. Page KM41C4000 TC514100 HM514100 MB814100 MPD424100 | MSM514100
Nibble KM41C4001 TC514101 HM514101 MB814101 MPD424101 MSM514101
S. Column KM41C4002 TC514102 HM514102 MB814102 MPD424102 | MSM514102
X4 F. Page KM44C1000 TC514400 HM514400 MB814400 MPD424400 | MSM514400
S. Column KM44C1002 TC514402 HM514402 MB814402 MPD424402 | MSM514402
3.2 Dynamic RAM Module
Density Organization Samsung Toshiba Hitachi NEC
8M bit 1M x 8 (2C) KMM581000AN HB56G18
9M bit 1Mx9(3C) KMM591000AN HB56G19
32M bit 4M x 8 KMM584000 THM84000 HB56A48 MC-424100A8
36M bit 4Mx9 KMM594000 THM94000 HB56A49 MC-424100A9
32M bit 1M x 32 KMM5321000 THM321000 HB56D132
36M bit 1M x 36 KMM5361000 THM5361020 HB56D136 MC-421000A36
64M bit 2M x 32 KMM5322000 THM322020 HB56D232
72M bit 2M x 36 KMM5362000 THM362020 HB56D236 MC-422000A36
40M bit 1M x 40 KMM5401000 THM401020 HB56A140
80M bit 2M x40 KMM5402000 THM402020

¢ SAMSUNG
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4. Ordering Information
4.1 Dynamic RAM

KM XX

SAMSUNG MEMORY

DEVICE TYPE

e 4:DRAM

* 42: VRAM

¢ 6: SRAM

e 23: MASK ROM

¢ 28: STANDARD EEPROM
® 93: Serial EEPROM

* 75: FIFO

* 65: PSEUDO

ORGANIZATION

|
|
|
L
]
L

x1

x4
x8
x9
1 x16
: x18

ODOmH

1
1

PROCESS

* BLANK: NMOS
* C:CMOS
* B: Bi-CMOS

DENSITY & MODE

4.2 Dynamic RAM Module

KM M W WwW XXXX

=1 |

SAMSUNG
Memory

PIN/EDGE CONNECTOR

5: DRAM SIMM (EDGE CONNECTOR)
4: DRAM SIP (PINS)

DENSITY & MODE/FEATURE

| %

SPEED

e 5:50ns
e 6:60ns
e 7:70ns
e 8:80ns
* 10: 100ns

TEMPERATURE RANGE

¢ BLANK: 0~70°C
e |: —40~+85°C
e M: —55~+125°C

PACKAGE

* P: PLASTIC DIP
e J: PLASTIC SOJ
PLASTIC PLCC

* Z: PLASTIC ZIP

* G: SOIC

¢ GD: SOIC with
DIP Pin Out

* FP: QFP

PERFORMANCE

* BLANK: Standard
e |: Low Power
e SL: Super Low Power

DIE REVISION

} <

1000: 1M F. Page
2000: 2M F. Page
4000: 4M F. Page
4001: 4M Nibble
4002: 4M S. Column

¢ BLANK: None
e A: First
¢ B: Second

SPEED

7: 70ns 8: 80ns 10: 100ns

LEAD FINISH
* BLANK: Solder
* G : Gold
NUMBER OF COMPONENTS

* BLANK: MORE THAN 7 CHIPS
*N : LESS THAN 8 CHIPS

PACKAGE (PCB) REVISION

* BLANK: NONE
L] : FIRST REV.

DIE (COMPONENT) REVISION

* BLANK: NONE
*A : FIRST REV.

¢ SAMSUNG
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KM41C4000/L

CMOS DRAM

4M X1 Bit CMOS Dynamic RAM with Fast Page Mode

F

EATURES

Performance range:

tRac tcac tRc

KM41C4000/L- 8 80ns 20ns 150ns

KM41C4000/L-10 | 100ns 25ns 180ns

Fast Page Mode operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability
TTL compatible inputs and output
Common |/O capability using Early Write
Single +5V+10% power supply
Refresh Cycles:
—1024 cycles/16ms
—1024 cycles/128ms (L-Version)
Power dissipation
—Standby: 5.5mW

1.7mW (L-Version)
: 550mW (80ns)

468mW (100ns)

—Active

e JEDEC standard pinout

Available in Plastic SOJ/ZIP

FUNCTIONAL BLOCK DIAGRAM

Ao

CONTROL &
S —=lcLock

r..

DATA IN|~—p
BUFFER

REFRESH CONTROL &
ADDRESS COUNTER

DATA
ouT
BUFFER

COLUMN DECODER
SENSE AMPS & I/O

- —Q

MEMORY ARRAY
4,194,304 Cells

- Voc

——— Vss

ROW DECODER

ADDRESS BUFFERS E————]
-1 T

GENERAL DESCRIPTION

The Samsung KM41C4000/L is a high speed CMOS
4,194,304 bit X 1 dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4000/L features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only Refresh. All inputs
and output are fully TTL compatible.

The KM41C4000/L is fabricated using Samsung’s ad-
vanced CMOS process.

PIN CONFIGURATION (Top Views)
e KM41C4000J/LJ o KM41C4000Z/LZ

ﬁ

o010 20[7 Vss A1 ) eas
w2 1] a a3,
JRE— — ss
RAS[]3 18{J CAS E = w
NC.[4 fne. s 7 w
Ao s 16]0 A 5 L&y Ao

e 10| N.C.
Ao E E A
Ao []6 15?% A (B e
A7 141 A7 Vee [15] 5] A
Az []8 13[1 As As [17 *
Ase 12[7 As Aj%@ As
Vee [110 10 A, \E As
Pin Name Pin Function
Ao-A1o Address Inputs
D Data In
Q Data Out
W Read/Write Input
RAS Row Address Strobe
CAS Column Address Strobe
Vee Power (+5V)
Vss Ground
N.C. No connection

tSAMISUNG
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KM41C4000/L CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss VN, VouTt —-1to +7.0 \%
|__Voltage on Vcc Supply Relative to Vss Vee —-1to +7.0 \'
Storage Temperature Tstg —55 to +150 °C
Power Dissipation Pp 600 mW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING COND'T'ONS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce N 4.5 5.0 55 v
Ground Vss 0 o 0 \
Input High Voltage ViH 2.4 | — Vee+1 \
Input Low Voltage Vi -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit
OperatiniCurrent' KM41C4000/L- 8 I — 100 mA
(RAS, CAS, Address Cycling @ tre=min) KM41C4000/L-10 ce1 — 85 mA
Standby Current
(RAS=CAS=Vi) lec2 - 2] mA
RAS-Only Refresh Current* KM41C4000/L- 8| — 100 | mA
(CAS=Vy4, RAS Cycling @ trc=min) KM41C4000/L-10|  ©©3 - 85 mA
Fast Page Mode Current* KM41C4000/L- 8 | - 60 mA
(RAS=V), CAS Cycling @ trc=min.) KM41C4000/L-10 cC4 — 50 mA
Standby Current KM41C4000-8/10 | _ 1 mA
(RAS=CAS=Vcc—~0.2V) KM41C4000L-8/10|  ©°° 300 my
CAS-Before-RAS Refresh Current* KM41C4000/L- 8| - 100 | mA
(RAS and CAS Cycling @ trc=min.) KM41C4000/L-10 cce — 85 mA
Battery Back Up Current
Average Power Supply Current, Battery Back Up Mode|
Input High Voltage (ViH)=Vcc-0.2V
Input Low Voltage (Vi)=0.2V K oaooor 10 | tec? — | 400 | ua
CAS=CAS Before RAS Cycling or 0.2V
Diw=Don’t Care
Tre=125us, Tras=tras min.~1us
Stand Current lccs _ 5 mA

(RAS=V)y, CAS=V,_ Dout Enable)

i SAMISUNG 22
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KM41C4000/L

CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

Parameter Symbol Min Max Unit

Input Leakage Current

(Any input OSV|INS6.5V, li -10 10 uA

all other pins not under test=0 volts) } B - | -

Output Leakage Current _ 10 A
_(Data out is disabled, 0SVour<5.5V) e e K

Output High Voltage Level

(lo=—5mA) Vor 24| v

Output Low Voltage Level

(loL=4.2mA) L Vo ~ 04 v

*NOTE: Icci, lcca, lcca and Icce are dependent on output loading and cycle rates. Specified values are obtained
with the output open. Icc is specified as average current. lcc1, lccs, Iccs Address can be changed max-
imum two times while RAS=V,, . Icc4, Address can be changed maximum once while CAS=V)y.

CAPACITANCE (ta=25°¢)

Item Symbol Min Max Unit
___»Input Capacitance (Ao-A1o, D) CiNng — 5 pF
Input Capacitance (RAS, CAS, W) Cinz - i 7 ) _ pF
Output Capacitance (Q) Cour — 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)
KM41C4000/L-8 |KM41C4000/L-10
Parameter Symbol Unit | Notes
Min Max Min Max
| Random read or write cycle time trc 150 180 ns
| Read-modify-write cycle time trwe 175 210 ns
Fast Page mode cycle time tpc 55 | 60 ns
 Fast Page mode read-modify-write cycle time trRWC 80 90 - ns |
Access time from RAS trac 80 100 | ns | 3,4
Access time from CAS tcac 20 25| ns |34
Access time from column address taa 40 50| ns | 3,10 |
Access time from CAS precharge tepa 50 55, ns I
CAS to output in Low-Z tcLz 5 B 5 ns 3
| Output buffer turn-off delay torF 0] 15 0 20 ns 6
Transition time (rise and fall) tr 3 50 3| 50| ns | 2
RAS precharge time trp 60 70 ns % ]
jAS pulse width trAS 80| 10,000|100| 10,000 ns
RAS pulse width (Fast page mode) trasP 80 | 200,000 | 100 | 200,000 | ns
RAS hold time trsH 20 25 ns |
CAS hold time tesh 80 100 ns -
CAS pulse width tcas 20| 10,000| 25| 10,000 | ns )
RAS to CAS delay time tRCD 20 60| 25, 75| ns | 4,5 |
RAS to column address delay time tRAD 15 40| 20 50| ns 10 |
CAS to RAS precharge time tcrp 5 10 ns
¢ SAMISUNG 23
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KM41C4000/L

CMOS DRAM

AC CHARACTERISTICS (Continued)

KM41C4000/L-8 |KM41C4000/L-10
Parameter Symbol Unit | Notes
Min Max Min Max
CAS precharge time tep 10 10 ns
Row address set-up time tasr 0 0 ns
Row address hold time trAH 10 15 ns ]
Column address set-up time tasc 0 0 ns ‘{
Column address hold time tcaH 15 20 ns
Column address hold referenced to RAS tar 60 75 ns 12|
Column Address to RAS lead time tRAL 40 50 ns ]
Read command set-up time trcs 0 0 ns
Read command hold referenced to CAS tRcH 0 0 ns 8
Read command hold referenced to RAS tRRH 0 0 ns 8
Write command hold time twcH 15 20 ns
Write command hold referenced to RAS twer 60 75 ns | 12
Write command pulse width twep 15 20 ns I
Write command to RAS lead time tRwL 20 25 ns |
Write command to CAS lead time towL 20 25 ns
Data-in set-up time tps 0 o] ns 9
Data-in hold time | toH 15 20 ns 9
Data-in hold referenced to RAS 1 tomm 60 75 ns | 12
Refresh period (1024 cycles) trerF 16 16 | ms
Refresh period (only for L-version, 1024 cycles) tRer 128 128 | ms
Write command set-up time twes 0 (0] ns 7
CAS to W delay time tcwo 20 25 ns 7
RAS to W delay time tRwD 80 100 ns 7
Column address to W delay time tawD 40 50 ns 7
CAS setup time (CAS before RAS refresh) tesr 10 10 ns
CAS hold time (CAS before RAS refresh) tcHR 30 30 ns
RAS to CAS precharge time trPC 0 0 ns
CAS precharge time (CAS before RAS counter test) | tcpt 40 50 ns
Write command set-up time (Test mode in) twrs 10 10 ns ]
Write command hold time (Test mode in) twTH 10 10 ns
W to RAS precharge time (CAS before RAS cycle) | twrp 10 10| ns |
W to RAS hold time (CAS before RAS cycle) | twr 10 10 ns |
RAS hold time from CAS precharge ‘ tRHCP I 50 55 ns I
& SAMISUNG 24
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KM41C4000/L

CMOS DRAM

TEST MODE CYCLE (Note. 11)
KM41C4000/L-8 |KMA41C4000/L-10
Parameter Symbol Unit | Notes
Min Max Min Max

Random Read or Write Cycle Time tre 155 — 185 — ns |
Read-Write Cycle Time trRwe 180 — 215 — 1| ns

Fast Page Mode Cycle Time trc 60 — 65 — ns

Fast Page Mode Read-Write Cycle Time trPRWC 85 — 95 — ns

Access Time from RAS tRaC — 85| — 105| ns | 3,4
Access Time from CAS tcac — 25| — 30| ns | 34 |
Access Time from Column Address taa —_ 45| — ~55) ns | 3,10
Access Time from CAS Precharge tera — 55| — 60| ns

RAS Pulse Width trAs 85| 10,000|105| 10,000 | ns

RAS Pulse Width (Fast Page Mode) trasP 85 | 200,000 | 105 | 200,000 | ns

RAS Hold Time B tRsH 25 — 30 — ns

CAS Hold Time B tcsH 85 — 105 — ns

CAS Pulse Wldth - ] tcas 25| 10,0001 30 10,000! ns

Column Aciq_(gss to RAS Lead Tnme tRAL ({175 — 55 — ns B
CAS to W Delay Time ) tcwp 25 — 30 — ns 7
RAS to W Delay Time trw 85 — 105 — ns | 7 |
Column Address to W Time tawp 45 — 55 — ns 7

NOTES

1.

An initial pause of 200us is required after power-
up followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

Virmin and Viymax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between Viymin) and ViL(max), and are
assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL ioads and
100pF

Operation within the trcpmax) limit insures that
trac(max) can be met. trcpmax) is specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trcp>tReD(max)-
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
refernced to Von or VoL.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data

10.

11.
12.

sheet as electrical characteristics only. If
twes2twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle. If tcwp=tcwp(min) and
trwp=trwp(min) and tawp=tawp(min), then the cy-
cle is a read-write cycle and the data out will con-
tain the data read from the selected address. If
neither of the above conditions are satisfied, the
condition of the data out is indeterminate.

Either trcH or trRrH must be satisfied for a read
cycle.

. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap(max) limit insures that
trac(max) can be met. tgap(max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.
tar, tweRr. tonr are refrerenced to trapmax)-

¢ SAMSUNG
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KM41C4000/L

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE

tRC
tRas

—
Vin—

tosH tRP

tRSH te— tcRp —=

tcas

/ A\
N

N L/

tRAL
tcan

fr——eond

COLUMN )
ADDRESS 4

tRAH—=
tRcH

Q)

’AA W

tcac

trac —={ = toFF

tcz

RAS
Vie—
ViH—
CAS Vie—
A ViH—
ViL—
ViH—
w ViL— X
a VoH—
VoL—

WRITE CYCLE (EARLY WRITE)

y, VALID

trc

tras \
jﬁ

== ViH—
RAS

ViL—
J— ViH—
CAS

ViL—

ViH—
SR
ViL—

tcsH I tRP ——=
tasH tcRP —=f
tcas /
tRAL
tcaH
I
MN Y
ESS
1
tewr:
=—tweH -

A\ AN AN\ NAANY
G BBEBAS

GBI

tRwiL !

p=— tDH —=f

YA AYAATAAYAVAA/ .""VVV‘V'
n KRR AKX KKRKKKX

OPEN

W ViH—
ViL—
\/\/
D Q
%%
VoH—
Q
Vot—

m DON'T CARE
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KM41C4000/L

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

tawc
trAs
mAS  Vm- N taR N
ViL— S
tosH tRp —<f
tRCo tRSH e tCRP —
o \ - T\
CAS 1
ViL— tasr RAD tasC N Z ]
‘] T tran 1cAH
T tRAL-
ViH— ROW /- COLUMN
A Vi ADDRESS A ADDRESS
tRWD f—towL
tRCS ——l — oW —— tRWL ———=
— ViH— tAWD:
W QRS -
tcac [-— twp — o toFF
toLz ]
@ Vo OPEN o E_._
VoL— DATA y
tRac t
1
Vin— R Ry OO0
D X DO O
Vi— 0’o’o’a’o‘o’o‘oﬁ’o?0?o'c’.‘a‘a'o.’o’o’o?oft’a‘o’o‘o’o‘o‘o’a’a‘o‘l DATA ‘?0?0?0?0.0?0?0?0.’0?0?0Aofofo?o?c’
FAST PAGE MODE READ CYCLE
' trasP
—1 AR
— Vin— trce
RAS
ViL— S & trp \_
tcsH ! ~tpc | ens—
1 tcrp
. . to tcas tcas i“
A '] —
CAS ViH— - o
ViL— s k &-
tRAH : :
tasR tasc toan I;EE‘ CAH tasc GAH
m - tRAL
A ViH— ROW CoL CoL &
Vi — ADD ADD ADD A\ ADD
: o tcac j l ST pyp CPA o]
RAD tRAC] tAA = torF tAA 1 'OL taa— .’*loFF
ViH— toiz toLz Th . tcLz
° v =t OPEN VALID VALID T e —
b=—tRce R — f=—tRRH
trcs L-— tRCH —= - ReH
o ViH— 1
w viL—
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KM41C4000/L CMOS DRAM

TIMING DIAGRAMS (Continued)

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
Vin— =) trASP
RAS ViL—
45—
- - t t, == 1|
‘onp o csH o |1t pc——itcp | ASH——1
. Vi \ \ tcas F}j tcas
CAs ViL— \ \
tar tasc tasc tRaL
tasr tRAH | tasc tcaH tcaH tcaH
Vik— Row col coL Y oot WY
. B0 55 335 XXX
I 1
—=—trap —™
tweH
twer twes twes tweH
twes tweH
w ViL—
tps toH | tps toH | tps toH
ViH— v X AARARAXAXAAAAAR
VALID DATA VALID DATA vaLip paTA YOOOOOOOOOOXXX)
o AR v oara XX RN
 —Yo T2}
Vou—
OPEN
Q VoL— -

m DON'T CARE
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KM41C4000/L

CMOS DRAM

TIMING DIAGRAMS (continued)

FAST PAGE MODE READ-WRITE CYCLE

RAS

5|

tRASP | |~tre
VIH - _4\
ViL -
tesH ] tRSH
f———tPRWC ———]
toRp tRco | — tcas—— |—tcPe] o] [—teAs—
f——tCAS —=—t
" j \ / K \ [
ViL - Z R = . /
tRAL
tRAH tasc tcan tasc | | tcaw tasc] | tcamn
tasr - — —]
VIH - B - .
ROW ADD COL ADD COL ADD COL ADD
Vie - h
towp tcwp towp
tRAD —— — ——
Lo towL
t - tAWD —]
trRcs ——tAwD frm—r
ViH - \ s
ViL -
twp twp
trRwp
t
tog o [P tDS o] |- p—f-tom tps ——
| N |
AVALID ALID
ViL - DATA DATA
t
_' t~—tclLz CLz 1CLZ}————
I tcac tcac—T— tcac
tAnt—— F——taa taa
tRAC tcpa —-—i——xcp,\
VOH - B -
oH / YALID R VALID § g@ VALID 45
Vou - XN © DATA \ DATA f
toFF torF torF

R oont care
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KM41C4000/L | . ~ CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, D, Ay=Don’t Care

tre

tRas

RAS Vin—
ViL— Z \_
tasr | F=— tRAH—=— tap
ViH— VAV Y WAV VAWV VAV VA VAV VAVAVAVAV AV VAVAV VAV .V W W VAV Y,V
* Vi T M B e
v ; |
CAS M=
ViL—
v |——tcrP ——tRPC:
VoH—
a VoL— OPEN

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address =Don't Care

RC

S (7]

a Vin— t
AS tras g
ViL—

tRPC —]

tce tesk trPc
CHR

RS Y /
ViL—

| twre | | twrH

VIH“ Y\ \/\\N\NVY\NANNANA 7"""""""'"'V'V'V'VVV'V"'V'V"
w e OG0B OSONBORENNK
toFr
vioh—"" .\
Q VioL — s OPEN
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KM41C4000/L

CMOS DRAM

TIMING DIAGRAMS (contin

ued)

HIDDEN REFRESH CYCLE (READ)

tRG
tRAS |——tRP——y tras
Vin—
w TN \
-
tcRP tReD tRsH toHR
TAS Vin— R Z
AS ViL—
l—tRAD tRAL ]
tAR®
t | t
tash [RAH) ‘ASC____{ CAH
A ViH—| ROW COLUMN
Vie— _ADDRESS ADDRESS
|
twrK
trcs ———‘ tRAH twrp
W ViH—
ViL—
tcac
AA ——
torF
trRac
V, p—
Q o VALID DATA
VoL—

HIDDEN REFRESH CYCLE (WRITE)
i

tcz

B

tRc

e tRas { tRP —— tras
_ Y L
AAS " x ;\t “\ .
tcrp tReo tRSH
I ViH— tcHR
CTAS Ve / \ /
trAD “ tRAL ;-—
tasr RA tasc——{ [~t—tCAH—
A Vik— ROW - COLUMN
Vie— ADDRES! ADDRESS
[l
twer
twos 'tiN—L twoH— twRP: {WRH
twp
H— V2
.o F
_l.[l% toH— ] .
ViH— 7
° I Rt
VoH— f DHR
a VoL— OPEN

mx‘ DON'T CARE
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KM41C4000/L CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRp
tras
ViH— tRsH P a
S V|H 3\
IL—
tcsr tcpr
tcHR - tcas
N / \ /
ViL—
" tasc
—— tcAan ——
ViH—
A ADDRESS
ViL—
ftCAc——l
READ CYCLE tRAL
. taa F— toFF ——
v Il
H—
Q v OPEN VALID DATA }—-
-
twrp tWRH thcs —] tcz tRRH

—_—
" trReH

WRITE CYCLE
VoH— -
@ VoL— OPEN
tRwL
twrp tWRH towt
v . —twos — |~ tweH——]
H—
W NN we
=105 —= |—=— tpr —
D ViH— VALID DATA
ViL—
READ-WRITE CYCLE I—— tcac——

tcLz
: —torF—
|
Q Vou OPEN VALID DATA E——
VoL—

taa ———tCWL—‘
twrp| | twRH

’.—- tawp tRWL
- il
w Vit— W W tRes— X

— tcwb —— e
ViH— X S A XYY AN Y Y Y
0 e vauo oaTa MRSKERKKKEN

tos | I\‘DH
| T
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32

¢ SAMSUNG

Electronics



KM41C4000/L

CMOS DRAM

TIMING DIAGRAMS (continued)

TEST MODE IN CYCLE
NOTE: D. Address=Don’t Care

tre
tRAS thp
J— ViH— ¢ \
RAS ViL— tRPC — \ \
tep tcsr tonn
e ViH— DOOOOOOXXXXAXROOOOOONON)
- / . 4R R KRR B SRLS
s twrH
V|H_ VANV VAN NN NNANNANNNNININNNNNNINNIN/N N \/
w COCXKXXKXIOOOOCX X XKKXXXXXXXXXX
.t.(iff
Q You- N OPEN
VoL— :L

TEST MODE DESCRIPTION

The KM41C4000L is the RAM organized 4,194,304
words by 1 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. A1or. Atoc
and Aoc are not used. If, upon reading, all bits are equal
(all “1”s or “0”'s), the data output pin indicates a “1".
If any of the bits differed, the data output pin would in-

m DON'T CARE

dicate a “0” In “Test Mode”, the 4M DRAM can be tested
as if it were a 512K DRAM W, CAS Before RAS Cy-
cle (Test Mode in Cycle) puts the device into “Test
Mode”. And “CAS Before RAS Refresh Cycle” or “RAS
only Refresh Cycle” puts it back into “Normal Mode”.
The “Test Mode” function reduces test time (1/8 in cases
of N test pattern).
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KM41C4000/L

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM41C4000/L contains 4,194,304 memory loca-
tions Twenty two address bits are required to address
a particular memory location. Since the KM41C4000/L
has only 11 address input pins, time multiplexed address-
ingis used to input 11 row and 11 column address. The
multiplexing is controlied by the timing relationship bet-
ween the row address strobe (RAS), the column address
strobe (CAS) and the valid row and column address
inputs.

Operating of the KM41C4000/L begins by strobing in a
valid row address with RAS while CAS remains high. Then
the address on the 11 address input pins is changed from
arow address to a column address and is strobed in by
CAS. This is the beginning of any KM41C4000/L cycle
in which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CAS have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge time
(trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4000/L begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

Aread cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after trep(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
treo(max).

Write

The KM41C4000/L can perform early writg, late write and
read-modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W and CAS. In any type
of write cycle, Date-in must be valid at or before the fall-
ing edge of W or CAS, whichever is later.

Early Write: An éarly write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common 1/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0O to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate [/O to
avoid bus contention.

Data Output

The KM41C4000/L has a three-state output buffer which
is controlled by CAS. Whenever CAS is high (ViH) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CAS. Invalid data may be
present at the output during the time after tcL.z and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM41C4000/L operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Qutput Data. Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS-only
cycle.

Indeterminate Qutput State: Delayed Write

Refresh

The data in the KM41C4000/L is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
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KM41C4000/L

CMOS DRAM

DEV'CE OPERAT'ON (Continued)

16/128 (L-version)ms. There are several ways to ac-
complish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM41C4000/L has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM41C4000/L hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM41C4000/L by using read, write or read-modify-write
cycles. Whenever arow is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM41C4000/L has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycles. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observed, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter
Test Cycle
A special timing sequence using the CAS-before-RAS

counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ag through Ag are supplied by the
on-chip refresh counter. This Aig bit is set high in-
ternally.

Column Address—Bits Ao through A1o are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-

ten during step 2 and write “highs” into the same

memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

»

Power-up

If RAS=Vss during power-up, the KM41C4000/L could
begin an active cycle. This condition resuits in higher than
necessary current demands from the power supply dur-
ing power-up. it is recommended that RAS and CAS track
with Vcc during power-up or be held at a valid VIH in
order to minimize the power-up current.

An initial pause of 200us is required after power-up
followed by any 8 CBR or ROR cycles before proper
device operation is achieved.
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KM41C4000/L CMOS DRAM

PACKAGE DIMENSIONS

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
0.030 (0.76)
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0.680 (17.27) MAX
5 0.004 (0.1) :%Q l
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KM41C4001

CMOS DRAM

4MX 1 Bit CMOS Dynamic RAM with Nibble Mode

FEATURES
¢ Performance range:
trac tcac tre
KM41C4001- 8 80ns 20ns 150ns.
KM41C4001-10 100ns 25ns 180ns

Nibble Mode operation

1024 cycles/16ms refresh
JEDEC standard pinout
Available in Plastic SOJ, ZIP

® o & & ¢ ¢ o o o o

CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability
TTL compatible inputs and output
Common |/O using Early Write
Single +5V+10% power supply

FUNCTIONAL BLOCK DIAGRAM

RAS —
CAS — CONTROL & DATA
> CLOCK N b
W BUFFER
t~| REFRESH CONTROL &
ADDRESS COUNTER
] COLUMN DECODER (D)‘JTA _ q
= SENSE AMPS & /0 BUFFER
Ay — »
. o
o
. % g
1218 MEMORY ARRAY
s lg|& 4,194,304 Cells
. w ;
3 @ ——— V
. 8 DO: cc
Ao —f < ~— Vss

GENERAL DESCRIPTION

The Samsung KM41C4001 is a high speed CMOS
4,194,304 bit X 1 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4001 features Nibble Mcde operation which
allows high speed serial access of up to 4 bits of data.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only refresh. All inputs
and output are fully TTL compatible.

The KM41C4001 is fabricated using Samsung’s advanc-
ed CMOS process.

PIN CONFIGURATION (top views)

e KM41C4001J ¢ KM41C40012
oo™ o
w[]2 19[0dQ
BAS[]3 18] CAS
NCc[]4 17{1N.C
Ao []5 161 Ag
AC]6 1511 As
A7 141 A
A2[]8 13[0 Ae
As[]9 12[] As
Vec[]10 O 11 As
Pin Name Pin Function
Ao-A10 Address Inputs
D Data In
Q Data Out
W Read/Write Input
RAS Row Address Strobe
CAS Column Address Strobe
Vee Power (+5V)
Vss Ground
N.C. No connection
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KM41C4001 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss ViN, Vout -1to+7.0 \
Voltage on Vcc Supply Relative to Vss Vce —-1to +7.0 \%
Storage Temperature Tstg —-55to +150 °C
Power Dissipation Pp 600 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (voitage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 Vv
Ground Vss 0 0 0 Vv
Input High Voltage ViH 2.4 - Vee+1 Y
Input Low Voltage ViL -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Vec=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit
Operating Current* KM41C4001- 8 | — 100 mA
(RAS, CAS, Address Cycling @ trc=min) KM41C4001-10 ce — 85 mA
Standby Current
(RAS=CAS=Vjn) lcc2 — 2 mA
RAS-Only Refresh Current* KM41C4001- 8 | - 100 | mA
(RAS Cycling, CAS=Vjn, @ trc=min) KM41C4001-10 ces — 85 mA
NMe Mode Current* KM41C4001- 8 | — 60 mA
(RAS=Vy, CAS, Address cycling: @ tne=min.) | KM41C4001-10 ce4 — 50 mA
Standby Current | _ 1 mA
(RAS=CAS=Vc-0.2V) ccs
@Before-RAS Refresh Current* KM41C4001- 8 | — 100 mA
(RAS and CAS cycling @ trg=min.) KM41C4001-10 cee - 85 mA
Standby Current | _ 5 mA
(RAS=Vj, CAS=V)_ Dout=Enable) ce7
Input Leakage Current
(Any input OSVINS6.5V, I -10 10 uA
all other pins not under test=0 volts.)
Output Leakage Current I _
(Data out is disabled, OV<Vour<5.5V) ot 10 10 HA
Output High Voltage Level (loh=—5mA) VoH 2.4 — \
Output Low Voltage Level (lo.=4.2mA) VoL —_ 0.4 \

*NOTE: Icc1, lces, Icca and Icce are dependent on output loading and cycle rates. Igc is specified as an average
current. Specified value are obtained with the output open. Icc1, Iccs, lcce Address can be changed max-
imum two times while RAS=V|_. Iccs, Address can be changed maximum once while CAS=V.

[ 4
ag
urua

LT}

38

SAMSUNG

Electronics



KM41C4001 CMOS DRAM

CAPACITANCE (t.=25°¢)

Item Symbol Min Max Unit
Input Capacitance (Ao-A1o, D) Cing - 5 pF
Input Capacitance (RAS, CAS, W) Cinz — 7 pF
Output Capacitance (Q) Cour — 7 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Vec=5.0V+10%, See notes 1,2)

KM41C4001-8 | KM41C4001-10
Standard Operation Symbol Unit | Notes
Min Max Min Max

| Random read or write cycle time tre 150 180 ns
Read-modify-write cycle time | trwec 175 210 ns

Nibble Mode Cycle Time tne 40 45 ns

Nibble Mode Read-Write Cycle Time tNRWC 65 70 ns

| Access time from RAS traC 80 100 | ns | 3,4
Access time from CAS teac 20 25| ns | 3,4
Nibble Mode Access Time tncac 20 25| ns
Access time from column address taa 40 50| ns | 3,10
| CAS to output in Low-Z 7 torz 5 5 ns 3
Output buffer turn-off delay torrF 0 15 0 20| ns 6
Transition time (rise and fall) tr 3 50 3 50| ns 2
RAS precharge time trp 60 70 ns

RAS pulse width tras 80| 10,000 |100| 10,000 | ns

RAS hold time tRSH 20 25 ns

CAS hold time tesH 80 100 ns

CAS pulse width tcas 20| 10,000 | 25| 10,000 | ns

RAS to CAS delay time trRcD 20 60| 25 75| ns | 4,5
;RTS to column address delay time trRAD 15 40| 20 50| ns 10
CAS to RAS precharge time terp 5 10 ns

Row address set-up time tasr 0 0 ns

Row address hold time tRAH 10 15 ns
Column address set-up time tasc 0 0 ns
Column address hold time tcaAH 20 20 ns
Column address hold referenced to RAS tAR 60 75 ns 12
Column Address to RAS lead time trAL 40 50 ns

Read command set-up time trcs 0 0 ns

Read command hold referenced to CAS trRcH 0 0 ns 8
Read command hold referenced to RAS tRRH 0 0 ns 8
Write command hold time twcH 15 20 ns

Write command hold referenced to RAS twer 60 75 ns 12
Write command pulse width twp 15 20 ns

¢ SAMISUNG %
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KM41C4001

CMOS DRAM

AC CHARACTER'ST'CS (Continued)

ws N
Electronics

KM41C4001-8 | KM41C4001-10
Standard Operation Symbol Unit | Notes
Min Max Min Max

Write command to RAS lead time tRwL 20 25 ns

Write command to CAS lead time teww 20 25 ns
Data-in set-up time tos 0 0 ns 9
Data-in hold time tpH 15 20 ns 9
Data-in hold referenced to RAS tDHR 60 75 ns 12
Refresh period (1024 cycles) tREF 16 16| ms

Write command set-up time twes 0 [¢] ns 7
CAS to write enable delay town 20 25 ns 7
RAS to write enable delay trwp 80 100 ns 7
Column address to W delay time tawp 40 50 ns 7
CAS setup time (C-B-R refresh) tesr 10 10 ns

CAS hold time (C-B-R refresh) tcHR 30 30 ns
| RAS percharge to CAS hold time trPC 0 0 ns

CAS precharge (C-B-R counter test) tcer 40 50 ns

Nibble mode CAS pulse width tNcAs 20 25 ns

Nibble mode CAS precharge time tnep 10 10 ns

Nibble mode RAS hold time tnRSH 20 25 ns

Nibble mode CAS to W delay time tnewn | 20 25 ns

Nibble mode W to RAS lead time tnewe | 20 25 ns

Nibble mode W to CAS lead time tnewe | 20 25 ns

Write command set-up time (Test mode In) twrs 10 10 ns

Write command hold time (Test mode In) twrH 10 10 ns

W to RAS precharge time (C-B-R refresh) twRP 10 10 ns

W to RAS hold time (C-B-R refresh) tWRH 10 10 ns
L SAMISUNG 40



KM41C4001

CMOS DRAM

TEST MODE CYCLE

(Note. 11)
KM41C4001-8 | KM41C4001-10
Parameter Symbol Unit | Notes
Min Max Min Max
| Random read or write cycle time tre 155 185 ns
Read-modify-write cycle time trwe 180 215 ns
Access time from RAS tRAC 85 105| ns | 3,4
Access time from CAS tcac 25 30| ns | 3,4
Access time from column address taa 45 55| ns | 3,10
RAS pulse width tras 85| 10,000 |105| 10,000 | ns
CAS pulse width tcas 25| 10,000| 30| 10,000 | ns
RAS hold time tRSH 25 30 ns
CAS hold time tcsH 85 105 ns
Column address to RAS lead time tRAL 45 55 ns
CAS to W delay time tcwp 25 30 ns 7
RAS to W delay time tRwD 85 105 ns 7
Column address to W delay time tawp 45 55 ns 7

NOTES

1.

An initial pause of 200us is required after power-
up followed by any 8 CAS-before-RAS or RAS on-
ly refresh before proper device operation is
achieved.

ViH(min) and ViLmax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between Viymin) and Viymax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

Operation within the trcpmax) limit insures that
tRAC(max) Can be met. trcpmax) is specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

Assumes that trcp>tRcD(max)-

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
refernced to Von or VoL.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data

10.

1.
12.

sheet as electrical characteristics only. If
twes>twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle. If tcwp2tcwo(miny and
trRwp>tRwo(min) and tawp=tawp(min), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

Either trcH or trrH must be satisfied for a read
cycle.

. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trapmax) limit insures that
trac(max) €an be met. trapmax) is specified as a
reference point only. If trap is greater than the
specified trapmax) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.
taR, twcr, toHr are refrerenced to tRAD(max).

¢ SAMSUNG
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KM41C4001

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
tRAs
— I —— .\
e ¢ 7/ N
’ tcsH tAP ———=|
tRcD tRsH =—tcrRp—
tcas
_ ViK— \
Cas ViL— l—tRAD \ \T ’[ /
tRAH tasc tcan 1mAL
tASR — [— -
Vin— ROW COLUMN )
A Vie— ADDRESS ADDRESS
tRRH—=
tres tacH
ViH— 4
moo NI
tcac
trac ——={  |=— toFF
}——!CLz—-
2 p
Q \\//‘;’L‘: OPEN ; YALID —
WRITE CYCLE (EARLY WRITE)
trc
tRAS
RS j&( tan 1_)1 N
tcsH tRP ——af
trco tRSH tCRP —e|
o X /
——tRAD tRAL
tasr tRAH tasc tcaH
.—.1 o f—-— [
A ViH— m‘ ROW m COLUMN )
Vil ADDRESS ADDRESS _J
towl
b twes = f— tWCH =]
twp N\ NN\ NANNAANNNNNSNAAAAANANANNNANNY
wo e RN i R K KRS
tRwL i
twer
tos —=1 } b tDH =]
Viti— TR KXRK XK VALD XX TTTTIXXKILRKK BRI TLTTNHR
© i XXKOSEEROEEIAN. oata RS BROR
toHR
Q zg:: OPEN

m DON'T CARE
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KM41C4001

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFYWRITE CYCLE

tRwC
tras |
—
— Vin— t
RAS v Et AR
tcsH tRP
tRCD tRSH - e tcRP

cRs - tRaD——] I \ o i \_

ViL—  tasr Ao tasc Y Z j

I than - tcan
- tRAL

A ViH— ROW 7/~ COLUMN -

Vil ADDRESS A ADDRESS 4

tRWD *—‘CWL—’J
tRcs —1 — towd tRwL {
— ViH— tawe
teac f— twp — toFF

v towz Ve

o LK LD
*——— trRaC .L..ﬁ

Vib— ’v.v.vov.v‘v‘v.v.v’v‘v.v’v‘v.’Qov’v.v.v’v‘v’v’v’v’v.v.v‘v’v’v.v‘v’ XXX XK K

0 Vi RN KKIRIERXA RS PRI

NIBBLE MODE READ CYCLE

tr I tRP
tar

RAS VM- 7

Vie— T

tesH
t
'CRP"" |~ tRCD -] tNe ] NASH
L tC

ViH— t N
o BT \

Vil— —Y;Lc S Z Z tRRH

tash| | == Mt—tcan tnee INCAS
tRAH
—]

A ViH— 7~ ROW x coL

Vii— ADD ADD

tRCS
—--I »—RCS —— l._
- ViH— d
w Vil— teLz
[~ tcac~| tOFF tNCAC toFF
= taa f—ar] —— l——ed]
trac )

a Von— - vALD - VALID VALID VALID

VoL— s DATA \_ DATA DATA DATA
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KM41C4001 CMOS DRAM

TIMING DIAGRAMS (Continued)
NIBBLE MODE WRITE CYCLE (EARLY WRITE)

tRAs b—tRP
s ViH_ —ﬂs taR Z
ViL— -
tesH
tcap i INRSH
[~=—RCD—— toas tNe
o _/ /" N/
4
CAs ViL— RAD 1Z S 7
tasrR| | tRAH tcAH tnee tNCAS
- t—tasc
A Vii— AN ROW x" coL Y
Vie— \__ADD \__ADD
tweH tweH tNRW|

s

l——lwz:n .
1wcs—-L—-'—— twes Il tNowL
ViL— P,
towl [ twe T
tos tDH tos' L_‘_ ton

YYVVVYVY
° s M& R T D D S

tDHR—=

Vou —
a oH
VoL—

NIBBLE MODE READ-WRITE CYCLE

OPEN

tRAS trp:

ViH— tar

s VIH S
L—
tcrp tosH INRSH
= trcD tcas—— tNRWC
|

VIH—
CAS tRaD
s XY I N ¥ S /X

tasr | |tRAH tcAH tNCP tNCAS
[T tasc

ViH— ROW coL

A ViL ADD ADD
fown) ftowe tNCWL ,——— tNRWL
[=—tRWD: tNe wn~—-|

ViH— AV, YAV V.V,
W |~ tawp—er] OO0 OO
LA e QRCCEN ARXXXON

feag -.l INCAC<—-‘ }—
tRac wel Ll torr twe

VoH- VALID X Z- vaup \ / VALID VALID
a DATA | 4 DATA ) { DATA DATA

Vou— T
108 " tos toH

ton —| ’_“

V= OOOKYK Y VALID VALID VALID VALID )m

° v A”‘!’A‘ﬁ"";’)’"’”’ DATA X_DATA DATA DATA
IL—
m DON'T CARE
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KM41C4001

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE

Note: CAS=Vjn, W.D, A1o=Don't Care

trc
tRas

RAS ViH— N \

ViL— R

[ trP
—

ViH— ’v.v’v’v‘v‘v’v‘v'v'vov‘ - ‘v‘v.v‘v.v‘v.v‘v v’v.v‘v’v.v.v’v‘v‘vov’v’V‘V.V.v‘v.v".v'v.v‘v’v‘

VIIRY, 9,394,950 C il 14t W I NI %%

Vor—-

VoL—

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

OPEN

Vi — tans r
RAS Ve — __________JzTi:____-—_—_-1 Z N\___.._____
);—ip—{ci L’?‘CHR——‘—— FtRPC
=T 4N B
_ Vi X \VaV,
T C R
Q \\2'/::: _—_JE OPEN

[B3] v oae
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KM41C4001

CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tRC
tRAS l——tRP-——]
— ViH— 3
RAS v ' x
I—
tcrp tRCD tRsH
ViH—
CAS Vie—
|~ taap tRAL——
tar— —l
tasr 'E‘_\i' tasc || tcan

ViH—|

ROW COLUMN
A _ADDRESS ADDRESS

ViL—

trcs »% tRRH

w ViH—
ViL—

a VoH—
VoL—

tcac

AA ——

trac

tore

tCLZ_.J

HIDDEN REFRESH CYCLE (WRITE)

ViH— y
ViL—
[

toRP—f—=—1
!

——tap ——|

O

tRsH

trRcD

P ViH—
CAS
ViL—

\

——
-

taR -
tash :E—‘;‘HASASC*- F;RT:::H——M
A Vin— ROW " COLUMN
Vil ADDRESS ADDRESS
iw‘c%
twos tFiﬂtwcH— w
Vi twp
- s tom
ViH— AMAAANAAAAA AN/
° e SXXRKGGGIR v omrn A o
VoH— \I tDHR
Q VoL—
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KM41C4001

CMOS DRAM

TIMING DIAGRAMS (continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRp
trAs
Vi ey o a
FAS vm S RSH: r- §
IL—
t t
CSR tonm CcPT rvt cas
CAS ViH— \ S
Vil— .
v tasc
—— tcAH——
ViH—
A ADDRESS
ViL—
—tCAc——{
READ CYCLE tRAL
taa —tOIFT_‘
ViH—
Q v OPEN VALID DATA
—
twrp twRH tres — toLz tRAH
" - TR
ViL—
tRCH—
WRITE CYCLE
Vou—
Q o OPEN
Vor—
tRwL
towt
twRP twRH
—-twes — tWCH o
ViL—
——tD§ —— toH
-
D ViH— VALID DATA
ViL—
READ-WRITE CYCLE — tcac——]
cLz
——torFr—
]
Q \;0“_ OPE VALID DATA E————
oL—
tAA ——tCWL‘—l
twre| | twrH
’-—— tawp tRWL:
L
o ViH— X
f——1tcwp we
ORI XIXHANN
vALID DATA DRXSOEXAXA

ViH— Y ANATSAANAANNANTSAAAAAAAAANAAAA N VY ANAANAAAY
D v AR BRI

tos

toH

) .‘ A A".‘
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KM41C4001

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: D, Address = Don’t Care

tRe
tras tRp
RSy ¢ 3 \
Vln.— 'RPCT \ Z
tep tcsr tonm
—_— ViH— ‘
CAS
twrs -
VlH—' ."V".V""""’V"".""V""‘V‘V’V"."V.V’V’V’V‘V’V‘V’V’V""‘V
T 1 (XXX XXX XK KKK KRR
BF.F—
a :"0“— ) OPEN
oL — A

TEST MODE DESCRIPTION

The KM41C4001 is the RAM organized 4,194,304
words by 1 bit, itis internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in paraliel and retrieved the same way. A1or. A1oc
and Aoc are not used. If, upon reading, all bits are equal
(all “1”s or “Qs), the data output pin indicates a “1”.
If any of the bits differed, the data output pin would in-

m DON'T CARE

dicate a “0” In “Test Mode”, the 4M DRAM can be tested
as if it were a 512K DRAM. W, CAS Beofre RAS Cy-
cle (Test Mode in Cycle) puts the device into “Test
Mode”. And “CAS Before RAS Refresh Cycle” or “RAS
only Refresh Cycle” puts it back into “Normal Mode”.
The “Test Mode” function reduces test time (1/8 in cases
of N test pattern).
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KM41C4001

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM41C4001 contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4001 has
only 11 address input pins, time multiplexed addressing
is used to input 11 row and 11 column address. The
multiplexing is controlled by the timing relationship bet-
ween the row address strobe (RAS), the column address
strobe (CAS) and the valid row and column address
inputs.

Operating of the KM41C4001 begins by strobing in a
valid row address with RAS while CAS remains high. Then
the address on the 11 address input pins is changed from
a row address to a column address and is strobed in by
CAS. This is the beginning of any KM41C4001 cycle
in which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CAS have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge time
(trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcasmin) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4001 begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after tsep(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
treo(max).

Write

The KM41C4001 can perform early write, late write and
read-modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W and CAS. In any type
of write cycle, Date-in must be valid at or before the fall-
ing edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate /O to
avoid bus contention.

Data Output

The KM41C4001 has a three-state output buffer which
is controlled by CAS. Whenever CAS is high (Vin) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
toiz after the falling edge of CAS. Invalid data may be
present at the output during the time after tcrz and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
anew RAS cycle occurs (as in hidden refresh). Each of
the KM41C4001 operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Nibble Mode Read, Nibble Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Nib-
ble Mode Write, CAS-before-RAS Refresh, CAS-only
cycle.

Indeterminate Output State: Delayed Write

Refresh

The data in the KM41C4001 is stored on a tiny capacitor
within each memory cell. Due to leakage the data may
leak off after a period of time. To maintain data integrity

4
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KM41C4001

CMOS DRAM

DEVICE OPERATION (Continued)

it is necessary to refresh each of the rows every 16 ms.
There are several ways to accomplish this.

RAS-Only Refresh: This is.the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM41C4001 has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM41C4001 hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: Itis also possible to refresh the
KM41C4001 by using read, write or read-modify-write
cycles. Whenever arow is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Nibble Mode

The KM41C4001 has Nibble mode capability. Nibble
mode operation allows high speed serial read, write or
read-modify-write access of 4 consecutive bits. The first
of 4 bits is accessed in the usual manner. The remain-
ing nibble bits are accessed by toggling CAS high then
low while RAS remains low.

The 4 bits of data that may be accessed during Nibble
mode are determined by the lower 10 row address bits
(Rao-Rag) and 10 column address bits (Cao-Cag). The
two address bits, Ca1o and Ra1o are used to select 1
of the 4 nibble bits for initial access. The remaining nib-
ble bits are accessed by toggling CAS with RAS held low.
Each high-low CAS transition will internally increment the
nibble address (Ca1o Ra1o) as shown in the following
diagram with Ra1o being the least significant bit.

[JO,O 0,1 1,0 1,1—|

If more than 4 bits are accessed during Nibble mode,
the address sequence will wrap around and repeat. If any
bit is written during Nibble mode, the new data will be
read on any subsequent access. If the write operation

is executed again on a subsequent access, the new data
will be written into the selected ceil location.

A nibble mode cycle can be a read, write or read-modify-
write cycle. Any combinations of reads and writes or read-
modify-write be allowed.

CAS-Before-RAS Refresh Counter
Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter. This Ayg bit is set high in-
ternally.

Column Address—Bits Ao through A1 are strobed-in by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattérn and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM41C4001 could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vcc during power-up or be held at a valid ViH in
order to minimize the power-up current. ’

An initial pause of 200us is required after power-up
followed by any 8 CAS-before-RAS or RAS only refresh
before proper device operation is achieved.
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KM41C4001 CMOS DRAM

PACKAGE DIMENSIONS

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
| 0.030 (0.76)
I MIN

A o e B e O
T|a Slog|s sl
O 5|3 2582 § g
clo o|loolas S g

(o]
S 0 —-———‘-
0.670 (17.02) 0.148 (3.76) I
0.680 (17.27) MAX
f B
) 0.004 0.1) '
0.050 (1.27) || 0.015 (0.38) 0.026 (0.66)
TP | 0021 053 0.032 (0.81)
0.050 (1.27)
| MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025 (26.04) 0.113 (2.87)
0.120 (3.08)

1.035 (26.29)

0.400(10.16)
MAX

z

o

m

>
0.325 (8.26)
0.335 (8.51)

0.009 (0.23)

) W'ij GUUUUUUULY | e
=
©

0014038 || 0.050 (1.27) 0.050 (1.27) ’ gz 0.100 (2.54)

0.024 (0.61) TYP MAX ! 8= TP

o
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KM41C4002

CMOS DRAM

4MX1 Bit CMOS Dynamic RAM with Static Column Mode
FEATURES

* Performance range:

trac tcac trc
KM41C4002- 8 80ns 20ns 150ns
KM41C4002-10 100ns 25ns 180ns

Static Column Mode operation
CS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability
TTL compatible inputs and output
Common /O using Early Write
Single +5V+10% power supply
1024 cycles/16ms refresh
JEDEC standard pinout
Available in Plastic SOJ, ZIP

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM41C4002 is a high speed CMOS
4,194,304 bit X 1 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4002 features Static Column Mode opera-
tion which allows high speed random or sequential ac-
cess within a row. Static Column Mode operation offers
high performance while relaxing many critical system tim-
ing requirements for fast usable speed.

CS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only refresh. All inputs
and output are fully TTL compatible.

The KM41C4002 is fabricated using Samsung’s advanc-
ed CMOS process.

PIN CONFIGURATION (top views)

* KM41C4002J

* KM41C40022Z

)

A
RAS 9 —
" 1 contrROL & DATA o EI[Z cs
cs CLOCK N }-D ] vee
W - BUFFER b E[: .
6
" RAS (7
REFRESH CONTROL & %E Ao
ADDRESS COUNTER N.C N
Ao :]C A,
DATA Az :I A3
COLUMN DECODER out |-a Veo [3] .
1 SENSE AMPS & 1/0 BUFFER M 4
Ag
L I A, [19] E 6
: g & Ae
. wi{o
1318 MEMORY ARRAY
. a4 4,194,304 Cells Pin Name Pin Function
A —_—
<518 Veo Ao-A1o Address Inputs
Ao Ves D Data In
Q Data Out
w Read/Write Input
RAS Row Address Strobe
CS Chip Select Input
Vee Power (+5V)
Vss Ground
N.C. No connection
lll
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KM41C4002 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
|__Voltage on Any Pin Relative to Vss Vin, Vout -1to0 +7.0 \Y
Voitage on Vcc Supply Relative to Vss Vee —1to +7.0 \
Storage Temperature Tstg -55 to +150 °C
B Power Dissipation Pp 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG CONDlTIONS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \Y
Ground Vss 0 0] 0] \Y
Input High Voltage ViH 2.4 — Vec+1 \
Input Low Voltage Vi -1.0 — 0.8 \Y

DC AND OPERATING CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit

Operating Current” KM41C4002- 8 0 — 100 mA

(RAS, CS, Address Cycling @ trRc=min) KM41C4002-10 cc — 85 mA

Standby Current

(R_AS=C_S=V|H) lccz - 2 mA

RAS-Only Refresh Current* KM41C4002- 8 | — 100 mA

(RAS Cycling, C8=Vin, @ trc=min) KM41C4002-10 cC3 — 85 mA

Static Column Mode Current* KM41C4002- & 0 — 60 mA

(RAS=CS=Vi_, Address cycling: @ tsc=min.) | KM41C4002-10 ce4 — 50 mA

Standby Current loes _ 1 mA

(RAS=CS=Vc-0.2V) ces

CS-Before-RAS Refresh Current* KM41C4002- 8 | - 100 mA
| (RAS and CS cycling @ trc=min.) KM41C4002-10 cce —_ 85 mA

Standby Cuient [ _ 5 A

(RAS =V, C5=V Dout=Enable) cc7 m

Input Leakage Current

{Any input OKV|NS6.5V, lie —~10 10 uA

all other pins not under test=0 volts.)

Output Leakage Current _

(Data out is disabled, OV<Vour<5.5V) lo 10 10 HA
| __Output High Voltage Level (lon=—5mA) VoH 2.4 — \Y

Output Low Voltage Level (loL=4.2mA) VoL — 0.4 \

*NOTE: lcc1, lccs, Icc.‘! and Icce are dependent on output loading and cycle rates. icc is specified as an average
current. Sp_ecmed value are obtained with the output open. Icc1, Icca | Iccs, Address can be changed max-
imum two times while RAS=V_. Icc4, Address can be changed maximum once while CAS=V4.

SESAMSUNG
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KM41C4002

CMOS DRAM

CAPACITANCE (t.=25°¢)

Item Symbol Min Max Unit

Input Capacitance (Ao-A1o, D) CiNd - 5 pF

Input Capacitance (RAS, CS, W) Cinz - 7 pF

Output Capacitance (Q) Cout - pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voo=5.0V+10%, See notes 1,2)

KM41C4002-8 | KM41C4002-10
Standard Operation Symbol Unit | Notes
Min Max Min Max
Random read or write cycle time trc 150 180 ns
Read-modify-write cycle time trRwe 175 210 ns
Static column mode cycle time tsc 45 55 ns
Static column mode read-write cycle time tsrwe 80 100 ns
Access time from m traC 80 100 | ns (3,4,11
Access time from CS tcac 20 25| ns |3,4,5
Access time from column address taa 40 50| ns |3,11
Access time from last write taLw 75 95| ns (3,12
CS to output in Low-Z toLz 5 5 ns |3,12
Output buffer turn-off delay torr 0 15 0 20| ns 7
Qutput data hold time from column address taoH 5 5 ns
Output data enable time from W tow 50 70| ns
Output data hold time from W twoH 0 0] ns
Transition time (rise and fall) tr 3 50 3 50| ns 2
RAS precharge time trp 60 70 ns
RAS pulse width tras 80| 10,000|100{ 10,000| ns
RAS pulse width (static column mode) trasc 80 { 100,000 | 100 '100,000 ns
RAS hold time tRsSH 20 25 ns
CS hold time tosH 80 100 ns
CS pulse width tcs 20| 10,000| 25| 10,000 | ns
CS pulse width (static column mode) tcsc 20| 100,000 | 25|100,000| ns
RAS to CS delay time treo 20 60| 25 75| ns 4
RAS to column address delay time trRAD 15 40| 20 50| ns 11
CS to RAS precharge time tcrp 5 10 ns
CS precharge time (static column mode) tce 10 10 ns
Row address set-up time tasr 0 0 ns
Row address hold time tRAH 10 15 ns
Column address set-up time tasc 0 0 ns
Column address hold time tcaH 15 20 ns
Write address hold time referenced to RAS tawr 60 75 ns 6
Column address hold referenced to RAS tar 95 1156 ns
54
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KM41C4002

CMOS DRAM

AC CHARACTERISTICS (continued)

KM41C4002-8

KM41C4002-10

¢ SAMSUNG

Electronics

Standard Operation Symbol Unit | Notes
Min Max Min Max

Column Address to RAS lead time tRAL 40 50 ns
Column address hold time referenced to RAS rise tan 5 10 ns
Last write to column address delay time tLwap 20 35| 25 45| ns
Last write to column address hold time taHLW 75 95 ns
Read command set-up time trcs 0 0 ns
Read command hold referenced to CS tRcH 0 0 ns 9
Read command hold referenced to RAS tRRH 0 0 ns 9
Write command hold time tweH 15 20 ns
Write command hold referenced to RAS twer 60 75 ns 6
Write command pulse width twe 15 20 ns
Write command inactive time twi 10 10 ns
Write command to RAS lead time tRwWL 20 25 ns
Write command to CS lead time towL 20 25 ns
Data-in set-up time tos 0 0] ns 10
Data-in hold time toH 15 20 ns 10
Data-in hold referenced to RAS toHR 60 75 ns 6
Refresh period (1024 cycles) tReF 16 16 | ms
Write command set-up time twes 0] 0 ns 8
CS to W delay time towp 20 25 ns 8
RAS to W delay time tRwD 80 100 ns 8
Column address to W delay time tawp 40 50 ns 8
CS setup time (C-B-R refresh) tcsr 10 10 ns
CS hold time (C-B-R refresh) tcur 30 30 ns

- | RAS percharge to CS hold time trPC 0 0 ‘ns
CS precharge (C-B-R counter test) tepT 40 50 ns
Write command set-up time (Test mode In) twrs 10 10 ns
Write command hold time (Test mode In) twrH 10 10 ns
W to RAS precharge time (C-B-R refresh) twRP 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 ns
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KM41C4002

CMOS DRAM

TEST MODE CYCLE (Note. 13)
KM41C4002-8 | KM41C4002-10
Parameter Symbol Unit | Notes
Min Max Min Max

Random read or write cycle time trc 155 185 ns
Read-modify-write cycle time trwe 180 215 ns

Access time from RAS tRAC 85 105 | ns |3,4,11
Access time from CS tcac 25 30| ns [3,4,5
Access time from column address taa 45 551 ns |3,11
RAS pulse width tras 85| 10,000 |105| 10,000 | ns

CS pulse width tcs 25| 10,000 30| 10,000 | ns

RAS hold time trsH 25 30 ns

CS hold time tosh 85 105 ns

Column address to RAS lead time tRAL 45 55 ns

CS to W delay time town 25 30 ns 8
RAS to W delay time tRwp 85 105 ns 8
Column address to W delay time tawp 45 55 ns 8
Static column mode cycle time tsc 50 60 ns

Static column mode read-modefy-write tsrwe 85 95 ns

RAS pulse width (Static column mode) tRASC 851 100,000 | 105| 100,000 | ns

Access time from last write taLw 80 100 | ns |3,12
CS pulse width (static column mode) tcsc 25|100,000| 30100,000| ns

NOTES

1.

Noo

An initial pause of 200us is required after power-
up followed by any 8 CS-before-RAS or RAS on-
ly refresh before proper device operation is
achieved.

. ViHmin) @nd ViLmax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between Viymin) and ViLmax), and are
assumed to be 5ns for ali inputs.

Measured with a load equivalent to 2 TTL loads and
100pF

Operation within the trcpmax limit insures that
trRAc(max) can be met. trepmax) is specified as a
reference point only. If trep is greater than the
specified trcpimax) limit, then access time is con-
trolled exclusively by tcac.

Assumes that trco>tRcD(max)-

tawr, twcR, toHr are referenced to traD(max)

. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
refernced to Von or VoL.

twcs, trRwp, tcwp and tawp are non restrictive
operating parameters. They are included in the data
sheet as electrical characteristics only. If

10.

11.

12.

13.

twes2twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle. If tcwp=tcwpmin) and
tRwDZtRwWD(min) and tawp2tawpmin), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

Either trcH or trry must be satisfied for a read
cycle.

These parameters are referenced to the CS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trapmax limit insures that
tracimax) can be met. trapmax) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

Operation within the tiwapmax) limit insures that
taLw(max) can be met. tiwapmax) is specified as a
reference point only. If tiwap is greater than the
specified tLwap(max) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.

4
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KM41C4002 CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tRC
/P

FAS ViH— 38 tRAS 2'“ s

ViL— :

- CsH
tASR+—— }=— traH L tRAL taH

v |

A V'” ROW ADDRESS COLUMN ADDRESS
L= i
! ! !
AR
tRaD
tcrp trc = ‘RSH———1 |~ tcRP—|

C—S ViH— tcs

ViL—

L tRcH
}.— trcs ——] tRRH

_ ViH—
W — —

ViL— ; tcac

AA toFF
trac

Q Vor— OPEN VALID DATA P

VoL~ /

— toLz

WRITE CYCLE (EARLY WRITE)

trc
tRp ——

_ I X
RAS H S RAS

ViL— \

tawr
tcsH {
tasr —1——— ——tRAH -f l
ViH—
COLUMN
A i m ROW ADDRESS goLuMN.
b !
N tasc | ——tcan — ¢
tcRP RAD RSH torp

cs ViH— S tos

ViL= tReD -

WeH —=—]
tWeR “towL
twes
- Vin— +
—
) tRWL
tos 1—— ——ton ——
Vin— (X7 v".'.v‘v. XX v‘v v, v.v.v’v.v’v'v’v‘v' Y
{ VALID DATA
o v SOOGS0
toHR

Q Vo= OPEN

VoL—

@ DON'T CARE
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KM41C4002

CMOS DRAM

TlMlNG DIAGRAMS (Continuea)
READ-WRITE/READ-MODIFY-WRITE CYCLE

tRwe
trp
. ViH— ) t
RAS Vi— RAS \
tRwL
tASR i~ {—- tRAH l tcaH __.i
Vin—
A ROW ADDRESS COLUMN ADDRESS
ViL— A
1
trcp l
tere tRAD tRAL
f— tcRP——|
cs ViH-— tcs
Vi —
L / thcs .
towp
tawp tewL:
tRwo
ViH— IR TR 7
— b tWP i
W QOCOOOOOOOCOKX XX
ViL— “.‘.“A’.“‘A ‘A“‘A‘A’A’A’A“‘I’ J
tcsH
t
I~ tos —| DH 1
ViH—
o VALID DATA
ViL—
tcac twoH
t, ——t
trac A e torF —
Q Von— | )W VALID DATA
VoL— y -k
tcz —
STATIC COLUMN MODE READ CYCLE
. |~ trp-——]
tRASC
_ Vip— —_‘ﬁ& 3
RAS ViL— "
t
tasm i tsc tsc tRAL— i |}—tan
ViH— ROW COLUMN COLUMN COLUMN
A ViL— \ ADDRESS ADDRESS ADDRESS ADDRESS _
T
~-tRAD - —— tcrp—
taR i—tcp—-J ‘RSH—‘-{
_ Viy— tcse Zf tesc
cs S tRRH
ViL— tnco—L~— 4
—trcs — e tres —tacH
tosH
W d \ AR
ViL— ]—959 }-——» taa—
. ~—taa— toFF torr
e — taA —
tAOH tcac
— tRaC
Von— VALID VALID /' VALID
Q Voi— DATA DATA DATA

teLz

i

terz
m DON'T CARE
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KM41C4002

CMOS DRAM

TIMING DIAGRAMS (Continued)
STATIC COLUMN MODE WRITE CYCLE (W controlled early write)

RAS

ViH— ""_—'!\ tRasC
ViL— -
tRaH
tasr —-—i ——tcaH tRaL
Vin— ROW COLUMN COLUMN -COLUMN NADCOT XXX XX
Vi ADDRESS ADDRESS ADDRESS ADDRESS :ﬁ‘:’t’:‘t‘tﬁ?’t‘:‘t’f't‘.
|
—_—  tawr——— tRSH
tRaD e ——tcsc tcp ‘CRP—“‘
ViH— /"
ViL— treo \ !
SC
—twcs
t t
twes ~r— w W
! twp
Vii— twp—-jz [
ViL— toHR ! [ 1
twen
tos
-~} toH
Vin— " VALID vALID \A7X SOXOOOOOOOOXHXD
Vi— DATA DATA_ XA DATA XCXXXX XXX
Von—
OPEN
VoL—

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write)

RAS

Z|

Vin— trasc f 3
ViL— L_—
tASR |- t——m{ tRAH 'Asrc__ - toAH F tRAL
Vin— SO ROW coL coL coL
Vii— 0:0:0:0:0?0:0:&0," ADD ADD ADD \_ADD
t tep —
AWR toso \—— cP
ViH— .
~—tRAD N\
ViL— trco tsc tcrp
twer twes| twi
VlH‘_ '.V".V.V."V.""V"".'. "".'.'. WGS ‘WCH lwp ".V."'.'.'.V".V’V."'.'.V."
v X0 oot elelulalilotelel
L toMR ¢
[ tos ton |DS ]|
ViH— R XX ONSXN A VALID VALID VALID 0000000 e T
v SRR T YL bara KON
Vou— OPEN
VoL—

@ DON'T CARE
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KM41C4002

CMOS DRAM

TIMING DIAGRAMS (continued)
STATIC COLUMN MODE READ-WRITE CYCLE

tRasc —J' tRp——
BAS ViH— :S F
ViL—
th tRaL
tasri— A tcan —1 f————— tRWL
A ViH— ROW COLUMN COLUMN
Vie— ADDRESS ADDRESS ADDRESS
t tcrp
RAD tsprwe a—
— ViH— t
S H N WD | 1wan
Vie= —tRcs - |
_T tawo tewL
|
Pt - — tawp
. RO AW -—1
— H—= N|_ twe X
w ViL— b S|
t ot
taco as—{ DlH
ViH— 7 VALID OO OOOOOON XXX
b ViL— DATA AN XXXUAXXX)
tcac tAA —1
——tan — taoH tow ——
trac AL toFF
“Von— VALID VALID XL
Q Voi— DATA DATA ‘0\0‘&&\0‘&’
tctz —
STATIC COLUMN MODE MIXED CYCLE
trasc

RAS

|

ViH—
ViL—

|
'“———’ tcp |
‘——‘tcsc F——tesc-
ViH— i | a—
Vie— " 4‘ ‘)Z
‘ - = tawL
tsc I
|
ViH— coL. N coL.
ViL— 7
— -tcaH
= tCWL——‘J
twp
ViH— XS /_
ViL— ) S
tos I taw S :DH
i OH | *‘ [ tos
ViH— VALID VALID Y
Vi— DATA 4 : DATA
]—*~> tcac tcac toFF
toHR taa taoH taa o  twon
Vor— VALID - VALID
VoL— L " . DATA DATA
AWRITE——————rd————— READ N ———
READ-MODIFY-WRITE

m DON'T CARE
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KM41C4002 CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
NOTE: W, D, Ajo=Don’t Care

tre
b itRp
Vih— =
RAS " XL—‘ ~———itRAS —
ViL— b ‘
tcrp —‘ —t— —] !——c RPC

_ ViH—
cs ‘ /
ViL— /

tASR =] [—tRAH —
ViH—
A ROW ADDRESS
ViL—
VoH—
Q OPEN
VoL—

CS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

tac

= /1 \ " 7 \

tesr
F—tcp tonr l=-trrc

Y/
>
[

oo YRR BXIRLAR
torr
Q z"’"”: —__15 OPEN

m DON'T CARE
 SAMSUNG 2
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KM41C4002

CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

tRC
tRas — tRP—— tRas
Vin— 3
S o \ \
—
tcrp tRCD tRsH tcHr
—
s e \ /
CS Vi—
|——tRAD. tRAL——]
taR
task 1RAH| tago_| tcaH
A ViH—| ROW COLUMN
ViL— _ADDRESS ADDRESS
I
twrH
trcs —H tRRH twrp
w ViH—
ViL—
tcac
AA ——]
torr
trac
VoH—
Q o VALID DATA
VoL—

terz

HIDDEN REFRESH CYCLE (WRITE)

tras e ——rtrP ———J tRas
e e
B \ /N /T
— ViH— o s e tcHR
[&] Vil
taR -
———"tRAD tRAL —
task SLLLL TR Y S
A Vit ROW COLUMN
ViL— ADDRESS ADDRESS
twor
twes Eﬂ 1tWCH—— . | twRH
ViH— y
w ' XK
tpbs ton
ViH— ‘ VAN S SVAR Y S AAAAANAAANNNNAAA /N
° @MW R
o v —

}v‘x‘ DON’T CARE
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KM41C4002

CMOS DRAM

TIMING DIAGRAMS (cContinued)

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trp

tras

FAS ViH— 3 tRSH F
RAS
Vi— x \——
| _tesm tes
NG \ /
Vi | tasc
— tcAH——
ViH—
A " ADDRESS
ViL—
'—ktCAC*—"‘
READ CYCLE tRAL
taa = tOoFF —
Vig—
Q V‘H VALID DATA }——-
L=
twrp tRes terz tRAH
" - KRR R
Vi e IHCHJ
WRITE CYCLE
Vor—
Q PEN
VoL— °
tRwL
tewl
twRP———
WeSs — twen
Vie—
rtos—— toH
D Vib—  VALID DATA
ViL—
READ-WRITE CYCLE e tcac—=
cLz . torF—
) \:IOH_ EN VALID DATA }———
oL—
- tAA—*—T —'—‘CWL‘—{
’—— tawp tRwWL o
ViH— O %
w v K GERERKL,

| )
twp

f——tewD ——

NNV VAV AV AVAVAVAV VAVAY AV W VAV Vo VAVAVAVAVAVAVAVAVAVAVAVAR WV
o R RRXXXIEEK N VAo DATA

tps toH

YAAANNANANAXAAAAAN/
QR

}v‘x DON'T CARE
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KM41C4002

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: D, Address=Don’t Care

tre

tRas trp

J— Vin—
RAS \
ViL— trrC —

/N

tcp | tosm
toHR
= ] \ﬁ ORGSO
i twin
e R
o .
a Yon- ( OPEN
VoL— £

TEST MODE DESCRIPTION

The KM41C4002 is the RAM organized 4,194,304
words by 1 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in paralle! and retrieved the same way. A1or. A1oc
and Aoc are not used. If, upon reading, all bits are equal
(all *1”s or “0"s), the data output pin indicates a “1"".
If any of the bits differed, the data output pin would in-

m DON'T CARE

dicate a "0" In “Test Mode’’, the 4M DRAM can be tested
as if it were a 512K DRAM. W, CS Before RAS Cycle
(Test Mode in Cycle) puts the device into “Test Mode™.
And “CS Before RAS Refresh Cycle” or “RAS only
Refresh Cycle” puts it back into “Normal Mode”. The
“Test Mode” function reduces test time (1/8 in cases
of N test pattern).
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KM41C4002

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM41C4002 contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4002 has
only 11 address input pins, time multiplexed addressing
is used to input 11 row and 11 column addresses. The
multiplexing is controlled by the timing relationship bet-
ween the row address strobe (RAS), the chip sellect in-
put (CS) and the valid row and column address inputs.

Operating of the KM41C4002 begins by strobing in a
valid row address with RAS while CS remains high. Then
the address on the 11 address input pins is changed from
a row address to a column address and is strobed in by
CS. This is the beginning of any KM41C4002 cycle in
which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CS have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge time
(trP) requirement.

RAS and CS Timing

The minimum RAS and CS pulse widths are specified
by tras(min) and tcs(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CS pulse widths. In addition, a
new cycle must not begin untii the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4002 begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

Aread cycle is achieved by maintaining the write enable
input(W) high during a RAS/CS cycle. The access time
is normally specified with respect to the falling edge of
RAS. But the access time also depends on the falling
edge of CS and on the valid column address transition.

If CS goes low before trcp(max) and if the column ad-
dress is valid before trap(max) then the access time to
valid data is specified by trac(min). However, if CS goes
low after trcp(max) or if the column address becomes
valid after trap(max), access is specified by tcac or taa.
In order to achieve the minimum access time, trac(min),
it is necessary to meet both trcp(max) and trap(max).

Write
The KM41C4002 can perform early write, late write and

read-modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W and CS. In any type
of write cycle, Date-in must be valid at or before the fall-
ing edge of W or CS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Medify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate 1/0 to
avoid bus contention.

Data Output

The KM41C4002 has a three-state output buffer which
is controlled by CS. Whenever CS is high (Vi) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CS. Invalid data may be
present at the output during the time after tciz and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CS returns high. This is true even if
anew RAS cycle occurs (as in hidden refresh). Each of
the KM41C4002 operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Static Column Mode Read, Staic Column Mode
Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Static
Column Mode Write, CS-before-RAS Refresh, CS-only
cycle.

Indeterminate Output State: Delayed Write

SAMSUNG
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KM41C4002

CMOS DRAM

DEV'CE OPERATIO N (Continued)

Refresh

The datain the KM41C4002 is stored on a tiny capacitor
within each memory cell. Due to leakage the data may
leak off after a period of time. To maintain data integrity
itis necessary to refresh each of the rows every 16 ms.
There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. it is performed by strobing in a row
address with RAS while CS remains high. This cycle must
be repeated for each row.

CS-before-RAS Refresh: The KM41C4002 has CS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If CS is held low
for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuitry is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CS active time and cycling RAS. The
KM41C4002 hidden refresh cycle is actually a CS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: ltis also possible to refresh the
KM41C4002 by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in that
row are automatically refreshed. There are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CS-
before-RAS refresh is the preferred method.

Static Column Mode

Static Column Mode allows high speed read, write or
read-modity-write random access to all the memory cells
within a selected row. Operation within a selected row
is similar to a static RAM. The read, write or readmodify-
write cycles may be mixed in any order.

A Static Column mode read cycle starts as a normal cy-
cle. Additional cells within the selected row are written
by applying a new column address while W=V and
‘RTS=V|L‘

A Static Column mode write cycle starts as a normal cy-
cle. Additional cells within the selected row are written by
applying a new column address while RAS=V;_and tog-
giling either W or CS. The data is written into the cell
trigered by the latter falling edge of W or CS.

CS-before-RAS Refresh Counter Test
Cycle

A special timing sequence using the CS-before-RAS
refresh counter test cycle provides a convenient method
of verifying the functionality of the CS-before-RAS refresh
activated circuitry.

After the CS-before-RAS refresh operation, is CS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CS-before-RAS counter test cycle
timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter. The Ao bit is set high in-
ternally.

Column ADdress—Bits Ao through A1¢ are strobed-in by
the falling edge of CS as in a normal memory cycle.

Suggested CS-before-RAS Counter Test

Procedure
The CS-before-RAS refresh counter test cycle timing is
used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row address.
(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 512 times so
that highs are written into the 512 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM41C4002 could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CS track
with Ve during power-up or be held at a valid Viy in
order to minimize the power-up current.

An initial pause of 200us is reqtjired_after power-up
followed by any 8 CS-before-RAS or RAS only refresh
before proper device operation is achived.
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KM41C4002 CMOS DRAM

PACKAGE DIMENSIONS
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)

0.030 (0.76)
MIN

o I B e B | i o I e O e O |
ola Sleg|s sla
O si3 2|58l 8 2
%8 £|8818 8l
ol o |loco|s = g
LO
L I S S BN
0.670 (17.02) ‘ 0.148 (3.76)
0.680 (17.27) —I | MAX
5 0.004 (0.1) Q
0.050 (1.27) 0.015 (0.38) 0.026 (0.66)
e 0.021 (0.53) 0.032 (0.81)
0.050 (1.27)
MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1025 (26.08) 0.113 (2.87)
0.120 (3.05)

1.035 (26.29)

7z

| @bUHHHHHHHUHUHHQ s

0.014 (0.36) .1_ 0.050 (1.27) 0.050 (1.27) 0.100 (2.54)
0024 (061) | | TYP MAX ~p

0.325 (8.26)
0.335 (8.51)

0.400(10.16)
MAX

|

MIN

0.100 (2.54)1_

67

X SAMSUNG

Electronics



KM41C4000A

CMOS DRAM

4MX 1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
¢ Performance range:
trac tcac trc
KM41C4000A- 7 70ns 20ns 130ns
KM41C4000A- 8 80ns 20ns ] 150”3._
| KM41C4000A-10 | 100ns | 25ns | 180ns

Fast Page Mode operation

1024 cycles/16ms refresh
JEDEC standard pinout

CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability
TTL compatible inputs and output
Common 1/O using Early Write
Single +5V+10% power supply

Available in Plastic DIP, SOJ, ZIP, and TSOP (ll)

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM41C4000A is a high speed CMOS
4,194,304 bit X 1 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4000A features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row.

CTS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only Refresh. All inputs
and output are fully TTL compatible.

The KM41C4000A is fabricated using Samsung’s ad-
vanced CMOS process.

AAS 1 controL DATA
CAS —=i ROL &
CAS CLOCK AA I
W » BUFFER
| REFRESH CONTROL &
| | ADDRESS COUNTER
L] DATA
~{ coLumN DECODER wAl g
i SENSE AMPS & 1/0 BUFFER
° o
e
1218 MEMORY ARRAY
e oo |X 4,194,304 Cells
wn
. LL] g
- |& —— Ve
L] 8 8
< ——
A ™™ Vss
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KM41C4000A CMOS DRAM

PIN CONFIGURATION (op views)

* KM41C4000AP e KM41C4000AJ e KM41C4000AZ
\ (< )
o[ o 18] Vss pi1o ~ 20f0vss ne [1]
- w2 19fJa [2]cAs
w[2] 7] @ RS ois als
- RAS 3 18[1CAS [4]vss
As [3] 6] cAS nc4 17[INC o 5]
Ao [4] 75] A Ao 5 16 [0 Ae mZ’EW
Ao % [14] A c E}% :‘;
Arte %A’ Ao e 15346 N=EE
A; [7] 12] Ae A 47 14 [ A Az
As [B] 7] As AgEs 13%% Vee EEAB
As []o 12 JAs 16| As
Vee |8 O ES vee o O 1A As EEAS
A o] 0] As
(DIP) (SOJ) \5
(zZIP)
o KM41C4000AT ¢ KM41C4000ATR
DE10V 20 Tves Vss[]20 o1[1D
w2 18[da atje O 2pw
RAS (3 18 [1CAS CAS[]18 3[JRAS
NC 4 17[ONC NC[]17 4[NC
A []5 16] A As(]16 5[] Aw
Ao 16 15]] As Ag[J15 6[JAo
A7 14{]A A Ha 70 A
A:[]8 131 As As[]13 81 A:
As[]9 0O 12[JAs As[]12 'e) 9l As
Vee (10 M1 As A1t 10 ;lvcc
(TSOP () -Forward Type) (TSOP (I1) -Reverse Type)
Pin Name Pin Function
Ao-A10 Address Inputs
D Data In
Q Data Out
B W Read/Write Input
RAS Row Address Strobe
CAS Column Address Strobe
Vee Power (+5V)
Vss Ground
N.C. No connection
Pt
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ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vin, Vour —-1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vce -1to +7.0 \
Storage Temperature Tstg —55to +150 °C
Power Dissipation Pp 600 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING COND'T'ONS (Voltage reference to Vss, TaA=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \]
Ground Vss 0 0 0 \
Input High Voltage ViH 2.4 — Vee+1 \Y
Input Low Voltage Vi -1.0 — 0.8 \'/

DC AND OPERATING CHARACTERISTICS (0°C<Ta<70°C, Voc=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit
Operating Current* EMﬂ gigggﬁ g lcct : 132 22
(RAS, CAS, Address Cycling @ trc=min) KM41C4000A-10 _ 85 mA
Standby Current
(RAS=CAS=Vi) lecz - 2 | mA
RAS-Only Refresh Current* KM41C4000A- 7 - 105 mA
(CAS=Vi, RAS Cycling @ trc=min.) KM41C4000A- 8 lccs — 95 mA
! ’ KM41C4000A-10 — 85 mA
Fast Page Mode Current* KM41C4000A- 7 - 80 mA
(RAS=V_, CAS Cycling @ trc=min.) KM41C4000A- 8 lcca - 70 mA
’ ' KM41C4000A-10 — 60 mA
Standby Current I _ 1 mA
(RAS=CAS=W2>Vcc-0.2V) CcCs
CAS-Before-RAS Refresh Current* KM41C4000A- 7 _ 108 mA
(RAS and CAS Cycling @ trc=min.) KM41C4000A- 81 loce _ 95 | mA
’ KM41C4000A-10 — 85 mA
Standby Current | _ 5 ’ mA
(RAS=Vy, CAS=V,_, Dout Enable) cer
Input Leakage Current
(Any input OLSV|NS6.5V, i -10 10 uA
all other pins not under test=0 volts)
Output Leakage Current _
(Data out is disabled, 0<Vour<5.5V) lou 101 10 1 uA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \
Output Low Voltage Level (loL.=4.2mA) VoL — 0.4 Vo

* Note:

lcc1, lccs, lcca and Icce are dependent on output loading and cycle rates. Specified value are obtained

with the output open. Icc is specified as average current. Icc1, lccs, Icce, Address can be changed max-
imum two times while RAS=V|L. Iccs, Address can be changed maximum once while CAS=V/y.
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KM41C4000A CMOS DRAM

CAPACITANCE (1:=25°c)

Item Symbo! Min Max Unit
Input Capacitance (Ao-A1p, D) CiNt — 6 pF
Input Capacitance (RAS, CAS, W) Cin2 — 7 pF
Output Capacitance (Q) Cout — 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V£10%, See notes 1,2)
) KM41C4000A-7 | KM41C4000A-8 | KM41C4000A-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time tre 130 150 180 ns
Read-modify-write cycle time trwe 155 175 210 ns
Access time from RAS trac 70 80 100 | ns 13,4,10
Access time from CAS tcac 20 20 25| ns | 34,5
Access time from column address taa 35 40 50| ns | 3,10
CAS to output in Low-Z toz 5 5 5 ns 3
Qutput buffer turn-off delay torr 0 15 0 15 0 20| ns 6
Transition time (rise and fall) tr 3 50 3 50 3 50 | ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width tRAS 70| 10,000 | 80| 10,000 | 100 | 10,000 | ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tcsH 70 80 100 ns
CAS pulse width tcas 20 10,000 | 20 10,000 | 25 10,000 | ns
RAS to CAS delay time tRCD 20 50| 20 60| 25 75| ns 4
RAS to column address delay time tRAD 15 351 15 40 | 20 50| ns 10
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 15 15 20 ns
Column address hold referenced to RAS tar 55 60 75 ns 12
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time *Rcs 0 0 0 ns
Read command hold referenced to CAS trRcH 0 0 0 ns 8
Read command hold referenced to RAS tRRH 0 0 0 ns 8
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS twer 55 60 75 ns 12
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tps 0 0 0 ns 9
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KM41C4000A CMOS DRAM
AC CHARACTERISTICS (continued)
KM41C4000A-7 | KM41C4000A-8 | KM41C4000A-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Data-in hold time toH 15 15 20 ns 9
Data-in hold referenced to RAS toHR 55 60 75 ns | 12
Refresh period (1024 cycles) tRefF 16 16 16 | ms
Write command set-up time twes 0 0 0 ns 7
CAS to write enable delay tcwp 20 20 25 ns 7
RAS to write enable delay tRwD 70 80 100 ns 7
Column address to W delay time tawbp 35 40 50 ns 7
CAS setup time (C-B-R refresh) tcsr 10 10 10 ns
CAS hold time (C-BR refresh) toHR 20 30 30 ns
RAS precharge to CAS hold time trpc 10 10 10 ns
CAS precharge (_C-Bﬁ counter test) tepT 35 40 50 ns
Access time from CAS precharge tcpa 45 45 55 ns 3
FAst Page mode cycle time trc 50 50 60 ns
CAS precharge time (Fast page mode) tcp 10 10 10 ns
RAS hold time from CAS precharge taHcp | 45 45 55 ns
Fast page modered-modify-write tPRWC 75 75 90 ns
RAS pulse width (Fast page mode) tRASP 70 1200,000| 80 | 200,000 100 |200,000| ns
Write command set-up time (Test mode in) | twrs 10 10 10 ns
Write command hold time (Test mode in) twtH 10 10 10 ns
W to RAS precharge time (E-B-ﬁ refresh) twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
¢ SAMSUNG 72
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KM41C4000A

CMOS DRAM

TEST MODE CYCLE (Note. 11)
KM41C4000A-7 | KM41C4000A-8 | KM41C4000A-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time tre 135 155 185 ns
Read-modify-write cycle time trwec 160 180 215 ns
Access time from RAS tRAC 75 85 105 | ns |3,4,10
Access time from CAS tcac 25 25 30| ns | 34,5
Access time from column address taa 40 45 55| ns | 3,10
RAS pulse width tRAS 75| 10,000 | 85| 10,000|105| 10,000 | ns
CAS pulse width tcas 25| 10,000 | 25| 10,000 | 30| 10,000 | ns
RAS hold time tRsH 25 25 30 ns
CAS hold time tcsh 75 85 105 ns
Column address to RAS lead timo tRAL 40 45 55 ns
CAS to write enable delay tewo 25 25 30 ns 7
RAS to write enable delay tRwD 75 85 105 ns
Column address to W delay time tawp 40 45 55 ns
Fast mode cycle time trc 55 55 65 ns
Fast page mode read-modefy-write tPrRWC 80 80 95 ns
RAS pulse width (Fast page mode) trasp 75 |200,000| 85 {200,000| 105 ZOO,QOO ns
Access time from CAS precharge tcpa 50 50 60 | ns 3

NOTES

1.

An initial pause of 200us is required after power-
up followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

ViHmin) @and ViLmax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between Viymin) and ViLmax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

Operation within the trcpmax) limit insures that
traC(max) can be met. trcpmax) is specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trcD>tRCD(max)-

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
refernced to Von or VoL.

. twes, trRwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If

10.

11.
12.

twesZtwes(miny the cycle is an early write cycle and
the data out pin will remain high impedance for the
duration of the cycle. If tcwp2tcwomin) and
trwb=tRwD(min) @and tawp=tawpmin), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either trcH or trRrn must be satisfied for a read

cycle.

. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trapmax) limit insures that
trac(max) can be met. trapmax) is specified as a
reference point only. If trap is greater than the
specified trapmax) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.
taR, twcr, toHr are refrerenced to trapmax)-
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KM41C4000A

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tRC
tRAS
_ Ve T F"'_:
RAS Vlu‘:_ S( tAR 72 N\
tcsH trp
trco tRSH ~—tcrp
tcas
_ ViH—
cas Vie— le——tRAD \ \r Z / \
T tRAL
tRAH tasc tcaH
tASR —= [— =
ViH— ROW COLUMN
A Vil ADDRESS ADDRESS
tRRH —=1
trcs trok
ViH— 4
ELOIVRD 50 Jo oo a0
tcac
tRac —_I le— torFF
VoH— o i, - VALID R
Q Vor_ OPEN A DATA E—_
WRITE CYCLE (EARLY WRITE)
trc
e ViH— \ ' tRAS J
RAS i St AR P4 \
tosH } tRp—=
trco tRsH teRp—i
J— ViH— t
CAS V:T_ 3\ \ e /
——— tRaD tRAL
tasr tRAH t,ii L tcan
A ViH— m ROW COLUMN
Vil ADDRESS ADDRESS
tewe
f= tWCS = P tWCH -
_ ViH— 0wr \\ANANANANANANN \NNNAAAAANANN\NNNYN Y
m e RN R R R R
tRwL =|l
twer
tos —= p=— tDH —=
Vin— SOOOOOOOOOOOKXX VALID QXXX XXX X AXAXXAXXAXX XXX XXX
P v XRKKREBEOBBEEIN,  oata o e e e
— toHR
Q zo” - OPEN
oL—
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KM41C4000A

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

trRwe -
tras
CrM taR
ViL— o 7
tcsH trP
trco tRsH le—tcrp
¢ tcas
__ ViH_ \ '4 \_
CAS t #—-1
Vie— ‘ASRL AAD tasc Z 7
[ tRan ] tcaH
+ tRAL
ViH— ROW /- COLUMN
A Vil ADDRESS | A ADDRESS
trRwD —towL
tacs ——1 }—— tcwb e tawL ———
— ViH— N
W H - tawD \
ViL— AR
F———ioAc——— }__lwp *-1 le—— toFF
toLz
Vor— VALID !E__
Q Vor_ OPEN X DATA V.
tRAC i tDH
ViHe .v‘v‘v’v.v’v.v‘v.v’v.v’v‘v‘v‘v‘v'v‘v’v’v.v.v.v‘v.v.v‘v’v’v’v‘v'v’ O XR
¢ ¢ 9,
° Vi AR KINRIERRIAXKANXNKS QRSB
FAST PAGE MODE READ CYCLE
trasP
RAS ViH— *\ tar tauce Z‘ \-
Vie— s tmp
tesH ~tpg tRsH :
trco i L. fcrp
1
toas ~icp teas A tcas [{-
= A 7 7
Vil tRAH
== t t
tash tasc| [Tt tasc can tasc oAn
| o R tRAL
A Vin— ROW COL coL ' coL
ViL— ADD f ADD ADD '\ ADD
: le—tcac— | lcPA tcac —=— A tcAc_-ﬂ
RAD 'qACT\AA_: toFr tAa™ ] _ltoFF tAa — '—‘lOFF
ViH— torz o torz toLz VALID
ol 1o SRR S ———
l=—trce 1 [~ IRRH
t
trcs = tRCH —=— AeH
- ViH— -{
w ViL—

m DON'T CARE
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KM41C4000A CMOS DRAM

TIMING DIAGRAMS (Continued)

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
V'H_ 'r\n P
RAS ViL— p
tesH trc = tRSH—=—
tcrRP tRed tcas tcp tep |
tcas tcas
s o / K\ \\ / h\
CA Vil—
- tapd— tasc tasc tRAL ——
tASR tRAH | tasc tcaH tcAH tcam
Vin— ROW coL coL coL )
A Vi — ADD \ ADD ADD A ADD
1 1
—._“RAD —
tweH
twer twes twey tweH
twes tweH =
— t twe
w ViL— \
tos toH tps toH | tps toH
ViH—
s MM VALID DATA VALID DATA VALID DATA
L—
1 | !
toHR
Voy—
o OH OPEN
VoL—

m DON'T CARE
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- KM41C4000A CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-WRITE CYCLE

tRASP trp
ViH - 3
RAS
ViL -
tosH tRSH ——m—y
tPRWC —————if
fere trce tCAS -] - tcas
tcp
‘ f——tcAS ——
ViH - \ —
CAS
Vie - x x
[
1 tRAL
t tRAH tasc tcan tcaH !:SC tcaH
ASR =i = r_,_l
ViH - r
A ROW ADD COL ADD COL ADD COL ADD
ViL - ' A
towo towd
———tRAD -
f——t P
. AWD L tawo
RCS

t__i

_ ViH - - /
W \
ViL - R
twp
tRwD
tbH
tos —-‘ et le.—'
| N
D AVALID ALID!
Vie - DATA DATA
—' ——tcLz tCLZl——»-
| tcac tcac—
taag—— F——1tan
tRac tcPa
VOH - E -
o / VALID ) VALID VALID
Vor - \ DATA DATA \ DATA

torF ——t ——1—=—toFF -l—ﬁ—torF

M DON’t CARE
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KM41C4000A

CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, D, A, =Don’t Care

tRAg ————

tre

f— tRAH——]

RAS Vih—
ViL—
tasr
AT EYAVAVAVAVAV,V W, W oYaVaY §
g v LRGN

ROW ADDRESS

— ‘RP———J

CAS Viu—
Vi —
* ——1crP s tRPC‘I\_/
Q \\//Z:: OPEN
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address = Don’t Care
tRe
trp
— Vin—
RAS Vi— tras s
trRPC —
tcp tcsR toHR trPC
Vig—
CAS ViL— /
I
| twrp | | tWRH
ViH— R ARAARTAAAAN 7 AN YA YAANASARARAAAARAAANAAAA/ VAWVATaVAV.Y,
W s XGOS R BB
toFF
Vioh =" )
@ V:/QL — ——J} OPEN

m DON'T CARE
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KM41C4000A CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tRe

tRAS —— tRP—— tRAs

Vin— 3
ViL—

2
Pl
el

t tRSH tcHR
CRP tRcD

3
»!
o
<
i
p
vl
N

ViL—

|——1RAD tRAL——]

tar

t 1.
tasr ’_R_Ai~ tasc_ || CAH
Vin— ROW COLUMN
A Vi _ADDRESS ADDRESS

tRCS ——— tRAH twrp

twrH

VIH=—
ViL—

|

tcac

AA ——
torr

tRac

Vor—
a o VALID DATA
VoL—
lcu——l

HIDDEN REFRESH CYCLE (WRITE)
|

\—-—tms——————‘m |-——tRP—— tRas
s \ /[
ws \ /
tasr —‘m tTAfAsc—— ~ —th/:;;)-.i_—-—
VIH~ R N
. w otes XN S58REs RERB
Pl
ViH— s I s
ViH— A/ VVAVAVAAAAAA A/ l
0 - T R
VoH— !— tDHR
Q VoL OPEN
DON'T CARE
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KM41C4000A

CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trRP

ViL—

tRas
ViH— tRSH: .
RS " N " 4\
Vi t t
CSR tone cPT toas
cAS Vik— \ / N\ /
ViL—
tasc
— tcaH——
ViH—
A ADDRESS
ViL—
—‘—“CAC——'}
READ CYCLE tRAL
taa _..(olp,]:._
ViH—
Q v OPE VALID DATA
L=
twrP twRH tRes | tcLz tRRH
Vi O
W H
ViL—
- tRCH——
WRITE CYCLE
VoH—
Q OPEN
VoL—
tRwL
1
twrp twRH ot
—twes -—{ j— WCH——]
ViL—
bt~ tD§ ——rf toH ——
D Vi i VALID DATA
ViL—
READ-WRITE CYCLE —~— tcac—]
loz ——lOFF——{
]
a VoH— OPE ' VALID DATA }———
VoL~
tAA ——tCWL~—|
twrel | twRH
’—-— 0 tawp tRwL:
L
ViH—
w KRS \
tRCS ~—

ViH= YWY NV YA Y Y M Y SAAAAARAAANAANAANANWAAARAAAY
o D et

——tcwD —=—

twp

VALID DATA

VaVaVaV;

YA ANNNYNNAANAN/
QBRI

tos toH

@ DON'T CARE
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KM41C4000A

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: D, Address=Don’t Care

tre
tRAS trp
R ViH—
RAS ViL— / ﬁlnpc—— R / \
tep tcsr \orn
— ViH— .V.V‘V’V‘V’V."v‘v‘v.v'v’V"‘V’v.vov‘v’v V’V.V’V"‘V"’V.V.V.V"’V’
s ' narenrereneaItIeeeeares
twrs twrn
ViH— 7 \VAVAWAVAVAY, v, \VAVAVAVAVAVAVAVAVAVAVAY, v,
w ™ OOOOXXXOOOCKOOX XX XXX XXX XXXXXX)
. \ AR XRXUABXAERNAEKN
_t_o_ff.
Q Vor- OPEN
VoL— jL

TEST MODE DESCRIPTION

The KM41C4000A is the RAM organized 4,194,304
words by 1 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. A1or. A1oc
and Aoc are not used. If, upon reading, all bits are equal
{all “1”s or “0”'s), the data output pin indicates a “1”.
If any of the bits diftered, the data output pin would in-

XXX oonr care

dicate a “0” In “Test Mode”, the 4M DRAM can be tested
as if it were a 512K DRAM. W, CAS Before RAS Cycle
(Test Mode in Cycle) puts the device into “Test Mode”.
And “CAS Before RAS Refresh Cycle” or “RAS only
Refresh Cycle” puts it back into “Normal Mode”. The
“Test Mode” function reduces test time (1/8 in cases
of N test pattern).

SAMSUNG
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KM41C4000A

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM41C4000A contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4000A
has only 11 address input pins, time multiplexed address-
ing is used to input 11 row and 11 column addresses.
The multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the column ad-
dress strobe (CAS) and the valid row and column address
inputs.

Operating of the KM41C4000A begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 11 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM41C4000A
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4000A begin a complex sequence of events. If
the sequence if broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enabie
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after tgep(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
trep(max).

Write

The KM41C4000A can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any

type of write cycle, Date-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate I/O to
avoid bus contention.

Data Output

The KM41C4000A has a three-state output buffer which
which is controlled by CAS. Whenever CAS is high (Vi)
the output is 'n the high impedance (Hi-Z) state. in any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tciz after the falling edge of CAS. Invalid data may be
present at the output during the time after tc.z and
before the valid data appears at the output. The timing
parameters tcac, trRac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM41C4000A operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Qutput Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast

Page Mode Write, CAS-before:RAS Refresh, CAS-only
cycle.

Indeterminate Qutput State: Delayed Write

=== SAMSUNG
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KM41C4000A

CMOS DRAM

D EV'CE 0PERAT|ON (Continued)

Refresh

The data in the KM41C4000A is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
16 ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM41C4000A has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM41C4000A hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM41C4000A by using read, write or read-modify-write
cycles. Whenever arow is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM41C4000A has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycles. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observed, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter
Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ag through Ag are supplied by the
on-chip refresh counter. This A1o bit is set high in-
ternally.

Column Address—Bits Ao through A1 are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-

ten during step 2 and write “highs” into the same

memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

Read the “highs"” written during step 3.

Complement the test pattern and repeat steps 2, 3

and 4.

o s

Power-up

If RAS=Vss during power-up, the KM41C4000A could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Ve during power-up or be held at a valid VIH in
order to minimize the power-up current.

An initial pause of 200us is required after power-up
followed by any 8 CBR or ROR cycles before proper
device operation is achieved.

¢ SAMISUNG

e Electronics

83




KM41C4000A CMOS DRAM

PACKAGE DIMENSIONS
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters)

\
! /4"'0° -10°

ja— 2 [ Il [ — 1

. ,;ﬁ¥‘,_k,¢}_

LTI T T 7 1 T T Tt ‘ RS

0.279 (7.08)

0.293 (7.44)
0.300(7.62)
0.325(8.26)

0.862 (21.89) R
0.872 (22.15) 0009 0.23) |
0.050 (1.27) 0.015 (0.38) 0.013 (0.33)
MAX MIN ’ ’
T
S T - 0.183 (4.65)
1] MAX
0.135 (3.43) H '
G ’ 0.115 (2.92)
MIN
v S
0.100 (2.54) i ’__l J 0.035 (0.89)
TP 0.055 (1.40)
0.016 (0.41)
0.024 (0.61)

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

0.027 (0.69)
MIN
G U O O | o s O s
( )
gz glggls g8
NS cle 8l gfs
D O |5 sleals 2o
oo oioc olo cfo
LO
| S D [ BN [ B N O Ny A ) |
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) 0.145 (3.68)
- )

5 0.004 (0.1)
0.050 (1.27) i ‘ 0.015 (0.38) 0.026 (0.66)
TYP |17 0021 (053 0.032 (0.81)

| 0.050 (1.27)
. MAX
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KM41C4000A CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters)

1.025(26.04) 0.113(2.87)
1.035(26.29) ‘ 6.120(3.05)
4 gl ] M
Qo 9
INDEX %o -
O\ gz Slx
8|3 5%
olo <
o p
—_ I"0.013(0.33)
0.050(1.27) } ’ 0.016(0.41) ‘ 0.050(1.27) __‘ | 0.100(2.54)
TYP ] 0.024(0.61) | MAX Tvp
0.100(2.54)
MIN

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE (Forward and Reverse Type)

003 (080)

HHHHBH HHHHH —
)

D Ol &k 1

° J

HEBEEH BHHEBEEBEH S

0671 (17.04) =%
0679 (1724) 3
0,006 (0.15)

Y

L
Blowior | UHHHH——TH -
0.012 (0.30)

0,050 (1.27)
TYP [~ 0020 (050)

0016 (040) | |
0.024 (0.60) |

&la & §a
A 8 g<t
(S Sla 22
o< I|> 9=
> P W=
&8 alF o9
oo =] oo

X

0.047(1.20)
M
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KM41C4000AL

CMOS DRAM

4MX1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

* Performance range:

trac tcac trc

KM41C4000AL- 7 70ns 20ns 130ns

KM41C4000AL- 8 80ns 20ns 150ns

KM41C4000AL-10 | 100ns 25ns 180ns

Fast Page Mode operation

CAS-before-RAS refresh capability

RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability

TTL compatible inputs and output

Common I/O using Early Write

Single +5V+10% power supply

1024 cycles/128ms refresh

Low power dissipation

—Standby: 1.1mW

—Active (70/80/100ns): 578/523/468mW

* JEDEC standard pinout )
¢ Available in plastic DIP, SOJ, ZIP, and TSOP (ll)

FUNCTIONAL BLOCK DIAGRAM

® o o 0 & © 0 0 o

GENERAL DESCRIPTION

The Samsung KM41C4000AL is a high speed CMOS
4,194,304 bit X 1 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4000AL features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only Refresh. All inputs
and output are fully TTL compatible.

The KM41C4000AL is fabricated using Samsung’s ad-
vanced CMOS process.

RAS —
CAS — CONTROL & DATA
— CLOCK N o
W —|BUFFER
=] REFRESH CONTROL &
ADDRESS COUNTER
1~ DATA
- COLUMN DECODER el B
i SENSE AMPS & /0 BUFFER
Ag —=f @
O E
Dl o
. 218 MEMORY ARRAY
- |l 4,194,304 Cells
45
. LLI ;
- 15 - Vcc
N EIE:
Ao — < = Vgg
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KM41C4000AL CMOS DRAM

PIN CONFIGURATION (top views)

o KM41C4000ALP o KM41C4000ALJ ¢ KM41C4000ALZ
7 ) N
o[T]o 18] vss p(]1o 20 Vs n [1]
= W []2 19pba [Z]crs
w (2] [7 o ms s 18 [15AS o Bl
mas [3] 16] cAs Ne 4 17 [NC DEG_
Ao [4] 78] As Ao O 16 1A R_Asz][::v
Ao E E] As . E% N‘OC
A 6] i3] Ar e 15574 Ao 11@’*'
A [7] [12] A6 A7 14 1A A, A
A; [8] 1] As AQEB 13 %:s Voo E% 3
A 9 12 5 16| As
Vee [9] O 0] A VcZCm O 1P As 17@%
—— J a; [ig &0
(DIP) (S0J) L5
(ZIP)
o KM41C4000ALT o KM41C4000ALTR
odio >~ zogvss Vss[]20 ot[ID
w2 1fla adwe O 2pw
RAS 3 18 [ JCAS CAS[]18 3[1RAS
NC []4 17[INC NC[]17 sbNe
Ao 5 16{1As As[]1e 5[JAw
A []6 15 ] As Ag[]15 6 [JA0
A7 1417 A; A4 7JA
A: )8 13[JAs As[]13 8[ 1A
As ]9 O 121 As As[]12 9[JAs
Vee [T}10 1 F]A.. AN 10§ Vee
(TSOP (II)-Forward Type) (TSOP (I1)-Reverse Type)
Pin Name Pin Function
Ao-A10 Address Inputs
D Data In
Q Data Out
W Read/Write Input
RAS Row Address Strobe
CAS Column Address Strobe
Vce Power (+5V)
Vss Ground
N.C. No connection
Pt
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ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss ViN, Vour —1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vce —1to +7.0 \
Storage Temperature Tstg -55 to +150 °C
| _Power Dissipation Pp 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND'T'ONS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 55 Vv
Ground Vss 0 0 0 \
Input High Voltage ViH 2.4 — Vee+1 \
Input Low Voltage ViL -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit
Operating Current* KM41C4000AL- 7 - 105 mA
-y ) — KM41C4000AL- 8 lcci — 95 mA
(RAS, CAS, Address Cycling @ trc=min) KM41C4000AL-10 _ 85 mA
Standby Current (RAS=CAS=V|n) Icc2 - 2 mA
e N KM41C4000AL- 7 — 105 mA
?CATSS'S:}V R et —miny) KM41C4000AL- 8| locs — | o5 | mA
H, yeling @ tre=min. KM41C4000AL-10 — 85 | mA
KM41C4000AL- 7 —_ 80 mA
Fast Page Mode Current*
— e - o KM41C4000AL- 8 lcca - 70 mA
(RAS=ViL, CAS Cycling @ tec=min.) KM41C4000AL-10 - 60 | mA
Standby Current (RAS=CAS=W3>Vcc—0.2V) lces - 200 pA
CAS-Before-RAS Refresh Current* KM41C4000AL- 7 - 105 mA
(RAS and CAS Cycling @ trc=min.) KM41C4000AL- 8 Icce - 95 mA
’ KM41C4000AL-10 — 85 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage (Vi4)=Vcc-0.2V leo7 _ 300 A
Input Low Voltage (Vi)=0.2V CAS=CAS Before RAS Cycling or
0.2V Din=Don't Care Trc=125uS, Tras=tras min.~1uS
Standby Current (RAS=V4y, CAS=V,_, Dout Enable) lccs - 5 mA
Input Leakage Current | 10 10 A
(Any input 0<V|N$6.5V, all other pins not under test=0 volts) e s
Output Leakage Current (Data out is disabled, 0<Vour<5.5V) loL -10 10 uA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 Vv

*Note:

lcch, loea, Icca and Icce are dependent on output loading and cycle rates. Specified value are obiained with

the output open. Icc is specified as average current. Icc1, lccs, Iccs, Address can be changed maximum
two times while RAS=V)_. lcc4, Address can be changed maximum once while CAS=V4.
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KM41C4000AL CMOS DRAM

CAPACITANCE (1.=25°c)

Item Symbol Min Max Unit
Input Capacitance (Ao-A10, D) Cint — 6 pF
Input Capacitance (RAS, CAS, W) Cinz — 7 pF
Output Capacitance (Q) Cour — 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+£10%, See notes 1,2)
KM41C4000AL-7 | KM41C4000AL-8 KM41C4000AL-10
Standard Operation Symbol - Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time tre 130 150 180 ns
Read-modify-write cycle time tRwc 155 175 210 ns
Access time from RAS traC 70 80 100 | ns |3,4,10
Access time from CAS tcac 20 20 25| ns | 345
Access time from column address taa 35 40 50| ns 3,10
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torFr 0 15 0 15 0 20 | ns 6
| Transition time (rise and fall) tr 3 50 3 50 3 50 | ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width trAS 70| 10,000 | 80| 10,000 | 100 | 10,000 | ns
RAS hold time tRSH 20 20 25 ns
CAS hold time tosH 70 80 100 ns
CAS pulse width tcas 20| 10,000 | 20| 10,000 | 25| 10,000 | ns
RAS to CAS delay time trep 20 50 | 20 60| 25 75 | ns 4
RAS to column address delay time tRAD 15 35| 15 40| 20 50 | ns 10
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS tAR 55 60 75 | ns 12
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 0 ns
Read command hold referenced to CAS trRcH 0 0 0 ns 8
Read command hold referenced to RAS tRRH 0 0 0 ns 8
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS twer 55 60 75 ns | 12
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tbs 0 0 0 ns 9
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KM41C4000AL CMOS DRAM
AC CHARACTERISTICS (continued)
KM41C4000AL-7 [ KM41C4000AL-8 |KM41C4000AL-10
Standard Operation Symbol‘ Unit | Notes
- { Min Max Min Max Min Max
Data-in hold time toH 15 15 20 ns 9
Data-in hold referenced to RAS toHR 55 60 75 ns 12
Refresh period (1024 cycles) tREF 128 128 128 | ms
Write command set-up time twes 0 0 0 ns 7
CAS to write enable delay tcwp 20 20 25 ns 7
RAS to write enable delay trRwD 70 80 100 ns 7
Column address to W delay time tawD 35 40 50 ns 7
CAS setup time (C-B-R refresh) tcsh 10 10 10 ns
CAS hold time (C-B-R refresh) tcHr 20 30 30 ns
RAS precharge to CAS hold time trRrc 10 10 10 ns
CAS precharge (C-B-R counter test) tepT 35 40 50 ns
Access time from CAS precharge tcra 45 45 55| ns 3
Fast Page mode cycle time tpc 50 50 60 ns
CAS precharge time (Fast page mode) tcp 10 10 10 ns
RAS hold time from CAS precharge tRHCP 45 45 55 | ns
Fast page modered-modify-write tPRWC 75 75 90 ns
RAS pulse width (Fast page mode) traSP 70 200,000 80 | 200,000 { 100 | 200,000 | ns
Write command set-up time (Test mode in) | twrs 10 10 10 ns
Write command hold time (Test mode in) twtH 10 10 10 ns
W to RAS precharge time (C-B-R refresh) | twap 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
¢ SAMSUNG %
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KM41C4000AL CMOS DRAM

TEST MODE CYCLE {Note. 11)
KM41C4000AL -7 | KM41C4000AL-8 |KM41C4000AL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time trRc 135 155 185 ns
Read-modify-write cycle time trwe 160 | 180 215 ns
Access time from RAS tRAC 75 85 105 | ns [3,4,10
Access time from CAS tcac 25 25 30| ns | 34,5
Access time from column address tan 40 45 55| ns | 3,10
RAS pulse width tras 75| 10,000} 85 10,000 | 105 | 10,000 | ns
CAS pulse width tcas 25| 10,000 | 25| 10,000 | 30| 10,000 | ns
| RAS hold time tRsH 25 25 30 ns
CAS hold time tosH 75 85 105 ns
Column address to RAS lead time tRAL 40 45 55 ns
CAS to write enable delay towo 25 25 30 ns 7
RAS to write enable delay RWD 75 85 105 ns 7
Column address to W defay time tawp 40 45 55 ns 7
| Fast mode cycle time trc 55 55 65 ns
Fast page mode read-modefy-write tpRWC 80 80 95 ns
RAS pulse width (Fast page mode) trASP 75 {200,000 | 85 {200,000 | 105 | 200,000 | ns
Access time from CAS precharge tepa 50 50 60 | ns 3
NOTES
1. An initial pause of 200us is required after power- twesZtwesmin) the cycle is an early write cycle and
up followed by and 8 CBR or ROR cycles before the data out pin will remain high impedance for the
proper device operation is achieved. duration of the cycle. If tcwp2tcwpmin) and
2. ViHmin) and ViLmax) are reference levels for measur- trRwp2trwomin) and tawp=tawpmin), then the cycle
ing timing of input signals. Transition times are is a read-write cycle and the data out will contain
measured between ViHmin) and ViL(max), and are the data read from the selected address. If neither
assumed to be 5ns for all inputs. of the above conditions are satisfied, the condition
3. Measured with a load equivalent to 2 TTL loads and of the data out is indeterminate.
100pF 8. Either trcH or trrH mMust be satisfied for a read
4. Operation within the trcpmax) limit insures that cycle.
trRac(max) can be met. trcpmax) is specified as a 9. These parameters are referenced to the CAS
reference point only. If trcp is greater than the leading edge in early write cycles and to the W
specified trcomax) limit, then access time is con- ieading edge in read-write cycles.
trolled exclusively by tcac. 10. Operation within the trapmax) limit insures that
5. Assumes that trRcp>tRCD(max)- tRAC(max) can be met. trapmax) is specified as a
6. This parameter defines the time at which the out- reference point only. If trap is greater than the
put achieves the open circuit condition and is not specified trap(max) limit, then access time is con-
refernced to Von or VoL. trolled by taa.
7. twcs, trRwp, tcwp and tawp are non restrictive 11. These specifications are applied in the test mode.
operating parameters. They are included in the data 12. tar, twcr, toHr are refrerenced to trap(max)-

sheet as electrical characteristics only. If
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KM41C4000AL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tRC
tRAS

55 ViH— b t
RAS AR

Vie— SE 72 \__

tcsH tRP
tRCD tRsH fe——toRp —
tc,
o Vi \ AS /
CAS ViL— -—\RAD—«{ \ X — /
t
tRaH tasc tcan AL
tASR — =

ViH— ROW COLUMN

A Vi ADDRESS ADDRESS
tRRH—=
tRes tRCH
—_ Vin— OO X XX )OO0
w vi— XKL ta
tcac
trac — torr

v }“‘—‘(CLZ

OH— 7 VALID
Q VoL OPEN 3@3 DATA

WRITE CYCLE (EARLY WRITE)

tRc
. Vi \ tRAs \
RAS V:’:‘ P( taR ,f R
tCsH I trRP
tRCD tRSH 'Cm:l
i ViH— t
- V:’C_ )\ \ CAS /
—— traD tRAL
tasr tRAH tasc tcaH
- | DG |y ISUR S

A ViH— m ROW ‘m COLUMN )

Vie— ADDRESS ‘ ADDRESS /

f=-twCs =
w ViL—
twer
tps —=] j=— f—tpH —=d

ViHe v.v’v‘v‘v.v.v‘v’v‘ 7 v’vov’v.v. VALID ’v’v’v.v.v’v’v’v.v.v"""""’ .-.v""‘v’v"'V’V‘V’V v

Ol XXRXBEEOBEERKY oata RS
F toHR

Q Vor— OPEN

VoL—
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KM41C4000AL

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

tRwc
tras
—
=xE Vik— tar
RAS Vi S\_
tosH tRP —
treo tRsH —tcRP
¢ tcas
JE—— ViH— 4
CAS ViL— tasm R0 tasc \‘ Z ] \_
——tRAH I tcaH
- = tRAL
A Vik— ROW /- COLUMN Y
ViL— ADDRESS N\ ADDRESS J
trRwD F—towL —-“
trcs ——{ p— tCWD tRWL ————f
— ViH— tAWD
W KR B \
tcac — twp — e torF .
v toLz / \
OH— VALID E S
@ VoL— OPEN @( DATA '
trac
ViH— .'.V""""""O"‘.'.V."”".""'."""V""".V‘V.V‘V’V.V‘V’ ‘v‘v‘v’v’v'v’v’v.v’v’v‘v‘v’v‘v.v’v
b O IS A N N NI o SETILII o 0 o % e e o e e

FAST PAGE MODE READ CYCLE

tRasP
-ﬂ t
RAS ViH— \ AR tance Z‘ ,\_
ViL— - 1 tRP
tesH tpe tRsH
tRcD tcrp
£ —tcP— tcas tcas i_
tcas ~ p‘
= / 74
Vie— tRAH 7
== t =—=1tcaH tcan
tAsR L tasc AR tasc }_ tasc
T n Lo e tRAL
A Vin— ROW coL coL Y coL
ViL— ADD ADD ADD "\ ADD
T T
; —— tcac—] [ =="2Tcnc A tcac—
Rap AT Miopr taa | |1oFF T F-torr
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o ViL— DATA DATA DATA
tres —1 [~ tRRH
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B ViH— 7 ols
w ViL—

m DON'T CARE

& SAMSUNG

Electronics

93



KM41C4000AL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

Vin— =)

S trasP
ViL—
45
t oK tcas t tec - tRsH-—
CRP tReD CcP tcp
o ViH— tcAs f,h_\ tcas [—___
sy \
tan tasc tasc tRaL
tasr tRAH | tasC tcaH tcaH tcan
Vin— t = = 00090900
ROW coL coL coL “’.’.’0".’“’.’.’.""&
A Vi @ Ao0 W ADD ADD ADD H\‘A’A‘A‘t’A’A‘AAAA’A’A X0
f~=—"tRap ™
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==t twp—1 twp—=—
w ViL—
tos toH tps oK | tps toH
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D VALID DATA VALID DATA VALID DATA
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]
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KM41C4000AL

CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ-WRITE CYCLE

CAS

=

ViL -

ViH -

ViL -

ViH -

ViL -

Vip -

Vie -

ViH -

ViL -

Vo -

VoL -

tRASP tRP
Vin - —ﬁ\
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|
i
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\ - s
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A
I
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\ ' \ “7\;‘/ %
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I teac teac—t—=
taa$y—— 1AA —
trac tcpa
MM vaup " VALID VALID
N DATA J DATA \ DATA
toFF torF toFF
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KM41C4000AL

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, D, A= Don’t Care

tRe

tras

ViH—
ViL—

I
o

tAsSR f—— tRAH-—=——{

__—i

/ N

trp
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CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address = Don’t Care

f———— tRP
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twrp twRH
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KM41C4000AL

CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tRC
tRAs —— tRp—— tRas
— ViH— 3 /
FAS ViL— XJ \
tcrp theD tRsH tcHr
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HIDDEN REFRESH CYCLE (WRITE)
— trc
tRas '.,r—# trAS
— . Vina"
FAS - \ \ /
tcrp trco tASH
=S ViH— tcHr
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KM41C4000AL CMOS DRAM

TIMING DIAGRAMS (continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trp
tras
ViH— R tRsH -
RAS
A ViL— \ /
o5 tcHR teer (CAS-A~444~«-—T
CAS ViH— -"""\s ss 11
" ‘ ¢ ~—— tCAH —
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Q Von— OPEN VALID DATA
VoL— A
twre| | twrH taa —_lcw"‘:{
’.__. tawD tRwWL:
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KM41C4000AL

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: D, Address= Don’t care

trAs tRp

(-

— ViH—
RAS
ViL— trRPC —

tep tcsm
tcHR
e AR YR X IR IY XY
I/ XXX
A twrh
Ve T LAY XX LRI XYYV
e \ ARG
i_OF_F_
VoH—
a OPEN
VoL— jl

TEST MODE DESCRIPTION

The KM41C4000AL is the RAM organized 4,194,304
words by 1 bit, itis internally organized 524,288 words
by 8 bits. in “Test Mode", data are written into 8 sec-
tors in parallel and retrieved the same way. A1or. Atoc
and Aoc are not used. If, upon reading, all bits are equal
(all “1”s or “0”s), the data output pin indicates a 1.
If any of the bits differed the data output pin would in-

m DON'T CARE

dicate a “0” In “Test Mode”, the 4M DRAM can be tested
as if it were a 512K DRAM. W, CAS-Before RAS-Cycle
(Test Mode in Cycle) puts the device into “Test Mode™.
And “CAS-Before-RAS Refresh Cycle” or “RAS only
Refresh Cycle” puts it back into “‘Normal Mode”. The
“Test Mode” function reduces-test time (1/8 in cases
of N test pattern).
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KM41C4000AL

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM41C4000AL contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4000AL
has only 11 address input pins, time multiplexed address-
ing is used to input 11 row and 11 column addresses.
The multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the column ad-
dress strobe (CAS) and the valid row and column address
inputs.

Operating of the KM41C4000AL begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 11 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM41C4000AL
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle.is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4000AL begin a complex sequence of events.
If the sequence if broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. if CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after tgcp(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
trep(max).

Write

The KM41C4000AL can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any
type of write cycle, Date-in must be valid at or before
the faling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwo and tawc, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain diata depending on the
timing conditions. This cycle requires a separate 1/0 to
avoid bus contention.

Data Output

The KM41C4000AL has a three-state output:buffer which
is controlled by CAS. Whenever CAS is high (Vin) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CAS. Invalid data may be
present at the output during the time after tciz and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS retuns high. This is true even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM41C4000AL operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS-only
cycle.

Indeterminate Qutput State: Delayed Write

Refresh

The data in the KM41C4000AL is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every

(4
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KM41C4000AL

CMOS DRAM

DEVICE OPERATION (continued)

128 ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM41C4000AL has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internai
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM41C4000AL hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM41C4000AL by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM41C4000AL has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycies. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observéd, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter

Test Cycle o
A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-

fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter. This A1 bit is set high in-
ternally.

Column Address—Bits Ao through A1p are strobedin by
the falling edge of CAS as in a normal memory cycie.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter bv performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” ir+o the memory cells
at a single column address ar:. 1024 row addresses.
(The row addresses are =upplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM41C4000AL could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vce during power-up or be held at a valid VIH in
order to minimize the power-up current.

An initial pause of 200us is required after power-up flow-
ed by any 8 CAS-before-RAS or RAS only refresh cycles
before proper device operation is achieved.
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KM41C4000AL CMOS DRAM

PACKAGE DIMENSIONS
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters)

0.279 (7.08)
0.293 (7.44)

0.300(7.62)
0.325(8.26)

| SR R W | L L] T O | BN R i | .

0.862 (21.89) \Z
0.872 (22.15) i 0.009 (0.23) /
0.050 (1.27) 0.015 (0.38) 0.013 (0.33)
MAX MIN

0.183 (4.65)
MAX

0.135 (3.43) ’7

0.145 (3.68) 0.115 (2.92)

MIN

0.100 (2.54) 0.035 (0.89)
TYP 0.055 (1.40)
0.016 (0.41)
0.024 (0.61)

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

0.027 (0.69)
MIN

Haaliweian M on M| I O e e
p
g|e 81383 g8
s= Cle 8|8 gfe
[Tl o) (=] oo @ (N
) O gl8 gRgIE &5
o |o S|loc o|c o|o
LO .
707 77 S I
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) 0.145 (3.68)
( R
5 0.004 (0.1)
0.050 (1.27) H 0.015 (0.38) 0.026 (0.66)
TvP 117 0021 (0.53) | 0.032 (0.81)
| 0.050 (1.27)
| MAX
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KM41C4000AL CMOS DRAM

PACKAGE DIMENSIONS (continued)

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters)
1.025(26.04) 0.113(2.87)
1.035(26.29) 0.120(3.05)
V = - /T
INDEX 5o 2
S O | sz Slx
N[ =<
@0 s|=
clo 3
= o ——

-4 0.013(0.33)
0.050(1.27) ’ 0.016(0.41) ‘ 0.050(1.27) ] |_0.100(2.54)
TYP [ 0.024(0.61) | MAX Tvp
0.100(2.54)
MIN

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE (Forward and Reverse Type)

0.03 (0.80)

[

HAARHA HEAHA —
D O sk :
o )

HHHEB HEEHH —

0.006 (0.15)
\
0.050 (1.27) 0012 (0.30)
TYP 0.020 (0.50)

0016 (0.40) | |
0024 (060) I

0.296 (752)
0304 (772)
0.355 (9.02)
0371(942)

0.324(8.22)
TYP

0671 (17.04)
0679 (17.24)

MAX

0.047(1.20)

r
0] oonseny ] TH
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KM41C4000ASL

CMOS DRAM

4MX 1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

* Performance range:

trac tcac trc
KM41C4000ASL- 7 70ns 20ns 130ns
KM41C4000ASL- 8 80ns 20ns 150ns
KM41C4000ASL-10 | 100ns 25ns 180ns

Fast Page Mode operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability
TTL compatible inputs and output
Common VO using Early Write

Single +5V+10% power supply

1024 cycles/256ms refresh

Low power dissipation

—Standby: 0.6mW

—Active (70/80/100ns): 578/523/468mW
e JEDEC standard pinout

® & & o6 o o o o o

¢ Available in Plastic SOJ, DIP, ZIP, and TSOP (i)
FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM41C4000ASL is a high speed CMOS
4,194,304 bit X 1 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4000ASL features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only Refresh. All inputs
and output are fully TTL compatible.

The KM41C4000ASL is fabricated using Samsung’s ad-
vanced CMOS process.

e CONTROL DATA
CAS — &
CAS CLOCK N b
W _|sUFFeR
1 REFRESH CONTROL &
ADDRESS COUNTER
- paTA
- COLUMN DECODER e TN
i SENSE AMPS & I/0 BUFFER
Ao .-—-— &)
w
=
1218 MEMORY ARRAY
. lal& 4,194,304 Cells
w
. u_’ g
- |3 - Vce
Nk
A10 — < - VSS

b Electronics
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KM41C4000ASL

CMOS DRAM

PIN CONFIGURATION (top Views)

o KM41C4000ASLP o KM41C4000ASLJ o KM41C4000ASLZ
T
o[fo —  [@ve orfio = 20bve s [1]
W w2 19[dQ 2 |CAS
w 2] 7] o s o 1e[0cAs a [SI .,
AAs (3] [16] CAS sl 17 NG o[5]—_
Ao [4] 5] A Ao 5 16 [1Ae RAS Z]EZV
Ao [5] [12] As N.C E% N‘:;
A [6] [13] A7 Ao Cls 150 Ao %EEA;
A2E EAS A7 14 QA7 Az 314 A
A; |8 11] A A []8 13[dAs v 3 3
% o % melo  r2fn * Bl
‘ veeio O 1A As 1] ae
A, |19
20| As
(DIP) (SOJ) \[/:
(zZIP)
o KM41C4000ASLT * KM41C4000ASLTR
DEH:)V 20[JVss Vss[]20 o1 [JD
w2 1o o O 2pw
RAS 3 18 [ 1CAS CAS[]18 3[JRAS
NC 4 17[INC Nc 7 a[INC
Aw []5 16 1A Aq[]16 5[0 A0
Ao e 15[ ] As As[]15 6[1A
A7 14[JA, A7[14 7[0A
A2 s 13[JAs As[]13 8[1A
As o O 12[1As As[]12 O 9 As
Vee 10 1] A A1 10[dVee
(TSOP (II) -Forward Type) {TSOP (II)-Reverse Type)
Pin Name Pin Function
Ap-A1o Address Inputs
D Data In
Q Data Out
W Read/Write Input
RAS Row Address Strobe
CAS Column Address Strobe
Vee Power (+5V)
Vss Ground
N.C. No connection

u
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KM41C4000ASL CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vin, Vout -1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vee —1to +7.0 \Y
Storage Temperature Tstg —-55 to +150 °C
Power Dissipation Pp 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (voitage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Ve 4.5 5.0 5.5 \
Ground Vss 0 0 0 \
Input High Voltage ViH 2.4 — Vee+1 \
Input Low Voltage ViL -1.0 — 0.8 \Y

DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit
. KM41C4000ASL- 7 — | 105 | ma
Operating Current*

. o KM41C4000ASL- 8 | lccr — 95 | mA

(RAS, CAS, Address Cycling @ trc=min) KM41C4000ASL-10 _ 85 mA

Standby Current (RAS=CAS=Vn) lec - 2 mA

. KM41C4000ASL- 7 - 105 | mA

O e i) KM41C4000ASL- 8 |  locs — | 95| ma

IH, yeling @ tre=min. KM41C4000ASL-10 — 85 | mA

. KM41C4000ASL- 7 — 80 | mA

fg}%’iﬁ?e "(%ecc‘g”':m @ trom=min) KM41C4000ASL- 8 |  lcca - 70 | mA

=i yeling @ tec=min. KM41C4000ASL-10 -~ 60 | mA

Standby Current (RAS=CAS=W2>Vcc—0.2V) lecs — 100 uA

CAS-Before-RAS Refresh Current* Em4:g480828t ; | B 182 mﬁ
(RAS and CAS Cycling @ trc=min.) 41C4000ASL- coe — m

: KM41C4000ASL-10 — 85 | mA

Battery Back Up CurrentAverage Power Supply Current,
Battery Back Up Mode, Input High Voltage (ViH}=Vcc-0.2V

Input Low Voltage (Vi )=0.2V CAS=CAS Before RAS Cycling or lec7 - 150 uA
0.2V DiN=Don’t Care TrRc=250uS, Tras=tras min.~1uS
Standby Current (RAS=V|4, CAS=V|, Dout Enable) Iccs — 5 mA
Input Leakage Current

) ) _ he -10 10 uA
(Any input O<V|N<6.5V, all other pins not under test=0 volts)
Output Leakage Current (Data out is disabled, 0<Vour<5.5V) loL -10 10 uA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \Y
Output Low Voltage Level (lo.=4.2mA) VoL — 0.4 Vo

*Note: Icc1, lcca, loca and Icce are dependent on output loading and cycle rates. Specified value are obtained with
the output open. Icc is specified as average current. lcc1, Icca, lcce, Address can be changed maximum
two times while RAS=V|L. Icc4, Address can be changed maximum once while CAS=Vn.
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KM41C4000ASL CMOS DRAM

CAPACITANCE (t,=25°c)

Item Symbol Min Max Unit
Input Capacitance (Ao-A1g, D) Cint - 6 pF
Input Capacitance (RAS, CAS, W) CiNg — 7 pF
Output Capacitance (Q) Cour - 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V£10%, See notes 1,2)
KM41C4000ASL-7 | KM41C4000ASL-8 | KM41C4000ASL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time tre 130 150 180 ns
Read-modify-write cycle time trRwe 155 175 210 ns
Access time from RAS trac 70 80 100 | ns [3,4,10
Access time from CAS tcac 20 20 25| ns | 3,45
Access time from column address taa 35 40 50| ns | 3,10
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 0 20 | ns 6
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width tRAS 70 | 10,000 | 80| 10,000 | 100 | 10,000 | ns
RAS hold time tRSH 20 20 25 ns
CAS hold time tcsH 70 80 100 ns
CAS pulse width tcas 20| 10,000 | 20| 10,000 25| 10,000 | ns
RAS to CAS delay time trRcD 20 50| 20 60| 25 751 ns 4
RAS to column address delay time tRAD 15 35 15 40 | 20 50 | ns 10
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 15 15 20 ns
Column address hold referenced to RAS taR 55 60 75 ns 12
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 0 ns
Read command hold referenced to CAS tRCH 0 0 0 ns 8
Read command hold referenced to RAS tRRH 0 0 0 ns 8
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS twcr 55 60 75 ns 12
Write command pulse width ) twe 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tps 0 0 0 ns 9
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KM41C4000ASL CMOS DRAM

AC CHARACTERISTICS (continued)

KM41C4000ASL-7 | KM41C4000ASL-8 | KM41C4000ASL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max

Data-in hold time toH 15 15 20 ns

Data-in hold referenced to RAS toHR 55 60 75 ‘ ns 12

Refresh period (1024 cycles) tREF 256 256 256 | ms

Write command set-up time twes 0 0 0 ns 7

CAS to write enable delay towp 20 20 25 ns 7

RAS to write enable delay trRwD 70 80 100 ns 7

Column address to W delay time tawp 35 40 50 ns 7
| CAS setup time (C-B-R refresh) tcsr 10 10 10| ns

CAS hold time (C-B-R refresh) tohr 20 30 30 ns

RAS precharge to CAS hold time trPc 10 10 10 ns

CAS precharge (C-B-R counter test) tcpt 35 40 50 ns

Access time from CAS precharge tepa 45 45 55 | ns 3

FAst Page mode cycle time trc 50 50 60 ns

CAS precharge time (Fast page mode) tcp 10 10 10 ns

RAS hold time from CAS precharge trRHCP 45 45 55 ns

Fast page mode read-modify-write tPRWC 75 75 90 ns

RAS pulse width (Fast page mode) trasp .| 70 | 200,000 | 80 | 200,000 | 100 | 200,000 | ns

Write command set-up time (Test mode in) | twrs 10 10 10 ns

Write command hold time (Test mode in) twTH 10 10 10 ns

W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns

W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns

¢ SAMSUNG toe
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KM41C4000ASL

CMOS DRAM

TEST MODE CYCLE

(Note. 11)
KM41CA000ASL-7 | KM41C4000ASL-8 | KM41C4000ASL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
_Rgndom read or write cycle time tre 135 155 185 ns
| Read-modity-write cycle time Ltch 160 180 215 ns
Access time from RAS trRac | 75 85 105 | ns |3,4,10
Access timg from CAS tcac | 25 25 30| ns | 345
Access time from column address taa 40 45 55| ns | 3,10
RAS pulse width trAS 75 10,000 | 85 10,000 | 105 10,000 | ns
CAS pulse width tcas 25| 10,000 | 25| 10,000 | 30| 10,000 | ns
| RAS hold time tRsH 25 25 30 ns
CAS hold time tcsH 75 85 105 ns
Column address to RAS lead time traL | 40 45 55 ns
CAS to write enable delay towp 25 25 30| ns 7
RAS to write enable delay RWD 75 85 105 | ns 7
Column address to W delay time tawp 40 45 55 ns 7
| Fast mode cycle time tpc 55 55 65 ns
Fast page mode read-modefy-write tprwc | 80 80 95 ns
RAS pulse width (Fast page mode) trRASP 751200,000 | 85 |200,000 | 105 {200,000 | ns
Access time from CAS precharge tcpa 50 50 60 | ns 3

NOTES

1.

An initial pause of 200us is required after power-
up followed by and 8 CBR or ROR cycles before
proper device operation is achieved.

. ViHmin) and Viymax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between Viymin) and ViLimax), and are
assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL loads and
100pF

Operation within the trcpmax) limit insures that
trRaC(max) can be met. trcpmax) iS specified as a
reference point only. If trep is greater than the
specified trepmax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that tRcp>tRcD(max)-
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
refernced to Von or VoL.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If

10.

11.
12.

twes2twes(miny the cycle is an early write cycle and
the data out pin will remain high impedance for the
duration of the cycle. If tcwp>tcwp(miny and
tRWDZtRWD(min) and tawp>tawpmin), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either trcH or trrH must be satisfied for a read

cycle.

. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trapimax) limit insures that
tRAC(max) Can be met. trapmax) is specified as a
reference point only. If trap is greater than the
specified trapimax) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.
tar, twcr, toHr are refrerenced to traD(max)-

¢ SAMSUNG
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KM41C4000ASL CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tRC
tRas
[
N ’g tan
Vie— X 7
tesH trP
trco tRSH tcRp—=]
tcas
CAS - \
ViL— ’——(RAD‘.{
* tRAL -
tRAH tasc tcam
tAqu ——1 | i
ViH— ROW COLUMN
A Vil ADDRESS ADDRESS 4
tRRH
trcs
tRcH
ViH— L
w Vi— taa
tcac
trac —_J le— torF
tcLz

o s Z I e —
WRITE CYCLE (EARLY WRITE)

trRC
tRas
RAS Vin— ’g taR R
ViL— N 7
tesH t tRP——=
trco tRsH tCRP—=
— Vin— \ \ tcas /
A
CAS ViL— \
f—— tRAD tRAL
tasm tRAH tasc tcAH
A ViH— ROW COLUMN Y
Vie— ADDRESS N, ADDRESS
1

tew
to- tWCs = fm— B CH —d ) .
twp VA A VVAAN Y
W m ey
twer
tps _.{ f— = tpH —={
b ViH— VALID
ViL— | DATA
tDHR —————————
Q Vori— OPEN
VoL—

m DON'T CARE
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KM41C4000ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

trwe |
tras
-y

Vin— tAR

ARS M- N
tcsH trp
trRCD tRSH F=—tcaP
t tcas
J— ViH—
CAS Vit— tASR 1RAD tASC \‘ Z } \_
-—TRAH I tcaH
. = tRAL

A ViH— ROW 7~ COLUMN

Vil ADDRESS A ADDRESS A

tRWD L——-YCWL——‘J
trcs -1 — towp F— tRwL
_ ViH— tawp
LRV e \
tCAC;’J [ twp — o o toFF
tcLz

Vor— a VALID 3

Q VoL— OPEN ¢ N DQTlA 7
trac

Vin— ’v’v’v.v’v‘v‘v’v.v‘vol’v‘v‘v‘0.v".v’v"".v."”“.V‘V.V"Q" ‘ XX KK R

P I A NI R TTII e  e

FAST PAGE MODE READ CYCLE

1 tRasP
RAS ViH— \ AR thrce j‘ !\-
Vi it tap
tcsH . tRsH
tRCD PC tcrp
tcp— tcas | tcas %_
tcAS ——=d ’_.Q
chs  ViH— k MF
ViL— i y L
RAH
=1 tcan = tcan tcan
tasr tasc tasc tasc
—T —-{—y— tRAL
A ViH— ROW CoL coL Y coL
Vi — ADD ADD ADD A ADD
tcpA
tcac
taa™
— }"lOFF
Vin— 1cLz VALID
DAT ———
© ViL— A
— ~— tRRH
tRCH
. Vih—
w

ViL—

m DON'T CARE
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KM41C4000ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

ViH—
RAS Vi—
P Vin—
ViL—
ViH—
A ViL—
Vin—
w ViL—
ViH—
0 ViL—
VoH—
a VoL—

tRP

S tRAsP
45
t o tcas t -—_—‘Pc—_:j’ [~ tRsH—
CRP taco cp ce |
Z \ tcas j:-'h\ tcas [——-———-
4R tasc tasc RAL
tasa tRaH | tasc tcaH tCAH tcaH
|
ROW coL coL coL AAAXAAAAXAAAAAR/
X e , x5 KIXK |Ao0 a0 OB
t—=—"trap —™
tweH
twer twes twes tweH
twes tweH
tos toH tps i toH | tps toH
AAXAXAXAAAAAAAAR
VALID DATA VALID DATA VALID DATA MXX) OO0
SR ﬂm REBAKS
tOHR

OPEN

m DON'T CARE
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KM41C4000ASL CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ-WRITE CYCLE

trRagP tRP
_ Vin-""
RAS
ViL -
tesH tRsH
f————tPRWC
tere tRCD teAS——] |j=tcPer] ] [toRs
[ =—tCAS ——
o ViH - ) A pm
GAS S Z N\ /
ViL - N x
tRAL
¢ tRAH tasc tcan tasc | | tcan tascl | tcaw
ASR —— ] ,__AI
ViH - \ - s & r
A ROW ADD COL ADD COL ADD COL ADD
ViL - h Y
I
tewo towp towp
'RAD*—‘—‘ t—=—rq =
towL
towL towt
[=tawo—= l—tawp— = — f——tAWD ——y
tRCs | L tRWL 4]
— Vi - Y -
W \ \
ViL - A A
twe twp twe
tawD
los———~ | {ton tosla—H- toH
|
ViH - VaVaVAY,
° o R
Vit - XN NN DATA
_‘ - tciz E tCLZI-——— 1CLZ|>77
I teac teac—— teac 1=
tAAy—— F=—T1aA — taa
tRAC p—-tcPa tcPA
Q Von - / VALID "\ | VALID VALID 5
‘ DATA DATA DATA
VoL - g = AV S =
toFF toFF torF

B oon oxse
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KM41C4000ASL

CMOS DRAM

TIMING DIAGRAMS (cContinued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRp
trAS
I ViH— 3 tRSH Z
FAS " K / \
ViL—
tcsh tcpr t
tcHR CAS
s TN / \ /
ViL— 4
‘L tasc
—— tcan—
Vig—
A " ADDRESS
ViL—
—“"fCAc-—{
READ CYCLE tRAL
taa -*!c)lrplz’—{
Vin—
Q v OPE VALID DATA
L=
twrp twRH k*lncs*- |tcrz [
W N
ViL—
tRCH ———t
WRITE CYCLE
VoH—
Q oH OPEN
VoL—
by
tew
tWRP——— TWRH
t——twes ] f——— WCH ]
P
ViL—
t——1tDS—— — -tpH —
D Vik— i VALID DATA
A
READ-WRITE CYCLE —— tcac—]
1
&q | topr-——|
l
Q Von— OPE VALID DATA }——-
VoL— "
taA *tCWL‘—‘
twRrP| | twRH
)._.,._ tawp RWL-
L L
ViH~
W - XY KK N AERRRRRRRR
- tRcs —
t
t. | towp ——1 WP
Vi R IIKEIK
VALID DATA
o ViL— QAQ&LQ&&&!&Q&&Q&LQAQ&A&S

tps toH

m DON'T CARE
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KM41C4000ASL CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

trC
- tRAS —— —trp. tRAs
V _.ﬁ
RAS ™ \ l
ViL—
tcrp tre tRsH tcHRr
ViH— h
CAS ViL—
| — _traD tRAL——] ‘
! |
tar
t i t
tasr | SRAH fAsc___.{ CcAH
A ViH— ROW COLUMN
Vie— _ADDRESS ADDRESS
{ \
twRrH
trcs ————‘ tRRH twre J‘r

o Ry X%
ViL—
v tcac

- taa ——

torF

feem = = RAC A

Vor— ;
a " VALID DATA

VoL—

tcrz

HIDDEN REFRESH CYCLE (WRITE)

— tRc
trAs ‘l-——lnp——‘ ’_»,*V. — thas
S Vin— ; ! | p——
ViL— | \

— ::T: . tcHr y__
on | Dt
] o SO dirtss YEEK 55 XXX R
O At St
FES— tDH>‘__J
D \\l/‘:: VALID DATA
VoH— P—hiom
Q VoL OPEN

V‘X‘ DON'T CARE

115

¢ SAMSUNG

Electronics



KM41C4000ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

“trp
tRAS
- Ve T tRsH i
mAS b \ s /L \
ViL—
ok teHRr ksl tcas
CAS Vik— \ S Z
Vie—
tasc
—~— tcaH—
ViH—
A ADDRESS
ViL—
tCAC“
READ CYCLE tRAL
taa \— torF —]
Vi Ll
H—
Q vi OPEN VALID DATA
—
twrp tWRH - tciz tRAH
" - SRS
ViL—
——tncu_ﬁ
WRITE CYCLE
Von—
Q e
VoL— OPE®
tRWL
twRrp twWRE fow,
— twcs — F=—1weH
w Vin— |
V|L— Wp
10— —— tpH ——
ViH= r
D " VALID DATA
ViL—
READ-WRITE CYCLE [~ tcac
towz
= —toFF—
|
Vou—
Q o OPEN VALID DATA E____
VoL—
t Lt
twep| | twRH AR CWL"(
""‘ tawp tRWL
W \
= tcWD —=—| kil
ViH— XS
VALID DATA (XX XXX
0 Vi QXXX XX XA

tos ton
m DON'T CARE
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KM41C4000ASL

CMOS DRAM

TIMING DIAGRAMS (continued)

TEST MODE IN CYCLE
NOTE: D. Address=Don’t Care

tRc -
tRAs trp

J— Vin—
AAs Vi — / ttﬂpc— \ /

tep tcsr tom
_ Vin— 7 OO0 OOXXXOOOOOOOOONNKXX)

pars twrh
w = DO X KX XXXXXXXXXKKAXXXX
" - ' A RN
t_ofi
Q Vou- \ OPEN
VoL— JL

TEST MODE DESCRIPTION

The KM41C4000ASL is the RAM organized 4,194,304
words by 1 bit, it is internally organized 524,288 woras
by 8 bits. In “Test Mode", data are written into 8 sec-
tors in parallel and retrieved the same way. A1or. A1oc
and Aoc are not used. If, upon reading, all bits are equal
{all “1”s or “0"s), the data output pin indicates a *“1".
If any of the bits differed the data output pin would in-

m DON'T CARE

dicate a “0” In “Test Mode™", the 4M DRAM can be tested
as if it were a 512K DRAM. W, CAS-Before-RAS Cycle
(Test Mode in Cycle) puts the device into “Test Mode™".
And “CAS-Before-RAS Refresh Cycle” or “RAS only
Refresh Cycle” puts it back into “Normal Mode”. The
“Test Mode" function reduces test time (1/8 in cases
of N test pattern).

(4
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KM41C4000ASL

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM41C4000ASL contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4000ASL
has only 11 address input pins, time multiplexed address-
ing is used to input 11 row and 11 column addresses.
The multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the column ad-
dress strobe (CAS) and the valid row and column address
inputs.

Operating of the KM41C4000ASL begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 11 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM41C4000ASL
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas{min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4000ASL begin a complex sequence of events.
if the sequence if broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after tgop(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac{min), it is necessary to bring CAS low before
trco(max).

Write

The KM41C4000ASL can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D})
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawec, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate /O to
avoid bus contention.

Data Output

The KM41C4000ASL has a three-state_output buffer
which is controlled by CAS. Whenever CAS is high (ViH)
the output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CAS. Invalid data may be
present at the output during the time after tciz and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM41C4000ASL operating cycles is listed below
after the corresponding output state produced by the
cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Qutput State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS-only
cycle.

Indeterminate Output State: Delayed Write

Refresh

The data in the KM41C4000ASL is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
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KM41C4000ASL

CMOS DRAM

DEVICE OPERAT|ON (Continued)

256 ms. There are several ways to accomplish this.

RAS-Only Refresh: Thisis the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM41C4000ASL has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. if CAS is held’
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM41C4000ASL hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: ltis also possible to refresh the
KM41C4000ASL by using read, write or read-modify-write
cycles. Whenever arow is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM41C4000ASL has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycles. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observed, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter
Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-

fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter. This Ao bit is set high in-
ternally.

Column Address—Bits Ao through A1 are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle'timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
{The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory ceils.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM41C4000ASL could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Ve during power-up or be held at a valid VIH in
order to minimize the power-up current.

An initial pause of 200us is reguired after power-up
followed by any 8 CBR or ROR cycles before proper
device operation is achieved.
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KM41C4000ASL

CMOS DRAM

PACKAGE DIMENSIONS
18-LEAD PLASTIC DUAL IN-LINE PACKAGE

Units: Inches (Millimeters)
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KM41C4000ASL CMOS DRAM

PACKAGE DIMENSIONS (continued)

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: Inches (millimeters)
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KM41C4001A

CMOS DRAM

4MX 1 Bit CMOS Dynamic RAM with Nibble Mode

FEATURES
¢ Performance range:
trac tcac trc
KM41C4001A- 7 70ns 20ns 130ns
KM41C4001A- 8 80ns 20ns 150ns
KM41C4001A-10 100ns 25ns 180ns

Nibble Mode operation

1024 cycles/16ms refresh
JEDEC standard pinout

e & & &6 & o o o o o

CAS-before-RAS Refresh Capability
RAS-only and Hidden Refresh Capability
8-bit fast paraliel test mode Capability
TTL compatible inputs and output
Common /O using Early Write
Single +5V+10% power supply

Available in Plastic SOJ, DIP, ZIP

FUNCTIONAL BLOCK DIAGRAM

RAS -1
cas—] CONTROL & DATA
*>™ cLock N |0
W BUFFER
REFRESH CONTROL & |
ADDRESS COUNTER
[ COLUMN DECODER WA o
1 SENSE AMPS & 1/O BUFFER
Ao~ o)
2],
. ﬁ u
L1213 MEMORY ARRAY
cleld 4,194,304 Celis
18]
- 1518 Voo
Nk
Ao — < —_—

o KM41C4001AP

GENERAL DESCRIPTION

The Samsung KM41C4001A is a CMOS high speed
4,194,304 bit X 1 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4001A features Nibble Mode operation

which allows high speed serial access of up to 4 bits of
data.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only refresh. All inputs
and outputs are fully TTL compatible.

The KM41C4001A is fabricated using Samsung’s ad-
vanced CMOS process.

PIN CONFIGURATION (Top views)’

* KM41C4001AJ < KM41C4001AZ

' J j T
o(i]o 18] Vss _910 20F Vs ag[ 7] |
2 ivfha = [2]cAs
w[Z] 170 mass sfom OB v
mAs[3] [16]CAS  N.c4 17l Ne DEEW
Awo[4] [15] Ao A []5 16[1 As mEEA
10
Ao|—_5_— EAB N'CE@ N.C
A [s] EWe I 15[ As AOEEA.
A [7] [12h  AO7 121 A AeE@AG
A A A []8 13[4 vy ..[15
oL e DHs | epa e
Vee[o] O [9A veedrio O 11 A sjEAs
;—-—_—4 A7 E @ AB
——
Pin Name Pin Function
Ao-A1o Address Inputs
D Data In
Q Data Out
w Read/Write Input -
RAS Row Address Strobe
CAS Column Address Strobe
Vece Power (+5V)
Vss Ground
N.C. No connection
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KM41C4001A CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss ViN, Vout —1to +7.0 v oo
Voltage on Ve Supply Relative to Vss Vce —-1to +7.0 \
Storage Temperature Tstg —55to +150 . c°c
Power Dissipation Pp 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING COND'T'ONS (Voltage referenced to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \Y ]
Ground Vss 0 0 0 Y
Input High Voltage ViH 2.4 —_ Veo+1 \Y
Input Low Voltage Vi -1.0 — 0.8 \
DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%)
(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max Unit
Operating Current* KM41C4001A- 7 — 105 mA
e Aa . . KM41C4001A- 8 lcet - 95 mA
(RAS, CAS, Address Cycling @ trc=min) KM41C4001A-10 _ 85 mA
Stﬂdb)ﬁgrrent | _ 2 mA
| (RAS=CAS=Vi) ce2 -
== . KM41C4001A- 7 - 105 mA
(F‘C_Ség’uy ngzgsg&’i:e”é tro=min) KM41C4001A- 8| lccs | — 95 | mA
| I 9 @ fre=min. KM41C4001A-10 — 85 mA
) KM41C4001A- 7 — 80 mA
Nibble Mode Current*
= P . I KM41C4001A- 8 lcca — 70 mA
B (RAS—E{_, C‘is Address Cycling: tnc=min.) KM41C4001A-10 _ 60 mA
Standby Current | _ 1 A
(RAS=CAS=W=Vc—0.2V) ces m
CAS-Before-RAS Refresh Current* KM41C4001A- 7 - 105 mA
(RAS and CAS Cyclin trc=min.) KM41C4001A- 8 lcce - 95 mA
yeling @ trc=min. KM41C4001A-10 — 85 | mA
Standby Current | i 5 mA
(RAS=V)y, CAS=V)_, Dout Enabie) cer
input Leakage Current (Any input O<V|NS6.5V, _
all other pins not under test=0 volts) h 10 10 KA
Output Leakage Current _
(Data out is disabled, 0<Vou1<5.5V) lou 10 10 "‘A_]
Qutput High Voltage Level (loy=—5mA) VoH 2.4 — \
Output Low Voltage Level (loL=4.2mA) VoL — 0.4 \

*NOTE: lIcc1, lcea, lccs and Iccs are dependent on output loading and cycle rates. Specified value are obtained
with the output open. Icc is specified as average current. lcc1, Icca, Icce, Address can be changed max-
imum two times while RAS=V)|_. Iccs4, Address can be changed maximum once while CAS=Vy.
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KM41C4001A

CMOS DRAM

CAPACITANCE (tx=25°C)

Item Symbol Min Max Unit
Input Capacitance (Ao-A10, D) Cint — 6 pF
Input Capacitance (RAS, CAS, W) Cing — 7 pF
Output Capacitance (Q) Cour - 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voe=5.0V+10%, See notes 1,2)
KM41C4001A-7 | KM41C4001A-8 1KM41C4001A-10 i -
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max
Random read or write cycle time trc 130 150 180 ns
Read-modify-write cycle time trwc | 155 175 210 ns
Access time from RAS trAC 70 80 100| ns |3,4,10
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50| ns | 3,10
CAS to output in Low-Z toz 5 5 5 ns 3
Output buffer turn-off delay torrF 0 15 o] 15 0 20| ns 6
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 . 60 70 ns
RAS pulse width trAS 70[10,000| 80|10,000(100|10,000| ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tcsH 70 80 100 ns
CAS pulse width tcas 20/10,000( 20{10,000| 25|10,000| ns
RAS to CAS delay time treD 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50| ns | 10
CAS to RAS precharge time tcap 5 5 10 ns
Row address set-up time tasr o] 0 [0} ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS tar 55 60 75 ns 12
Column Address to RAS lead time trRAL 35 40 50 ns
Read command set-up time trcs 0 0 [¢] ns
Read command hold referenced to CAS tRcH 0 0 0 ns 8
Read command hold referenced to RAS tRRH 0 0 0 ns 8
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS twer 55 60 75 ns | -12
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tos 0 0 ] ns 9
¢ SAMSUNG 124
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KM41C4001A CMOS DRAM

AC CHARACTERIST'CS (Continued)

KM41C4001A-7 | KM41C4001A-8 |KM41C4001A-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max
Data-in hold time toH 15 15 20 ns 9
Data-in hold referenced to RAS toHR 55 60 75 ns 12
Refresh period (1024 cycles) tRer 16 16 16| ms
Write command set-up time twes 0 0 0 ns. 7
CAS to write enable delay tewp 20 20 25 ns 7
RAS to write enable delay tRWD 70 80 100 ns 7
Column address to W delay time tawd 35 40 50 ns 7
CAS setup time (C-B-R refresh) tcsr 10 10 10 ns
CAS hold time (C-B-R refresh) tcHR 20 30 30 ns
RAS precharge to CAS hold time trec 10 10 10 ns
CAS precharge (C-B-R counter test) tepT 35 40 50 ns
Nibble mode cycle time tne 40 40 45 ns
Nibble mode read-write cycle time tnRWC 65 65 70 ns
Nibble mode access time tNCAC 20 20 25| ns
Nibble mode CAS pulse width tNCAS 20 20 25 ns
Nibble mode CAS precharge time tnep 10 10 10 ns
Nibble mode RAS hold time tnasH | 20 20 25 ns
Nibble mode CAS to W delay time tnewn | 20 20 25 ns
Nibble mode W to RAS lead time tnewL | 20 20 25 ns
Nibble mode W to CAS lead time tnewe | 20 20 25 ns
Write command set-up time (Test mode in) | twrs 10 10 10 ns
Write command hold time (Test mode in) twTH 10 10 10 ns
W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
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KM41C4001A

CMOS DRAM

TEST MODE CYCLE (Note. 11)

KM41C4001A-7 | KM41C4001A-8 |[KM41C4001A-10
Standard Operation Symbol Unit | Notes

Min| Max |Min| Max |Min| Max

Random read or write cycle time trc 135 155 185 ns

Read-modify-write cycle time trwc | 160 180 215 ns

Access time from RAS tRAC 75 85 105| ns |3,4,10

Access time from CAS tcac 25 25 30| ns |3,4,5

Access time from column address taa 40 45 55| ns | 3,10

RAS pulse width trAs 75|10,000] 85|10,000{105|10,000| ns

CAS pulse width tcas 25(10,000f 25|10,000| 30|10,000| ns

RAS hold time tRsH 25 25 30 ns

CAS hold time tcsH 75 85 105 ns

Column address to RAS lead time tRAL 40 45 55 ns

CAS to write enable delay tcwp 25 25 30 ns

RAS to write enable delay tRwD 75 85 105 ns | 7

Column address to W delay time tawp 40 45 55 ns 7

NOTES

1.

An initial pause of 200us is required after power-
up followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. ViH(min) and Viimax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between Viymin) and Viimax), and are
assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL loads and
100pF

Operation within the trcpmax) limit insures that
trac(max) can be met. trcpmax) iS specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

Assumes that tRcp>tRcD(max)-

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
refernced to Von or Vor.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If

10.

11.
. tar, twcn, tonr are refrerenced to trap(max)-

twes2twesmin) the cycle is an early write cycle and
the data out pin will remain high impedance for the
duration of the cycle. If tcwp>tcwpminy and
trwp>trwp(min) and tawp2tawp(min), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

Either trcH or trrn must be satisfied for a read
cycle.

. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap(max) limit insures that
trac(max) can be met. trapmax) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.
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KM41C4001A CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
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KM41C4001A

CMOS DRAM

TIMING DIAGRAMS ‘(Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE
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NIBBLE MODE READ CYCLE
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KM41C4001A CMOS DRAM

TIMING DIAGRAMS (Continued)
NIBBLE MODE WRITE CYCLE (EARLY WRITE)
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ViL— -
- !
D

=
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DATA DATA DATA

Vin_ YOI

e Vie— ‘t‘t’:”‘:

Q Vor OPEN
VoL—

NIBBLE MODE READ-WRITE CYCLE

tRAs k""‘"
ViH_ taR
AT ViH
ViL—
torp tesw INRSH
[__ f——tRCD———=—tcAs —— tNRWC
‘ N7\ ./
CAS W tRAD
ViL—
tasr | [tRAH tcam Ince INCAS
= [
[ tasc
A ViH— ROW Y coL
Vi ADD ADD
Itcwo towL
"RWD ———~] tNC WD
ViH— $ —»1
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W viL l=——tAWD —=|
- tcac
i tNCAC =
[RAC twp | tore
= lan-
o Y- B
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VoL— tciz —7
tps tos
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KM41C4001A CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE

Note: CAS=Vi, W.D, Ajo=Don't Care

tRP

A i ORARON RO ADDRESS KX XX KX XXX

OPEN

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don't Care

tre

tre

RAS = S tras Z'—
Vie — .

trpC—{

f—tcp — i terr t=—trpc
Ea / Sr AR

twrp twrn

5l

"o B et

torr

Vion— 3

OPEN

~ m DON'T CARE

I~

VlOL——_____‘)
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KM41C4001A

CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

tre
tRAS —— tRP———] trAS
|
TAS " \ / \
ViL—
t t tcHR
CcRP theo RSH
ViH—
CAS Vi—
}___‘tmxp tRAL | ‘
lAR: |
tash [1RAH|  tasc_| tcan { ‘
ViH—i ROW COLUMN
A Vn— 'ADDRESS ADDRESS
| ‘
twRH|
tRCS - tRRH RP ]
w ViH—
Vie— tcac
-
A torF
tRAC
VoH— I
a o VALID DATA
VoL— 3
toz
HIDDEN REFRESH CYCLE (WRITE)
' tre
| S— —tRAS fRAS——A

Pyl
>
1%

ViH— "X

tRsH

trRcD

‘'l

tcHR

|l

tAR !
tRAD tRAL —H
tasc——{ [~p—tcaH
ROW COLUMN
ADDRESS ADDRESS
S
twer

R

trwL

twes

twRH

ViL—
tcrp:
ViH—
CAS
ViL—
tasr
ViH—
A
ViL—
o ViH—
w
Vie—
ViH—
D
Vig—
VOoH—
Q VoL-

‘—‘_-——tDHH’_——‘—'

t
|-bS | toH—]

VALID DATA
7

!
F— twecH—— twRP:
twe

RN

A AAVVVAANVVVANANVVAVAN VY
K R B

XX

OPEN
PEN

DON'T CARE
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KM41C4001A

CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trp

tras
ViH— 3 tRSH: r
AR ViL— \ 7 \
oS teHr cpr tcas
TN \ /
= tasc
—— tcan——]
A ViH= ADDRESS
ViL—
L_‘CAC—"{
READ CYCLE tRAL
tAA ——— t—=— tOFF ~—
ViH— 11
Q Vi ) ) OPEN t VALID-DATA }-——
WRP WRH I_* tros - |1 RRH
ViH—
W
n— SR R R
WRITE CYCLE
Von—
Q VoL— OPEN
trwL
. twRH towL
p— t—twes —{ |——o>=wcH
. H—
w ViL— W we
——tps—| toH ——{
D Vik— VALID DATA
ViL—
READ-WRITE CYCLE = tcac——
oz r=—topF~=—{
Q Vori— OPEN VALID DATA
VoL—
twrP| | twRH taa -_'CWL_—‘
tawo tRWL
- ViH— j
w Vie— W tRCS —— :
f——towp —— we
ViH— YA NANAANANNANNNAAAAAAANANAANNNANNAAANY YSAANY Y SAA WY VY Y
: e R R R REREXKRAIK o DATA BRI

tos toH

m DON'T CARE
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KM41C4001A

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: D, Address=Don’t Care

tre
trRAS trp
RAS Vig— / ] \
Vi tapc \ Z
tep tcsr \
. ViH— .V‘V’V’V‘V.V"'V’V.v’v.v’v’v’v‘v'v.v‘v’v‘v‘v.v’v‘v.v‘v‘v.vovov.v‘vo
CAS G 00000000999990099990999999990.0.9.09,
Y/ XXX
twrs ‘
w Vik— OO XXX X XXXCCKXXXKXXXXX
e . ARG
toFF
o Von- ) OPEN
VioL — 4

TEST MODE DESCRIPTION

The KM41C4001A is the RAM organized 4,194,304
words by 1 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. A1or. A1oc
and Aoc are not used. If, upon reading, all bits are equal
(all “1”s or “0’’s), the data output pin indicates a **1".
If any of the bits differed, the data output pin would in-

m DON'T CARE

dicate a “0"” In “Test Mode”, the 4M DRAM can be tested
as if it were a 512K DRAM. W, CAS-Before-RAS Cycle
(Test Mode in Cycle) puts the device into “Test Mode”.
And “CAS-Before-RAS Refresh Cycle” or “RAS only
Refresh Cycle” puts it back into “Normal Mode”. The
“Test Mode” function reduces test time (1/8 in cases
of N test pattern).
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KM41C4001A

CMOS DRAM

DEVICE OPERATIONS

The KM41C4001A contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4001A
has only 11 address input pins, time multiplexed address-
ing is used to input 11 row and 11 column addresses.
The multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the column ad-
dress strobe (CAS) and the valid row and column address
inputs.

Operating of the KM41C4001A begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 11 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM41C4001A
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for porper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition a
new cycle must not begin until the minimum RAS
precharge time, tgp has been satisfied. Once a cycle
begins internal clocks and other circuits within the
KM41C4001A begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after trcp(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
trco(max).

Write

The KM41C4001A can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)

is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate 1/0 to
avoid bus contention.

Data Output

The KM41C4001A has a three-state output buffer which
is controlled by CAS. Whenever CAS is high (Vin) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CAS. Invalid data may be
present at the output during the time after tc.z and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM41C4001A operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Nibble Mode Read, Nibble Mode Read-
Modify-Write.

Hi-Z Qutput State: Early Write,_Fj__Rg -only Refresh, Nib-
ble Mode Write, CAS-before-RAS Refresh, CAS-only
cycle.

Indeterminate Output State: Delayed Write

Refresh

The data in the KM41C4001A is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
16 ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.
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KM41C4001A

CMOS DRAM

DEVICE OPERATIONS (continued)

CAS-before-RAS Refresh: The KM41C4001A has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM41C4001A hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM41C4001 A by using read, write or read-modify-write
cycles. Whenever arow is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Nibble Mode

The KM41C4001A has Nibble mode capability. Nibble
mode operation allows high speed serial read, write or
read-modify-write access of 4 consecutive bits. The first
of 4 bits is accessed in the usual manner. The remain-
ing nibble bits are accessed by toggling CAS high then
low while RAS remains low.

The 4 bits of data that may be accessed during Nibble
mode are determined by the lower 10 row address bits
(Rao-Rag) and 10 column address bits (Cao-Cag). The
two address bits, Ca1o and Ra1o are used to select 1
of the 4 nibble bits for initial access. The remaining nib-
ble bits are accessed by toggling CAS with RAS held low.
Each high-low CAS transition will internally increment the
nibble address (Ca10, Ra1o) as shown in the following
diagram with Ra1o being the least significant bit.

0.0 0,1 1,0 1,1

If more than 4 bits are accessed during Nibble mode,
the address sequence will wrap around and repeat. If any
bit is written during Nibble mode, the new data will be
read on any subsequent access. If the write operation
is executed again on a subsequent access, the new data
will be written into the selected cell location.

A nibble mode cycle can be a read, write or read-modify-
write cycle. Any combinations of reads and writes or read-
modify-write be allowed.

CAS-Before-RAS Refresh Counter

Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter. This Aip bit is set high in-
ternally.

Column Address—Bits Ag through A1 are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM41C4001A could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Ve during power-up or be held at a valid V4 in
order to minimize the power-up current.

An initial pause of 200us is required after power-up
followed by any 8 RAS cycles before proper device
operation is achieved.
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KM41C4001A CMOS DRAM

PACKAGE DIMENSIONS
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters)

i S o S e WY s SR s N e S

I

A

0.279 (7.08)
0.293 (7.44)

0.300(7.62)
0.325(8.26)

NN [ SN i e ) [ U S A S s S A Y

0.862 (21.89) \Z
0.872 (22.15) | 0.009 (0.23) ?
0.050 (1.27) 0.015 (0.38) 0.013 (0.33)
MAX MIN

0.183 (4.65)
MAX

0.135 (3.43) 0.115 (2,92
0.145 {3.68) ﬁ
0.100 (2.54) 0.035 (0.89)
TYP 0.055 (1.40)

0.016 (0.41)
0.024 (061)

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

0.027 (0.69)
MIN

i Y s A O B I A l':Lj B—
e
2| glggle g3
() sl Cle IS cle
['el ['s) ol ol @ |
D 18 g8 82 8gla
clo ©|oc olc Slo
o
| S N Ny D [ O [N N N [ [ O |
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) 0.145 (3.68)
( )

5 0.004 (0.1)
0.050 (1.27) | ‘ 0.015 (0.38) ‘ 0.026 (0.66)
TYP || 0.021 053 0.032 (0.81)
i 0.050 (1.27)
N | MAX
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KM41C4001A

CMOS DRAM

PACKAGE DIMENSIONS (Continued)
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

Units:

Inches (millimeters)

1.025 (26.04) 0.113 (2.87)
1.035 (26.29) 0.120 (3.05)
f ™
gls -
INDEX o 3‘2 @
0 |0 S [
d S8 =k
clo g|=
o
: l : L
H H | H H | __||_ o009 023
| 1 0013 (0.33)
3
0.014 (0.38) 0.050 (1.27) 0.050 (1.27) < S 0.100 (2.54)
0.024 (061) | [ TYP MAX | § ~ P
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KM41C4002A - CMOS DRAM

4MX 1 Bit CMOS Dynamic RAM with Static Column Mode

FEATURES GENERAL DESCRIPTION
e Performance range: . The Samsung KM41C4002A is a high speed CMOS
4,194,304 bit X 1 Dynamic Random Access Memory.
trac tcac trc Its design is optimized for high performance applications
KM41C4002A- 7 70ns 20ns 130ns such as mainframes and mini computers, graphics and

high performance microprocessor systems.
KM41C4002A- 8 80ns 20ns 150ns

KM41C4002A-10 | 100ns 25ns 180ns The KM41C4002A features Static Coiunn Mode opera-
tion which aliows high speed random or sequential ac-

e Static Column Mode operation cess within a row. Static Column Mode operation offers
e CS-before-RAS Refresh Capability high performance while relaxing many critical system tim-
* RAS-only and Hidden Refresh Capability ing requirements for fast usable speed. ’
¢ 8-bit fast parallel test mode Capability

_* TTL compatible ‘inputs and output CS-before-RAS refresh capability provides on-chip auto
¢ Common IO using Early Write refresh as an alternative to RAS-only refresh. All inputs
e Single +5V+10% power supply and output are fully TTL compatible.
* 1024 cycles/16ms refresh 3
* JEDEC standard pinout The KM41C4002A is fabricated using Samsung’s ad-
e Available in Plastic SOJ, DIP, ZIP vanced CMOS process.

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (Top Views)

* KM41C4002AP « KM41C4002AJ + KM41C4002AZ

RAS— CONTROL & ' DATA A
—— . D1 1 8] .|
cs CLOCK N b-p Ldu1 18] Vss 2?20
W— BUFFER w (2] [T7]Q %Es
RAS (3] 181C8 ‘N o
- Ao [2 15 AsolQ5
REFRESH CONTROL ;: % 1:_3'% g
ADDRESS COUNTER [141As
1 3]
:’ [g %I: Aol]e
-] COLUMN DECODER AZE - ° :;E;
3|8 As
t=1 SENSE AMPS & I/O Asd]o
Vcc@ (o] EAJ ch 10 O
Ao —{,
. e
gl B
. [y 8 .
2 N . .
. 31 MEMORY ARRAY ion
: g 2| 4194304 Goke v Pin Name Pin Funct
- |z v°° Ao-A10 Address Inputs
o] = Vss
Q
. 12]= D Data In
Ajo—1 <
Q Data Out
w Read/Write Input
RAS Row Address Strobe
CS Chip Select Input
Vee Power (+5V)
Vss Ground
N.C. No connection
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KM41C4002A CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vsg ViN, Vour —-1to +7.0 \
Voltage on Vcc Supply Relative to Vsg Vce —-1to +7.0 . v
Storage Temperature Tstg —~55 to +150 °C
Power Dissipation Po 600 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS"” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, TaA=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 50 55 \%
Ground Vss 0 8] 0 \4
Input High Voltage ViH 2.4 — Vee+1 \"
Input Low Voltage ViL -1.0 — 0.8 \Y

DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Vec=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit
. KM41C4002A- 7 - 105 mA
Operating Current*
e A& _— - KM41C4002A- 8 lcct _ 95 mA
(RAS, CS, Address Cycling @ trc=min) KM41C4002A-10 _ 85 mA
Standby Current (RAS=CS=V) lcc2 — 2 mA
== " KM41C4002A- 7 - 105 mA
FF:\TSS.%“Z:IIES“%%;?/UWeg trc=min) KM41C4002A- 8 lcca L - 95 mA
yeling, H, @ TRC KM41C4002A-10 — 85 | mA
Static Column Mode Current* KM41C4002A- 7 - g0 mA
(RAS=CS=Vy_, Address Cycling @tsc=min) KM41040024A- 8 lcca - 70 mA
! KM41C4002A-10 - 60 mA
Standby Current (RAS=CS=W>Vc-0.2V) lccs — 1 mA
CS-Before-RAS Refresh Current* KM41C4002A- 7 - 105 mA
(RAS and CS Cycling @ trg=min.) KM41C4002A- 8 lcce - 95 mA
i KM41C4002A-10 - 85 mA
Standby Current (RAS=V|, CS=V)_, Dour=Enable) lcc7 - 5 mA
Input Leakage Current (Any input O<ViN<6.5V, I —10 10 A
all other pins not under test=0 volts.) I H
Output Leakage Current (Data out is disabled, OV<Vouy71<5.5V) loL -10 10 uA
Output High Voltage Level (lon=—5mA) VoH 2.4 —_ Vv
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 \'4

*NOTE: Icc1, Icca, Icca, Iccs are dependent on output loading and cycle rates. Specified value are obtained
with the output open. Icc is specified as average current.lcc1, lcca, lcce, Address can be changed
maximum two times while RAS=V|_. Icc4, Address can be changed maximum once while CS=V}n.
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KM41C4002A

CMOS DRAM

CAPACITANCE (1.=25°C)

Item Symbol Min Max Unit
Input Capacitance (Ag-A10, D) CiNd - 6 pF
Input Capacitance (RAS, CS, W) Cinz - 7 pF
Output Capacitance (Q) Cour — 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V£10%, See notes 1,2)
KM41C4002A-7 (KM41C4002A-8 | KM41C4002A-10
Standard Operation Symbol Unit | Notes
Min| Max |[Min| Max |Min| Max
Random read or write cycle time tre 130 150 180 ns
Read-modify-write cycle time trRwe | 155 175 210 ns
Access time from RAS tRAC 70 80 100 | ns {3,4,11
Access time from CS tcac 20 20 25| ns [3,4,5
Access time from column address taa 35 40 50| ns [3,11
CS to output in Low-Z tcz 5 5 5 ns 3,12
Output buffer turn-off delay torr 0 15| 0 15| 0 20| ns 7
Transition time (rise and fall) tr 3 50| 3 50 3 50| ns 2
RAS precharge time tap 50 60 70 ns
RAS pulse width tRAS 70| 10,000| 80| 10,000|100| 10,000| ns
RAS hold time tasH | 20 20 25 ns
CS hold time tesh | 70 80 100 ns
CS pulse width tcs 20! 10,000 20| 10,000| 25| 10,000| ns
RAS to CS delay time taco | 20 50| 20 60| 25 75| ns | 4
RAS to column address delay time traD 15 35| 15 40( 20 50| ns | 11
CS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 15 15 20 ns
Column address hold referenced to RAS tar 55 60 75 ns
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time tRcs 0 0 0 ns
Read command hold referenced to CS tRCH 0 0 0 ns 9
Read command hold referenced to RAS tRRH 0 0 0 ns | 9
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS twer 55 60 75 ns{ 6
Wirite command pulse width twp 15 15 20 ns
¢ SAMISUNG 140
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KM41C4002A -~ CMOS DRAM

AC CHARACTER|ST|CS (Continued)

KM41C4002A-7 [KM41C4002A-8 (KM41C4002A-10
Standard Operation Symbol Unit | Notes
Min| Max |[Min| Max |(Min| Max

Write command to RAS lead time tRwL 20 20 25 ns

Write command to CS lead time tow. | 20 20 25 | ns
Data-in set-up time tos 0 0 0 ns | 10
Data-in hold time toH 15 15 20 ns | 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
Refresh period (1024 cycles) tREF 16 16 16| ms

Write command set-up time twes 0 0 0 ns 8
CS to write enable delay time tcwo | 20 20 25 ns 8
RAS to write enable delay time trwp | 70 80 100 ns 8
Column address to W delay time tawp | 35 40 50 ns 8
CS set-up time (C-B-R refresh) tcsk | 10 10 10 ns

CS hold time (C-B-R refresh) tchr | 20 30 | 30 ns

RAS precharge to CS hold time tapc | 10 10 10° ns

CS precharge (C-B-R counter test) tepr 35 40 50 ns

Static column mode cycle time tsc 40 45 55 ns

Static column mode read-write cycle time tsrwe | 70 80 100 ns
Access time from last write taLw 65 75 95| ns | 3,12
Output data hold time from column address taoH 5 5 5 ns
Qutput data enable time from W tow 45 50 70| ns
Output data hold time from W twoH 0 0 0 ns

RAS puise width (static column mode) trasc | 70(100,000| 80|100,000(100|100,000] ns

CS pulse width (static column mode) tcsc 20/100,000| 20|100,000| 25|100,000| ns

CS precharge time (static column mode) tep 10 10 10 ns

Write address hold time reference to RAS tawr 55 60 75 ns 6
Column address hold time referenced to RAS rise | tan 5 5 10 ns

Last write to column address delay time ttwap | 20 30( 20 35| 25 45| ns

Last write to column address hold time taHw | 65 75 95 ns

Write command inactive time twi 10 10 10 ns

Write command set-up time (Test mode In) twts 10 10 10 ns

Write command hold time (Test mode In) twTH 10 10 : 10 ns

W to RAS precharge time (C-B-R refresh) twrp 10 10 10 ns

W to RAS hold time (C-B-R refresh) twrH | 10 10 10 ns
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KM41C4002A

CMOS DRAM

TEST MODE CYCLE (Note. 13)
KM41C4002A-7 | KM41C4002A-8 [KM41C4002A-10
Standard Operation Symbol [— Unit | Notes
Min| Max |Min; Max |Min| Max
Random read or write cycle time tRe 135 155 185 ns
Read-modify-write cycle time trRwc | 160 180 215 ns
Access time from RAS tRAC 75 85 105 | ns |3,4,11
Access time from CS fcac 25 25 30 | ns 3,45
Access time from column address taa 40 45 55 | ns (3,11
RAS pulse width trAS 75| 10,000| 85| 10,000|105| 10,000 | ns
CS pulse width fcs 25| 10,000| 25| 10,000 30 | 10,000 | ns
RAS hold time tRsH 25 25 30 | ns
CS hold time tcsH 75 85 105 ns
Column Address to RAS lead time tRAL 40 45 55 ns
CS to write enable delay tewo | 25 25 30 ' ns 8
RAS to write enable delay tRwD 75 85 105 ns 8
Column address to W delay time tawp | 40 45 55 ns 8
Static column mode cycle time tsc 45 50 60 ns
Static column mode read-modefy-write tsrwe | 75 85 105 ns
RAS pulse width (Static column mode) trasc | 75/100,000| 85|100,000|105 (100,000 | ns
Access time from last write taLw 70 80 100 | ns 3,12
CS pulse width (static column mode) tcsc 25(100,000| 25|100,000{ 30 {100,000 | ns

NOTES

1.

\lO’CﬂA

An initial pause of 200us is required after power-
up followed by any 8 RAS cycle before proper
device operation is achieved.

. ViHimin) and ViLmax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between ViHmin) and Viimax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

. Operation within the trcpmex) limit insures that

trRAC(max) can be met. trepmax) is specified as a
reference point only. If trcp is greater than the
specified trepimax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that tRcp>tRCD(max)-
. tawn, twcr, toHRr are referenced to trapimax)
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
refernced to Von or Vor.

. twcs, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If

10.

11.

12.

13.

twes=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle. If tcwp2tcwpmin) and
trRwb=trRwD(min) and tawp=tawb(min), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either trcH or trRru must be satisfied for a read

cycle.

These parameters are referenced to the CS leading
edge in early write cycles and to the W leading edge
in read-write cycles.

Operation within the trapmax limit insures that
trRac(max) can be met. trapmax) is specified as a
reference point only. If trap is greater than the
specified trapmax) limit, then access time is con-
trolled by taa.

Operation within the tiwapmax) limit insures that
taLwmax) can be met. tiwapimax) is specified as a
reference point only. tiwap is greater than the
specified tLwap(max) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.

& SAMSUNG
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KM41C4002A CMOS DRAM

TIMING DIAGRAMS
READ CYCLE

HAS Vin — !S tras 2 ‘
Vi —
tosH 1
tash == = tran——" taaL -A-‘
Vi —
A VIH ROW ADDRESS COLUMN ADDRESS
=
tan %
terp tran - trsH r——
S Vi — S tos
Vi — ]
H_tms—«-{ p=——trRH: mon
— Vin — v
w VI: _ e toac—=]
taa torr
- trac
Vor—
Q VALID DATA
VoL —
e tc,2

WRITE CYCLE (EARLY WRITE)

tae

s T ) fons / \
=

tawp —— =
tosk
tAsal-‘ e tRAH et
V —
A " MROW ADDRESS m COLUMN ADDRESS
Vi —

ten trap s = toarn—=
P tasH
r———‘—tcap————

e \c: : treo - = - a’-

fwe towe
w Vi — )“T?WCH——

Vie — il

e e
oo 2 QRN vawe oara T RRRRRIIRR
o ez ' >

m DON'T CARE
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KM41C4002A 'CMOS DRAM

TIMING DIAGRAMS (continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

trwe
" trp
- Vin — ——TS tras
RAS z ;
Vie — 3
tawe
) tasn l’— tran ——l toan -"l
Vin—
A " Wﬁow ADDRESSW COLUMN ADDRESS
VL — ] | ]
treo ]
o | ——t0 toar ]
J— Vg — t
cs s z h
Vi — 4
Ros
tewo
tawo tows
t
— Vin— twp
w Ve —
-
bs
Vi =
D v VALID DATA
-
L_ tcac | ! twon |
tAA"‘ﬂ
trac b torr—=t
Vou—
Q VALID DATA
VoL— }
toz—
STATIC COLUMN MODE READ CYCLE
trasc =—tre
- Vi — a
RAS Ve — / \—
4
tash ety ‘ tsc tsc taaL——={ ={tan
Vin— COLUMN
A \ROW ADD x COLUMN ADDRESSX COLUMN ADDRESS
Vi — - ADDRESS o -
?m\u |+—— terp
tas ‘——fcp-‘— =——trsn
_ Vi — tesc =—"tcsc Vs
s Vi — N N b
trco thcn RCH
trcs —] tros
tesn
— Vin —
W v— teac .
(s e taa
N torr torr
A taom f teac
trac
Von — . VALID VALID
Q VoL — DATA DATA >— VALID DATA >__
!

terz - terz
m DON'T CARE
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KM41C4002A CMOS DRAM

TlMlNG D|AGRAMS (Continued)
STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRITE)

trp ——

U Vin — trasc
RAS \

Vie — .

1
tash il j —tcan thaL -

Vin — ROW 7 COLUMN COLUMN COLUMN

A Vi — ADDRESS ADDRESS, ADDRESS ADDRESS

tawr —trsH

= = W m /t—‘ tmp_—J
- Vih —
[o5]
Vi — X

taco

twi

twes T

Vin — —twp 4 twe
Vi — ) S \j

torr

tos twen
- ton
M — VY \V\/ \/\/ ¥ \/ \} \VAVAV AW AV AV AV WAV AV VAV,
I e e e oy A N T o R e e

5|

Vorn— OPEN
OPE

VOI. -

STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE)

I.t”_-

P S RS
I t.t,s e ton tos| | ton
Vin— ¥ VALID VA 7T ¥ aa e e a A A ava%a e e A a e a "
° - ot DK oara KON oara IR
Vor— .
@ Vo— OPE
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KM41C4002A CMOS DRAM

T'MlNG DlAGRAMS (Continued)
STATIC COLUMN MODE READ-WRITE CYCLE

trasc trp ——=d
— _ —
RAS ‘3" B N
L =
traL
tasn i—— [oa toan I--' tawe
Vig — ROW N COLUMN \WAVAVA\ COLUMN v’v \VAVAVAV,V, v’v.v v’ v’v’
SV (T o ST Y R S i e
' | terp
poe——tRAD tsawc
& ViH — L tcwo towso Zt_‘_‘
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l treo ko2 ..ID,}._
Vi — VALID VALID
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' tan ——=i 2A0H: fow e tore
RAC — e
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STATIC COLUMN MODE MIXED CYCLE

trasc tgp——e=d |
J— Vi — \——— trco tanw
RAS
Vii — N b, \
tesH . tor
ce
cs Vin — ——tes: _? tose Z‘—_—
Vi — . ¢ X
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Vi —
|
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S ALW l l- tns
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L I
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24 H 24 =1 twon
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oL —
WRITE READ ~ T READ-MODIFY-WRITE |
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KM41C4002A CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
NOTE: W, D, Ajg=Don’t Care

RS Vi — tras
Vie— ’ 7
tCRP——{ —
— Vin— f
cs
ViL —

tasr =4 =ty —=

= OGOMEOOGN mon moomese EERXRXHXXHNY

v —_—
Q on OPEN
Vo=

CS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

=tcp Josn tonr =-trrc
— Vi —
Ccs
Y )

v - R RN

Vi —

=|

Vou — :t
Voo — A
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KM41C4002A CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

p=— trp —=f
J— Vin — R tras A tras
RAS
- \ / \ (
is thco tRsH tenr
— Vi — z:
Cs
Ve — \
t=—1trap traL —==
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HIDDEN REFRESH CYCLE (WRITE)

tre

tras I-——-tnp—— tras
J— Vih —
AAS " \ \
Ve —
o ]
tenn

& W 3 /
Vi —
tar
—‘RA—QM., traL—1
tash fe—edl H tasc—= |=tcan =
A Vm — ROW COLUMN
Vo — ADDRESS ADDRESS
|
:Wb !
1,
e e
f=—twen—=  twrp
twe
— Viy —
w v, —
L
Ltls— —L’ ' = |

S s

Vi —
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KM41C4002A CMOS DRAM

TIMING DIAGRAMS (continued)
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

taa id
FAS Vin— %\ tasH S
ViL—= \ 3 |
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ViL— s \ i
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KM41C4002A CMOS DRAM
TlMlNG DlAGRAMS (Continued)
TEST MODE IN CYCLE ’
NOTE: D, Address=Don’t Care
tre
thas trp ————f

— Vin — t 3
RAS
Vi — tapg =y x

/ \

' 0;0;0;0;0;0‘0;0;0‘0‘0‘0;0‘0;0;0;0;0‘0‘0‘0‘0‘0‘0;0‘0‘0‘0'

tesa
o teur
R Vih —
= W
ik = e/
I
twrs torm
-
— Vin —
w
Vi —

XTI

OPEN

TEST MODE DESCRIPTION

The KM41C4002A is tie RAM organized 4,194,304
words by 1 bit, itis internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. A1or. A1oc
and Aoc are not used. If, upon reading, all bits are equal
(alt “1”’s or “0"s), the data output pin indicates a “1".
If any of the bits differed, the data output pin would in-

m DON'T CARE

dicate a “0” In “Test Mode”, the 4M DRAM can be tested
as if it were a 512K DRAM. W, CS Before RAS Cycle
(Test Mode in Cycle) puts the device into “Test Mode”.
And “CS Before RAS Refresh Cycle” or “RAS only
Refresh Cycle” puts it back into “Normal Mode”. The
“Test Mode” function reduces test time (1/8 in cases
of N test pattern).
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CMOS DRAM

KM41C4002A

DEVICE OPERATIONS

Device Operation

The KM41C4002A contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4002A
has only 11 address input pins, time multiplexed address-
ing is used to input 11 row and 11 column addresses.
The multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the chip select
input (CS) and the valid row and column address inputs.

Operating of the KM41C4002A begins by strobing in
a valid row address with RAS while CS remains high.
Then the address on the 11 address input pins is chang-
ed from a row address to a column address and is strobed
in by CS. This is the beginning of any KM41C4002A
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CS Timing

The minimum RAS and CS pulse widths are specified
by tras(min) and tcs(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4002A begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input{W) high during a RAS/CS cycle. The access time
is normally specified with respect to the falling edge of
RAS. But the access time also depends on the falling
edge of CS and on the valid column address transition.

If CS goes low before trep(max) and if the column ad-
dress is valid before trap{max) then the access time to
valid data is specified by trac(min). However, if CS goes
low after trcp(max) or if the column address becomes
valid after tgap(max), access is specified by tcac or taa.
In order to achieve the minimum access time, trac(min),
it is necessary to meet both tgcp(max) and trap(max).

Write
The KM41C4002A can perform early write, late write
and read-modify-write cycles. The difference between

these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate 1/0 to
avoid bus contention.

Data Output

The KM41C4002A has a three-state output buffer which
is controlled by CS. Whenever CS is high (Vi) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CS. Invalid data may be
present at the output during the time after tciz and
before the valid data appears at the output. The timing
parameters tcac, trRac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CS retums high. This is true even
if a new RAS cycle occurs (as in hidden refresh). Each
of the KM41C4002A operating cycles is listed below
after the corresponding output state produced by the
cycle. ’

Valid QOutput Data: Read, Read-Modify-Write, Hidden
Refresh, Static Column Mode Read, Static Column Mode
Read-Modify-Write.

Hi-Z Output Static: Early Write, RAS-only Refresh, Static
Column Mode Write, CS-Before-RAS Refresh, CS-only
cycle.

Indeterminate Output State: Delayed Write.

& SAMISUNG
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KM41C4002A

CMOS DRAM

DEVICE OPERAT'ONS (Continued)

Refresh

The data in the KM41C4002A is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
16 ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CS remains high. This cycle must
be repeated for each row.

CS-before-RAS Refresh: The KM41C4002A has CS-.

before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If CS is held low
for the specified set up time (icsr) before RAS goes
low, the on-chip refresh circuitry is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CS active time and cy~ling RAS. The
KM41C4002A hidden refresh cycle is actually a CS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: Itis also possible to refresh the
KM41C4002A by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in that
row are automatically refreshed. There are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CS-
before-RAS refresh is the preferred method.

Static Column Mode

Static Column Mode allows high speed read, write or
read-modity-write random access to all the memory cells
within a selected row. Operation within a selected row
is similar to a static RAM. The read, write or readmodify-
write cycles may be mixed in any order.

A Static Column mode read cycle starts as a normal cy-
cle. Additional cells within the selected row are written by
by applying a new column address while W=Vyy and
RAS=V|_.

A Static Column mode write cycle starts as a normal cy-
cle. Additional cells within the selected row are written by
applying a new column address while RAS=V|_ and tog-
giling either W or CS. The data is written into the cell
trigered by the latter fallin edge of W or CS.

CS-before-RAS Refresh Counter Test
Cycle

A special timing sequence using the CS-before-RAS
refresh counter test cycle provides a convenient method
of verifying the functionality of the CS-before-RAS refresh
activated circuitry.

After the CS-before-RAS refresh operation, is CS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CS-before-RAS counter test cycle
timing diagram. A memory cell can be addressed with
11 row address bits and 11 column address bits defin-
ed as follows:

Row Address—Bits Ap through Ag are supplied by the
on-chip refresh counter. The Aqo bit is set high in-
ternally.

Column Address—Bits Ao through A1 are strobed-in by
the falling edge of CS as in a normal memory cycle.

Suggested CS-before-RAS Counter Test

Procedure
The CS-before-RAS refresh counter test cycle timing is
used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row address.
(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “‘highs” into the same
memory locations. Perform this step 512 times so
that highs are written into the 512 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM41C4002A could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CS track
with Ve during power-up or be held at a valid Vi in
order to minimize the power-up current.

An initial pause of 200us is required after power-up
followed by any 8 RAS cycles before proper device
operation is achieved.
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KM41C4002A CMOS DRAM

PACKAGE DIMENSIONS
18-LEAD PLASTIC DUAL IN-LINE PACKAGE

Unit: Inches (Millimeters)
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KM41C4002A CMOS DRAM

PACKAGE DlMENSlONs (Continued)
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

Units: Inches (millimeters)
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KM44C1000/L

CMOS DRAM

IMX4 Bit CMOS Dynamic RAM with Fast Fast Page Mode

FEATURES

e Performance range:

‘ trAC tcac | trc
KM44C1000[L- 87 msorns 77777 2(7)ns” 175”0ns
KM44¢C1000/L-10 100ns 25ns 180ns

Fast Page Mode operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast paraliel test mode capability
TTL compatible inputs and output
Early Write or output enable controlled wirte
Single +5V+=10% power supply
Refresh cycles:
—1024 cycles/16ms
—1024 cycles/128ms (L-Version)
¢ Low Power:
—Standby: 5.5mW
1.7mW (L-Version)

—Active: 550mW (80ns)

468mW (100ns)
JEDEC standard pinout
Available in Plastic SOJ/ZIP

FUNCTIONAL BLOCK DIAGRAM

.

GENERAL DESCRIPTION

The Samsung KM44C1000/L is a high speed CMOS
1,048,576 bit X 4 dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM44C1000/L features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row. CAS-before-RAS refresh capabili-
ty provides on-chip auto refresh as an alternative to RAS-
only Refresh. All inputs and output are fully TTL com-
patible.

The KM44C1000/L is fabricated using Samsung’s ad-
vanced CMOS process.

PIN CONFIGURATION (top Views)
* KM44C1000J/ILJ  * KM44C1000Z/LZ

RAS DATA oo, 10 20 E Ves ce 1] [2]cas
CONTROL & N bQ: [2 oo, 03] (] oo
CAS CLOCK BUFFER w Qs BP0 ves [B] 5 g
W — RAS 5 4 17 [J CAS DQ, z] __‘
DQ, Aq 5 16F|GE ASE]EW
to R EIE Ag
REFRESH CONTROL & Q. o [11]
ADDRESS COUNTER @ A
Ao []6 157 As Az E EZ As
DATA A O7 140A; Vee 15
COLUMN DECODER ouT e cC I—E As
] BUFFER A2 []8 13 [0 As b7
[]] senseawpssio [P As O]9 1200 As N = (18] A
7
Ao—o] [ Vee [J10 11 As E@ As
. ®
Gl OE
E18
w . .
2131 wmemory arrav Pin Name Pin Function
u 6x4 Cell -V
glo| roseerareE . Ao-Ag Address Inputs
o ——Vss Tt o
1318 DQ1-4 Data In/Out
< kv vl .
A W Read/Write Input
OE Data Output Enable
| RAS Row Address Strobe
CAS Column Address Strobe
Vce Power (+5V)
Vss Ground
Pt 155
SSAMSUNG
s
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KM44C1000/L . CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vin, Vout ~1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vee —-1t0o +7.0 \% -
| Storage Temperature Tstg —55to +150 °C N
~ Power Dissipation - Po 600 mw -
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND|T|0NS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min ‘ Typ Max Unit
Supply Voltage Vee 4.5 50 | 55 v B
Ground Vss 0 0 B 0 v
~_Input High Voltage ViH 2.4 - | Veett v
Input Low Voltage | ViL -1.0 — 0.8 | \

DC AND OPERATING CHARACTERISTICS (0°C<Ta<70°C, Voc=5.0v£10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min | Max Unit
Operating Current* KM44C1000/L- 8 | — 100 mA
| (RAS, CAS, Address Cycling @ tac=min) ____| KM44C1000/L-10 | = | 85 mA
Standby Current
(RAS=CAS=Vy) - } ICC? - 2 | _TA
RAS-Only Refresh Current* KM44C1000/L- 8 | — 100 mA
(CAS=Vyy, RAS Cycling @ trc=min) KM44G1000/L-10 ces — 85 | mA
Fast Page Mode Current* KM44C1000/L- 8 1 — 70 mA
(RAS=V., CAS Cycling @ tc=min.) KM44C1000/L-10 cea - 60 | mA
Standby Current KM44C1000-8/10 | _ 1 mA
| (RAS=CAS=Vgc—0.2V) KM44C1000L-8/10 ccs 300 uA
- CAS-Before-RAS Refresh Current* KM44C1000/L- 8 | - 100 mA
(RAS and CAS Cycling @ trg=min.) KM44C1000/L-10 cee - 85 | mA |
Battery Back Up Current
Average Power Supply Current, Battery Back Up Mode
Input High Voltage (ViH)=Vcc-0.2V i
Input Low Voltage (Vi)=0.2V oo 10 lcr | — | 400 | uA
CAS=CAS-Before-RAS Cycling or 0.2V
DQ1~4=Don’t Care
Trc=125us, Tras=tras min.~1us
Standby Current
(RAS=V)4, CAS=V|_ lccs — 5 mA

Dout Enable)

¢ SAMSUNG | 156
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KM44C1000/L

CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued)

Parameter Symbol Min Max Unit

Input Leakage Current
(Any input OSV|NSB.5V, M -10 10 uA
all other pins not under test=0 volts)
Output Leakage Current _
(Data out is disabled, 0<Vour<5.5V) lou 0] 10 ] wA
Output High Voltage Level

7”‘~7(7'70H£‘5mA) VoH 2.4 — \Y
QOutput Low Voltage Level
(loL=4.2mA) Vol — | 04 v

*NOTE: lcci, lceas, lcca and Icce are dependent on output loading and cycle rates. Specified values are obtained

with the output open. Icc is specified as average current. In icc1, Icca, Icce. Address can be changed max-
imum two times while RAS=V|L. Icc4, Address can be changed maximum once while CAS=Vn.

CAPACITANCE (t.=25°¢)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag) |l G - 5 pF
. Input Capacitance (RAS, CAS, W, OF) ~ Cinz_ - | 7 pF
| Output Capacitance (DQ1-DQa) Cout — 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V£10%. See notes 1.2)
KM44C1000/L-8 |[KM44C1000/L-10
Standard Operation Symbol Unit | Notes
Min Max Min Max
! Random read or write cycle time trc 150 ~|180 ns
‘ Read-modify-write cycle time trRwe 205 B 245 ns
Access time from RAS tRAC 80 100| ns | 3,4
Access time from CAS tcac 20 25| ns | 3,4
| Access time from column address taa 40 50| ns | 3,11
CAS to output in Low-Z ) ez | 5] | s ns 3
Output buffer turn-off delay torr 0 B 15 0 20| ns 7
V:r‘[ansition time (rise and fall) tr 3] 50 3 50| ns 2
RAS precharge time tRe | 60 70| ns
RAS pulse width tras | 80| 10,000 |100| 10,000 | ns
RAS hold time tRSH 20 25 ns
CAS hold time tcs | 80 100 ns
 CAS pulse width tcas | 20| 10,000 25| 10,000 ns
RAS to CAS delay time taeo | 20 60| 25 75| ns 4
RAS to column address delay time taap | 15 40| 20 50 ns | 11
' CAS to RAS precharge time tecRe | 5 10 ns
Row address set-up time B tasr 0 0 ns
Row address hold time tRAH 10 15 ns

¢ SAMSUNG
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KM44C1000/L

CMOS DRAM

AC CHARACTER'ST'CS (Continued)

KM44C1000/L-8 |KM44C1000/L-10 : ‘
Standard Operation Symbol — Unit | Notes
Min Min
Column address set-up time tasc 0 0 ns |
Column address hold time tcaH 15 20 ns )
| Column address hold referenced to RAS tar 60 75 ns 6
| Column Address to RAS lead time tRaL 40 50 _ns
Read command set-up time tRes | O 0 | ns o
PRead command hold referenced to CAS tacH ol 0 ns | 9
'Read command hold referenced to RAS tRRH 0 o] ns 9
| Write command hold time tweH 15 - 20 | ns
Write command hold referenced to RAS twer 60| 75 - ns 6 |
Write command pulse width twe | 15 20| ns
| Write command to RAS lead tlme o tRwL 20 25 ns
Write command to CASnI‘ead time . tewL 20 25 ns
Data-in set-up time | tos 0 0 ns 10
| Data-in hold time ton | 15 | 20| ns 10
Data-in hold referenced to RAS,,,,,, “towr | 60 75 ns 6
Refresh period (1024 cycles) | treF ms
Refresh pengg V(Lo[ LVersnon 1024 cycles) jBEF ) ms
Write command set-up time . |twes | © 0 ns |8
CAS to write enable delay tewp | 50 60 ns 8
RAS to wnteWerjable delay trRwD 110 | 135 ns 8
| Column address to W delay time tawp | 70 | 85 ns 8
CAS - setup time (CAS before RAS refresh) tcsr 10 10 ns
CAS hold time (CA§pifQ[g RAS refresh) tcHr 30 30 ns
RAS to CAS precharge time B trRrc 0 0 ns
Refresh counter test CAS precharge hme tecrr | 40 50 ns
Access time from CAS precharge tecpa | ns | 3 |
| Fast Page mode cycle time tc | 55 65 ns ]
CAS precharge time (Fast page) tce | 10 10 ns
RAS hold time from CAS precharge trRHCP 50 60 ns
| Fast page mode read-modify-write trrwe | 105 125 ns |
RAS pulse width (Fast page mode) trasP 80 100 ns
| Write command set-up time (Test mode in) twrs 10 10 ns
‘Write command hold time (Test mode in) twTH 10 10 ) ns
‘W to RAS precharge time (CAS before RAS refresh)| twre 10 10 ns
W to RAS hold time (CAS before RAS refresh) twRH 10 10 ns
RAS hold time referenced to OF troH 20 20 FES B
OF access time toea ns |
OE to data delay toeo | 20 25 ns |
| Output buffer turn off delay time from OE toez 0 0 ns )
OE command hold time toEn 20 25 ns
=" SAMSUNG 158
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KM44C1000/L

CMOS DRAM

TEST MODE CYCLE (Note. 12)
KM44C1000/L-8 |KM44C1000/L-10
| Standard Operation Symbol B e ————————1 Unit | Notes
| Min Max Min Max
1 Random read or write cycle time trc 155 185 | ns
| Read-modify-write %_Ie time _tRwe 210, ,4,,,2_5,2_ __________ | ns
w Access time from li/i? ) trac —8§4— o 1_0_5R’__[‘E~!__3_;‘L_
Access time from CAS ) tcac | L 251 1 3g_nis 3,4,5
Access time from column address | taa 7 45 55| ns | 3,11
RAS pulse width trRAs 85| 10,000 |105| 10,000 ns | |
| CAS pulse width tcas | 25| 10,000| 30| 10,000 ns I
RAS hold time tow 25| 8o  Tns| ]
CAS hold time tesH | 85 (105 | ms | ]
Column address to RAS lead lime 1RAL 45 | 55 ns
CAS to write enable delay tcwp ! 55 | 65 ns 8
i RAS to write enable delay ) trRwo 115 B 140 ns 8
;’ Column address to W delay time - . tawp 75 _4___%}_)& ns 8
‘ Fast Page mode cycle time - trc - 60 65 ns
"E.ait page mode read-modify-write 7 | teRwc | 110 130 nsqg‘wﬂ#
 RAS pulse width (Fast page mode) _trasp 85 | 100,000 | 105 | 100,000 | ns
’ Access time from CAS precharge 7 | fepa ) 5§_ R 65| ns 3 |
+ OF access time - toEa 25% 30| ns ‘
- OF to data delay B B | toep | 25 77 rLIBO - ns
. OE command hold time toen | 25 30 ns
NOTES 3. twcs, trwp, towp and tawp are non restrictive

1. An initial pause of 200us is required after power-
up followed by any 8 CAS-before-RAS or RAS on-
ly refresh cycles before proper device operation is
achieved.

. ViHmin) and Viymax) are reference levels for measur-

ing timing of input signals. Transition times are

measured between Viymin) and Viimax), and are
assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL loads and

100pF

Operation within the trcpmax) limit insures that

tracimax) €an be met. trRcpmax) iS specified as a

reference point only. If trcp is greater than the

specified trep(max) limit, then access time is con-
trolled exclusively by tcac.

Assumes that trRco>tRCD(max)-

tar, twcr, toHr are referenced to trap (max).

This parameter defines the time at which the out-

put achieves the open circuit condition and is not

refernced to Von or VoL.

Noo

11.

operating parameters. They are included in the data
sheet as electrical characteristics only. If
twcsZ=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle. If tcwo>tcwp(min) and
trwo=trwo(min) and tawp=tawp(min), then the cy-
cle is a read-write cycle and the data out will con-
tain the data read from the selected address. If
neither of the above conditions are satisfied, the
condition of the data out is indeterminate.

Either trcH or trRn must be satisfied for a read
cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap(max) limit insures that
trac(max) can be met. trap(max):is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

. These specifications are applied in the test mode.

SAMSUNG
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KM44C1000/L

CMOS DRAM

TIMING DIAGRAMS
READ CYCLE

tRC

ViH—

trAS

ViL—

.

tcrRp 1R

tRsH

CD

Vin—

AS:

(-

—tRAD

ViL— ;
| BAH tas

tasr

tRAL-

tcAH

ViH—

=N

KRow
Vi— ADDRESS

COLUMN
ADDRESS

\ +treH

trRRH

ViH—
ViL—

5|

tROH:

IS0

Vin—
ViL—

[ toEA—

KKK AR

tcac

toFr

toez

Von—

tRac

DQ+-DQ
1-DQ4 VoL—

WRITE CYCLE (EARLY WRITE)

OPEN

5

VALID DATA-QUT

toLz——

tac

trp

tRas

J— VIH'—
RAS
ViL—

tar

tesH

tcrP

tcrp

trep

tRSH

Vin—

CAS Vi—

—/

tasr

S

f—=—tRAD ——{

)‘tRAH

tea

tasc
tcaH

ViH— ROW

ViL— ADDRESS

COLUMN ADDRESS

ViH—

Z|

ViL—

twes

tweH

twer

tewl

tRWL.

ViH—
ViL—

toHR

ViH—

tos

toH

DQ-DQ4
ViL—

VALID DATA-IN

OPEN

@DON’T CARE
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KM44C1000/L

CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (OE CONTROLLED WRITE)

tre
tRAS tRp
— Vi
RAS V:r_ K
tcRp | tneo tesH - Ltcnp
= \ f
tasr tRAH tcam
A Vik— ROW COLUMN
ViL— ADDRESS ADDRESS
1
e
ViH— f—t A ATA; TAvAyAyavA Y,
W Vam N OOOOAEAAKXXOON00
toEH I
— ViH—
o u YXROXXXKOCH ., R TR
Vin— A Y e VIR Y 90000000000 000066¢860:
PODO v QLR R0

READ-MODIFY-WRITE CYCLE

tRWC: n
tRA tRP—=—

ARS o \ e — \

ViL— 5

toRp tesh——
““‘ trcp -~ tRSH terp
cAS Vin- i y
\ CAS / / \
ViL—
t tasm | tRAH tasg tean

A ViH— oW COLUMN

Vil— ADDRESS ADDRESS \

: ' - tawp
[~ 'RAD™ towp: =— tewL
_ tRwD - —~— tRwL
w Vik—
" Ny N twp—]
ViL— AA
V vvvvvvvvvvvvvvvvvvv.v'v’ foEA
— H— —
OE Vi— ".’.." ’.’."”‘."“‘0’0"‘ toEp |
tcac— ‘ tps
tRAC toez == = toH=
VioH — YAV 9 0 VAV VAVAVAV VAW VAVaTAY.
DQ¢-DQ XY VALID VALID X} (X) (XX
YU oL — —0Nwarour R oaren_ XORKKEEOGAEKN

m DON'T CARE
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KM44C1000/L

CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ CYCLE

tRP
— Vih— T i tRHcR
RAS taR % Z \
ViL—
tpc
tcRP tRsH tcrp
—=— trcD |- tcp—] -
— Vin— toas Y |- 4 \
CAS Z \F—-—— tcas tcas —$
ViL— t ¥
RAD
—-——-] tcsH tRAL
t 1 tcan tasc| | tcaH tasc| | tcaH
tash | |tRAH ASI(E_ A :
ViH— A COLUMN COLUMN CoLUMN
A i— ADD ADDRESS ADDRESS ADDRESS
t ]
RCS tRCH l__:{ r‘iRCS “ ﬂ.‘ I““RCS ~e{  }=tRcH
- ViH=~ Ny \v
ViL— taa tRAH
f——1 tap ~———=| = taa
loeal o toma ] toen
— ViH~
OE v Z
- 3
tcac |
. tore tcac ..‘3’1 tcAc Lol torr
RAC 1
toLz toez tcLz OEZ tcLz L_ toEz =
Vou— / VALD \ NLVALID g~ VALID
DQs-DQ4 VoL— DATA-OUT. 4N pata-our)¥s— DATA-OUT
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) trp
tRasP 3
S = \ tan \
ViL— - # v
tec tRsH tcrp
t
oR? trRcD—- F— tcp —
CAS Vin- \ tcas Z Sb——tms—— -\——-— toas— /
ViL— 4
tosH: tRAL
a | tRAH t! tcan tasc || tead
a i ASC tasc| | tcaH
| i
A Vik— ROW COLUMN COLUMN COLUMN
ViL— ADD ADDRESS ADDRESS 4 ADDRESS
tRAD towe twes :4_—_tcm twes e towe———|
tweH tweH tRWL
twes —— o
¢« 1t e Y
ViL—
Vin— TXRRAXYR
OF O
oe vii— 20000
toHR
tog toH _tos || tou tos toH
y A | |..._.— (S ’_'_.4
QR VALID VALID VALID
DQ+-DQ4 VoL— m DATA-IN DATA-IN DATA-IN

W

ON'T CARE

&
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CMOS DRAM

KM44C1000/L

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ-MODIFY-WRITE 1
RP
tRasP
FAS MAIR ¢ \
e 1
b tCSH
T tPRWG i
tcp
= tncr—‘ tcas ——— CRP
tcas—
— ViH— tRAD 1CAS———‘ —
CAs Vii— \ /
tRaH
-1 t -
tASR [ tas |—n tasc|| [tcan ASC {' .
T ttcan
I |
A Vin— 0! coL coL /Y& coL \
ViL— ADDANY _ADD f ADD ADD
trwD {1
tRCS p——— tcwpD—— tom —— t — tcwp—— A
r—' CWD 1 [towm — tont
W o R
ViL— tAwD o tawp - tawp }
-—'AA'——l N ) —H™ —H twp—
OEA OEA | l Llom
.
i ViH— 4 f
OF V= toep . OED
cPA ——1 r
tcac tcac J_
e '~
L thac—] A toez
tps
tos —toH P ton
ViioH — U /
DQ+-DQ4 IN }—”— ") N >___._—__——
Vior —
; —tcLz — oLz
m DON'T CARE
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KM44C1000/L

CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don’t Care

trRc
tRas

BAS ViH— £

ViL— S |

tasr | = tRan—— 1P

ViH— VAV V VAV VAWV VAV VAV VAV AV AVAVAVAVAV VAVAV. VAV.V W V. VAVAW, V.

S row aaosess QR RR R RRARRA
| . |

CAS ViH—

ViL— ‘ﬁ L M

S— T trPC

ViH—
DQ+-DQg OPEN

ViL—

CAS-BEFORE-RAS REFRESH CYCLE

NOTE: OE, Address = Don’t Care

tras:

tcHR

tRPC

AVAVA

FAVAVV VAV VLV AV AV VAV V VAV VAV VAVAVAVAVAV,V.VAV WAVAYAVAV,
ERRRSEEAOAIAAR

A‘A‘A’A‘A’A’A’A’A A“’A’A‘A"

P ViH—
RAS
ViL— \
tRPC —
tcp tcsr
CAS Y= /
ViL—
|
i twre | | twRH
Vih— % OO XX r
(XXX
T XXX
toFF
VioH — X
DQy-DQ
T Vio - A

OPEN

m DON'T CARE
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KM44C1000/L CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

trRc - e e tRC—

tRas ——tRp —| tRas tRp ——

ViH— —ﬂt

RAS taR z S
ViL—

tcRe - f——tRCD -~——f = tRSH

tcHR
. ViH—
CAS . \

v e [

tcam

2

tASR = [~~l-tRaK
A Vin= { Row / coLumn
ADD ADDRESS

ViL—
t
WRP
tRCS+— +-tRRH H:~—< tWRH

. Viu— ’

W ViL— W tAA — ] W m"""ﬁ‘&‘”’t’rt“’t!&”t
Vin— tom VVAAAATATATAVAVATAVAVAV V. VAVAV,Y..

oz - BRSSO

DQ+1-DQ4 \\’IZT: g&r VALID DATA-OUT -

HIDDEN REFRESH CYCLE (WRITE)
trc tRC———

tras tRp--— ‘ tRp——]
T Vin— t t
RAS AR \ RAS
ViL— x

tHSH———-‘
tore tRCD

*__ - ’CHRT
. ViIK—
CAS ViL— _/ ——tRAD
tasc — —— ‘
tasR — | tran l.‘ﬂ
A Vik— m Row ) COLUMN
ViL— ADD ADDRESS

ir twes L.— L—QWCH -— twrp tWRH
Vin—= twe i FAVAAVAAUY VAV VAV VAVAVAVAVAVAVAVAVAV.VAVAV.
o SRR Qs

Jr

w
]
. ViH—
OE
ViL—
tos _| tou
Vib— \
DQ+-DQ4 VALID DATA
ViL—
I tOHR —— m DON'T CARE
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KM44C1000/L

CMOS DRAM

TIMING DIAGRAMS (continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

—_—
ViH—

RAS v tras
IL—
t
il teHr—— tepT —f tRsH
TAS Vin— J S tcas [
CAS Vi Z
' Tasc traL
[ tcan-—
A ViH— COLUMN
ViL— ADDRESS
tan [ {tRRH
twrp| | twrH trcs Mtacw
READ CYCLE Rl gl =) Ra— ok |
v XK
VL= | tROH
toea
oF ViH—
Vig—
torrF
r"“CLZ _ﬁ_'o]EZ
A
po-Da,  VoH— OPEN VALID DATA-OUT }-——
VoL—
. RWL
WRITE CYCLE twhe Wi tewe
twes twe
— I WCH
W ViH
ViL— A
— ViH—
OE
ViL—
I
QDSL..._i }“_tDH
DQ1-DQ, Vin— OPEN VALID DATA-IN )
1 ALID DATA-
4 ViL— \ - towL
READ-MODIFY-WRITE " tAWD——j P tRWL —=—7
RCS t
tWRP l\{VRH towd wP
ViH—
W Vi— tcac S
— tan
. v toea
tH—
— toep
OE Vi — ]
tcac toez | tos| | toH
toLz
VoH— / VALID N\
DQ1-DQy Ve / DATAIN
VALID / !
DATA-OUT

m DON'T CARE
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KM44C1000/L CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: OE, Address=Don't Care

tRC
tRas trp
RS Vik— / ﬁtnpc—-— x ‘\
ViL—
tep tcsR
tcHR
— Vin— / OOOOOOOOXXX OO XK
L= I
twrs
twTh
ViH— OOOOOOXXOOOOCOOKX XXX XXX XXX
T A RSBSOS
|foFF)
DQ+-DQ. Viow — \ OPEN
VioL — J(
m DON'T CARE
TEST MODE DESCRIPTION
The KM44C1000/L is the RAM organized 1,048,576 “W, CAS-Betore-RAS Cycle (Test Mode in Cycle) puts
words by 4 bit, it is internally organized 524,288 words the device into “Test Mode”. And “CAS-Before-RAS
by 8 bits. In “Test Mode”, data are written into 8 sec- Refresh Cycle” or “RAS only Refresh Cycle” puts it back
tors in parallel and retrieved the same way. Column ad- into “Normal Mode”. The “Test Mode” function reduces
dress bit AO is not used. If, upon reading, two bits on test times (1/2 in case of N test pattern).

one I/O pin are equal (all “1"s or “0"'s), the I/O pin in-
dicates a “1". If they were not equal, the 1/O pin would
indicate a “0"”. In “Test Mode”’, the 1M X4 DRAM can
be tested as if it were a 512KX4 DRAM.

[ 4
W,
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KM44C1000/L

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM44C1000/L contains 4,194,304 memory loca-
tions. Twenty address bits are required to address a par-
ticular memory location. Since the KM44C1000/L has
only 10 address input pins, time multiplexed addressing
is used to input 10 row and 10 column address. The
multiplexing is controlled by the timing relationship bet-
ween the.row address strobe (RAS), the column address
strobe (CAS) and the valid row and column address
inputs.

Operating of the KM44C1000/L begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 10 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM44G1000/L
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS puise widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, tgp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM44C1000/L begin a complex sequence of events.
If the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after trcp(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
treo(max).

Write

The KM44C1000/L can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed ceéll appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycie tim-
ing requirements. This cycle requires using a separate
/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate [/O to
avoid bus contention.

Data Output

The KM44C1000/L has a three-state output buffer which
is controlled by CAS. Whenever CAS is high (Vin) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CAS. Invalid data may be
present at the output during the time after tciz and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM44C1000/L operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Qutput Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS-only
cycle. OE controlled write.

Indeterminate Output State: Delayed Write

Refresh

The data in the KM44C1000/L is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
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KM44C1000/L

CMOS DRAM

DEV'CE OPERATION {Continued)

16/128 (L-version)ms. There are several ways to ac-
complish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM44C1000/L has
CAS-before-RAS on-chip refreshing capability that
eliminates the need for external refresh addresses. If CAS
is held low for the specified set up time (tcsr) before
RAS goes low, the on-chip refresh circuity is enabled.
An internal refresh operation automatically occurs. The
refresh address is supplied by the on-chip refresh ad-
dress counter which is then internally incremented in
preparation for the next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM44C1000/L hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM44C1000/L by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM44C1000/L has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycles. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observed, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter
Test Cycle o

A special timing sequence using the CAS-before-RAS

counter test cycle provides zg;gnvenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
10 row address bits and 10 column address bits defin-
ed as follows:

Row Address—Bits Ag through Ag are supplied by the
on-chip refresh counter.

Column Address—Bits Ag through Ag are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter

Test Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “'lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows’ writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM44C1000/L could
begin an active cycle. This condition resuits in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Ve during power-up or be held at a valid Vig in
order to minimize the power-up current.

An initial pause of 200us is_required after power-up flow-
en ov any 8 CAS-before-RAS or RAS only refresh cycles
before proper device operation is achieved.
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KM44C1000/L CMOS DRAM

PACKAGE DIMENSIONS

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
| 0.030 (0.76)
| MIN
%—Lm jan il o I o I A |
ols Sl1egls sl=
) O sls B s g|3
(8 518818 s
Slo o |lools S g
LO
S St I D |
0,670 (17.02) 0.148 (3.76)
0.680 (17.27) 7 MAX
3
'~ 0004 0.1) '
0.050 (1.27) ] 0.015 (0.38) l 0.026 (0.66)
TYP [ 0.021 (0,53 | 0.032 (0.81)
0.050 (1.27)
| MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025 (26.04) 0.113 (2.87)
1.035 (26.29) 0.120 (3.05)
B
INDEX § § [
O sls Sl
23 g3
3 u
0.009 (0.23)
N — a1' 0.013 (0.33)
<
@Q
0.014 (0.36) \ L 0.050 (1.27) 0.050 (1.27) ] 0.100 (2.54)
0.024 (061) | [ TYP MAX § = TYP
o
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KM44C1002

CMOS DRAM

1M X4 Bit CMOS Dynamic RAM with Static Column Mode

FEATURES
* Performance range:
trac tcac tre
KM44C1002- 8 80ns 20ns 150ns
— m
KM44C1002-10 [ 100ns 25ns 180ns

Static Column Mode operation

1024 cycles/16ms refresh
JEDEC standard pinout
Available in Plastic SOJ, ZIP

CS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability

TTL compatible inputs and output
Early Write or Output Enable Controlled Write
Single +5V+10% power supply

FUNCTIONAL BLOCK DIAGRAM

5 contror DATA
T8 ~ clock IN
W BUFFER|
t~ REFRESH CONTROL & ple}
ADDRESS COUNTER to
DQ,
| DATA
(7]  coLumn bEcODER ouT
- SENSE AMPS & /0 BUFFER
AO g L
g e
< lEE [o3
. 1218 MEMORY ARRAY
L 1,048,576 X4 Celis
. w =
o - Vg,
. ]| ©
Ao < = Vss

GENERAL DESCRIPTION

The Samsung KM44C1002 is a high speed CMOS
1,048,576 bit X 4 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM44C1002 features Static Column Mode opera-
tion which allows high speed random or sequential ac-
cess within a row. Static Column Mode operation offers
high performance while relaxing many critical system tim-
ing requirements for fast usable speed.

CS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only refresh. All inputs
and output are fully TTL compatible.

The KM44C1002 is fabricated using Samsung’s advanc-
ed CMOS process.

PIN CONFIGURATION (top Views)

e KM44C1002J ¢ KM44C10022
bOi [}1 O 20T Vvss 555\_
DQ: []2 19 [ba, ba EE cs
W3 18 [1DQs ° E= 7] oas
RAS 4 17 []C8 Vss E E
A []5 16 [10E DQ. Z] DQ;
R Ew
RAS [9]
A E@ Ao
O 15 [1As ‘=02 A
A7 144, A2@14A
A [ 13 0A Vee [15 ?
As Clo o 12:A§ :%@ As
Vec [}10 11 [JA.

:L____a:] ‘ Az EE ho
Pin Name Pin Function
Ao-Ag Address Inputs
DQ1-DQ4 Data In/Out
w Read/Write Input
OE Data Output Enable
RAS Row Address Strobe
CS (Chip Select Input
Vee Power (+5V)

Vss Ground
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ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss VIN, Vout ~1to +7.0 \
Voltage on Vgc Supply Relative to Vss Vee —-1to +7.0 \
Storage Temperature Tstg —55to +150 °C
Power Dissipation Pp 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERAT'NG CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 50 5.5 v |
| Ground Vss 0 0 3 o \%
| Input High Voltage VIH 2.4 — Vee+1 ) v
| Input Low Voltage Vi -1.0 — 0.8 \Y%
DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Vec=5V+10%)
(Recommended operating conditions unless otherwise noted)
]
Parameter Symbol Min Max Unit
Operating Current* KM44C1002- 8 | — 100 mA
| (RAS, CS, Address Cycling @ tac=min) KM44C1002-10 cer - 85 | mA
Standby Current
(RAS=CS=V) lec2 - .2 mA
RAS-Only Refresh Current* KM44C1002- 8 | - 100 mA
| __(RAS Cycling, C5=Vin, @ trc=min) KM44C1002-10 ces — 85 | mA
Static Column Mode Current* KM44C1002- 8 | — 70 mA
~ (RAS=CS=V|., Address cycling: @ tsc=min.) | KM44C1002-10 coa - 60 | mA
Standby Current I _ 1 mA
(RAS=CS=Vc-0.2V) cCs
C_S—BeforeﬂAS Refresh Current* KM44C1002- 8 ; - 100 mA
| (RAS and TS cycling @ trc=min.) KM44C1002-10 cee - 85 | mA
Standby Current | _ 5 mA
(RAS=V}y, TS=V,. Dout=Enable) cer
Input Leakage Current
(Any input OSV|NS6.5V, he —-10 10 HA
all other pins not under test=0 volts.)
Output Leakage Current _
(Data out is disabled, OV<Vour<5.5V) lou 100 10 | wA
Output High Voltage Level (loh=—5mA) VoH 2.4 — \%
Output Low Voltage Level (lo.=4.2mA) Vou —_ 0.4 \

*NOTE: Icc1, lcca, Icca and Icce are dependent on output loading and cycle rates. Icc is specified as an average
current. Specified value are obtained with the output open. Icc1, lccs, lccs, Address can be changed max-
imum two times while RAS=ViL. Iccs, Address can be changed maximum once while CAS=V/,.
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KM44C1002 CMOS DRAM

CAPACITANCE (ta=25°¢)

Item -Symbol Min © Max Unit
Input Capacitance (Ao-Ag) Cind — 5 pF
Input Capacitance (RAS, CS, W, OF) Cinz — 7 pF
Output Capacitance (DQ1-DQ4) CouT — 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V£10%, See notes 1,2)
KM44C1002-8 | KM44C1002-10
Standard Operation Symbol Unit | Notes
Min Max Min Max
Random read or write cycle time trc 150 180 ns
Read-modify-write cycle time trwe 205 245 ns
Static column mode cycle time tsc 45 55 ns
7SLat7i7930Iumn mode Leaid-v![ije cycle time . tsrwe 110 135 ns
Access time from RAS tRaC 80 100 | ns |3,4,11]
 Access time from CS tcac 20 25| ns |3,4,5
| Access time from column address ] taa 40 50! ns (3,11
Access time from last write taLw 75 95! ns 3,12
CS to output in Low-Z terz 5 5 ns (3,12
| Output buffer turn-off delay torr | O 15 0 20| ns 7
WOutput data hold time from column address tAOH 5 5 ns
Output data enable time from W tow 50 70| ns
Transition time (rise and fall) tr 3 50 3 501} ns 2
| RAS precharge time trp 60 70 ns
RAS pulse width tras 80| 10,000 |100| 10,000 | ns
m pulse width (static column mode) trASC 80 | 100,000 | 100 | 100,000 | ns
RAS hold time tRSH 20 25 ns
:§ hold time tosH 80 100 ns
CS pulse width tes 20| 10,000| 25| 10,000 | ns
w____gl_,l_l»sgﬁwidth (static column mode) tesc 20 (100,000 | 25 100,000 | ns
RAS to CS delay time trco 20 60| 25 751 ns 4
RAS to column address delay time tRAD 15 40 20 50| ns 11
CS to RAS preéharge time tcrp 5 10 ns
CS precharge time (static column mode) tcp 10 10 ns
Row aqqress set-up time o ) tasr 0 0] ns
Row address hold time - tRAH 10 15 ns
Column aqq[g§s set-up time - tasc 0 0 ns
Column address hold time tcan | 15 20 ns
Write address hold time referenced to RAS tawr 65 75 ns 6
Column address hold referenced to RAS tar 60 75 ns
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KM44C1002 CMOS DRAM

AC CHARACTER'STICS (Continued)

KM44C1002-8 | KM44C1002-10
Standard Operation Symbol Unit | Notes
Min Max Min Max
Column Address to RAS lead time tRAL 40 50 ns
Column address hold time referenced to RAS rise tAH 10 10 ns
Last write to column address delay time tLwap 25 35| 25 45| ns
Last write to column address hold time tAHLW 75 95 ns
Read command set-up time trcs 0 0 ns
Read command hold referenced to CS trcH 0 0 ns 9
Read command hold referenced to RAS tRAH 0 0 ns 9
Write command hold time twcH 15 20 ns
Write command hold referenced to RAS twer 60 75 ns 6
Write command pulse width twp 15 20 ns
Write command inactive time twi 10 10 ns
Write command to RAS lead time tRwL 20 25 ns
Write command to CS lead time towt 20 25 ns
Data-in set-up time tos 0 0 ns 10
Data-in hold time toH 15 20 ns 10
Data-in hold referenced to RAS toHR 60 75 ns 6
Refresh period (1024 cycles) ) tReE 16 16| ms
Write command set-up time twes 0 0 ns 8
CS to W delay time tewn 50 60 ns 8
RAS to W delay time trwp | 110 135 ns 8
Column address to W delay time tawp 70 85 ns 8
CS setup time (C-B-R refresh) tcsr 10 10 ns
CS hold time (C-B-R refresh) tcHR 30 30 ns
RAS percharge to CAS hold time trec 0 0 ns
CS precharge (C-B-R counter test) tepT 40 50 ns
Write cbmmand set-up time (Test mode In) twrs 10 10 ns
Write command hold time (Test mode In) twTH 10 10 ns
W to RAS precharge time (C-B-R refresh) twrp 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 ns
RAS hold time referenced to OE tRoH 20 20 ns
OE access time toea 20 25| ns
OE to data delay toep 20 25 ns
Output buffer turn off delay time fron OE toez -0 20 0 25| ns
OE command hold time toen 20 25 ns
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CMOS DRAM

TEST MODE CYCLE (Note. 13)
KM44C1002-8 | KM44C1002-10
Parameter Symbol Unit | Notes
Min Max Min Max
Random read or write cycle time tre 155 185 ns
Read-modify-write cycle time trRwc 210 250 ns
Access time from RAS trAC 85 105 | ns |3,4,11
Access time from CS tcac 25 30| ns |3,4,5
Access time from column address taa 45 55| ns (3,11
RAS pulse width trRAS 85| 10,000[105! 10,000 ns
CS pulse width tcs 25| 10,000| 30| 10,000 ns
RAS hold time tRsH 25 30 ns
CS hold time tcsH 85 105 ns
Column address to RAS lead time tRAL 45 55 ns
CS to W delay time towp 25 30 ns 8
RAS to W delay time tewp | 115 140 ns 8
Column address to W delay time tawp 75 90 ns 8
Static column mode cycle time tsc 50 60 ns
Static column mode read-modefy-write tsrwe | 115 140 ns
RAS pulse width (Static column mode) trasC 85| 100,000 | 105 | 100,000 | ns
Access time from last write taLw 80 100{ ns |3,12
CS pulse width (static column mode) tcsc 251100,000| 30|100,000! ns

NOTES

1.

~N o O,

An initial pause of 200us is required after power-
up followed by any 8 CS-before-RAS or RAS on-
ly refresh cycles before proper device operation is
achieved.

ViHmin) and ViLmax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between Viymin) and ViLmax), and are
assumed to be 5ns for all inputs.

Measured with aload equivalent to 2 TTL loads and
100pF

Operation within the trcpimax limit insures that
tRAC(max) Can be met. trcpmax) iS specified as a
reference point only. If trcp is specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trcp>tReD(max)-
. tawnm, twcr, tpHr are referenced to trap(max)
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
refernced to Von Or VoL.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If

10.

11.

12.

13.

twes2twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle. If towp>tcwpimin) and
trwp2tRwWD(min) and tawpZtawp(min), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either trcH or trRrH must be satisfied for a read

cycle.

These parameters are referenced to the CS leading
edge in early write cycles and to the W leading edge
in read-write cycles.

Operation within the trapmax) limit insures that
tRAC(max) can be met. trapimax) is specified as a
reference point only. If trap is greater than the
specified trapmax) limit, then access time is con-
trolled by taa.

Operation within the tiwapmax) limit insures that
taLw(max) can be met. tiwapmax) is specified as a
reference point only. If tuwap is greater than the
specified tLwap(max) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.
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KM44C1002

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
tRP
S ViH— R Y tRAs
RAS Vi \ . \
tosH
tcrp
trco tRsH
. VIH— tcs
cs ViL— __/ ——tnw*—l \
tAsC—— = \
AR
task '[ tRAH tRAL taH
ViH— ROW
A ViL— m ADDRESS COLUMN ADDRESS
! 1
—  |—trcn
tres t—t tRRH
ViH— vvvvvvvvvvvv
w OOXAX XXX
w ViL— .A.A'A‘A’A’A’A.A‘A’A‘A’ tROH
7Y
- ViH— toea
E
ViL—
tcac—— toFF
trac toez
DQ-DQs VoH—, ’ VALID DATA
VoL— )—‘t
cLz
WRITE CYCLE (EARLY WRITE)
tre
tras trp
= ViH— tAwR Z
ViL— I .
. tcsH tcrp
il f—————trcD tRsH
tcs
— ViH— r
cs Vi— 7 ——trap —| S z
t,
tasr a—}»tnAH ASC tcaH
Vin— ROW
A Vi— ADDRESS. COLUMN ADDRESS
) I
twes tweH
B Vin— twp
w ViL—
twer
towl -
— ViH—
OE ViL—
' tDHR
tbs ton
Vin—
DQ;-DQs {_ vaLD DATAIN ) OPEN
ViL— X

m DON'T CARE
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KM44C1002 | CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (OE CONTROLLED WRITE)

trc
tRas | tRP——————f
. | — / N
— tosH —
oRP trco tRSH fore
j— Vin—
© ViL— _./ , =4 tRAD — & t'fcs / \
tASR | | taH RAL
|’”—‘ 1 [~ 1ASC = tcaH
! o DSBS o
=" towL
tRwL
— Vin— 1AAAYAATAAYAAATAYAYAA AT AYAAAAATAAAYAY,
¥ e IR
toEH

ViH— K7 - v v,

= i SOOI =, 11 XA
—~— 1DH ——

VIH_ VIV VYV VVVVVVVVVVVV VAN VANINTY
baroar vauo oata i M KRR
READ-WRITE/READ-MODIFY-WRITE CYCLE

,MiRWC w |
RS :;:f: I !S tRAL- R
tcrRP tosH LCH_P
trco tRSH
s O T\
| tasA | -——-I—tRAH l—‘_ fcan

COLUMN ADDRESS

ViH— ROW
A ViL— ADDRESS

tewo towL l
trwD tRWL
W S SO0
tawp
w ViL— taa S
toEA
oF ViH—
ViL— toED
tCAC ——=—]
t t
trAG OEZ 0S| | 1oy
Viion — | VALID VALID
DQ+-DQ4 VioL — toLz DATA-OUT DATA-IN

m DON'T CARE
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KM44C1002 CMOS DRAM

TIMING DIAGRAMS (continued)
STATIC COLUMN MODE READ CYCLE

trasc |~ tRp—o]|
AAS Vi \ / \
ViL—
tAsa~r——— tRAH tsc tsc tRAL =1 taH
A Vin— ROW COLUMN g COLUMN X COLUMN
ViL— ADDRESS £ ADDRESS ADDRESS ADDRESS
! tRAD—-! tcap
1AR -——tcm—--J b= - tRSH N
ViH— - f——tcsc——
& v::_ S>—~— tcsc Z csc thAH
| trcs tRCH
tRCH ——f k tRcs
— ViH— AARAARXAAAAN V'V""
W QOOOCOOONK
vi— OGS0
1 tROH —+—{
pu ViH—
OE ViL—
!
toea toFF 1 toea toez _ |
tcac toez tan——|
torF
——1taa — tAA—— N
thac AOH CAC
Von— VALID VALID} Z VALID
pQrDQe DATA DAT \ DATA
tcLz--- -l —f— tcz _+*

STATIC COLUMN MODE WRITE CYCLE (W controlled early write)

trasc tRp ——
— ViH— =\ L
RAS o S
ViL— \

traD tRAL

4 tasc tcan
TASR —{—eri At ’_{ }__.ﬁtCAH }_._‘

ViH— ROW COLUMN COLUMN 7/ COLUMN
A ViL— ADDRESS_A\ ADDRESS ADDRESS ADDRESS
tawr I ——I ! tRSH ——a—i
tesc tcp | :
treD {-‘ tcrP
_ ViH—
Ccs ViL— &
! twy towL
— |——twcs
twes —a- |~ tweH tRwL
—_ Vin— fwp twp
W ViL— 2 twi \
. Vig—
OE Vi—
toHR
DS
—1toH
: Vin— NN AR VALID VALID VALID /vvvvvvov.vov.v‘v" v‘v.v.v
Parbas " REGOAKEK. oa7n ] ATA shtn XN

m DON'T CARE
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KM44C1002 CMOS DRAM

TIMING DIAGRAMS (Continued)
STATIC COLUMN MODE WRITE CYCLE (CS controlied early write)

trp

trasc
ViH— Yy
ViL— S Z \.__
tASR——I—-—- tRAH | I——-—lcm HtCAH L————— tRAL ———
ViH— ROW COLUMN COLUMN COLUMN
A ViL— ADDRESS ADDRESS ADDRESS. ADDRESS
I

! |
tawr lv-——-—(— tcrp
~———1tRAD 1ASC i tcp tRSH ——f
r tasc ' ‘
— ViH— tesc CsC
cs s
ViL—
tRcD tsc —-towL
t WCS t
twes twon | | twer | [0 tRWL ——{
W ViH— \——»— twp—— r twp—=— twes /___
ViL—
3 Vin—
ViL— [
tpHR
tos tbs
pret= tDH toH

Vig— v VAVAVAVAVAV,V,Y,
I O O R, T R S

| i ! }

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE

I tRp —=—1
— t
RAS ViH— RASC Z— -
ViL—  S—
tAsR— tRAH
ViH—
A " - Row COLUMN ADDRESS | COLUMN ADDRESS
ViL— ADD e
|
tasc tcan terp
tRAD tsrwC tRAL
- e
cs ViH— S tLwap tRwL y
ViL—

treD tewp twp
tawp tawp —=—tcwL
w ViH— S /
ViL— tRwD
e —|
.
— ViH—
ot IH ] N ] tomo
ViL— toen t
ALW
toEA VA tosz
tcac tos
¢ | ==t~ tow
AA toEz toH! |
¢,

trac t ——1—toEA
_ | X A WV A YVAVAVVAY
paroa, yior oour KK RGNS
toz
m DON'T CARE
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KM44C1002

CMOS DRAM

TIMING DIAGRAMS (Continued)
STATIC COLUMN MODE MIXED CYCLE

N ViH— = /__
RAS Vie—
tRCD —— fep
_ ViH— tese
©s Vi |~ tRAD——] S
‘ tLwao
tasr|| tRAH tascle] = tcat— —_
L i
" Vin— ROW COLUMN COLUMN COLUMN
ViL— ADDRESS ADDRESS ADDRESS ADDRESS
I ‘A’V_[VR tawp —=p ~———{- tcaH
ViH— —.——-—i» T(wcs { fm— tyy - —
w ViL— tcac
At * tAA —f—ed r
WCR 1
i taww 0ED
toea
_— ViH—
OE viL—
R
toHR r_
}-———-— — taa—{ taoH tDs = o4
v tos || toH
L —
DQ1-DQs —_@ Din Dout Dout Din
ViioH —
] | | | _
WRITE | READ | READ ‘ WRITE
RAS-ONLY REFRESH CYCLE
NOTE: W, OE = Don’t Care tre
trAs trp
_ Vin— =3
RAS Vi— S N
tcrp trPC
_ ViH—
cs ViL—
tasr
— tRAH
ViH— ROW "’v v.v.v.v.vr.v‘v’v \/ V.v‘v’v.v’v 7 v’v’v.v’v’v'v’v v’v’v""
A viL— ADDRESS ‘l"’?’A‘A’A’A’A‘A’A’A‘?"’A.A’AOA.A”’?‘A’A’A’A’A‘A‘A‘A‘A’A’A‘A’A‘I‘
Vin—
DQ1-DQs OPEN
ViL—

m DON'T CARE
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KM44C1002

CMOS DRAM

TIMING DIAGRAMS (continued)
CS-BEFORE-RAS REFRESH CYCLE

NOTE: O, A=Don't Care e t
RP
J— ViH—
RAS Vi— & tras 2 §
thpc —
tcp tcsr toHR tRPC
. ViH—
cs Vii— ]
twrp | | twrH
AV V.V VVAAV, V.V, V.Y,V - & VAV VAV VAVAVAVAV Y VaVaVAVAVAV VAVAVAVAVVAVAAVAVAVAVAVAV,WAVAVAVAV, Y,
W OSSR R RSN
toFF
Vioh="____ X
DQ1-DQ4 VioL — ) OPEN
HIDDEN REFRESH CYCLE (READ)
trRe tRC—
tRAS tRP —=—qf tRAS tRP ——i
o ViH— — 4 L
RAS Vi S taR Z ; \
tcRP i—~ tRCD S tRSH ——| teHR——]
_ ViH— y
SIR g v \ \
tasc -— t
tASR == [——t-tRAH oan
Vi ‘fRéW / coLumn
A Vi— m ADD @ ADDRESS
trcs —-+—A twnr;;i YWRH

TR | W NIRRT

ot e BB,
trac — —=—toez — ‘

DQ;-DQs \\//Z: gn’ VALID DATA-OUT J;

m DON'T CARE
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KM44C1002 CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (WRITE)
: tRe ——

. I - - R - -
tRAS I-» tRP--—| I trp——]|
— ViH— B .
RAS taR \w— RAS
ViL—
tRSH ——
tcrp 1—-— tReD ——

N A\ j/ | A

F

tasc ~— ——

tAsR —] tRaH toan

ViH— 1
A ROW COLUMN
ViL— ADD ADDRESS

i twes —] L i——twc:H —]
- ViH— twp N ANV YV YV SYYYYY Y Y YY Y Y
A ' GRS
[
. ViH—
OE Vi—

tos —l toH
ViH—
DQ1-DQq VALID DATA
ViL—
S —— ﬁtoHﬁgi——

m DON'T CARE
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KM44C1002

CMOS DRAM

TIMING DIAGRAMS (continued)
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

l——tpp——|

—_—
AAS :;'H" S tRas ‘
L—
t
Vin—
s \ tos [
ViL— Z
! tRaL
1
ASC r-KCAna—I
A Vin— \/ COLUMN
Vi | ADDRESS
taa [ [ tRRH
twrp| | twRH tRcs Mtre
READ CYCLE e - | trn
_ ViH— A
I8 | troH
toea .
oF ViH—
ViL—
torr
L | [torr,
oLz |~=1—toEZ.
1
DQ-DQ,  VoH— OPEN VALID DATA-QUT E———
VoL— )
. tRwL
WRITE CYCLE twre wa tow
- twes \
_ ] WCH
w Vi
ViL— A
— ViH—
OE
ViL—
T
tosb——{}——lw
ViH— N
DQ1-DQ4 Vi — OPEN VALID DATA-IN
I A A towL
READ-MODIFY-WRITE " tawp = tRWL ——f
twre | | twRH Rcs t twe
[ CWOD
- .
ViH—
W ViL— tcac
e LA ]
toea
5E ViH— toen
° ViL— 7
tcac toez | tos| | toH
terz
VoH— 7 VALID N\
pabas / DATAIN J
VALID /
DATA-OUT

m DON'T CARE
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KM44C1002

CMOS DRAM |

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: OE, Address=Don’t Care

tRe
tRAs trp
J— ViH— i 3
RAS ViL— trRPC — \ \
tep tosr toHm
—— ViH— .V.V‘V‘V‘V‘V.Vov’V‘v‘V‘v’v.v’v’v‘vov v’v v‘v’v‘v‘v.v’v‘v.v‘v‘v‘v’v.
T/ XXX RN
twrs .

V — \/ \/
w IH ‘v‘v \/ v’v.v.v’v‘v‘v‘v‘V.V‘ ‘v’v‘v‘v’v’v’v’ ’v‘v.v’v‘v‘v‘v’v’v’v‘v‘v

Vi [ AR R AKX K XK

lch_F

Q Von- ) OPEN

VoL— dL

TEST MODE DESCRIPTION

The KM44C1002 is the RAM organized 1,048,576
words by 4 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. Column ad-
dress bit Ag is not used. If, upon reading, two bits on
one /O pin are equal (all “1”’s or “0’'s), the I/O pin in-
dicates a “1”. If they were not equal, the i/O pin would

m DON'T CARE

indicate a “0”. In “Test Mode”, the 1MX4 DRAM can
be tested as if it were a 512K X4 DRAM. W, CS Before
RAS Cycle (Test Mode in Cycle) puts the device into
“Test Mode”. And “CS Before RAS Refresh Cycle” or
“RAS only Refresh Cycle” puts it back into “Normal
Mode”. The “Test Mode” function reduces test time (1/2
in cases of N test pattern).

”u
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KM44C1002

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM44C1002 contains 4,194,304 memory locations
organized as 1,048,576 four-bit words. Twenty ad-
dress bits are required to address a particular 4-bit word
in the memory array. Since the KM44C1002 has only
10 address input pins, time multiplexed addressing is us-
ed to input 10 row and 10 column addresses. The
mutliplexing is controlled by the timing relationship bet-
ween the row address strobe (RAS), the chip select in-
put (CS) and the valid row and column address inputs.

Operating of the KM44C1002 begins by strobing in a
valid row address with RAS while CS remains high. Then
the address on the 10 address input pins is changed from
arow address to a column address and is strobed in by
CS. This is the beginning of any KM44C1002 cycle in
which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CS have returned to the high
state. Another cycle can be initiated after RAS remains
high long enough to satisfy the RAS precharge time (tgp)
requirement.

RAS and CS Timing

The minimum RAS and CS pulse widths are specified by
tras(min) and tcs(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CS pulse widths. In addition, a new
cycle must not begin until the minimum RAS precharge
time, trp, has been satisfied. Once a cycle begins, in-
ternal clocks and other circuits within the KM44C1002
begin a complex sequence of events. If the sequence
is broken by violating minimum timing requirements, foss
of data integrity can occur.

Read

Aread cycle is achieved by maintaining the write enable
input(W) high during a RAS/CS cycle. The access time
is normally specified with respect to the falling edge of
RAS. But the access time also depends on the falling
edge of CS and on the valid column address transition.

if CS goes low before trep(max) and if the column ad-
dress is valid before trap(max) then the access time to
valid data is specified by trac(min). However, if CS goes
low after trcp(max) or if the column address becomes
valid after trap(max), access is specified by tcac or taa.
In order to achieve the minimum access time, trac(min),
it is necessary to meet both trcp(max) and trap(max).

The KM44C 1002 has common data /O pins. For this

reason and output enable control input (OE) has been
provided so the output buffer can be precisely controll-
ed. For data to appear at the outputs, OE must be low
for the period of time defined by toea and togz.

Write

The KM44C1002 can perform early write and read-
modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W, OE and CS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The 4-bit wide data at the data in-
put pins is written into the addressed memory cells.
Throughout the early write cycle the outputs remains in
the Hi-Z state. In the early write cycle the output buffers
remain in the Hi-Z state regardless of the state of the OF
input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. The output enable input (ﬁ) must be
low during the time defined by toea and toez for data to
appear at the outputs. If tcwp and trwp are not met the
output may contain invalid data. Conforming to the OE
timing requirements prevents bus contention on the
KM44C1002’s DQ pins.

Data Output

The KM44C1002 has a three-state output buffer which
is controlled by CS and OE. Whenever CS or OE is high
(Vin) the output is in the high impedance (Hi-Z) state. In
any cycle in which valid data appears at the output the
output goes into the low impedance state in a time
specified by tcLz after the falling edge of CS. invalid data
may be present at the output during the time after tc 2
and before the valid data appears at the output. The tim-
ing parameters tcac, trac and taa specify when the valid
data witl be present at the output. This is true even if a
new RAS cycle occurs (as in hidden refresh). Each of
the KM44C1002 operating cycle is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Static Column Mode Read, Static Column Mode
Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only RefrestL Static
Column Mode Write, CS-before-RAS Refresh, CS-only
cycle. OE controlled write.
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KM44C1002

CMOS DRAM

DEV'CE OPERAT|ON (Continued)

Indeterminate QOutput State: Delayed Write

Refresh

The data in the KM44C 1002 is stored on a tiny capacitor
within each memory cell. Due to leakage the data may
leak off after a period of time. To maintain data integrity
itis necessary to refresh each of the rows every 16 ms.
There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CS remains high. This cycle must
be repeated for each row.

C3-before-RAS Refresh: The KM44C1002 has CS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If CS is held low
for the specified set up time (tcsg) before RAS goes
low, the on-chip refresh circuitry is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CS active time and cycling RAS. The
KM44C1002 hidden refresh cycle is actually a CS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: ltis also possible to refresh the
KM44C1002 by using read, write or read-modify-write
cycles. Whenever arow is accessed, all the cells in that
row are automatically refreshed. There are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CS-
before-RAS refresh is the preferred method.

Static Column Mode

Static Column Mode allows high speed read, write or
read-modity-write random access to all the memory cells
within a selected row. Operation within a selécted row
is similar to a static RAM. The read, write or readmodify-
write cycles may be mixed in any order.

A Static Column mode read cycle starts as a normal cy-
cle. Additional cells within the selected row are written
by applying 2 new column address while W=V, and
RAS=V,..

A Static Column mode write cycle starts as a normal cy-
cle. Additional cells within the selected row are written by
applying a new column address while RAS=V_ and tog-

giling either W or CS. The data is written into the cell
trigered by the latter falling edge of W or Cs.

CS-before-RAS Refresh Counter Test
Cycle

A special timing sequence using the CS-before-RAS
refresh counter test cycle provides a convenient method
of verifying the functionality of the CS-before-RAS refresh
activated circuitry.

After the CS-before-RAS refresh operation, is CS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CS-before-RAS counter test cycle
timing diagram. A memory cell can be addressed with
10 row address bits and 10 column address bits defin-
ed as follows:

Row Address—Bits Ap through Ag are supplied by the
on-chip refresh counter.

Column ADdress—Bits Ao through Ag are strobed-in by
the falling edge of CS as in a normal memory cycle.

Suggested CS-before-RAS Counter Test

Procedure
The CS-before-RAS refresh counter test cycle timing is
used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 cycles.

2. Write a test pattern of “lows” into the memory celis
at a single column address and 1024 row address.
(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 512 times so
that highs are written into the 512 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

IF RAS=Vss during power-up, the KM44C1002 could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is. recommended that RAS and CS track
with Vcc during power-up or be held at a valid Vi in
order to minimize the power-up current.

An initial pause of 200us is required after power-up
followed by any 8 CS-before-RAS or RAS only refresh
cycles before proper device operation is achieved.
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KM44C1002 CMOS DRAM

PACKAGE DIMENSIONS
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

Units: Inches (millimeters)

0.030 (0.76)
MIN
rrﬁ i o O o I e o O
&la Sleals als
) oz 2lssls &8
slegls 23
Slo S |Joofa S g
L0
L I I D
0.670 (17.02) 0.148 (3.76)
0.680 (17.27) ] MAX
5_3 0.004 (0.1)
0.050 (1.27) H 0.015 (0.38) ‘ 0.026 (0.66)
TYP |1~ 0.021 053 | 0.032 (0.81)
0.050 (1.27)
| MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025 (26.04) 0.113 (2.87)
1,035 (26.29) 0.120 (3.05)
INDEX ge )
< [ ©
O o o .
&8 S
oo < =
o
0.009 (0.23)
I oo 0.33)
3
0.014 (0.36) L 0.050 (1.27) 0.050 (1.27) ‘ gz 0.100 (2.54)
0.024 (0.61) [ TYP MAX | § s ——‘ v
o
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KM44C1000A

CMOS DRAM

1MX4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
* Performance range:
trac tcac tre
KM44C1000A- 7 | 70ns | 20ns | 130ns.
| KM44C1000A- 8 | 80ns | 20ns | 150ns
" KM44C1000A-10 | 100ns | 25ns | 180ns

Fast Page Mode operation

1024 cycles/16ms refresh
JEDEC standard pinout

CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fase parallel test mode capability

TTL compatible inputs and output
Early Write or output enable controlled write
Single +5V+10% power supply

* Available in plastic DIP, SOJ, ZIP, and TSOP (i)

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C1000A is a high speed CMOS
1,048,576 bit X 4 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM44C1000A features Fast Page Mode operation
which ailows high speed random access of memory cells
within the same row.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only Refresh. All inputs
and output are fully TTL compatible.

The KM44C1000A is fabricated using Samsung’s ad-
vanced CMOS process.

RAS —
s —| CONTROL & DATA
e CLOCK IN |
W BUFFER
=1 REFRESH CONTROL & DQ,
ADDRESS COUNTER -
DQ,
DATA
- COLUMN DECODER out L
i SENSE AMPS & I/0 BUFFER
e P
S jufx E
[T w
. TR a
- 1218 MEMORY ARRAY
ol 1,048,576 X4 CELLS
nl|o
° w
5 g Vee
. c I
Ag — < = Vss
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KM44C1000A o CMOS DRAM

PIN CONF'GURAT'ON (Top Views)

¢ KM44C1000AP e KM44C1000AJ e KM44C1000AZ
\
oa, [1] o 20] vss oE[1 3] o
pQ, [2] [19] DQ, 0Q; |3 ] oo
w (3] 18] DQs Ves |5 5] oo4
RAS [4] 17] CAS 0Q, EE W\
As (5] 6] OF mas [9] [ig] A
Ao 'E E] Ag Ao E 2 A9
A [7] [14] A; As T_S']IE A'
A [8] [13] A Vec [18] — Aa
As [9 [12] As As [17) A‘
Vee [10 O [11] A, N© AS
'8
(DIP)
(zIP)
e KM44C1000AT * KM44C1000ATR
oo|[:|ou 20 Ves Vss [ 20 o 1[]pQ,
DQ, ]2 197 DQ, pa. v O 20oq,
w3 18[0 DQ, DQ; [} 18 3w
RAS 4 17|0 CAS CAS [ 17 4{1RAS
A Os 16| OE OE [J16 5|1 As
A e 15[ As As 15 6] Ao
A7 14[J A Ar []14 70 A
A e 131 As As []13 s|d A
Ao 'e) 120 As As 12 o) o[ As
Vee 10 1A, AN 1003 Vee
(TSOP (I1) -Forward Type) (TSOP (II) -Reverse Type)
Pin Name Pin Function
Ao-Ag Address Inputs
DQ1-4 Data In/Out
1 Read/Write input
OE Data Qutput Enable
RAS Row Address Strobe
CAS Column Address Strobe
Vce Power (+5V)
Vss Ground
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ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vin, Vout -1to +7.0 \Y
Voltage on Vcc Supply Relative to Vss Vee -1t0 +7.0 \
Storage Temperature Tstg —55to +150 °C
Power Dissipation Pp 600 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS"” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING COND'TIONS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \Y)
Ground Vss 0 0 0 \

Input High Voltage ViH 2.4 — Vee+1 Vv

Input Low Voltage ViL -1.0 —_ 0.8 \'
DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Voo=5.0V+10%)
(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit

Operating Current* KM44C1000A- 7 — 105 mA
== A . . KM44C1000A- 8 lect - 95 mA
(RAS, CAS, Address Cycling @ trc=min) KM44C1000A-10 _ 85 mA
Standby Current
(RAS=CAS=Vh) loc2 - 2| mA
=i . KM44C1000A- 7 — 105 mA

_Séo’:;y R;fArgsg %‘I’I:em tro=min) KM44C1000A- 8 |  lcca - 95 | mA
(CAS=Vin, yeling @ tac= KM44C1000A-10 — 85 | mA

KM44C1000A- 7 — 80 mA

Fast Page Mode Current* .

s rags Woe . o KM44C1000A- 8 |  lcca — 70 mA
(RAS=ViL, CAS Cydiing @ tpc=min.) KM44C1000A-10 - 60 | mA
Standby Current | _ 1 A
(RAS=CAS=W3>Vc-0.2V) CcCs m
CAS-Before-RAS Refresh Current* KM44C1000A- 7 - 105 mA
(m and CAS Cyclin tre=min.) KM44C1000A- 8 lcce - 95 mA

yeling @ tc=min. KM44C1000A-10 — 85 | mA

Standby Current

(RAS=Vy, CAS=V,., Dout Enable) lec7 - 5 | mA
Input Leakage Current
(Any input OSV|NSB.5V, I -10 10 uA
all other pins not under test=0 volts)

Qutput Leakage Current _

(Data out is disabled, 0<Vour<5.5V) oL 101 10 1 A
Qutput High Voltage Level (Ilon=—5mA) VoH 2.4 — Vv
Qutput Low Voltage Level (lo.=4.2mA) VoL — 0.4 \Y

*NOTE:

lcc1, lees, Icca and icce are dependent on output loading and cycle rates. Specified value are obtained

with the output open. Icc is specified as average current. lcc1, Icca, Icce, Address can be be changed max-
imum two times while RAS=V|L. Iccs4 Address can be changed maximum once while CAS=Vy.
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KM44C1000A

CMOS DRAM

CAPACITANCE (1x=25°¢)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag) Cing — 6 pF
input Capacitance (RAS, CAS, W, OE) Cinz — 7 pF
Output Capacitance (DQ4-DQa4) Cout — 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)
KM44C1000A-7 | KM44C1000A-8 | KM44C1000A-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time trc 130 150 180 ns
Read-modify-write cycle time trwe 185 205 245 ns
Access time from RAS tRAC 70 80 100 | ns |3,4,11
Access time from CAS tcac 20 20 25| ns | 3,45
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z torz 5 ns 3
Output buffer turn-off delay toFr 0 15 15 20 | ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50 | ns 2
RAS precharge time kP | 50 | 60 70 ns
RAS pulse width trAS 70 10,000 | 80 10,000 | 100 10,000 | ns
RAS hold time tRSH 20 20 25 ns
CAS hold time tcsH 70 80 100 ns
CAS pulse width tcas 20| 10,000 | 20| 10,000 | 25| 10,000 | ns
RAS to CAS delay time trRcD 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50 | ns 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time tres 0 0 0 ns
Read command hold referenced to CAS tRcH 0 0 0 ns 9
Read command hold referenced to RAS tRRH 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS twecr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tps 0 0 0 ns 10
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KM44C1000A CMOS DRAM

AC CHARACTER'ST'CS (Continued)

KM44C1000A-7 | KM44C1000A-8 | KM44C1000A-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Data-in hoid time ton 15 15 20 ns 10
Data-in hold referenced to RAS toHR 55 60 75 ns
Refresh period (1024 cycles) tREF 16 16 16 | ms
Write command set-up time twes 0 0 0 ns 8
CAS to write enable delay tcwp 50 50 60 ns 8
| RAS to write enable delay tawp | 100 110 135 ns | 8
Column address to W delay time tawp 65 70 85 ns 8
CAS setup time (C-B-R refresh) tcsr 10 10 10 ns
CAS hold time (C-B-R refresh) tcHR 20 30 30 ns
RAS precharge to CAS hold time trpc 10 10 10 ns
CAS precharge (C-B-R counter test) topT 35 40 50 ns
| Access time from CAS precharge tcea 45 45 55| ns 3
FAst Page mode cycle time tec 50 50 60 ns
CAS precharge time (Fast page mode) tep 10 10 10 ns
RAS hold time from CAS precharge trHCP 45 45 55 ns
Fast page modered-modify-write terwe | 105 105 125 B ns
RAS pulse width (Fast page mode) trasp 70 |200,000, 80 |200,000| 100 |200,000| ns
Write command set-up time (Test mode in) | twrs 10 10 10 ns
Write command hold time (Test mode in}) twTth 10 10 10 ns
W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
_@ hold time referenced to OE tRoOH 20 20 20 ns
OE access time toea 20 20 25| ns
HCTE to data delay toEp 20 20 25 ns
Output buffer tum off delay time from OE toez 0 20 0 20 0 25| ns
OE command hold time toen 20 20 25 ns
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KM44C1000A

CMOS DRAM

TEST MODE CYCLE (Note. 12)
KM44C1000A-7 | KM44C1000A-8 | KM44C1000A-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max

Random read or write cycle time trc 135 155 185 ns
Read-modify-write cycle time trwe 190 210 250 ns
Access time from RAS tRAC 75 85 105 | ns |3,4,11
Access time from CAS tcac 25 25 30| ns | 3,45
Access time from column address taa 40 45 551 ns | 3,11
RAS pulse width tRAS 751 10,000 | 85| 10,000 | 105 | 10,000 | ns
CAS pulse width tcas 25| 10,000 | 25| 10,000 30| 10,000 | ns
RAS hold time tRSH 25 25 30 ns
CAS hold time tcsH 75 85 105 ns
Column address to RAS lead time tRAL 40 45 55 ns
CAS to write enable delay tcwo 55 55 65 ns 8
RAS to write enable delay tRwp | 105 115 140 ns 8
Column address to W delay time tawp 70 75 90 ns

fast mode cycle time tpc 55 55 65 ns

fgsi page mode read-modefy-write tprwe | 110 110 130 ns
RAS pulse width (Fast page mode) tRASP 75/200,000| 85 200,000] 105 200,000 ns
Access time from CAS precharge tcra 50 50 60 | ns 3
OE access time toEA 25 25 30| ns
OE to data delay toED 25 25 30 ns
OE command hold time toen 25 25 30 ns

NOTES

1.

Noe e

An initial pause of 200us is required after power-
up followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

ViHminy @nd Vi max) are reference levels for measur-
ing timing of input signals. Transition times are
measured between Viymin) and ViL(max), and are
assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL loads and
100pF

Operation within the trcpmax) limit insures that
trac(max) can be met. trcpimax) is specified. as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

Assumes that trcp>tRCD(max)-

tar, twcr, torr are referenced to trRaD(max)

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
refernced to Vpon or VoL.

twes, trwp, tcwp and tawp are non restrictive
operating parameters. They are included in the data

10.

11.

12.

sheet as electrical characteristics only. |If
twes2twesmin) the cycle is an early write cycle and
the data out pin will remain high impedance for the
duration of the cycle. If tcwp2tcwp(miny and
tRwDZtRwD(min) @nd tawpZtawp(min), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either trcH or trrH must be satisfied for a read

cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trapmax) limit insures that
trac(max) can be met. trapmax) is specified as a
reference point only. If trap is greater than the
specified trapmax) limit, then access time is con-
trolled by taa.

These specifications are applied in the test mode.

a
muy
wru

ws
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KM44C1000A CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
tras t t
ViH— ) RP
RAS Vi— "———!\ tan P
test
IoRe < tReD tRsH tCRP —=]
\ 1
A
- ViH— / \ \
CAS ViL— —-tRAD tRAL
tasr tRAM
= tasc[~ tcaH
ViH— j(now COLUMN
A ViL—= m ADDRESS A ADDRESS

L -tRcH

ILR'LS tRRH

. ViH—
w ViL— tROH
tAA
— Vin— L~ toea—] vv;"v’v OO
X BRI
l—-tCAc —f_'i"fv
tRAC toez
Vor— PEN | { VALID DATA-OUT ¥
DQ1-DQ4 VoL— Ol 2 2
toLz—
WRITE CYCLE (EARLY WRITE)
tre
tRAs tRP
tar
— Vin—
RAS Vi— N Z \
t tcsH tcrp
s trRco tRsH
tca
J— ViH—
CAS v:t— / —trao—] N /
tasc
tAsR — [=—t-tRAH tcaH
Viw— ROW
A ViL— m ADDRESS, COLUMN ADDRESS
|
twes r-——fwcn
_ ViH— twp
w ViL—
twer —
towt
tRWL——————————
— ViH—
OE ViL—
tDHR
tos toH
Vig—
DQ:-DQs v:T— < vauD DATAIN ) OPEN
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KM44C1000A CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (OE CONTROLLED WRITE)

tRc
tras " — tRp————]
W e S
’—m trcD QCSH‘*—— tRsH
— Vin—
c CAS
S ) O \_
tasR | | tram s - tom] RAL

ViH—

A R Souvn
— tcwL A
tRwL
— Ny VA VAVAVAVAVAVAYAVAVAVAVAVAVAVAYAVAVAVAVAVAYAVAVAT, 1YAVATAYAVATAVAVAVAYAVAVAVAVATAVAVAVATAVAVAVAV A AV,Y,
W e O = — KA
toEH

ViH— - VAV,

B 1 50t A T 0 00 0 0O
—— toH ——
50004 z:: VALID DATAAN
READ-MODIFY-WRITE CYCLE
tRwe. —
| [ tRAS tRp——]
RAS \\l,’:: \ taR Jl \__
tcrp - - tes—
!I—-"‘ tacp tRsH tcrp
S ViH—
CAS . L \ \ tcas [ L
task | ItrRAH tasc tcan
‘ i

ViH— 0 \VAVA VAV VAVAVAVAV.VAVAVAVAVAV,V. W VAVAV, V. VAVAVAV,V,V

* A RIS 0 T
~thao— — ‘AWDWIMCVWD — — towe

_ tRWD— —_—— |~ ‘RWL——-1
w ViH— SLF twp——

ViL— [ tAA o

toEa
— A RV, VAVAVAVAY VAV, V. VAVAVAV.VAVAV, VAVAV AV,
o i~ SRR RXRRRXXRXOOTIIXT i LEL‘
tRAC o] togz +=— Pgﬂ [~ tDH

s, Y N X QI 1

o
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KM44C1000A

CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ CYCLE

trRP
tRasP tron
ARS Y - tan——— ) \
ViL— (¢
tcrp trc t=—— tRSH —=| 1cRP
F—— trcD—— = top-=—i
CAS Vin— \ toss |— tcas = tcAS*{-‘ \
ViL— tRAD ;
—-——i' tosH tRAL
tash tRAH )tIASC tcaH tasc| | tcan tasc| | tcaH
- - -
A Vin= COLUMN TOLUMN COLUNN
Vi— ADD ADDRESS ADDRESS ADDRESS
| 1
tRCs treH F —tRCs 4_1 L»otncs | ~=tRCH
Vib— §
w NN \ l
ViL— Li taa tRRH
Itan —=] —— taa——
t ,
_ Vin— QOFA 1toEA toea
OE
Vi 1 topA— N
CAC cPA
. toFF tcac Jtorr | tcac r_,..‘ toFF
'gfzc toez oz oEZ toiz | totz -]
-
01D Vor— N VADD . X LA\SVALD VALID
1-DQs VoL— \ DATA-OUT. DATA-OUT, DATA-OUT
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
tRasp i
RAS :/,IH_ \ tAR-— ﬂ‘
ViL— “
tec
tcrP F— trsH tcrp
tRCD- tep —
_ Vine L
CAS H j \ tcas — toas— \* tcas—|
ViL— 3
tc: tRAL:
t | tRAH | HlCAH tasc tcaH 8
e | tasc tasc] [ tcau
A Vin— ROW COLUMN COLUMN COLUMN
Vie— ADD ADDRESS ADDRESS ADDRESS
t
Rap tow {_twos _[i—towt twos i towL.——
t tRwL
twos —— WCH tWCH
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w5 ViH— twp— —--f WP ——i
w
ViL— twe
oF ViH—
ViL—
IDHR
tpg toH tos | | tow tos toH
|
oH— VALID VALID X AV VAVAV VAV, VAVAV, VY,
baros R _ _ OO vauo — YXXXXXXXXXXXN)
VoL~ DATAN Saren RXGEO0K BAn  ASOBAEOANN00
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KM44C1000A CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-MODIFY-WRITE

t _tre
RASP
fas ViH— is w_:
" 4
p————— teSH——— | ,
tPRWC— RSH
|—— trco tcas tcp
: \ T RS
Cas "= tRAD ;
CAs Vi— \ 4
tRAH
R B el
tcAH
tash I tasc  —— tasc|| ltoan oG tRAL
L ‘ T FCAH,
A Vin— oW oL COL COL
Vi— ADDA\Y\, ADD | ADD ADD
tRwD |  tawL —
—
‘PES— —towp——| oWl owo— | | F—tewp——
| 1) low = towL
— ViH—
w ViL— s R \
tawp tawp (———tawD:
t . __"WP twe, twp
——taa. — — = = ] -
LOEA tOEA._.__ | B | toea
ViH- o j
oF Vie— / \‘ / )I
I toen top . . oED |
toac I— ! 10e0 CPQAC
= |torz tcac | o
‘ | taa toez
tps ’
| | ton
Vv =
DQ:-DQs 1IOH o N
VioL — P——_
torz
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KM44C1000A

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don't Care

tre
tras

s - \ / N\

ViL—

tasr | = tRAH—— tRP
CAS :'“_ ROW ADDRESS
L—

A ViH— ; f X

ViL— 4 I L‘RPC‘}_/

ViH—
Da:-DQy OPEN

ViL—

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: OE, Address = Don’t Care
tre
trp
RAS :::: S trAs 2 R
tRPC —
tcp tcsr trRPc
tcHR
ViH—
CAS ViL— /
|
twrp | | twrRH
Vi R ARRIARA A S VAV VAV VAVAV VAV AV Vo VAV VaVAVVAVAAVAVAVAV.VAV W VAVAVAV V.
W XOROR RSB
toFF
e
DQ4-DQ4 ;:z: _ E— OPEN
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KM44C1000A CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

. T
= e [N
tcRp tRCD — == tRSH ———] tcHR
CAS ::T__ j tRAD \\ / \_
s = tcan
tASR 4= (—=—1-tRAH
S 5
. Viu— 'RCS+— twaiﬁr a‘[WRH
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HIDDEN REFRESH CYCLE (WRITE)
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KM44C1000A

CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

——trp
—_—
RAS \Y'”" S tras Z
L=
tosk toHR % tAsH
VIH— S tcas (
CAS Vi— _;Z
I tasc tRAL
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OE
ViL—
T
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KM44C1000A

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: OE, Address=Don’t Care

tre
tRAS trp
RAS ViH— / \
Vi tRPC —— \
tep tcsr tern
o Vig— .V‘V‘VOV‘V’V‘V‘V‘V’V‘v'v.v.v‘v.v.v.v‘v‘v.v‘vov‘v.v‘v.v‘v.V’V‘V‘v‘V‘
chs OOOOOOOOOKIIOXXXXXXOOOOOO XX
/N AN RANNNN
i twrH
. ViH— VAVAVAVAVAWAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,WAVAY,
" R R R KRR
| torF,
DQy-DQ, :”0“ - E OPEN
1oL — y

TEST MODE DESCRIPTION

The KM44C1000A is the RAM organized 1,048,576
words by 4 bit, itis internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. Column ad-
dress bit Ao is not used. If, upon reading, two bits on
one I/O pin are equal (all “1”’s or “0”s), the I/O pin in-
dicates a ‘1. If they were not equal, the 1/0 pin would

m DON'T CARE

indicate a “0”. In “Test Mode”, the 1TMX4 DRAM can
be tested as if it were a 512Kx4 DARM. W, CAS-
Before-RAS Cycle (Test Mode in Cycle) puts the device
into “Test Mode”. And “CAS-Before-RAS Refresh Cy-
cle” or “RAS only Refresh Cycle” puts it back into “Nor-
mal Mode”. The “Test Mode” function reduces test time
(1/2 in cases of N test pattern).
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KM44C1000A

CMOS DRAM

DEVICE OPERATION
Device Operation

The KM44C1000A contains 4,194,304 memory loca-
tions. Twenty address bits are required to address a par-
ticular memory location. Since the KM44C1000A has
only 10 address input pins, time multiplexed addressing
is used to input 10 row and 10 column addresses. The
multiplexing is controlled by the timing relationship bet-
ween the row address strobe (RAS), the column address
strobe (CAS) and the valid row and column address
inputs.

Operating of the KM44C1000A begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 10 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM44C1000A
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas{min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. in addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM44C1000A begin a compliex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after tacp(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
trep(max).

Write

The KM44C1000A can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
I/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwpo, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate 1/O to
avoid bus contention.

Data Output

The KM44C1000A has a three-state output buffer which
is controlled by CAS. Whenever CAS is high (Vin) the
output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CAS. Invalid data may be
present at the output during the time after tc.z and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM44C1000A operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mo_de Write, CAS-before-RAS Refresh, CAS-only
cycle. OE controlled write.

Indeterminate Output State: Delayed Write

Refresh

The data in the KM44C1000A is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
16 ms. There are several ways to accomplish this.
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KM44C1000A

CMOS DRAM

DEVICE OPERATION (continued)

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RASG Refresh: The KM44C1000A has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM44C1000A hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: t is also possible to refresh the
KM44C1000A by using read, write or read-modify-write
cycles. Whenever arow is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM44C1000A has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycles. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observed, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter
Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-

fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
10 row address bits and 10 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter.

Column Address—Bits Ap through Ag are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “‘highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the “highs’” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM44C1000A could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vcc during power-up or be held at a valid V|4 in
order to minimize the power-up current.

An initial pause of 200us is required power-up followed
by any 8 CBR or ROR cycles before proper device opera-
tion is achieved.
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KM44C1000A CMOS DRAM

PACKAGE DIMENSIONS
20-LEAD PLASTIC DUAL IN-LINE PACKAGE
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KM44C1000A CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

Units: Inches (millimeters)
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0671 (17.04) § %
0679 (17.24) El
0006 (0.15)

Blomor] GOARRE—JRAAAD

0.050 (1.27) ‘ 0.012 (0.30)
TYP [ 0.020 (0.50)

0.016 (0.40) |
0024 (060) [
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KM44C1000AL CMOS DRAM

1M X4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES GENERAL DESCRIPTION
¢ Performance range: The Samsung KM44C1000AL is a high speed CMOS
tRAC tcac trc 1,048,576 bit X 4 Dynamic Random Access Memory.
Its design is optimized for high performance applications
KM44C1000AL- 7 70ns 20ns 130ns such as mainframes and mini computers, graphics and
KM44C1000AL- 8 80ns 20ns 150ns high performance microprocessor systems.

KM44C1000AL-10 | 100ns 25ns 180ns

The KM44C1000AL features Fast Page Mode operation

Fast Page Mode operation which allows high speed random access of memory cells
CAS-before-RAS refresh capability within the same row.

RAS-only and Hidden Refresh capability I —

8-bit fast parallel test mode capability CAS-before-RAS refresh capability provides on-chip auto

refresh as an alternative to RAS-only Refresh. All inputs

TTL compatible inputs and output
P P P and output are fully TTL compatible.

Early Write or output enable controlled write
Single +5V+10% power supply

1024 cycles/128ms refresh

Low power dissipation

—Standby: 1.1mW

—Active (70/80/100ns): 578/523/468mW

* JEDEC standard pinout

* Available in Plastic SOJ, DIP, ZIP, and TSOP (ll)

FUNCTIONAL BLOCK DIAGRAM

The KM44C1000AL is fabricated using Samsung’s ad-
vanced CMOS process.

RAS —=
CAS — CONTROL & DATA
AS CLOCK N |
W BUFFER
-] REFRESH CONTROL & DQ;
ADDRESS COUNTER -
DQ,
| coLumN pecoper %AUTT’.\ a
| SENSE AMPS & 1/O BUFFER
e _
il T E
cJuo|o _
. 219 MEMORY ARRAY
el 1,048,576X4 CELLS
18 =]
. L )
. 5 % Vee
(el 'S
Ag — < Vss

w
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KM44C1000AL

CMOS DRAM

PlN CONF'GURAT'ON (Top Views)

¢ KM44C1000ALP

DQy |1 OU @Vss
DQ, E E 0Qq
w E 18| DQ3
RAS [4] 17] CAS
Ao [5] 16] OE
Ao [€] As
NG "
A, [8] 13] As
As E 12| As
Vee @ O A
(DIP)

* KM44C1000ALT

DQy

DQ.
W

AAS [
As [

\J
o

o bW =

6
7
8
9

1OO

15
14
13
12
1

[] As
1A

(TSOP (1) -Forward Type)

e KM44C1000ALJ

¢ KM44C1000ALTR

20 o 1dbq,
19 O 2,
18 sSPgwW_
17 41 RAS
16 5|1 As
15 sd Ao
14 71 A
13 sl A2
12 9lJ As
1 O 10[d Vee
C—

(TSOP (1) -Reverse Type)

* KM44C1000ALZ

OE I
o CAS
DQ,
DQa
Vss
DQ,
DQ: —
w
RAS
Ag
Ao
A,
2 As 2
Vee

As
A7

sRACEEEEREE)
® \BEEEEEEEE

Pin Name Pin Function

Ao-Ag Address Inputs
| DQi4 Data In/Out

' Read/Write Input
OE Data Output Enable
RAS Row Address Strobe
CAS Column Address Strobe
Vee Power (+5V)
Vss Ground
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ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss V|N.' Vout —1to +7.0 \Y2
Voltage on Vcc Supply Relative to Vss Vee -1to +7.0 Vv
Storage Temperature Tstg —55 to +150 °C
Power Dissipation Pp 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS"” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (voitage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 Y
Ground _ Vss 0 0 0 \Y
Input High Voltage Vi 2.4 . Veet1 \
Input Low Voltage ViL -1.0 — 0.8 \%
DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V£10%)
(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max Unit
Operating Current* KM44C1000AL- 7 —_ 105 mA
. —mi KM44C1000AL- 8 lcet - 95 mA
(RAS, CAS, Address Cycling @ trc=min) KM44C1000AL-10 _ 85 mA
Standby Current (RAS=CAS=V}y) lecz - 2 mA
RAS-Only Refresh Current* KM44C1000AL- 7 - 105 mA
(CAS=Vi, RAS Cycling @ tro=min.) KM44C1000AL- 8 lcca - 95 mA
IH, 9 @ tro=min. KM44C1000AL-10 — 85 | mA
KM44C1000AL- 7 — 80 mA
Fast Page Mode Current*
—_ =~a " o KM44C1000AL- 8 Icca - 70 mA
(RAS=ViL, CAS Cycling @ tpc=min.) KM44C1000AL-10 — | 60 | mA
Standby Current (RAS=CAS=W2>Vgc—0.2V) lccs — 200 uA
CAS-Before-RAS Refresh Current* KM44G1000AL- 7 - 105 mA
(RAS and CAS Cycling @ trc=min.) KM44C1000AL- 8 Icce — 95 mA
9 RC ) KM44C1000AL-10 — 85 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage (ViH)=Vcc-0.2V
Input Low Voltage (ViL)=0.2V CAS=CAS -Before-RAS Cycling or lecr — 300 HA
0.2V DQi.4=Don't Care Trc=125uS, Tras=tras min.~1uS
Standby Current (RAS=Vy;, CAS=Vy_, Dout Enable) Iccs - 5 mA
Input Leakage Current _
(Any input O<V|N<6.5V, all other pins not under test=0 volts) e 10 10 HA
Output Leakage Current (Data out is disabled, O<Vour<5.5V) loL -10 10 uA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \Y
Output Low Voltage Level (lo.=4.2mA) VoL — 0.4 \

*Note: lcct, lces, loca and Icce are dependent on output loading and cycle rates. Specified value are obtained with
the output open. Icc is specified as average current. lcc1, lccs, locs, Address can be changed maximum
two times while RAS=V|L. Icc4, Address can be changed maximum once while CAS=V4.
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KM44C1000AL

CMOS DRAM

CAPACITANCE (1x=25°0)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag) CiNt — 6 pF
Input Capacitance (RAS, CAS, W, OE) Cin2 — 7 pF
Output Capacitance (DQ1-DQ4) Cout — 7 pF -
AC CHARACTERISTICS (0°c<Ta<70°C, Vco=5.0V+10%, See notes 1,2)
KM44C1000AL-7 | KM44C1000AL-8 KM44C1000AL-10,
Standard Operation Symbol — Unit | Notes
Min Max Min Max Min Max
7Random read or write cycle time trc 130 150 180 ns
Read-modify-write cycle time tRwe 185 205 245 ns
Access time from RAS trac 70 80 100 | ns |3,4,11
Access time from CAS tcac 20 20 25| ns 3,45
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z toiz 5 ns 3
Output buffer turn-off delay torF 0 15 0 15 20 | ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time te | 50 60 70 ns
RAS pulse width tRAS 70 10,000 | 80 | 10,000 | 100 10,000 | ns
| RAS hold time tRsH 20 20 25 ns i
| CAS hold time tcsH 70 80 100 ns
CAS pulse width tcas 20 10,000 | 20 10,000 | 25 10,000 | ns
RAS to CAS delay time trco 20 50 | 20 60| 25 75 | ns 4
RAS to column address delay time trRAD 15 35| 15 40| 20 50 | ns 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tAsr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
hColumn address set-up time tasc 0 0 0 ns
Column address hold time tcAH 15 15 20 ns
Column address hold referenced to RAS tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 0 ns
Read command hold referenced to CAS tRCH 0 0 0 ns 9 4
Read command hold referenced to RAS tRRH 0 0 0 ns 9
Write command hold time twcH 15 15 20 ns
Write command hold referenced to RAS twcr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns ]
Write command to RAS lead time tRWL 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tps 0 0 0 ns 10
a
4 209
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KM44C1000AL

CMOS DRAM

AC CHARACTER'ST'CS (Continued)

KM44C1000AL-7 |[KM44C1000AL-8 [KM44C1000AL-10,
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Data-in hoid time ton 15 15 20 ns 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
| Refresh period (1024 cycles) tReF 128 128 128 | ms
Write command set-up time twes 0 0 0 ns 8 |
CAS to write enable delay tcwp 50 50 60 ns 8
RAS to write enable delay trwp | 100 110 135 ns 8
Column address to W delay time tawp 85 70 85 ns 8
CAS setup time (C-B-R refresh) tcsr 10 10 10 ns
CAS hold time (C-B-R refresh) torr 20 30 30 ns
RAS precharge to CAS hold time trRPC 10 10 10 ns
| CAS precharge (C-B-R counter test) tcpT 35 40 50 ns
| Access time from CAS precharge tcra ) 45 45 55 | ns 3
FAst Page mode cycle time trc 50 50 60 ns
CAS precharge time (Fast page mode) tep 10 10 10 ns
RAS hold time from CAS precharge trucp | 45 45 55 ns
Fast page modered-modify-write tprwe | 105 105 125 ns
RAS pulse width (Fast page mode) tRaSP 70 | 200,000 | 80 | 200,000 { 100 | 200,000 | ns
Write command set-up time (Test mode in) | twrs 10 10 10 ns
Write command hold time (Test mode in) twTH 10 10 10 ns
W to RAS precharge time (C-BR refresh) | twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
RAS hold time referenced to OF tROH 20 20 20 ns
OE access time toea 20 20 25| ns i
OE to data delay toep 20 20 25 ns
| Output buffer tum off delay time from OE toez 0 20 0 20 0 25| ns
OE command hold time toeH 20 20 25 ns
¥ SAMSUNG 210
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KM44C1000AL CMOS DRAM

TEST MODE CYCLE (Note. 12)
KM44C1000AL-7 | KM44C1000AL-8 [KM44C1000AL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max

Random read or write cycle time tre 135 155 185 ns
Read-modify-write cycle time trRwe 190 210 250 ns

Access time from RAS trac 75 85 105 | ns |3,4,11
Access time from CAS tcac 25 25 30| ns | 3,45
Access time from column address taa 40 45 55| ns | 3,11
RAS pulse width tRAS 75| 10,000 | 85| 10,000 | 105 | 10,000 | ns

CAS pulse width tcas 25| 10,000 | 25| 10,000} 30| 10,000 | ns

RAS hold time tRsH 25 25 30 ns

CAS hold time tcsH 75 85 105 ns

Column address to RAS lead time tRAL 40 45 55 ns

CAS to write enable delay tewp 55 55 65 ns

RAS to write enable delay tawp | 105 115 140 ns

Column address to W delay time tawp 70 75 90 ns 8
Fast mode cycle time tec 55 55 65 ns

Fast page mode read-modefy-write tprwc | 110 110 130 ns

RAS pulse width (Fast page mode) tRASP 75 1200,000 | 85 |200,000 | 105 | 200,000 | ns

Access time from CAS precharge tcpPa 50 50 60 | ns 3
OE access time toea 25 25 30| ns

OE to data delay toED 25 25 30 ns

OE command hold time toEH 25 25 30 ns

NOTES

1.

An initial pause of 200us is required after power-
up followed by and 8 CBR or ROR cycles before
proper device operation is achieved.

sheet as electrical characteristics only. If
twes=twesmin) the cycle is an early write cycle and
the data out pin will remain high impedance for the

2. ViHmin) and Viymax) are reference levels for measur- duration of the cycle. If tcwp2tcwbp(min) and
ing timing of input signals. Transition times are tRwoZtRwD(min) and tawp=tawpmin), then the cycle
measured between Viymin) and Vimax), and are is a read-write cycle and the data out will contain
assumed to be 5ns for all inputs. the data read from the selected address. If neither

3. Measured with a load equivalent to 2 TTL loads and of the above conditions are satisfied, the condition
100pF of the data out is indeterminate.

4. Operation within the trcpmax) limit insures that 9. Either trcH or trrH must be satisfied for a read
trac(max) can be met. trcpmax) is specified as a cycle.
reference point only. If trcp is greater than the 10. These parameters are referenced to the CAS
specified trcpimax) limit, then access time is con- leading edge in early write cycles and to the W
trolled exclusively by tcac. leading edge in read-write cycles.

5. Assumes that tRcD>tRCD(max)- 11. Operation within the traDmax) limit insures that

6. tar, twcr, toHRr are referenced to trap(max) tRaC(max) can be met. trapmax) is specified as a

7. This parameter defines the time at which the out- reference point only. If trap is greater than the
put achieves the open circuit condition and is not specified trRaD(max) limit, then access time is con-
refernced to Voun or Vor. trolled by taa.

8. twecs, trwp, tcwp and tawp are non restrictive 12. These specifications are applied in the test mode.

operating parameters. They are included in the data

I
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KM44C1000AL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
. trc
Vip— tRAS t tRP e
RAS viL— \ taR \
- tcsH
1cRP, trco tRSH 1CRP —=]
/ \ 4 \
Vin— \ ~
CAS ViL— tash —tRAD tRAL:
— _t.Rﬁ'H tasc[™ tcaH
A ViH— Xﬂow COLUMN
Vii— ADDRESS ADDRESS
l | ={-tRCH
trcs tRRH
ViH— (XX
W Y R BEBR
tAA 3
ViH— L topa— AT IIAARTNTAAAANNI AN AN
® ) ] L BB
tcac toFF
trac toez
Von— PEN | VALID DATA-OUT -
DQ1-DQ4 VoL— o \__
torz— !
WRITE CYCLE (EARLY WRITE)
tre
tras tap
— tar
s \ 7 \
) tesH terp
i ils trcD tRSH
— tea:
CAS z:’:_ 7 b tRAD ——] S Z
tasr ==t tRAH tasg tcAH
A \\/,':: mg&"és COLUMN ADDRESS
f
twes twon
_ ViH— twp
w ViL—
twer
towt Fwy
— ViH—
OE Vi—
toHR
tos toH
DQ1-DQs z:':: { vALID DATAIN OPEN

@DON’T CARE
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KM44C1000AL CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (OE CONTROLLED WRITE)

= - ARG

- tRas tRp——

taR ;
_

Vin— *S

ViL—

tosH -

tcRp

trco tRsH

— ViH—
CAs / tcas / /
ViL— t—~+ tRAD —|

tasr tRAH o e tRAL
ViH— ROW Fﬁ tCOLUM'N
A Vi— ADDRESS ) ADDRESS
—- towL
tRwL
— ViH— \ 1V AVAVAVAYAYAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVA VY.
v i = BB
toEH
- Vin— t =
* i T I A S O
ViH— V.VAYAYAVAAAAAAATAATAAAAATATATAAAAAYAYA'
a0 o oaran KOOI

READ-MODIFY-WRITE CYCLE

tRWC- .
tras tRP——
ViH— Ry .
RAS \ tar R
ViL—
tcRp tesH
E-‘* tRCD tAsH - tcrp
CAS Vin= R \ \ tcAs / / \
ViL— o Z
|3§R tRAH itasc tcan
i s Y il
A Vin— ROW COLUMN
Vil— ADDRESS ADDRESS A\
‘ % tawp
= tRAD—] tewo F——tcwL !
_ trRwo tRWL
w Vig— -
: | R
ViL— ———— 1AA
v ‘ toea
—_ H— |
oF ViL— ‘ . ) / toen
[=~——tcac— \ tps tom
tRAC OEZ T i mad =
VioH = VALID VALID YK X XYY XXX
DQ;-DQ, (X000 XK
O o — — _%9‘ barmour X oAt KOS
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KM44C1000AL

CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ CYCLE

tRP
tRasP trnon
RAS ViH— S tar - ;
ViL— 4
tec tRSH — |
tcrRP t—=——1RSH tcrp
T tReD——— = tcp—— e
— ViH— tcas Y 4
F—— tcas = tcas ﬂ
CAS ViL— f \ 2 \—ﬁ \
tRAD tos '
Hl tRAL
tasA thaH  tasc_| [CAH tasc|| tcad tasc| | tcan
I |
Vin— COLUMN TOLUMN COLUMN
A Vi— ADD ADDRESS ADDRESS ADDRESS
tRcs tRcH F:, l——*tncs ] l—-»ﬂﬁcs —e b= tRCH
w ViH— N ﬁ \ n
ViL— ‘_, y O
taa —— tan tan tRRH
toea e e (o)
t t
= Vii— OEA OEA
ViL— oy ] }
cAC
_— l.iﬁ':_ tcac 'LOE. tcac Lot torr
toLz toez tcLz toez toz | toEz =
Vou— / 1
VALID VALID VALID
DQ1-DQ4 VoL~ 4/ bATA-OUT DATA-OUT ¥ DATA.OUT
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) |t
tRASP
. Vin— = —
RAS v tAR
ViL— % \
tPc { tRSH————|
1 RSH tcrp
I_C_RP_ trRcD— —tcp —— 1
o v f—y
cAS H— j \ teas . S tcas S tcas—]
ViL—
tcsh tRAL
ta | tRAH | tcaH tasc || tcaH
e } fhsg tasc| | tcad
A Vin— ROW COLUMN COLUMN COLUMN
Vie—~ ADD ADDRESS ADDRESS ADDRESS
tRAD towe 1 twes r—FPtCWL twos — T toWL
twes——| tweH tweH tRWL
— v t tweH
ST 1 1 Ml 5 R N
ViL— .
. ViH—
OE ViL—
1DHR
tps DH tos | | tow tbs toH
—— e ]
|

.
wovone ol KYRORIK. A SR XK. 2t XN

@ DON'T CARE
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KM44C1000AL

CMOS DRAM

TIMING DIAGRAMS (continued)

FAST PAGE MODE READ-MODIFY-WRITE

RAS

CAS

Z|

DQ4-DQ4

trp
trasp 1
Vin— T N
e #-
tosH
tPrRWC tRsH
tcp
I~ tRCD—— tcas —— toas CRP ‘—l
— t, e ——
zlu tRAD }'\ cAs
L—
tRAH
tcaH
tasr ‘ tasc ‘ASC‘ tcaH asc tRAL
. f tcaH,
N
Vin— 0 COL COL COL
Vi— ADD. ADD ADD ADD
tRcs ‘w0 [t I + tawe—
R CWL
i towo——] — towo— | | tom tcwD_:L ot
v L —
H—
V= tawp tawp ——1 tAwD
twp twe| t
*tAA—I r“ b m WP —
toea 10EA_____ ‘ L toea
L
N
Vi / /
* toeo 0D
tcea Lt ED tcpa r
t ! — ‘
| “CAC l t tcac
e || 0T vy
tRAC —— ‘ I—q | toez AR toez
taa
tps A tos
tos L ’—tou - —=tpu T toH
VijoH — U
IN U IN H}— U I e————
VioL —
—toz toz - tcz

m DON'T CARE
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KM44C1000AL

CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don't Care

tre
tras
RAS ViH— A
e N _/ NN
tasr F=— tRAH——] trP
ViH— \VAVAV WAV VAV AV VAV VWAV A VAV VAV, VYN A VYA
= o e R B R
A Vin— I . : |
ViL—
* j ——tcrmp l——tnpcM
ViH—
DQ-DQy OPEN
ViL—
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: OE, Address = Don’t Care
trp
— ViH— t
" ViL— & e \
tRPC ~—
tep tcsr tRPC
teHr
ViH—
CAS ViL— /
|
twrp | | twrH
- ViH— vvvvvvvv A SV VAV VALY AV VALY VAV UV ALYV AV W VvV, Y,
T XN R KBS
toFF

[ ———
parbQs oM )

OPEN

VijoL — 4

m DON'T CARE
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KM44C1000AL

CMOS DRAM

TIMING DIAGRAMS (continued) °
HIDDEN REFRESH CYCLE (READ)

RAS

CAS

g

DQ1-DQ4

HIDDEN REFRESH CYCLE (WRITE)

RAS

CAS

sl

DQ1-DQy

trc

- —tRC—

trRAs tRp | trAs -—ﬁ tRP ——|
Vin— __Ax |
A
ViL—
|
teRP 4= = f=—— tRCD — e tRSH ——— e torR——]
ViH— - \ /
t
o S | [N \
: tasc = =
t
tasr |——)tran can
Vik— v
! ROW / coLumn
Vi— ADD ADDRESS

twRP—|

tRRH IWRH

ViH—

ViL— W tAA — ] MQMmm‘MMQQr 2

Vik— toea AV ATV AVATA VALY V VATV,

. SN
=l L

\\//‘:: / VALID DATA-OUT B

tRC ——

ViH— ™~ "'3\

tras

tar ———1

=

tRAS

S 7SS —— -

'»tgp_._

ViL— . - 1£ N
tcae 4{-J tRcD v—-}__— e % tcHR

VIH—

ViL— _/ r—tRaD — \ / \
tASR —| b::in_ - tcan

ViH— ROw COLUMN )

Vi— AI:r)D [fDTHESS

| twes — r —twen —] twrp twRH
R R XXX XXX XXX
B XSG
|
ViH—
: I
Vin— / AN AVA S AYA A AVAVAYAYAVAAVAV.AVAVAVAVAVAVAVAVAVAV,Y,
e (oo XXX

toHR

@ DON'T CARE
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KM44C1000AL

CMOS DRAM

TIMING DIAGRAMS (continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

RAS Vin-—-
ViL—
— ViH—
CAS
ViL—
A ViH—~
ViL—
READ CYCLE
w ViH—
ViL—
oE ViH—
ViL—
DQ-DQs  YOHT
VoL—

WRITE CYCLE

. ViH—
W H
ViL—
__ ViH—
OE
ViL—
ViH—
DQ1-DQ4 Vi—

READ-MODIFY-WRITE

_ ViH—
w ViL—
— ViH—
OE ViL—
DD, VO~
VoL—

tRAs

tCHR ———]

Z SL&“ tcas ————

tRsH

——tﬂpq

Tasc tRAL
—‘-‘CAH‘-—f
\f COLUMN
\ ADDRESS
taa | [tRRH
twrp| {twRH trcs tRCH
) L | R— [t
W tROH M
toea
t | [tore
F—tcLz ¢
——toez
OPEN VALID DATA-OUT E___
RWL
twRP twRH towt
twes
W_ -
T
OPEN g VALID DATA-IN
towL
tawp tRWLA—J
twrp | [twrr tros towd twp
—= tAA ——=——ri
toea
] toED
tcac toez | tos| | ton
tcrz
/ VALID \
\ DATA-IN f
VALID /
DATA-OUT

m DON'T CARE
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KM44C1000AL

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: OE, Address=Don't Care

tRe

tras trp
RAS Vin—= / ttapc—— x Z \
© Vik—
) tep tcsr tonn
P ViH— 0707‘70707’70107‘v’v‘v‘v’v’v’v’v.v‘v.v‘v v‘V’v‘v’v’v.v.v‘v’v.v‘v’v‘
S / R NN
L= I
e twrH
Vin— ORI KX XXXXXXXXXKXXXX
T - AR R
toFF,
parba VoW~ \ OPEN
VioL — ﬂ

TEST MODE DESCRIPTION

The KM44C1000AL is the RAM organized 1,048,576
words by 4 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. Column ad-
dress bit Ag is not used. If, upon reading, two bits on
one I/O pin are equal (all “1”’s or “0”s), the 1/O pin in-
dicates a “1”. If they were not equal, the I/0 pin would

m DON'T CARE

indicate a “0”. In “Test Mode”’, the 1MX 4 DRAM can
be tested as if it were a 512Kx4 DRAM. W, CAS-
Before-RAS Cycle (Test Mode in Cycle) puts the device
into “Test Mode”. And “CAS-Before-RAS Refresh Cy-
cle” or “RAS only Refresh Cycle” puts it back into “Nor-
mal Mode”. The “Test Mode” function reduces test time
(1/2 in cases of N test pattern).

¢ SAMSUNG
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KM44C1000AL

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM44C1000AL contains 4,194,304 memory loca-
tions. Twenty address bits are required to address a par-
ticular memory location. Since the KM44C 1000AL has
only 10 address input pins, time multiplexed addressing
is used to input 10 row and 10 column addresses. The
multiplexing is controlled by the timing relationship bet-
ween the row address strobe (RAS), the column address
strobe (GAS) and the valid row and column address
inputs.

Operating of the KM44C1000AL begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 10 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM44C1000AL
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM44C1000AL begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after taop(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
treo(max).

Write

The KM44C1000AL can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the

- time that data is being written into the same cell loce -

tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tini-
ing requirements. This cycle requires using a separaie
1/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate |/O to
avoid bus contention.

Data Output

The KM44C1000AL has a three-state output buffer which
is controlled by CAS. Whenever CAS is high (Vin) the
output is in the high impedance (Hi-Z) state. in any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the falling edge of CAS. invalid data may be
present at the output during the time after tc .z and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true-even if
a new RAS cycle occurs (as in hidden refresh). Each of
the KM44C1000AL operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: _Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh CAS-only
cycle. OE controlled write.

Indeterminate Qutput State: Delayed‘ Write

Refresh

The data in the KM44C1000AL is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity itis necessary to refresh each of the rows every
128 ms. There are several ways to accomplish this.
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KM44C1000AL

CMOS DRAM

DEVICE OPERATION (continued)

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM44C1000AL has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM44C1000AL hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: |t is also possible to refresh the
KM44C1000AL by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-onty or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM44C1000AL has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycles. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observed, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter
Test Cycle s

A special timing sequence using the CAS-before-RAS

counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry. )

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
10 row address bits and 10 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter.

Column Address—Bits Ag through Ag are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows’ writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM44C1000AL could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vge during power-up or be held at a valid ViH in
order to minimize the power-up current.

An initial paus&zf 200ps is required after power-up flow-
ed by any 8 CAS-before-RAS or RAS only refresh cycles
before proper device operation is achieved.
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KM44C1000AL CMOS DRAM

PACKAGE DIMENSIONS
20-LEAD PLASTIC DUAL IN-LINE PACKAGE
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KM44C1000AL CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE Units: inches (millimeters)
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KM44C1000ASL

CMOS DRAM

1M X4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
¢ Performance range:
trAC tcac trc
KM44C1000ASL- 7 70ns 20ns 130ns
KM44C1000ASL- 8 80ns | 20ns 150ns
KM44C1900ASL-10 | 100ns 25ns 180ns

¢ Fast Page Mode operation
« CAS-before-RAS refresh capability

* RAS-only and Hidden Refresh capability
¢ 8-bit fast parallel test mode capability

Low power dissipation
—Standby: 0.6mW

TTL compatible inputs and output

-Early Write or output enable controlled write
Single +5V+10% power supply
1024 cycles/256ms refresh

—Active (70/80/100ns): 578/523/468mW
e JEDEC standard pinout
* Available in Plastic SOJ, DIP, ZIP, and TSOP (lI)

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C1000ASL is a high speed CMOS
1,048,576 bit X 4 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM44C1000ASL features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only Refresh. All inputs
and output are fully TTL compatible.

The KM44C1000ASL is fabricated using Samsung’s ad-
vanced CMOS process.
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KM44C1000ASL

CMOS DRAM

PIN CONFIGURATION (Top views)

* KM44C1000ASLP
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Pin Name Pin Function
Ao-Ag Address Inputs
DQi-4 Data In/Out
W Read/Write Input
OE Data Output Enable
RAS Row Address Strobe
CAS Column Address Strobe
Vce Power (+5V)
Vss Ground
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ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss VN, VouT —1to +7.0 V
_ Voltage on Vcc Supply Relative to Vss Vee —-1to +7.0 \
Storage Temperature Tstg -55to +150 °C
Power Dissipation Po 600 mW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING COND'T'ONS (Voltage reference to Vss, TaA=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \
Ground Vss 0 0 0 Vv
Input High Voltage ViH 2.4 — Vee+1 Vv
Input Low Voitage ViL -1.0 — 0.8 \Y

DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%)

(Recommended operating conditions uniess otherwise noted)

Parameter Symbol Min Max Unit
. . KM44C1000ASL- 7 — 105 mA
%Tsratl(%ci:ﬁ:tess Cycling @ trc=min) KM44C1000ASL- 8 lcct — 95 mA
! ! KM44C1000ASL-10 - 85 mA
Standby Current (RAS=CAS=Vn) lcc2 — 2 mA
RS . KM44C1000ASL- 7 . 105 mA
o s KM44C1000ASL- 8 | locs — | 95| mA
" yoling @ tro=min. KM44GC1000ASL-10 — 85 | mA
Fast Page Mode Current* '}23442}88822:: g | - ?8 mﬁ
(RAS=V_, CAS Cycling @ trc=min.) 44 - cca - m
' ) KM44C1000ASL-10 . 60 mA
Standby Current (RAS=CAS=W=>Vcc—0.2V) lces — 100 uA
CAS-Before-RAS Refresh Current* Km440100028t- 7 | - 182 mA
(RAS and CAS Cycling @ trc=min.) KM44C1000ASL- 8 cce - mA
: KM44C1000ASL-10 - 85 mA
Battery Back Up CurrentAverage Power Supply Current,
Battery Back Up Mode, Input High Voltage (ViH)=Vcc-0.2V | _ 150 A
Input Low Voltage (Vi)=0.2V CAS=CAS Before RAS Cycling or ce7 H
0.2V DQq.4=Don’t Care Trc=250uS, Tras=tras min.~1uS
Standby Current (RAS=V,y, CAS=V,_, Dout Enable) Iccs — 5 mA
Input Leakage Current | —10 10 A
{Any input 8<ViN<6.5V, all other pins not under test=0 volts) 5 H
Output Leakage Current (Data out is disabled, 0<VouT1<5.5V) loL -10 10 uA
Output High Voltage Level (loH=—5mA) VoH 2.4 — \
Output Low Voltage Level {loL=4.2mA) VoL - 0.4 \

*Note: Icc1, lcea, Icca and lece are dependent on output loading and cycle rates. Specified value are obtained with
the output open. Icc is specified as average current. Icc1, lcca, lcce, Address can be changed maximum
two times while RAS=V|L. Icc4, Address can be changed maximum once while CAS=V|y.

$§ SAMISUNG

r B
Electronics

226



KM44C1000ASL CMOS DRAM

CAPACITANCE (t,=25°¢)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag) Cini - 6 pF
Input Capacitance (RAS, CAS, W, OE) Cinz — 7 pF
Output Capacitance (DQ1-DQg4) Court — 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)
KM44C1000ASL-7 | KM44C1000ASL-8 | KM44C1000ASL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time tRc 130 150 180 ns
Read-modify-write cycle time trRwe 185 205 245 ns
Access time from RAS trac 70 80 100 | ns |3,4,11
Access time from CAS tcac 20 20 25| ns [ 3,45
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns
Output buffer turn-off delay torr 0 15 0 15 0 20| ns
Transition time (rise and fall) tr 3 50 3 50 3 50! ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width tRAS 70| 10,000 | 80| 10,000 | 100 | 10,000 | ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tosH 70 80 100 ns
CAS pulse width tcas 20| 10,000 | 20| 10,000 | 25| 10,000 | ns
RAS to CAS delay time trco 20 50| 20 60 | 25 75| ns 4
RAS to column address delay time tRAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time tres 0 0 0 ns
Read command hold referenced to CAS trRcH 0 0 0 ns
Read command hold referenced to RAS tRRH 0 0 0 ns 9
Write command hold time twcH 15 15 20 ns
Write command hold referenced to RAS twer 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time towe 20 20 25 ns
Data-in set-up time tos 0 0 0 ns 10
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KM44C1000ASL CMOS DRAM
AC CHARACTERISTICS (continued)
KM44C1000ASL-7 | KM44C1000ASL-8 | KM44C1000ASL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Data-in hold time toH 15 15 20 ns 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
Refresh period (1024 cycles) tRerF 256 256 256 | ms
| Write command set-up time twes 0 0 0 ns 8
CAS to write enable delay tcwo 50 50 60 ns 8
RAS to write enable delay trRwp | 100 110 135 ns 8
| Column address to W delay time tawp 65 70 85 ns 8
CAS setup time (C-B-R refresh) tcsr 10 10 10 ns
CAS hold time (C-B-R refresh) tcHR 20 30 30 ns
RAS precharge to CAS hold time tapc 10 10 10 ns
CAS precharge (C-B-R counter test) tept 35 40 50 ns
| Access time from CAS precharge tcpa 45 45 55| ns 3
| FAst Page mode cycle time trc 50 50 60 ns
CAS precharge time (Fast page mode) tcp 10 10 10 ns
RAS hold time from CAS precharge trHcp | 45 45 55 ns
Fast page mode read-modify-write tprwc | 105 105 125 ns
RAS puise width (Fast page mode) tRASP 70 | 200,000 | 80 | 200,000 | 100 | 200,000 | ns
Write command set-up time (Test mode in) | twrs 10 10 10 ns
7Write command hold time (Test mode in) twTtH 10 10 10 ns
W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns
}_W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
| RAS hold time referenced to OE troH 20 20 20 ns
OE access time toea 20 20 25 | ns
O to data delay toep 20 20 25 ns
Output buffer tum off delay time from OF toez 0 20 0 20 0 251 ns
OE command hold time toEH 20 20 25 ns
H 228
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KM44C1000ASL CMOS DRAM

TEST MODE CYCLE (Note. 12)
KM44C1000ASL-7 | KM44C1000ASL-8 {KM44C1000ASL-10
Standard Operation Symbol Unit | Notes
Min Max Min Max Min Max
Random read or write cycle time trc 135 155 185 ns
Read-modify-write cycle time trRwe 190 210 250 ns
Access time from RAS tRAC 75 85 105 | ns |3,4,11
Access time from CAS tcac 25 25 30| ns | 34,5
Access time from column address taa 40 45 55| ns | 3,11
RAS pulse width tRas 75| 10,000 | 85! 10,000 | 105 | 10,000 | ns
CAS pulse width tcas 25| 10,000 | 25| 10,000 | 30| 10,000 | ns |
RAS hold time tRsH 25 25 30 ns
CAS hold time tcsH 75 85 105 ns
Column address to RAS lead time tRAL 40 45 55 ns
CAS to write enable delay towp 55 55 65 ns
RAS to write enable delay trwp | 105 115 140 ns
Column address to W delay time tawp 70 75 90 ns 8
Fast mode cycle time trc 55 55 65 ns
Fast page mode read-modefy-write tprwec | 110 110 130 ns
| RAS pulse width (Fast page mode) taasp | 75 (200,000 | 85 |200,000 | 105 | 200,000 | ns
Access time from CAS precharge tcpa 50 50 60 | ns 3
OE access time toea 25 25 30| ns
OF to data delay toep 25 25 30 ns
OE command hold time toEH 25 25 30 ns
NOTES
1. An initial pause of 200us is required after power- sheet as electrical characteristics only. If
up followed by any 8 CBR or ROR cycles before twesZtwesmin) the cycle is an early write cycle and
proper device operation is achieved. the data out pin will remain high impedance for the
2. ViHmin) and Viymax) are reference levels for measur- duration of the cycle. If tocwp>tcwpmin) and
ing timing of input signals. Transition times are trRwpZtrwomin) and tawp>tawp(min), then the cycle
measured between ViHmin) and ViLmax), and are is a read-write cycle and the data out will contain
assumed to be 5ns for all inputs. the data read from the selected address. If neither
3. Measured with a load equivalent to 2 TTL loads and of the above conditions are satisfied, the condition
100pF of the data out is indeterminate.
4, Operation within the trcpmax) limit insures that 9. Either trcH or trry must be satisfied for a read
tRAC(max) Can be met. trcomax) is specified as a cycle.
reference point only. If trep is greater than the 10. These parameters are referenced to the CAS
specified trcpimax) limit, then access time is con- leading edge in early write cycles and to the W
trolled exclusively by tcac. leading edge in read-write cycles.
5. Assumes that trRcp>tRcD(max)- 11. Operation within the trRabmax) limit insures that
6. tar, twcr, tbHr are referenced to tRaD(max) trac(max) can be met. trapmax) is specified as a
7. This parameter defines the time at which the out- reference point only. If trap is greater than the
put achieves the open circuit condition and is not specified trap(max) limit, then access time is con-
refernced to Von or VoL. trolled by taa.
8. twcs, trwp, tcwp and tawp are non restrictive 12. These specifications are applied in the test mode.

operating parameters. They are included in the data
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KM44C1000ASL CMOS DRAM

TIMING DIAGRAMS
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KM44C1000ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

WRITE CYCLE (OE CONTROLLED WRITE)
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READ-MODIFY-WRITE CYCLE
tRwe:
tras {tRp—|
RS \\//':: \ tar }-_—ﬁ 7\
CSH
‘&Eﬁ tRCD tRsH tcrp
=3 Vin— .
CAS - Vi \ \ - tcas / \
l&sﬁ_ 'EAH ‘1A§g_ tCAH
A Vin— Frow ~ ok coumn — ROKXXXXXOOOCNXOXXX)
N G 0 QTN O
tRAD _____ﬂ tCWD———J towL:
_ < tawp tRwi i
w ViH— 4 [ VAVaYaTAVAAVAYATAVAVAV WAV
- i \ GRS
. ViH— ‘oea|
G ViL— < toED
tRaC o] togz = sl toH-
carpes ot IO o RTINS
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KM44C1000ASL CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

trP
tRasP — Tmon
_— Vin— X 3
RAS S tar
ViL— i¢
tCRP tec = tRSH —= tcrp
—=—trco— = tcp=— rc
CAS Y= 7 \\ foa |— tmsﬁ i \—-— tcas A&' \
Vi tRAD | ! v
T oSt tRAL
thaH  tasc | lcaH tasc| | tcaH tasc| | tcan
tasr 1 = Baiad
ViH— COLUMN COLUMN COLUMN
A ie ADD ADDRESS ADDRESS ADDRESS
—

tRcs trcH I__:_-_-J J:‘Htacs “ AthRcs ot f=-tACH

ViH— p
w XA 4 %
ViL— tAA =i trAH
F—t taa —— b tan
t [ A S—
OFA 1oPA toea toea
— ViH=
OE v
IL— ’
t I
t CAC toFF tcac 'E_F_F.! tcac =t torF
t;‘:zc toez oLz toez tcLz | toez =]
Vor— N VALD X _{RASVALD VALID
DQ1-DQs Vou— /A paTA-ouT, pATAUT S DATA-OUT |

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

| _tre
tRasP
RAS ViH— \ tar !
ViL— . ﬂ -
“tPC { tRSH t
1 cRP
CRP tRcD— —tcp -—|
CAs Vik- j \ tcas Z S———-!CAS—-— ! S—-— tcas ——
ViL—
tcsh: tRAL
t 1 tRAH tCAH tasc 1CAH
o { ASC tasc| | tcaH
A Vik— ROW COLUMN COLUMN X COLUMN
ViL— \ ADD ADDRESS A ADDRESS ADDRESS
tRAD |1
towL ]_twes #:tcm twes —4:10'\7“1:“
tweH twCH RWL
twes —
Vv 1 "t" tweH
N H— WP— (WP ———i WP
_ Vin—
OE ViL—
1 2 1 t i t tbs toH
DS DH DS DH
fow—2 :
|

Vor— VALID VALID
VALID
DArDA VoL— m DATAIN DATAIN DATA-IN
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KM44C1000ASL CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ-MODIFY-WRITE

tRP
trasP
Ty MR | \
ViL— ” N
>—————tCsH
tPRWC tRSH
——tRcD tcas Iep CRP
tc, —
__ Vin— R i e tcas A
CAs Vi— 1 \ Z \
tRAH
M - tcam
tasr l tasc .._i tasc | [toan asc tRAL
L | T tcaH
A ViH— 0 v~ COL COL FCOL \
ViL— ADDA\Y\ ADD ADD ADD
|
tawp————— ] { tRWL—]
trecs ¢ —H towL . L towo—]
] . owp towt — towL
W e R
W - \ N
ViL tawD b L~ tawp —— ™ L1 tawp \
— VR — W 1 twp —
|——taa l-‘—
‘;EIA toea
— 1 (e I — — toeA
L
_ Vin— ; ] 1~ ﬁ
OE ViL— toen thph toph toep |
tcac { ! toe0 " toac
— ‘CA[C [ ;t———q
toEz AR 10E2
tan] . —
DS
. tos
| [ tod —H o [ tom
DQrDQs VoM (Bu IN I I T S n——
VioL — -
tewz -1 cLz
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KM44C1000ASL

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don't Care

tRe

tRas

BAS ViH—
AS " S

tAsR f—— tRAH—=—]

ROW ADDRESS

A CElYAVAVAVAVAVAVAW.VAVAVAY §
A s R

L

A Vin— }
ViL— 4 L M
[——tcrp tRpC:
Vin—
DQs-DQy OPEN
ViL—
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: OE, Address = Don’t Care
tRc
tap
RAS :I:: S tRAs s
trpc —
tep tesr tRPC
tcHR
ViH—
CRS ViL— /
i
|_twrp | | twRH
ViH— AR AARTA XA AR \VAVAV VAVAVAV Y aVaVAVAVAVAVAY, V. VAV VAVAVAVAVAVAVAVAVAVAVAVAWAVAVAVAV,Y.
W OGRS RN
toFF
Vioh—=" )
DQ;-DQ4 VioL — E OPEN
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KM44C1000ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

S ST \ [\
[
B VIH—tCRP J[“ﬂ I~ tRCD ——————~tRSH J ﬁlCHR——{
CAS Vi j thaD \ y \_
C e RN e
{ tres +— ‘WRT;L IWRH
— Vin— : r
IR LT R
i
|

— A ey V. VAVAVAVAVATAVAVAVAVAVAVAVAY; toea VAVAVAVAVAVAVAVAVAVAVAVAVAVAV W,V AVAV LY,V
= B BN

fCEAC ;—"L‘OFF

tRAC [‘—losz !

DQ+1-DQ4 \\I/C:: g&f VALID DATA-OUT ;ﬁ

HIDDEN REFRESH CYCLE (WRITE)

trRC } tre R
tras tRP——| ‘ | tnp——{‘
ViH— — Pa; ‘
RAS ViL— \—k - \ - =
}__ trRsH —_—
chs ::C: _/ —tRAD —} ‘\T l \
tasr —] !t?:iu‘ B toan
ViH— R LUMN ) X
C s SO se XXX
| twes - = —twen - twrp tWRH |
w ViH— twe 3 TaVAVAVATAVAVAVAVAVAVATAVAVAVATAVAVAVAVAVAVAVAVAV.
T TR RSB SGRBR3aaE
i |
B Vi | L
OE ViL—
fos _| L——tDH
DQ1-DQy Vn VALID DATA h
ViL—
— tDHR - @DON‘T CARE
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KM44C1000ASL

CMOS DRAM

TIMING D|AGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

—_—
RAS \\//IH“ S tras
L—
t
CSR tCHR tepT — tRsH
— ViH— S 1
TAS ! g CAS
ViL— JZ
! Tasc traL
——iCAH—-—|
A ViH— COLUMN
ViL— | ADDRESS
t [ [tRRH
twrp| | twrH trcs A Mtacn
READ CYCLE o L [ tacr|
ViL— tRoOH
toea
oF ViH—
ViL—
; | [torF
e b——toez
L
DO1-DQy4 Von— OPE VALID DATA-QUT E——
oL—
. RWL.
WRITE CYCLE twre WhH towL
twes .
_ WCH
w ViH
ViL—
oF Vin—
ViL—
T
tns*ﬁ }-———tDH
Vin— 7 N
DQ1-DQy Vi — OPEN ! VALID DATA-IN
1L p & A tewt
READ-MODIFY-WRITE tawp F——tRwiL ——
twap | | twRH tres towd twe
ViH—
w Vie— tcac S
—- tAp ——
v toea
N IH—
toep
OE ViL—
tcac toez | tos| | toH
toLz
VoH— / VALID \
DQ4-DQ4 o / DATA-IN
VALID / '
DATA-OUT
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KM44C1000ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: OE, Address=Don't Care

tre
tRAS trp
RAS 1 N
RAS \‘;' H: tRpC —— \ Z \
tcp tcsr teHR
== Vin— OOOOOO XXX XXX XXX
= / s s
s twth
V= R R A XA XX UK AT XXX
T - A RN
toFF
DQ1-DQ. VioH = N\ OPEN
ViioL — /

TEST MODE DESCRIPTION

The KM44C1000ASL is the RAM organized 1,048,576
words by 4 bit, itis internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. Column ad-
dress bit Ao is not used. If, upon reading, two bits on
one I/O pin are equal (all “1”’s or “0”s), the I/O pin in-
dicates a “1". If they were not equal, the 1/0O pin would

m DON'T CARE

indicate a “0”. In “Test Mode”, the TMX4 DRAM can
be tested as if it were a 512Kx4 DRAM. W, CAS-
Before-RAS Cycle (Test Mode in Cycle) puts the device
into “Test Mode”. And “CAS-Before-RAS Refresh Cy-
cle” or “RAS only Refresh Cycle” puts it back into “Nos-
mal Mode”. The “Test Mode” function reduces test time
(1/2 in cases of N test pattern).
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KM44C1000ASL

CMOS DRAM

DEVICE OPERATION
Device Operation

The KM44C1000ASL contains 4,194,304 memory loca-
tions. Twenty address bits are required to address a par-
ticular memory location. Since the KM44C1000ASL has
only 10 address input pins, time multiplexed addressing
is used to input 10 row and 10 column addresses. The
multiplexing is controlled by the timing relationship bet-
ween the row address strobe (RAS), the column address
strobe (CAS) and the valid row and column address
inputs.

Operating of the KM44C1000ASL begins by strobing in
a valid row address with RAS while CAS remains high.
Then the address on the 10 address input pins is chang-
ed from a row address to a column address and is strobed
in by CAS. This is the beginning of any KM44C1000ASL
cycle in which a memory location is accessed. The
specific type of cycle is determined by the state of the
write enable pin and various timing relationships. The cy-
cle is terminated when both RAS and CAS have return-
ed to the high state. Another cycle can be initiated after
RAS remains high long enough to satisfy the RAS
precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM44C1000ASL begin a complex sequence of events.
If the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after trcp(max), the
access time is measured from CAS and is specified by
tcac. In order to achieve the minimum access time,
trac(min), it is necessary to bring CAS low before
trep(max).

Write

The KM44C1000ASL can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W and CAS. In any
type of write cycle, Date-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin(D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common I/O applications because
the data-in and data-out pins may be tied together without
bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. This cycle requires using a separate
1/0 to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the out-
put can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate I/O to
avoid bus contention.

Data Output

The KM44C1000ASL has a three-state output buffer
which is controlled by CAS. Whenever CAS is high (Vin)
the output is in the high impedance (Hi-Z) state. In any cy-
cle in which valid data appears at the output the output
goes into the low impedance state in a time specified by
tcLz after the faling edge of CAS. Invalid data may be
present at the output during the time after tc.z and
before the valid data appears at the output. The timing
parameters tcac, trac and taa specify when the valid
data will be present at the output. The valid data remains
at the output until CAS returns high. This is true even if
anew RAS cycle occurs (as in hidden refresh). Each of
the KM44C1000ASL operating cycles is listed below
after the corresponding output state produced by the
cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS-only
cycle. OE controlled write.

Indeterminate Qutput State: Delayed Write

Refresh

The data in the KM44C1000ASL is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
256 ms. There are several ways to accomplish this.
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KM44C1000ASL

CMOS DRAM

DEVICE OPERAT'ON (Continued)

RAS-Only Refresh: This is the most common method for
performing refresh. 1t is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row.

CAS-before-RAS Refresh: The KM44C1000ASL has CAS-
before-RAS on-chip refreshing capability that eliminates
the need for external refresh addresses. If CAS is held
low for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuity is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM44C1000ASL hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: |t is also possible to refresh the
KM44C1000ASL by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in that
row are automatically refreshed. These are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM44C1000ASL has Fast Page mode capability. Fast
Page mode memory cycles provide faster access and
lower power dissipation than normal memory cycles. In
Fast Page mode, it is possible to perform read, write or
read-modify-write cycles. As long as the applicable tim-
ing requirements are observed, it is possible to mix these
cycles in any order. A Fast Page mode cycle begins with
a normal cycle. Then, while RAS is kept low to maintain
the row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required to
set up and strobe sequential row address for the same
page. Up to 2048 memory cells can be accessed with
the same row address.

CAS-Before-RAS Refresh Counter
Test Cycle

A special timing sequence using the CAS-before-RAS

counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry.

After the CAS-before-RAS refresh operation, if CAS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed with
10 row address bits and 10 column address bits defin-
ed as follows:

Row Address—Bits Ag through Ag are supplied by the
on-chip refresh counter.

Column Address—Bits Ag through Ag are strobedin by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-Before-RAS Counter Test

Procedure
The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row addresses.
(The row addresses are supplied by the on-chip
refresh counter.)

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vss during power-up, the KM44G1000ASL could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vcc during power-up or be held at a valid Viy in
order to minimize the power-up current.

An initial paus_e_of 200us is required after power-up
followed by.8 CBR or ROR cycles before proper device
operation is achieved.
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KM44C1000ASL CMOS DRAM

PACKAGE DIMENSIONS
20-LEAD PLASTIC DUAL IN-LINE PACKAGE

0.962 (24.43)
0.972 (24.69) ~5° _ 10°
i T e S e D s Y s WD v S s Y s B e M —
: g3 S8
== SYE-
) O |z 5|3
(o] of © oo
D R D e D s S S S [ S0 S R SR o B —\Xi—z
0.009 (0.23) 7
0,013 (0.33)
0.015 (0.38)
_ 0135043 MIN
r 0.145 (3.68)
' I_ 0.183 (4.65)
T1 1 O
( [ 1 ‘ 0.115 (2.92)
MIN
0.100 (2.54) 0.016 (0.41) 0.035 (0.89) 0.050 (1.27)
0.024 (0.61) 0.055 (1.40) . MAX

TYP

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

o 0.027 (0.69)
MIN

AL 10 0 O o N ~
gle glggg 38
> : O NS ¢le dld  gfs
g3 gl 813 g2
clo oo oflc clo
[¢)
1 L7 7T 1] M D O [ 4
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) | 0.145 (3.68)
p
lowa] B%—QE%F@W
6.050 (1.27) ! 0.015 (0.38) 0.026 (0.66)
v | H 0021 (053) | 0.032 (0.81)
| 0.050 (1.27)
| MAX
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KM44C1000ASL

CMOS DRAM

PACKAGE DIMENSIONS (continued)

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

1.025(26.04)

1.035(26.29)

/

—

INDEX

0.325(8.26)
0.335(8.51)

HHHHHH?HHHHHHH&

0.050(1.27) 0.016(0.41) ‘

TYP ] 0.024(0.61) |

0.050(1.27)

MAX

Units: Inches (millimeters)

0.113(2.87)
0.120(3.05)

| 0.400(10.16)
MAX

0.009(0.23)
"0.013(0.33)
0.100(2.54)

|
| s

0.100(2.54)
MIN

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE (Forward and Reverse Type)

HEHAH HASAA,
D O sk
° )
HHEBEH SIEISIEI= -
0671 (17.04) E %
0679 (17.24) 3|z
\

i
Blesor ] THAHHI——THHHAY
0050 (1.27) 0012 (0.30)
TP 0020 (050)

0.03 (0.80)

[

5

0.006 (0.15)

0.016 (0.40)
0.024 (060)

0.324(8.22)
TYP

0.355 (9.02)

0371 (9.42)
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KM44C1002A CMOS DRAM

1MX4 Bit CMOS Dynamic RAM with Static Column Mode

FEATURES GENERAL DESCRIPTION
e Performance range: The Samsung KM44C1002A is a high speed CMOS
1,048,576 bit X 4 Dynamic Random Access Memory.
trac tcac trc Its design is optimized for high performance applications
KM44C1002A- 7 70ns 20ns 130ns sgch as mainframes‘and mini computers, graphics and
high performance microprocessor systems.
KM44C1002A- 8 80ns 20ns 150ns
KM44C1002A-10 | 100ns | 25ns 180ns The KM44C1002A features Static Column Mode opera-
tion which allows high speed random or sequential ac-
¢ Static Column Mode operation cess within a row. Static Column Mode operation offers
¢ CS-before-RAS Refresh Capability high performance while relaxing many critical system tim-
* RAS-only and Hidden Refresh Capability ing requirements for fast usable speed.
e 8-bit fast parallel test mode Capability
¢ TTL compatible inputs and output CS-before-RAS refresh capability provides on-chip auto
* Early Write or Output Enable Controlled Write refresh as an alternative to RAS-only refresh. All inputs
¢ Single +5V+10% power supply and output are fully TTL compatible.
* 1024 cycles/16ms refresh
* JEDEC standard pinout The KM44C1002A is fabricated using Samsung’s ad-
¢ Available in Plastic SOJ, DIP, ZIP vanced CMOS process.

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (top Views)

* KM44C1002AP * KM44C1002AJ * KM44C1002AZ

RAS™ conrroL & 1 bata oo [T]
CS— cLock IN &
W BUFFER DQ.
el
+= REFRESH CONTROL & D?' RAS[4]
ADDRESS COUNTER DQO,. Ao [5]
Ao[E]
DATA Az
[7] coLumn bECODER DATA W [T]
t~1  SENSE AMPS & I/O BUFFER #[E]
i_‘ ;\,,[E
Ag ——1p % l - Vecﬁ__ﬁ
M wlaec E
o w [17)
wilo
. 2|8} WMEMORY ARRAY
a|3] 1048576 x4
@ 3 Cells -—Vee : _
. =3 K] -—Ves Pin Name Pin Function
e Ao-Ag Address Inputs
DQ1-DQ4 Data In/Out
w Read/Write Input
OE Data Output Enable
RAS Row Address Strobe
CS Chip Select Input
Vee Power (+5V)
Vss Ground

u

i SAMSUNG 2

Electronics



KM44C1002A

CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss ViN, Vout —1to +7.0 Vv
Voltage an Vcc Supply Relative to Vss Vce -1to +7.0 v
Storage Temperature Tstg -55 to +150 °C
Power Dissipation Pp 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-

solute maximum rating conditions for extended periods may affect devi.2 reliability.

RECOMMENDED OPERATING CONDITIONS (voitage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \'
Ground Vss o] [¢] 0 v
Input High Voltage Vi 2.4 — Vec+1 v
Input Low Voltage ViL -1.0 — 0.8 Vv

DC AND OPERATING CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V+10%)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol Min Max Unit
Operating Current* ﬁmzzg:gggﬁ ; o1 - 132 22
(RAS, CS, Address Cycling @ trc=min) KM44G1002A-10 _ 85 mA
Standby Current (RAS=CS=Vn) lec2 — 2 mA
RAS-Only Refresh Current* KM44C1002A- 7 - 105 mA
(RAS Cycling, CS=Vin, @ trc=min) KM44C1002A- 8 |  lccs - 95 mA
! ' KM44C1002A-10 — 85 mA
a Gy it Gt ottt T e | 2 | |
(RAS=CS=V)_, Address Cycling @tsc=min) KM44C1002A-10 _ 60 mA
Standby Current (RAS=CS=W2>Vcc-0.2V) lccs - 1 mA
CS-Before-RAS Refresh Current* KM44C1002A- 7 - 105 mA
(RAS and CS Cycling @ tac=min.) KM44C1002A- 8 Icce — 95 mA
’ KM44C1002A-10 —_ 85 mA
Standby Current (RAS=Vjn, CS=V), Dour=Enable) lco? — 5 mA
Input Leakage Current (Any input O<V|n<6.5V, _
all other pins not under test=0 volts.) h 10 10 HA
Output Leakage Current (Data out is disabled, OV<Voyr<5.5V) loL -10 10 uA
Output High Voltage Level (lon=—5mA) VOH 2.4 — \Y
Output Low Voltage Level (loL=4.2mA) VoL — 0.4 \']

*NOTE: Icc1, locs, lcca, Icce are dependent on output loading and cycle rates. Specified value are obtained
with the output open. Icc is specified as average current. lcc1, lces, lcce, Address can be changed
maximum two times while RAS=V|_. Icc4, Address can be changed maximum once while CS=V4.
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KM44C1002A CMOS DRAM
CAPACITANCE (1a=25°C)
Item Symbol Min Max Unit
Input Capacitance (Ao-Ag) Cint - 6 pF
Input Capacitance (RAS, CS, W, OF) . Cin2 - 7 pF
Output Capacitance (DQ1-DQj4) Cour — 7 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+£10%, See notes 1,2)

KM44C1002A-7 [KM44C1002A-8 | KM44C1002A-10
Standard Operation Symbot! Unit | Notes
Min| Max |Min| Max |Min| Max

Random read or write cycle time trc 130 150 180 ns
Read-modify-write cycle time trRwc | 185 205 245 ns
Access time from RAS trac 70 80 100 | ns |3,4,11
Access time from CS tcac 20 20 25| ns [3,4,5
Access time from column address taa 35 40 50| ns (3,11
CS to output in Low-Z torz 5 5 5 ns (3,12
Output buffer turn-off delay torF 0 15 0 15| 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width trAs 70| 10,000| 80| 10,000|100| 10,000 | ns
RAS hold time tRsH | 20 20 25 ns
CS hold time tesh | 70 80 100 ns
CS pulse width tcs 20| 10,000| 20| 10,000| 25| 10,000| ns
RAS to CS delay time trco 20 50| 20 60| 25 75| ns 4
RAS to column address delay time traD 15 35| 15 40| 20 50| ns | 11
CS to RAS precharge time tcre 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS tarR 55 60 75 ns
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 0 ns
Read command hold referenced to CS tRCH 0 0 0 ns| 9
Read command hold referenced to RAS tRRH 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS twer 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns
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KM44C1002A ' CMOS DRAM

AC CHARACTER'ST'CS (Continued)

KM44C1002A-7 | KM44C1002A-8 | KM44C1002A-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max

Write command to RAS lead time thwe | 20 20 25 ns

Write command to CS lead time Jtowe | 20 20 25 ns
Data-in set-up time tos 0 0 0 ns | 10
Data-in hold time toH 15 15 20 ns | 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
Refresh period (1024 cycles) tReF 16 16 16| ms

Write command set-up time twes 0 0 0 ns 8
CS to write enable delay time tewo | 50 50 60 ns 8
RAS to write enable delay time thwp {100 110 135 ns 8
Column address to W delay time tawp | 65 70 85 ns 8
CS setup time (C-B-R refresh) tcsn | 10 10 10 ns

CS hold time (C-B-R refresh) tcur | 20 30 30 ns

RAS precharge to CS hold time tRec | 10 10 10 ns

CS precharge (C-B-R counter test) tepT 35 40 50 ns

Static column mode cycle time tsc - 40 45 55 ns

Static column mode read-write cycle time tsrwe | 100 110 135 ns
Access time from last write taLw 65 75 95| ns | 3,12
Output data hold time from column address taoH 5 5 5 ns
Output data enable time from W tow 45 50 70| ns

RAS pulse width (static column mode) trasc | 70{100,000| 80 |100,000 |100|100,000| ns

CS puise width (static column mode) tcsc 20(100,000| 20|100,000| 25{100,000| ns

Cs precharge time (static column mode) tcp 10 10 10 ns

Write address hold time reference to RAS tawr 55 60 75 ns 6
Column address hold time referenced to RAS rise | tan 5 5 10 ns

Last write to column address delay time tiwap | 20 30| 20 35| 25 45| ns

Last write to column address hold time taHLw | 65 75 95 ns

Write command inactive time twi 10 10 10 ns

Write command set-up time (Test mode In) twrs 10 10 10 ns

Write command hold time (Test mode In) twrH 10 10 10 ns

W to RAS precharge time (C-B-R refresh) twrp | 10 10 10 ns

W to RAS hold time (C-B-R refresh) twen | 10 10 10 ns

RAS hold time referenced to OF tROH 20 20 20 ns

OF access time toea 20 20 25| ns

OE to data delay toen 20 20 25 ns
Output buffer turn off delay time from OE toez 0 20 0 20 0 25| ns

OE command hold time toen | 20 20 25 ns
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KM44C1002A

CMOS DRAM

TEST MODE CYCLE (Note. 13)
KM44C1002A-7 |KM44C1002A-8 |KM44C1002A-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max (Min| Max

Random read or write cycle time tac  |135 155 185 ns
Read-modify-write cycle time trRwc | 185 210 250 | ns
Access time from RAS tRAC 75 85 105 | ns |3,4,11
Access time from CS ) tcac 25 25 30 | ns [3,4,5
Access time from column address taa 40 45 55 | ns |3,11
RAS pulse width tRas 75| 10,000 85| 10,000|105| 10,000 | ns
CS puise width tcs 25| 10,000 25| 10,000| 30 | 10,000 | ns
RAS hold time tRsH 25 25 30 ns
T3 hold time tesn | 75 85 105 ns
Column Address to RAS lead time tRAL 40 45 55 ns
CS to write enable delay tewo | 55 55 65 ns 8
RAS to write enable delay tawo | 105 115 140 ns 8
Column address to W delay time tawp 70 75 90 ns 8
Static column mode cycle time tsc 45 50 60 ns
Static column mode read-modefy-write tsrwe | 105 115 135 ns
RAS pulse width (static column mode) trasc | 75{100,000; 85|100,000|105|100,000| ns
Access time from last write taw 70 80 100| ns |3,12
CS pulse width {static column mode) tcsc 251100,000{ 25]100,000| 30 | 100,000 | ns
OE access time toea 25 25 30| ns
OE to data delay toep 25 25 30 ns
OE command hold time toEH 25 25 30 ns

NOTES

1. An initial pause of 200us is required after power-
up followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

2. ViHmin) and Viymax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between Vimin) and Viimax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and
100pF

4. Operation within the trcpmax) limit insures that
tRac(max) can be met. tacpmax is specified as a
reference point only. If trcp is greater than the
specified trcp(max) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that tRcD>tRCD(max)-

. tawn, twcn, toHr are referenced to trap(max)

. This parameter defines the time at which the out-
put achieves the open circuit condition and is not
refernced to Voun or VoL.

8. twcs, trwp, tcwp and tawp are non restrictive
operating parameters. They are included in the data
sheet as electrical characteristics only. If
twes2twes(min) the cycle is an early write cycle

~NOoO O,

and the data out pin will remain high impedance for
the duration of the cycle. If tcwp=>tcwo(min) and
trwo=tRWD(min) and tawp=tawbomin), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

9. Either trcH or trrH must be satisfied for a read
cycle. ) :
These parameters are referenced to the CS leading
edge in early write cycles and to the W leading edge

in read-write cycles.

Operation within the trapmax) limit insures that
trac(max) can be met. tRapimax) is specified as a
reference point only. It trap is greater than the
specified trapimax) limit, then access time is con-
trolled by taa.

Operation within the tLwap(max) limit insures that
tALw(max) can be met. tLwAD(max) is specified as a
reference point only. tiwap is greater than the
specified tLwap(max) limit, then access time is con-
trolled by taa. -
These specifications are applied in the test mode.

10.

11.

12.

13.
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KM44C1002A

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
RAS ViH —

ViL —

o3 Vi —

Vi —

A Vg —
VL —
w Vi —
Vi —
J— Vi —
oE H
Vo —
V, —
pQy -DQ, | "
VoL —

'H\.
tre
N " I 3
| = torp ———|
1 tosn
cRP toco o
tes
'——‘RAD—-l‘ \ \
tasc=l f—0 A
tasr AR
=t =] taasi tRaL IR I JAVp——
ROW
m ADDRESS @ COLUMN ADDRESS
— p~—trcn
I--_1 oo than
r———'now—-——
tan
= toEa —

~— tcac ——=

torr

L——YOEZ

WRITE CYCLE (EARLY WRITE)

RAS Vin
Vie —
s Vin —
ViL —
Vin —
A
Vi —
W Vih —
Vie —
o Vi —
o3 H
Vi —
Vi —
DQ,-DQ.
DO

trac
VALID DATA
= tcwz
trc
tRas k—‘RP _—
- i tawr I
1 tesm torp — |
s treo tasH
tes o
/' = tRAD ——e=t Z
tasr tasc
tran —rtcan
ROW.
ADDRESS COLUMN ADDRESS
i
bee-- twCS —md twen
1
wp
twen
towe
trwL
tonr
|—tos | | —
{ VALID DATA-IN OPEN

m DONT'T CARE
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KM44C1002A

CMOS DRAM

TIMING DIAGRAMS (continued)

WRITE CYCLE (OE CONTROLLED WRITE)

tras s tRF-———-'J
PR — SR
tos
fore tren trsH tcrRp ———=d
e Vin — tes I—_ \
cs Vi — / [=— trap —=={ F f
tasn
== trar == tasc  f=—tcar -«
SN T
——‘tCWLt;L—-‘
— Viy — e twe VAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY,
LA R /1
toen '
I o T B A RO e
f=—— tor
oaroa. 1 L Rt

L -

R

READ-WRITE/READ-MODIFY-WRITE CYCLE

Q

tawe
tRra trp —
AAS \cu - :F tRaL ‘
([
tere fosH— tcrp
tnc7 trsH '___
Vi — .
e b——‘ tean
A Vi COLUMN ADDRESS :
VlL -
tewo towe
tawp F—tawL
W Vin — —— twe VAAVAVAVAVAVAVAVAV. V.,
tawi
— R
Vih — t
oF Vm OEA
T toeo
trac fono toez tos ton
= = ton——
Vion — r NAANAAAARAAANANAN
K VALID VALID .
ba-ba. DATA-OUT DATA-IN \tg”g’.’.’&g’g’q’g””
- terz !
m DON'T CARE
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KM44C1002A CMOS DRAM

TIMING DIAGRAMS (continued)
STATIC COLUMN MODE READ CYCLE

trasc (S S —
RAS ‘\;‘“ - Z
v tasr
tran tsc tsc tra = tan
A Vin — - Row COLUMN  cowumn Y\ COLUMN
vy — ADDRESS | ADDRESS | ADDRESS ADDRESS
traD ——=
taR ;——‘cv ——l r——'nan L
- Vin — L 4
s " A
L o—
r* trcs —= trcH }- trcs b=t tRcH

=
< <
oI
[

tron -

E e [ L

tcac—=— tan ——f

Vb —

torF

tap ———ef | fo—tan

teac
payoa, T fVALID ) [ gy S—
4 VoL — DATA DATA
L
— toz — towz

STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRIT[E){RP

1

S Vi — RASC f
Vi —

trao R VP ——

tasc | | fcan toan

trAH
A Vin — ' Row 7 coLumn { COLUMN d COLUMN
Vi — ADDRESS ADDRESS ADDRESS ADDRESS

g

tasr

tawr lc»:—4 teso tRsH
taco tasc tep oo To—
Vi — \ tesc
CS
Vi — 3
[N . z . 'W‘
tsc ——h:wn.——‘
twes —| H— T twes tavi
w Vin — twon r twe twe
VIL - ) twi ! f f
o Vin —
Vie —
toHR
fos e L]
Vi = Y XXX XY VALID VALID VALID
paroas "~ ORI, R

m DON'T CARE
¥ SAMSUNG 24

o Electronics




KM44C1002A

CMOS DRAM

TIMING DIAGRAMS (Continued) )
STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE)

RAS

gl

DQ,-DQ.

STATIC COLUMN MODE READ-WRITE CYCLE

ta trp |
ViH —
Vi — o \
tasr [=—=1 tRAH I-—‘ tean l——— tean tRaL
Vin — ROW COLUMN d COLUMN LUMN
Vi — ADDRESS ADDRESS@ ADDRESS m l?I?DREASS
I
tawn Ftcre
t——tRaD tasc=— tep trsH
y tasc tosc tesc r ‘-1
H
s (_J
treo e towL
twes twen tw jtwes| | twon twi traw |
Vin — H twp —=t H twp —— twes
ViL —
| T
Vin —
Vi —
1
DH:)S t os l
— b ton b=t ton
Vi — v’v’V’v’v’v"’v’""v’v’v’ VALID - VALID VALID \VAVAVAVAVAVAVAVAVAVAVAV/
e — QOGO BA72 oata_ROOXRERRORX

|-——‘RP—-

_ Viy — ' —trasc
AS [
ViL —
tasr =1 trAH

Vig — X ¥

A i — oW @ COLUMN ADDRESS Jm COLUMN ADDRESS
tasc toam ten P_‘
[~—tRap —= tsrwe traL
- Vig —
Cs Vl: _ SL = tLwap ] t.. trw =
= taco towo ‘
tawo X tawo towe
W Vin — J
" S: 14
Vi — tawp
toen 4{
— Vin— J
O Vi — / toen % / toep
toen taw —
teac tos tow'u —
p— | t
trac—t s = e tDH =] toea

Vion— \VaAVAVAVAVAVAYAvAVAY

DQ:-DQ4 Vi Dour D Dour D \’””””.’
o OVOAXXXNN
toz
m DON'T CARE
[ )
ay
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KM44C1002A

CMOS DRAM

TIMING DIAGRAMS (continued)
STATIC COLUMN MODE MIXED CYCLE

— Vi — = Y
AS Vi — \ /
trep —4 tep
. Vi — - tese
cs Vi — ——taap —{
tasr|| tmau trsc r-_tcm_':v]mn -~ _J]
A Vin — ROW COLUMN COLUMN COLUMN
VL — \_ADDRESS ADDRESS ADDRESS ADDRESS
mn . q tawo tean
Wi = twp
w Ve 3 [ toac S jl
Vi — - tan y
twer ;.,; o t toep
0EA
— VIH b -
OE Vi — l
tonr tcf_ foez o
tos ton t t -T ton
[ F=—tan —= ] taoh
O T e 1 S ¢, QU 1) OO 2
WRITE T READ [T READ | WRITE
RAS-ONLY REFRESH CYCLE
NOTE: W, OE==Don’t Care
the
tras tre
RAS Vin — _—ﬁ‘ Z
ViL — B
'—tcwa trRec
= OO
Ve —
tasr
[ tRAH
A Vi — oW XYY Y XYY XYY
B I
H —
DQ;-DQ, Vi OPEN

m DON'T CARE
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KM44C1002A

CMOS DRAM

TlMING DlAGRAMS (Continued)

C—S-BEEORE-R_A—S REFRESH CYCLE
NOTE: OE, A=Don't Care

VIH -
RAS

Vi —
— Vi —
CS

ViL —
_ Vi —
w

Vie —

Vip —
pQ,-Da, Vo

VioL —

trrc

F——rtcp

trp

tras

tosn

(U

p=— trec

HIDDEN REFRESH CYCLE (READ)

AAS N
Vi —
s Vih —
Vi —
V —
A H
Vi —
W Vin —
Vi —
Vi —
oF M
Vie —
Ve —
pa;pQ, "
VoL —

s
(OFF OPEN
__—J[
et tRAs——i—————f l=— tRp —=i tras ) trp —=|
\ /A zt \

fee—— trcp ———amfe—— tRsH ———]

traL

= trap

tere

_/

tasr

tran

tens

N

COLUMN ADDRESS

trcs I
1

twrH
tram ——i——-— twrp
W tan 8
toe
thRoH —=d Z
f
— tcac—] torr
— tcwz [=— toez —=
trac
" VALID DATA-OUT E

m DON'T CARE
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KM44C1002A , CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (WRITE)

[ tre

tras tRp —=d tras tre —-T
— Vin — lg tawn \ . S
Vi —

terp
I——-—‘ f——1taco -T-—— tRSH =t torr ﬁ ferp
Vi —

Vi — pm— tRAD ——] S Z
tran tasc ot

D
[

tean

tasr

A Vin = ROW COLUMN
Ve — ADD N ADDRESS

ﬂc_s_ = tweH ——= I.tWRP twrn

— Vi — twp

trwL
— Vi — x
OE Vi —

' tos i toH et
DQ;-DQ4 ::: : '_g VALID DATA-IN E OPEN
DON'T CARE
a
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KM44C1002A

CMOS DRAM

T|M|NG DlAGRAMS (Continued)
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tre
_ Vih — R tra
RAS " x
Vi —
‘_'fi fe—— toHR—— tept —e| tRsH
— Vin — J tes
CSs \
Vi — } 2
traL
tasc F=— toan —
A Vin —
Vi — x
taa trrn
t t t
READ CYCLE f.ﬂ g P oo — e tacw
w
Vi — taon
toea
— Vin —
OE
Vi —
T I——— torr
[~—tcz F—1— toez —
]
Von—
DQ+-DQ4 OPEN VALID DATA-OUT
VoL —
X tRwL
WRITE CYCLE |.‘Vi'ﬁ Ry towe
twes
_ Vih — = tweH
w
Vi — , X I ]
oE Viy —
Vi —
1
tos _.__I '._tou__._
Vin — N
DQ:-DQ4 OPEN VALID DATA-IN s
Vie — —towL =]
t fmo— tRWL ——
READ-WRITE CYCLE tee | | twes tros e o
Ir—— }-—. tewo twe
— Vg —
tan —
toea
— Vi —
OE t
Ve — oeD
N t.c;\c— toez | tos ton
v towz
oH— y
i y VALID K
DQ,-DQs Viow \ / DATA-IN_J/
VALID
DATA-OUT—/
m DON'T GARE
P
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KM44C1002A

CMOS DRAM

TIMI NG DlAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: D, Address=Don’t Care

tre

tra: e’

3
P
[%,
< <
[
[
|
-u|
T

/ \

([ -y tosr s
v pu—
s H d
Vo —

LR XXX

Jwts twrn
Vi —
W H
Vie —

G NRAERN

OPEN

TEST MODE DESCRIPTION

The KM44C1002A is the RAM organized 1,048,576
words by 4 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. Column ad-
dress bit Ag is not used. If, upon reading, two bits on
one I/O pin are equal (all “1”s or “0"s), the /O pin in-
dicates a “1”. If they were not equal, the 1/0 pin would

M DONT CARE

indicate a “0”. in “Test Mode”’, the 1TM X4 DRAM can
be tested as if it were a 512K X4 DRAM. W, CS Before
RAS Cycle (Test Mode in Cycle) puts the device into
“Test Mode”. And “CS Before RAS Refresh Cycle” or
“RAS only Refresh Cycle” puts it back into “Normal
Mode”. The “Test Mode” function reduces test time (1/2
in cases of N test pattern).
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KM44C1002A

CMOS DRAM

DEVICE OPERATIONS

Device Operation

The KM44C1002A contains 4,194,304 memory loca-
tions organized as 1,048,576 four-bit words. Twenty ad-
dress bits are required to address a particular 4-bit word
in the memory location. Since the KM44C1002A has on-
ly 10 address input pins, time multiplexed addressing is
used to input 10 row and 10 column addresses. The
multiplexing is controlled by the timing relationship bet-
ween the row address strobe (RAS), the chip select in-
put (CS) and the valid row and column address inputs.

Operating of the KM44C1002A begins by strobing in
a valid row address with RAS while CS remains high. Then
the address on the 10 address input pins is changed from
arow address to a column address and is strobed in by
CS. This is the beginning of any KM44C1002A cycle
in which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CS have returned to the high
state. Another cycle can be initiated after RAS remains
high long enough to satisfy the RAS precharge time (tgp)
requirement.

RAS and CS Timing

The minimum RAS and CS pulse widths are specified by
tras(min) and tcs(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CS pulse widths. In addition, a new
cycle must not begin until the minimum RAS precharge
time, trp, has been satisfied. Once a cycle begins, in-
ternal clocks and other circuits within the KM44C1002A
begin a complex sequence of events. If the sequence
is broken by violaiina i.iinimum timing requirements, loss
of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CS cycle. The access time
is normally specified with respect to the falling edge of
RAS. But the access time also depends on the falling
edge of CS and on the valid column address transition.

If CS goes low before trcp(max) and if the column ad-
dress is Valid before trap(max) then the accéss time to
valid data is specified by trac(min). However, if CS goes
low after trcp{max) or if the column address becomes
valid after trap(max), access is specified by tcac or taa.
In order to achieve the minimum access time, trac(min),
it is necessary to meet both trcp(max) and trap(max).

The KM44C1002A has common data /0O ) pins. For this
reason and output enable control input (OE) has been

proviced so the output buffer can be precisely controll-
ed. For data to appear at the outputs, OE must be low
for the period of time defined by toga and togz.

Write

The KM44C1002A can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determin-
ed by the timing relationship between W, OE and CS.
In any type of write cycle, Date-in must be valid at or
before the falling edge of W or CS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The 4-bit wide data at the data in-
put pins is written into the addressed memory cells.
Throughout the early write cycle the output remains in
the Hi-Z state. In the early write cycle the output buffers
remain in the Hi-Z state regardless of the state of the OE
input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CS
and meeting the data sheet read-modify-write cycle tim-
ing requirements. The output enable input (OE) must be
low during the time defined by toea and togz for data to
appear at the output. If tcwp and trwp are not met the
output may contain invalid data. Conforming to the OE
timing equirement prevents bus contention on the
KM44C1002A’s DQ pins.

Data Output

The KM44C1002A has a three-state output buffer which
is controlled by CS and OE. Whenever CS or OE is high
(Vi) the output is in the high impedance (Hi-Z) state. In
any cycle in which valid data appears at the output the
output goes into the low impedance state in a time
specified by tciz after the falling edge of CS. Invalid data
may be present at the output during the time after tc .z
and before the valid data appears at the output. The tim-
ing parameters tcac, trac and taa specify when the valid
data will be present at the output. This is true even if a
new RAS cycle occurs (as in hidden refresh). Each of
the KM44C1002A operating cycles is listed below after
the corresponding output state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Static Column Read, Static Column Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Static
Column Mode Write, CS-before-RAS Refresh, CS-only
cycle. OE Controlled write.

Indeterminate Output State: Delayed Write
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KM44C1002A

CMOS DRAM

DEV'CE 0PERAT|ONS (Continued)

Refresh

The data in the KM44C1002A is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows every
16 ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CS remains high. This cycle must
be repeated for each row.

CS-before-RAS Refresh: The KM44C1002A has CS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If CS is held low
for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuitry is enabled. An internal
refresh operation automatically occurs. The refresh ad-
dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CS active time and cycling RAS. The
KM44C1002A hidden refresh cycle is actually a CS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: |t is also possible to refresh the
KM44C1002A by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in that
row are automatically refreshed. There are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CS-
before-RAS refresh is the preferred method.

Static Column Mode
Static Column Mode allows high speed read, write or
read-modity-write random access to all the memory cells

within a selected row. Operation within a selected row

is similar to a static RAM. The read, write or readmodify-
write cycles may be mixed in any order.

A Static Column mode read cycle starts as a normal cy-
cle. Additional cells within the selected row are written
by applying a new column address while W=V4 and
RAS=V|..

A Static Column mode write cycle starts as a normal cy-
cle. Additional cells within the selected row are written by
applying a new column address while RAS=V)_ and tog-
giling either W or CS. The data is written into the cell
trigered by the latter fallin edge of W or CS.

CS-before-RAS Refresh Counter Test
Cycle

A special timing sequence using the CS-before-RAS
refresh counter test cycle provides a convenient method
of verifying the functionality of the CS-before-RAS refresh
activated circuitry.

After the CS-before-RAS refresh operation, is CS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CS-before-RAS counter test cycle
timing diagram. A memory cell can be addressed with
10 row address bits and 10 column address bits defin-
ed as follows:

Row Address—Bits Ao through Ag are supplied by the
on-chip refresh counter.

Column Address—Bits Ao through Ag are strobed-in by
the falling edge of CS as in a normal memory cycle.

Suggested CS-before-RAS Counter Test

Procedure
The CS-before-RAS refresh counter test cycle timing is
used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row address.
(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 512 times so
that highs are written into the 512 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS=Vsgg during power-up, the KM44C1002A could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CS track
with Vcc during power-up or be held at a valid ViH in
order to minimize the power-up current.

An initial pause of_200ys is required after power-up
followed by any 8 RAS cycle before proper device opera-
tion is achieved.
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KM44C1002A

CMOS DRAM

PACKAGE DIMENSIONS

20-LEAD PLASTIC DUAL IN-LINE PACKAGE

Unit: Inches (Millimeters)

0.962(24.43) }r
0.972(24.69)
0°-10°
i 8 e Y e D e e e O e B e N s B ——
) 33 PR /
) O ~ (s ~lo
o slo 3|3
Uil g LI J LTI Jod \Z
0.035(0.89)
0.135(0.43) | [ 0.055(1.40) 0.015(0.38) 0.009(0.23)
0.145(3.68) MIN 0.013(0.33)
[ _‘ 0.183(4.65)
MAX
’ 0.115(2.92)
MIN
0.100(2.54) 0.016(0.41) 0.050(1.27)
1 TYP 0.024(0.61) MAX
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD
0.670(17.02) 0.027(0.69)
0.680(17.27) MIN
oo o mEnEnlula —
gle als 813 _
IS oL 20 o2
D O] =5 gleglg o2
218 SIS 318 SIF
olo o|0 oo 9|
[} [=]
° el Sie
1M o TTTT 7T
| | 0.026(0.68)  0.128(3.25)
| [0.032(081) 0.145(3.68)
(& 0.004(0.1) %
I 0.050(1.27) |04015(0.38)__‘ 0.050(1.27)
G [T0.021(0.53) MAX
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KM44C1002A CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

Units: Inches (millimeters)

1.025(26.04) 0.113(2.87)
1.035(26.29) :, ~0.120(3.05)
¢ o= —
INDEX o |o 2
O o g Sly
3|3 sis
ol|o <
o

I 557309
0.050(1.27) ‘ l 0.016(0.41) 0.050(1.27) ,_‘ | 0-100(2.54)
™vF | | 0.024(0.61) MAX v

| 0.100(2.54)
TMIN
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KM44C1010A

PRELIMINARY
CMOS DRAM

1MX4 Bit CMOS Dynamic RAM with Fast Page Mode

(Write Per Bit Mode)
FEATURES

* Performance range:

trac tcac trc
KM44C1010A- 7 70ns 20ns 130ns
KM44C1010A- 8 80ns 20ns 150ns
KM44C1010A-10 | 100ns 25ns | 180ns

Fast Page Mode operation

Write Per Bit Mode Capability
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
8-bit fast parallel test mode capability
TTL compatible inputs and outputs
Early write or Output Enable Controlled Write
Single +5V+10% power supply

1024 cycles/16ms refresh

JEDEC standard pinout

Available in Plastic DIP, SOJ and ZIP

FUNCTIONAL BLOCK DIAGRAM

® & o & & & 0 o o o o

GENERAL DESCRIPTION

The Samsung KM44C1010A is a high speed CMOS
1,048,576 X4 Dynamic Random Access Memory. Its
design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM44C1010A features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row.

CAS-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only Refresh. All inputs
and output are fully TTL compatible.

The KM44C1010A is fabricated using Samsung'’s ad-
vanced CMOS process.

PIN CONFIGURATION (top views)

¢ KM44C1010AP * KM44C1010AJ

(R?g: CONTROL & v~ DATA <
= | CLOCK IN W1/DQ; [T ] 20] Vss w,/DQ, 10 \%
WB/W — BUFFER 0 v
DQ; W,/DQ, [2] [19] W./DQ, W%L;%
t —
REFRESH CONTROL & DQ°4 WB/W 3] 78] Wa/DQs rasO CAS
ADDRESS COUNTER %/LT TA RAS [4] [17) CAS Ao O OE
1 BUFFER Ao [5] [16) OF
COLUMN DECODER Ao (6] 75] A5 Ao As
A 7] [14] A A Az
SENSE AMPS & /0 GATING| oF A As.
A 8] 13] % Az As
e 7 As[9] [12] As Vee O As
w o
. Ve [10 1] A
g a MEMORY ARRAY @ O [fla
mEIRE 1,048,576X4
gl B MEMORY CELLS
I RE ~=—Vee  [Pin Name| _ Pin Function * KM44C1010A2
. [=} o —
U L Vss Ao-Ag Address Inputs ‘ oF
RAS Row Address Strobe W4/DQs W./DQ4
p— v
CAS Column Address Strobe > W1/DQy
W2DQ: [ TIFH waaw
Wa/ Write Per Bit/Read/ RAS
Write Input Ao
— A
OE Data Output Enable Veo
W1/DQ1~ | Write Select/Data In, As
W4/DQ4 Out A7
Vee Power (+5V)
Vss Ground
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PRELIMINARY
KM44C1012A CMOS DRAM

1M X4 Bit CMOS Dynamic RAM with Static Column Mode
(Write Per Bit Mode)

FEATURES GENERAL DESCRIPTION
¢ Performance range: The Samsung KM44C1012A is a high speed CMOS
t 1 1 1,048,576 X4 Dynamic Random Access Memory. its
RAC CAC RC design is optimized for high performance applications
KM44C1012A- 7 70ns 20ns 130ns such as mainframes and mini computers, graphics and
KM44C1012A- 8 80ns 20ns 150ns high performance microprocessor systems.
KM44C1012A-10 | 100ns | 25ns 180ns Static Column Mode Operation aliows high speed ran-
« Static Column Mode operation dom or sequential access within a row. The KM44C1012A
« Write Per Bit Mode Capability offers high performance while relaxing many critical
 TS-before-RAS refresh capability system timing requirements for fast usable speed.
* RAS-only and Hidden Refresh capability _ o
e 8-bit fast parallel test mode capability CS-before-RAS refresh capability provides on-chip auto
* TTL compatible inputs and outputs refresh as an alternative to RAS-only Refresh. All inputs
e Early write or Output Enable Controlied Write and output are fully TTL compatible.
* Single +5V+10% power supply .
1024 cycles/16ms refresh The KM44C1012A is fabricated using Samsung'’s ad-
¢ JEDEC standard pinout vanced CMOS process.
L]

Available in Plastic DIP, SOJ and ZIP

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (top views)

FRS —- o KM44C1012AP « KM44C1012AJ
=~ __] contrOL & DATA
_B?%___ CLOCK BUIFL\IFER w,/DQ; [T] 7 20] Vss W,/DQ,
] W,/DQ,[Z] 78] Wa/DQ; w%g%g
REFRESH CONTROL & bQ, WB/W[3] 18| Wo/D0s g
ADDRESS COUNTER to RAS [4] Cs Ao
DQ,
T As [ [16] O
+~{ coLUMN DECODER -1 DATA Ao 6] 1514, Ao
I ] |uitte e I = T
SENSE AMPS & I/0 NG 13) Ao s
RN As O
. Gle '—o Aol o 1215 Voo
. w = Vi 11
© |5]8] Mmemory array O e[ L
@|o| 1.048576x4
: @ & | MEMORY CELLS v
- [£]3 V°° Pin Name Pin Function * KM44C1012A2
. T ~=— Vss
Ag—=—t < Ao-Ag Address Inputs oF
RAS Row Address Strobe W3DQs [BI= w0,
cs Chip Select Input Vss 151151 w,/pQ,
WaiDQ2 | 1P e
WB/W Write Per Bit/Read/ RAS
Write Input Ao
OE Data Output Enable VA2
cc
W1/DQ~v | Write Select/Data In, As
W4/DQs Out A;
Vee Power (+5V)
Vss Ground
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PRELIMINARY
KM416C256 CMOS DRAM

256KX 16 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES : GENERAL DESCRIPTION
e Performance range: The Samsung KM416C256 is a CMOS high speed
262,144 bit X 16 Dynamic Random Access Memory.
trac tcac trc Its design is optimized for high performance applications
KM416C256- 7 70ns 20ns 130ns such as personal computer, graphics and high perfor-

mance portable computes.
KM416C256- 8 80ns 20ns 150ns

KM416C256-10 100ns 25ns 180ns The KM416C256 features Fast Page Mode operation
which allows high speed random access of memory cells

¢ Fast Page Mode operation within the same row. CAS-before-RAS refresh capabili-
* 2 CAS Byte/Word Read/Write operation ty provides on-chip auto refresh as an alternative to RAS-
e CAS-before-RAS refresh capability only refresh. All inputs and outputs are fully TTL com-
* RAS-only and Hidden Refresh capability patible.

e TTL compatible inputs and outputs

* Early Write or output enable controlled write The KM416C256 is fabricated using Samsung’s advanc-
* Triple +5V+10% power supply ed CMOS process.

* 512 cycles/8ms refresh .

e JEDEC Standard pinout

* Available in Plastic SOJ

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (top views)

* KM416C256J

RAS —}
_AS Vee (]10 400 Vss
LCAS ™ Control Vee Lower DQ, ]2 39 [0 DQss
UCAS ~— Clocks Ves ga:? |rn DA, DQ: 3 38 [ DQs
W — Vgs Generator ufte © DQs; (4 37 1 DQ14
I DQ4 [}5 36 {1DQis
DQs
Lower Vee []6 35 Vss
‘—t Refresh Control l Row Decoder Data out DQs [}7 34 [1DQ2
Buffer DQs []8 33[1DQ1
o DQ; []9 32 [1DQyo
B OE D 10 DQ
Refresh Counter : Upper Qs [ a1 N g
Memory Array sl | Data in N.c [] 11 30N
262,144x16 | E Buffer N.C []12 29 [ TCAS
Cells © DQg w13 28 |1 UCAS
o —_—
Ao Row Address Buffer g to s 27 OF
: @ gptpe' . DQys NCc 15 26 [0 As
- ata oul
Ao []16 s5[1A
Ag Col. Address Buffer Column Decoder Buffer A? E 17 g 4 % A;
Az []18 23[]As
As 19 o) 22 g As
Vee (] 20 211 Vss
.~/
Pin Name Pin Function Pin Name Pin Function
Ao-As Address Inputs LCAS Lower Column
DQ116 Data In/Out _ Address Strobe
Vss Ground Y_ Read/Write Input
RAS Row Address Strobe OE Data Output Enable
UCAS Upper Column Vee Power (+5V)
Address Strobe N.C. No Connection
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PRELIMINARY
KM416C256 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss Vin, Vout —1to +7.0 ~ \%
Voltage on Vcc Supply Relative to Vss Vce . —1to0o +7.0 Y
Storage Temperature Tstg —55to0 +150 °C
Power Dissipation Po 700 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND'T'ONS (Voltage reference to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \
Ground Vss 0 0 0] \%
input High Voltage ViH 2.4 — Vee+1 \
| Input Low Voltage Vi -1.0 — 0.8 v

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions uniess otherwise noted)

Parameter Symbol Min Max Unit
Operating Current* KM416C256- 7 — 145 mA
(RAS, UCAS, or LCAS, KM416C256- 8 leet — 125 mA
Address Cycling @ trc=min) KM416C256-10 - 105 mA
Standby Current (RAS=UCAS=LCAS) lcc2 - 2 mA
RAS-Only Refresh Current* ﬁm:} ggigg g locs — 1;2 :2
(UCAS=LCAS, RAS Cycling @ trc=min) KM416C256-10 _ 105 mA
Fast Page Mode Current” KM416C256- 7 — a0 mA
(RAS=V,_, UCAS or LCAS, KM416C256- 8 lcca — 80 mA
Address Cycling @ tpc=min) KM416C256-10 — 70 mA
Standby Current (RAS=UCAS=LCAS>Vcc-0.2V lccs — 1 mA
CAS-Before-RAS Refresh Current* Em::ggigg ; s _ 1;2 22
(RAS, UCAS or LCAS Cycling @ trc=min) KM416C256-10 _ 105 mA
Standby Current (RAS=Vjy, UCAS or LCAS=V,_ Dout=Enable) lcc7 — 5 mA
Input Leakage Current (Any input O<V|NS6.5V, _
all other pins not under test=0 volts.) L 10 10 KA
Output Leakage Current _
(Data out is disabled, OV<Vour<5.5V) lou 10 10 uA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \Y
Output Low Voltage Level (loL.=4.2mA) VoL — 0.4 Vv

*NOTE: Icc1, lcea, lcca, lcce are dependent on output loading and cycle rates. Specified value are obtained
with the output open. Icc is spedified as average current. Icc1, lcca, Icce, Address can be changed
maximum two times while RAS=V|, Icc4, Address can be changed maximum once while UCAS and
LCAS =V}h.
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PRELIMINARY
KM416C256 CMOS DRAM

CAPACITANCE (t:=25°0)

Parameter Symbol Min Max Unit
Input Capacitance (Ag-Ag) Cind — 6 pF
Input Capacitance (RAS, LCAS, UCAS, W, OE) Cina - 7 pF
Output Capacitance (DQ1-DQ16) Coa — 7 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%, See notes 1,2)

KM416C256-7 | KM416C256-8 | KM416C256-10
Parameter Symbol Units| Notes
Min; Max |Min| Max |Min| Max

Random read or write cycle time trc 130 150 180 ns
Read-modify-write cycle time trwc (185 205 245 ns
Access time from RAS traC 70 80 100| ns |3,4,11
Access time from CAS tcac 20 20 25( ns | 3,4,5
Access time from column address taa 35 40 45| ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torFr 0 15( O 15 0 20| ns 7
Transition time (rise and fall) tr 3 50| 3 50| 3 50| ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width tRAS 70{10,000| 80(10,000{100/10,000| ns
RAS hold time trsH 20 20 25 ns
CAS hold time tcsh 70 80 100 ns
CAS pulse width tcas 20}10,000| 20{10,000| 25!10,000| ns
RAS to CAS delay time trcD 20 50| 20 60| 25 75| ns 4
RAS to column address delay time tRAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time trAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold time referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 (0] ns
Read command hold time referenced to CAS trcH 0 0 [0} ns 9
Read command hold time referenced to RAS tRRH 0 0 [0} ns 9
Write command hold time twcH 15 15 20 ns
Write command hold time referenced to RAS | twer | 55 60 75 ns 6
Write command pulse width twp 10 10 20 ns
Write command to RAS lead time tRwi 20 20 25 ns
Write command to CAS lead time tow. | 20 20 25 ns
Data-in set-up time tps 0 0 0 ns 10
Data-in hold time toH 15 15 20 ns 10
 SAMSUNG 204
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PRELIMINARY
KM416C256 CMOS DRAM

AC CHARACTERISTICS (0°Cc<Ta<70°C, Voo=5.0V+10%, See notes 1,2)

KM416C256-7 | KM416C256-8 |KM416C256-10
Parameter Symbol Units| Notes
Min| Max |[Min| Max |Min| Max
data-in hold time referenced to RAS toHR 55 60 75 ns 6
Refresh period (512 cycles) trer 8 8 8| ms
Write command set-up time twes 0 0 0 ns 8
CAS to W delay time tewo | 50 50 60 ns 8
RAS to W delay time trRwp |100 110 135 ns 8
Column address to W delay time tawp 65 70 85 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) tchr | 20 25 30 ns
RAS precharge to CAS hold time trpc 10 10 10 ns
CAS precharge time (C-B-R counter test cycle)| tcpt 35 40 50 ns
Access time from CAS precharge tepa 40 45 50 ns 3
Fast page mode cycle time trc 45 50 55 ns
Fast Page mode read-modify-write cycle time trrRwc |100 105 120 ns
RAS pulse width (Fast page mode) trasP 70{ 100K| 80| 100K|100| 100K| ns
RAS hold time from CAS precharge trRHcp | 40 45 50 ns
CAS precharge time (Fast page mode) tcp 10 10 10 ns
RAS hold time referenced to OE troH 20 20 20 ns
_|OE access time toea 20 20 25| ns
OE to data delay toep | 20 20 25 ns
Output buffer turn off delay time from OE toez 0 20 0 20 0 25| ns
OE command hold time togn 20 20 25 ns

KM416C256 Truth Table

RAS LCAS UCAS w OE DQq~8 DQgn16 State
H H H H H Hi-Z Hi-Z Standby
L H H H H Hi-Z Hi-Z Refresh
L L H H L DQ-OUT Hi-Z Lower Byte Read
L H L H L Hi-Z DQ-OUT Upper Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H | DQn Don’t Care | Lower Byte Write
L H L L H Don't Care DQ-IN Upper Byte Write
L L L L H DQ-IN DQ-IN Word Write
L L L H H Hi-Z Hi-Z -

”u
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PRELIMINARY

KM416C256 CMOS DRAM

NOTES

~ oo

11.

12.
13.  risil
. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle.
15.

16.
17.

An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh
cycles before proper device operation is achieved.

. Vinmin) and Viymax) are reference levels for measuring timing of input signals. Transition times are measured

between ViHmin) and ViLmax) and are assumed to be 5ns for alf inputs.

. Measured with a load equivalent to 2 TTL loads and 100pF.
. Operation within the trcpmax) limit insures that tracimax) can be met.. trcomax) is specified as a reference point

only. If trep is greater than the specified trcpmax) limit, then access time is controlled exclusively by tcac.

. Assumes that trcp=treD(max)-
. tAR, tweR, toHr are referenced to trap(max)-

torrmax) defines the time at which the output achieves the open circuit condition and is not referenced
to Vo or VoL.

. twcs, trwp, tcwp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec-

trical characteristics only. If twcs>twcsmin) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwo=tcwbp(min), tRwo=tRwomin), tawp=tawpmin) then the cycle is a
read-write cycle and the data output will contain the data read from the selected address. If neither of the above
conditions are satisfied, the condition of the data out is indeterminate.

Either trcH or trRrH must be satisfied for a read cycle.

These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in
read-write cycles.

Operation within the trapmax) limit insures that tracimax) can be met. trapmax) is specified as a reference point
only. If trap is greater than the specified trapimax) limit, then access time is controiled by taa.

tasc, tcan are referenced to the earlier CAS falling edge.

tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle.

tewL is specified from W falling edge to the earlier CAS rising edge.

RS T\ /N

UCAS

tasc | tean
|

COL

towo

=l

r towe

tcsr is referenced to earlier CAS falling low before RAS transition low.
tcHr is referenced to the later CAS rising high after RAS transition low.

o N/

tosr

tenr

ll'
Ill
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KM416C256

PRELIMINARY
CMOS DRAM

18. tps, tpH is independetly specified for lower byte Din(1~8), upper byte Ding~16)

tos | ton

|
o0 TR ]

" 0agpais XEOOELLEN
w —  \

QLK

tos

SRR

AVAN

RRXRRLRRELIRX

VAVAVAVAVAVAVAVAVAVAVAVAVAVAN

VAVAVAN

TIMING DIAGRAMS
WORD READ CYCCLE

tac
t
tras =
Vin — t
(W
tcrp trco tasH
- _ b
UCAS VIH \\ CAS / /L
Vie — 2
traL
Vin — teas 4
o TP N [T
Vi — =
tasr tran tasc toan o
A Vin — ROW " COLUMN
Vi — ADDRESS ADDRESS
1
[~ trap —— ’ktm”
taes trcw
. \ e
vy — . tan
w torr
tron I
¢
_ VIH _ OEA 4
OE v
[ -
teac—= = togz —
v trac
DQ;-DQss OH OPEN VALID DATA-OUT }———-—
Vou torz
m DON'T CARE
u
ay
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PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
LOWER BYTE READ CYCLE

tre
t .t
RAS o
s T \ tan
Vi — terp trec
Vg —
o -~ 5 ——— <
(W
trco task
Vin — teas
[CAs v W tRan tasc \\ / /
L —  —
fasn toan tesh l
A Yw— - ROW COLUMN
Vi — ADDRESS ADDRESS

= mome] [

=  Vn—
Vi — taa
trow
o Vit — toea /é
ViL —
=—toac ——ftore
trac ~—toez
Vou —
DQ4-DQg OPEN VALID DATA-OUT
oL — ~_
toz
Vo —
DQgDQs " OPEN
VoL —
UPPER BYTE READ CYCLE
tre
b tap
RAS
L ——
RS Vin \ tar Z N\
Vie — 4 4
cre
treo tas |
= 57 N
ViL —
. trec
trac
— Vu—
[CAS V'“ tosH \
= tasr tRan tasc toan
A U= ROW COLUMN
Vi — ADDRESS ADDRESS
T
|__ IRAD|—__— tacs |———tﬁaH.J[
w Vin—
Vig— tan tron
’h\Jr‘
oE Vin—
Vi—
Von— toea . }-‘- torr
DQ,-DQsg PEN
VoL — t=——tcac —=1 = togz ——=
trac
V —
DQe-DQre " OPEN g@( VALID DATA-OUT y—
VoL— toz

m DON'T CARE
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KM416C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
WORD WRITE CYCLE (EARLY WRITE)

tac .
tras
FAS ‘\lll: : torp \ - e \———_
taco fosn ~trsH
wore Y+~ IR N oo /{ 7
Vi — tcas
oS Vi— tasr tran tRAD—ﬂ \ s /_I /
tasc =— toan —={
N T
tow
e tawL —!
twes b tuon
oe Vin—
Vi
tos ton —=d
H— '_—-| }—_ VAV VNV NV VNNV VY YN NN NAANNSNANANNN NN
DQy-DQ1e W VALID DATA-IN \‘"""‘ ""‘...““0“ “"."“.“"’.“‘0 >
F*— tour ]
LOWER BYTE WRITE CYCLE (EARLY WRITE)
trc
tras tee
RAS \\2: : tere \ o Lﬁc.‘ \___
UCAS \\//: : w treo thsH ) \
tosh
LCRS ://I: : w = trap — o / /
tasr tran tRac
] tasc f=—= =—tcan
Vin—
SRR 4% T 0 I A U N R S S
W twe
Vie —
tawe |
twos twer L
ot Vin —
ViL —
tos tpH —=
osoes 7 v oaTa i DR KXIIIIIILLEEEK
torr
e~ R R R B R
m DON'T CARE
au
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: PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
UPPER BYTE WRITE CYCLE (EARLY WRITE)

tre

t
tras id

— Vi —
RAS " \ tar Z
Vie — 4

CRP

treo o tRsH
SH
UcAs VW T W \ teas / /
Vi —
- }-———— tarc
___ Vu—
LCAS vy — M =—tra0 traL \
L tasr T tasc tean
A W ROW COLUMN
Vi — \_ ADDRESS ADDRESS
tow {
v -mgm —
W v wp
L
twor
4 tRwe
WCS Lt
_ Vig —
OCE Vi _
0Q:-DQs VM —
Vi —
tos tom —e]
Vie — Y AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,
DQe-DQ N Y )
S v oxra s B KKK
[
’ DHR

WORD WRITE CYCLE (OE CONTROLLED WRITE)

tre

tras trp —={
ms N tan N
Vie —

tcre

trep tasH
tosH
Vi — 1
UCAS N s /
Vi —
traL -,l
VIH -

——taap —d \ / /
t L
ASR RAH tasc | tCAH

N N O
Vi —

LA N

TN e T =

toH —={

Vin — )
DQ-DQqe v, wx VALID DATA-IN
L=

Vie —

CRTXRRXS

VAVAVAVAVAVAN

SR

LNNNNONNNON VAVAVAVAN
DON'T CARE
a
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PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

tre

tras —~—trp

Vg — b t
RAS \ AR Z -\
Vi — terp trec
Vin—
UCAS v W f=——trcD trRsH
L=
tesn
t tasc
W 7 | =N
] tran - y— tan ‘
A Um— ROW COLUMN
vV, — N, ADDRESS ADDRESS
w
_ Vin — twe
woo %
o X 2
trwe
———————tew

Vin — }
or V.L-WWLW | e R R BR

DQo-DQ1g

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

tre
tras trp —f

taco tash
tosn

—  Vu —
= e ——
Vg —
I'—tﬁpc—*‘
e Vih—
- tasn traH tasc

F=—tcan —=1

AT AODRESS S05hems DRI
_ y R | FAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY/
"o SRR
h—m towL —————l
o T B
Vi — toen
pa-DOy T

Vi —
toen —YDS«{ I-——tDH——
ooroas " D——@ o oaan R RRGRRRIRRRIIIRN
m DON'T CARE
”u
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KM416C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
WORD READ-MODIFY-WRITE CYCLE

UCAS

CAS

=

DQ-DQye

UCAS

LCA3

B

OE

DQ,-DQg

DQg-DQ1g

trwe
tras trp ——
Vin — !\ tan \-
Vi — N 7
CRP
taeo tasH
Vig — \ teas /
Vi ™ tRC"l- trsH
tar
Vi — W \ tons /—_
Ve — tasn I~
= tesn
tran [=— tasc =1 tcan
Vin — ROW COLUMN
Vi — ADD ADDRESS
tawo [ trwL —1
tewo I~ towL
VIH -
= toac —=
Vi — tawp X
tan twe
v toea "
" / t | |tos ton
Vo — l ] OED
rﬁ tHAC = tOEZ i
Vion = VALID DATA OUT| VALID DATA IN
VoL —
tewz
READ-MODIFY-LOWER-BYTE-WRITE CYCLE
trwe
tras l=— trp —=t
Ve — B
Vi — tcre tarc
Vin —
v tar \
* treo trsH
Vi — teas
f=—trap —= \
Vip — tasn :
= tesH
tant foe]  tasc ] o]
Vi — ROW COLUMN
vy — ADD ADDRESS
tawo =—trwL
towo [>—tew, —
Vi —
'~ == [ TR,
ViL — tawp
tan twe
Vi — toea /
— ' |
Vi [_ } OED tos ton
-~ trac [~—toez
Vion VALID DATA OU VALID DATA IN
VoL —~ !
oLz
Vion — OPEN
VoL —

m DON'T CARE
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PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-MODIFY-UPPER-BYTE-WRITE CYCLE

tawe
tras =—trp =i
V\H -
e \ M N
Vi = tere |
trep tash
— V- t
GCAS H y \ CAS
Vg —
trpc
fm—— tRAD ——emt
PR Vin — tosn
LCAS c: k
Ve — tasn tRan toan
et tasc et tawL —
A Vin — ROW COLUMN
Vi — ADD ADDRESS
tawo s tew —=]
Viy — twe
W tcac —=
Vi — trwo
tan
toea
— Viy —
OE V|H
* Eam—TY
Vl/OH -
DQ;-DQs OPEN oo
VoL — trac [——toez —=
Vios —
DQye-DQyg V”°“ VALID DATA OUT}——@ VALID DATA IN
oL —
torz

FAST PAGE MODE WORD READ CYCLE

trp
tRasp
RAS Vi = \ tar taHcp N
VIL - tCRP 4 —;Ir
PC Trc
trco [=tce — tep bt —=
veEs T y \\"—' As y\%‘ toas —=] /F_"—* -_tcAs«_J / \
Vie — torp —
tec tec
——trco tep fopmt | thg —=
LCAS V= F—tcas ——| \——~ teas - \"’tcAS‘y i
Vi — tasc \ tasc y
tasr tosH tasc \ L‘—' traL T
= ! tRan - tean CAH tean
Vi — ' r
ROW COLUMN COLUMN COLUMN
A Ve — ADD ADDRESS ’q\_ ADDRESS X XobAESS
1
trap _l 1 trcs trcs
i tres trch ™ trr = traH
Vin — 59
Vo = A tan tan ——di
pe— tcra tcra
toea toea 46~ toea

29,

__ Vi — /€
OE Vi — X

T T 24 T
teac —torr tes " torr torr
taac toez A b=—toez —| teac b toez =
DQ,-DQ Von — - VALID /- vAuD ) VALID
R — DATA-OUT DATA-OUT DATA-OUT
oL

torz - torz —— torz

m DON'T CARE
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KM416C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE LOWER BYTE READ CYCLE

thase —trp
Vi — t
RAS AR
Vip — \L £6
it tcre ¥ trrc
|__~ taHce
V- —45
UcAs V tec tpe = tRsH —=1 \
L3 terp . tep ter
RCD
CAS Viy — \"—ICAS - ""Z \"‘ —tcas HH\-—fcas“‘ 4 \—
Ve —
tasr tesn tasc | | tean traL
I A:ASC" tean tasc =t tean
A Vi — = ROW COLUMN ,< COLUMN COLUMN
v, — ADD ADDRESS ADDRESS \. ADDRESS
i T
be—— trAD —— = tacs | tres
trcs r—- tach [l [ tac‘H trom
w V RRH
v tan —= tan —=| - taa
tepa ——{ tepa
o Vi — toea /6 by, toea toea
VIL -
T T x4 1
|ty o]  toOFF o] forr[———- to
tanc foas toez p—o lonc [=toez —| =tcac —— torz—] O
0Q,-0Qs YOH T VALID VALID VALID
Vo — DATA-OUT \ DATA-OUT DATA-QUT
oL
v torz —= torz ——p tewz
DQo-DQ16 o OPEN
VoL —
FAST PAGE MODE UPPER BYTE READ CYCLE
trase | tee
.
AR Vi — ’\ tar trHce Z
L= tere 4%
tec tec S Spp—
treo < tee
Vin ~ M tcas — ~—tcas PN —teas aa
sy 00 N\ /NCTYN /
L terp ;
|-‘ tesn
ved
Vin — i
RS -
tash tRan tasc toan tasc tean tasc ¢
[ | by CAH
Vin — ROW N (" COLUMN COLUMN x" COLUMN
A Vi — ADD | ADDRESS ADDRESS \_ ADDRESS
4 [ {4 — [
‘—‘ nAD‘F:‘_l tres tron | I RCS tﬂcsl; l —i" RCS _._l treH
W Vin ™ tRRH
Vi tan—= —tAA——{ —IAA——J
tcra tcpa
Vin — '
OF v - £ 4
[
Von — }—- toea |-——— torr ‘-— toea torr l——‘ toea l——— torr
DQ;-DQs OPEN -
VoL — toac toez teac toez tcac toez
trac
Vou =~ f VALD ] 7 VvAUD A vaup
DQg-DQys VoL — DATA-QOUT DATA-OUT DATA-OUT
tez == torz — towz
m DON'T CARE
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PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE)

tRase tre
—  Vmn— tan —
RAS _ \ A

Vi tcap 4%
- treo tec P tpe N l‘—tnsn—"
cP cP
____ Vin— tcas = b toas—— 455 teas —
UCAS Vi — W \\ \ / /
t
terp A CSH tec tog I-__ trsh —t
}——— RCD tep tep
Vig— \\‘ teas — \———‘CAS /r‘h\—-tcw -~
LCAS Vii— 7 N . b
t 1 t
el Trog [ fesn o nsc | | toan tasc | | toam
RAH
A Vin— " ROW COLUMN COLUMN COLUMN
ViL— ADD ADDRESS ADDRESS . ADDRESS
trap—=t twes twes twes twew
~twen twen
W Vin — twp ——twe =t twe
Vi oS PO
towe -1 = towe | oW tawt __I
<6
. Vin—
OE
Vi 5
O e R A A PO

Vin— VALID VALD ] F VALD
DQ;-DQ1e Vo — DATA-IN | DATA-IN DATA-IN
toHR

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE)

tRASP trp

FAS Vin — tar
Vi —

£C

tere 4% [

Vin — s

UCAS v _W tpe tec = thsn —1
iL t

CRP ter tep
taco
Vin — teas =~ toas —=| S5 [ toas—
[CAS \\ \ / \
Vie — W X /

1r

tasr To tosn tasc tean tasc tean
—_— ] Al ]  — ———
At tean
A Vin — ROW - COLUMN COLUMN COLUMN
Vi — ADD N l»‘\DDHESS ADDRESS X_ADDRESS
trap ™1 twcs twen twes twes twen
twer —=—
W Vin — twp——= =t twp ——— = twp —={
ViL — 4 -
tewe l tewL 4 1 tawe tow, —[
<
e "7
ViL —
tos ton tos ton tos ton
Vih — - VALD VALID ] {~  VALID .v‘v.v’v.v’v.v‘v‘
DQ4-DQ,
ey = DATA-IN DATA-IN DATAIN RO XX
torr

A N A
DON'T CARE
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PRELIMINARY

KM416C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE)

trasp = tap
Vin — t ) y
RAS \ A Z
\ tom 45
I—_— taco tre tep tee tee = thsn
Vik— \ toas _Fx teas h\_ teas— Y1/
OCAS y, — N\ c ; /
tcre trec
V\H -
[CAs | Vi — . ) tesn
ASR tran ASC tors fA_s;c_
Viw = ROW COLUMN coL
A Vi — ADD \ ADDRESS | ADD
trao ™1 twes | twew twes
_ VIH_S%%%E%%%%%& twp ——i =+
w
Ve — % +
) tow | - =
cwy = tawL
" OE
DQ4-DQsg v ’
[
tos -l |——‘ ton tos ——‘{ ’——‘ ton tos L——‘ |——- ton
Vin = VALID VALID VALID
DGy DQ1e vy — DATA-IN | DATA-IN DATA-IN
'—— toHr
FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE .
AP
: trasp
Vig — tar
RAS v, — tosw-
L tere —
¢
treo — teawe i RSH
Viy — tcas tcas
oK \ /N 4
L= tcre tosn I~
trep~—F= tPRWC tep =] thsi
Vin — t teas
o T NN —
L — (e
tasr | | tran t
=1 = 1 —tcan tew, |- n%e toan for ﬁtRWL——
A Vin — Row COLUMN COLUMN
ViL — ADD ADDRESS ADDRESS
I - t
tF{AD'—_'F tres twp bt RAL twe -
—_ Vin—
W H \ 4 /
Vi — tewo Nl
tawp
I tawo
EA
e \"_ '
Vip — tand: toep | tos
F——trRac toez |- ton
tcac f
V) o —
DQ-DQie "
oL —
toLz —= tez

VALID DATA-OUT  VALID DATA-IN

VALID DATA-OUT  VALID DATA-IN

ou
sug
ngn
ns
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PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE

trase trp
J— V B
RAS H tar
ViL— tere trec
— V-
UCAS " W trawe }-v—— thon———— \
Vi — tcre tesn top
== [ taco =
Vie = tasr| | tran 7 | tasc 1 —4
= 1 —tean towe tean o _J
A Vin = ROW COLUMN COLUMN
Ve — ADD YN\ ADDRESS | ADDRESS _,
trap i— [ tRaL H :][
M WP
— Vin — R "4
- S qgf L
tawo
tawp tawo
Viy — toea
OE
ViL — taa
trac ton
teac
Vion — AVAVAYAYAYAYAY
DQ;-0Qs " M“%”O‘OQ
VioL — QAAALALA
torz — cLz
v _ VALID DATA-OUT  VALID DATA-IN VALID DATA-OUT  VALID DATA-IN
1 OH
DQg-DQ16 OPEN
VioL —

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE

trase

e Ve T tan——
RAS tesm task
Vie — tere
v L-—‘Rco~ trrwe
H— t tors —————
UCAS R cns 75N ors
Vii— terp N

A T N
Vi — tew

tasr tran tasc tean towe tasc | tean
Vin — ROW x COLUMN COLUMN
A Vi — ADD | ADDRESS \_ADDRESS

gyl

AE Vin —
OE
Vie —
Viow — =lan ‘C#/
DQ,-DQg v T T OPEN ; -
oL — J oeA — tos "‘j OEA tps
0ED
~—trac - taa

teac togz | —=4 ton togz ——

QRRERRLEKEKKES

VAVAVAVAN

Vi —
DQg-DQ1s ron

- EEERK

terz tews
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT  VALID DATA-IN

@ DON'T CARE
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PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS {Continued)

RAS ONLY REFRESH CYCLE
NOTE: W, OE=Don’t Care

tac

tras [,

Vi — y

= v /) \

Vin —

USAS , _

tere trrc tere
Viw —

LCAS
ViL —

tasr tran

Vig —
A ROW
Vie {_ ADDRESS -

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V}y, OE, A=Don't Care

tre
——trp tRp ———y
tras
e \\jr : i trrc \
I~ fc:
tesr
Vi — = for Y AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV;
o /| \t GBI
tee tesr
w v N
torr
DQ;-DQye \\ll‘:':: } OPEN

m DON'T CARE
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KM416C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

F——YHP

v TN

tre

f——tras——~ F trp =]

)-lcap- ———tn(:D—‘——L_tﬁ |
Vi — ' = tern -
UCAS /| \ /
ViL —
F=-{CRP =] ‘l
pee— t
Ve cHR
RS, \\ / /
v tasr tasc
— tran tean
A m= ROW COLUMN
ViL— ADDRESS ADDRESS
tRAD —i t, -
——trcs RAH
. VH—
"~ OGO
L -
tan torF
Ve toea ¥
OE
Vi — A
=——tcac [P p—
trac
Von — R
DQ4-DQy¢ VALID DATA-OUT }-——'—- .
Voo — terz o

HIDDEN REFRESH CYCLE (WRITE)

the

tras tep—e] = taas——=] tre
Vg — ey
ol S S—— . \
torp = taco tRgH ——= '
e N T
Vin — I-‘cap— L torr j/—7——
LR v~ _/ tasr tran tasc T
™~ tcan
Vi — \VAVAVAVAVAVAVAV, \VAVAVAVAVAVAVAV, \Vav
RV 1 T A A R e Aol
tRAD —] = twoH ——=
Viy — = twes = T \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
LA B ARG
=
v tbs toH —=
DQ4-DQy6 o — VALID DATA-IN

toHr

o
ugw
ws
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; PRELIMINARY
KM416C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

I~ trp
 Vm— 3y tras
S N /
Vi ™

4 tepr — trsh
Vig— jtcs—ﬁ teas
UCAS |, _ . B N /
¢ tePT —ot trsh |
CAS X]H_ _\tE’L fonn \ teas -
L ) T
t
v tasc tCA:AL —I
H— ’V‘VVV’V0VVVVV‘VVV‘V.vVVVOvv \X COLUMN
Av- A’A‘A‘2‘A’A’t‘:‘:‘t‘A‘t‘"A’A‘t‘!‘t‘A’t’t& \.__ADDRESS
READ CYCLE | EER e
— 1 treH
w Vie — .
ROM
Viy — oy
OF Ve —=
F=—=1 toga —[10511——-—-— torr
Vow —
DQ;-DQye VALID DATA-OUT
Vou = : tez
trwi
WRITE CYCLE tewe
. Vm— | twos | e twon ——=
LA KRR
L
I twe l ]
O_E_ V|H -
Vie ™
S
DQ;-DQi6 \;OH : OPEN { VALID DATA-IN D
oL
b tewe
READ-MODIFY-WRITE thos ) : 4
cwp tawL
twe

L N =

_ Vm— \ tor / L
A
OE ViL —. ) OFD, toH-=—
toe:

) teiz = Z tos
5Q,-0Q1e Vion — & r 5 {&&v’;’v"’v‘

VoL — ‘A JAVAVAYA

VALID DATA-OUT VALID DATA-IN

m DON'T CARE
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KM416C256

PRELIMINARY
CMOS DRAM

DEVICE OPERATION

Device Operation

The KM416C256 contains 4,194,304 memory locations
arranged in 16 groups of 262,144 X1 bit each. Eigh-
teen address bits are required to address a particular
memory location. Since the KM416C256 has only 9 ad-
dress input pins, time multiplexed addressing is used to
input 9 row and 9 column addresses. The multiplexing
is controlled by the timing relationship between the row
address strobe (RAS), the column address strobe (LCAS,
UCAS) and the valid row and column address inputs.

Operation of the KM416C256 begins by strobing in a
valid row address with RAS while LCAS (UCAS) remains
high. Then the address on the 9 address input. pins is
changed from a row address to a column address and
is strobed in by LCAS (UCAS). This is the beginning of
any KM416C256 cycle in which a memory location is
accessed. The specific type of cycle is determined by
the state of the write enable pin and various timing rela-
tionships. The cycle is terminated when both RAS and
LCAS (UCAS) have returned to the high state. Another
cycle can be initiated after RAS remains high long enough
to satisfy the RAS precharge time (tgp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM416C256 begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/XCAS cycle. The access time
is normally specified with respect to the falling edge of
RAS. Additionally the access time also depends on the
falling edge of CAS and on the valid column address tran-
sition. If xCAS transitions to a low before trcp(max) then
the access time to valid data is specified by trac(min).
However, if xCAS transitions low after trcp(max) or if the
column address becomes valid after trap(max), access
is specified by tcac or taa. In order to achieve the
minimum access time, trac(min), it is necessary to meet
both trcp(max) and trap(max).

Write
The KM416C256 can perform early write, late write and

read-modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W, OE, LCAS and UCAS.
In any type of write cycle, Data-in must be valid at or
before the falling edge of W or xCAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before XCAS. The 16 Bit wide data at the data
/O pins is written into the addressed memory cells.
Throughout the early write cycle the output remains in
the Hi-Z state. In the early write cycle the output buffers
remain in the Hi-Z state regardless of the state of the OE
input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cells appears at the output before and during
the time that data is being written into the same cells.
This cycle is achieved by bringin W low after CAS and
meeting the data sheet read-modify-write timing re-
quirements. The OE input must be low during the time
defined by toea for data to appear at the outputs. If tcwp
and trwp are not met output may contain invalid-data.
Conforming to the OE timing requirements prevents bus
contention on the KM416C256 DQ pins.

Data Output

The KM416C256 has a three-state output buffers which
are controlled by CAS and OE. Whenever either CAS or
OE is high (Vin), the outputs are in the high impedance
(Hi-Z) state. In any cycle in which valid data appears at
the outputs, the outputs enter into the low impedance
state in the time specified by tcLz after the falling edge
of CAS. Invalid data may be present at the output during
the time after tci.z and before the valid data appears at
the output. The timing parameters tcac, trac and taa
specify when the valid data will be present at the output.
This is true even if a new RAS cycle occurs (as in hid-
den refresh). Each of the KM416C256 operating cycles
is listed below after the corresponding output state pro-
duced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-Before-RAS Refresh, OE con-
trolled write, CAS-only cycle.

Indeterminate OQutput State: Delayed Write (tcwp or
trwp times are not met)

Refresh

The data in the KM416C256 is stored as a charge on
microscopic capacitor within each memory cell. The
stored charge tends to dissipate over time and will af-
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KM416C256

PRELIMINARY
CMOS DRAM

DEVICE OPERATION (continued)

fect data integrity if the charge is not periodically refresh-
ed. Refresh of the individual storage cells is accomplished
by accessing all rows within the refresh period (trer) of
within 8ms. There are several ways to accomplish this:

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each of the 512 row address
(AO-A8).

CAS-before-RAS Refresh: The KM416C256 has CAS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If either LCAS or
UCAS input is held low for the specified set up time
(tcsr) before RAS transitions low, the onchip refresh cir-
cuitry is enabled. An internal refresh operation
automatically occurs. The refresh address is supplied by
the on-chip refresh address counter which is then inter-
nally incremented in preparation for the next CAS-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending either LCAS or UCAS input active time and
cycling RAS. The hidden refresh cycle is actually a CAS-
before-RAS refresh cycle within an ‘extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: ltis also possible to refresh the
KM416C256 by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in the
row are automatically refreshed. There are certain ap-

plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM416C256 has Fast page mode capability pro-
vides high speed read, write or read-modify-write access
to all memory locations within a selected row. These
cycles may be mixed in any order. A fast page mode cy-
cle begins with a normal cycle. Then, while RAS is held
low to maintain the row address, CAS is cycled to strobe
in additional column addresses. This eliminates the time
required to set up and strobe sequential row addresses
for the same page.

CAS-before-RAS Refresh Counter test

cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry. The cycle begins as a CAS-before-RAS
refresh operation. Then, if CAS is asserted high and then
low again while RAS is asserted low, the read and write
operations are enabled. In this method, the row address
bits AO through A8 are supplied by on chip refresh
counter.

Power-Up

If RAS=Vss during power-up, the KM416C256 could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Ve during power-up or be held a valid V|4 in order
to minimize power-up current.

{SAMSUNG

Electronics

282



PRELIMINARY
KM416C256 CMOS DRAM

PACKAGE DIMENSION

40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
1.020(25.91) | 0.025(0.64)
1.030(25.16) , MIN
minimininininininiaininiainimiaimiais /\\/\ .
g2 8|3 s 52
sle oIz 12 gl
) O lss:: $ig 28
8|9 3|3 g8lz =|=
ole slo oleo oo
. .
SR DU N I N N N N [ A N N O N N I o :
0.026(0.66) 0.130(3.30)
) 0.030(0.76) 0.140(3.56)

0.016(0.41) 0.050 (1.27) 0.050(1.27)
0.020(0.51) | [ MAX

MM”\1111111111111111111I
I
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KM418C256

PRELIMINARY
CMOS DRAM

256K X 18 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
¢ Performance range:
trac tcac tRc
KM418C256- 7 70ns 20ns 130ns
KM418C256- 8 80ns © 20ns 150ns
| KM418C256-10 | 100ns | 25ns | 180ns

Fast Page Mode operation
2 CAS Byte/Word Read/Write operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
TTL and CMOS compatible inputs and outputs
Early Write or output enable controlled write
Triple +5V+10% power supply
512 cycles/8ms refresh
JEDEC Standard pinout
Available in Plastic SOJ

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM418C256 is a CMOS high speed
262,144 bit X 18 Dynamic Random Access Memory.
Its design is optimized for high performance applications
such as personal computer, graphics and performance
portable computers.

The KM418C256 features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row. CAS-before-RAS refresh capabili-
ty provides on-chip auto refresh as an alternative to RAS-
only refresh. All inputs and outputs are fully TTL com-
patible.

The KM418C256 is fabricated using Samsung’s advanc-
ed CMOS process.

PIN CONFIGURATION (top views)

* KM418C256J

RAS — Vee [
e DQ,
LCAS — Control Vee Lower bQ,
UCAS— Clocks I_____ﬁ Vss Data in
_ Vgg G t Buffer DQy DQ, [
W —| ss Generator o ba. O
| DQs Vee [
Lower DQs [
t—|  Refresh Control ] Row Decoder Data out DQs [
Buffer DQ; ]
o _ DQg [
OE
Refresh Counter "; T Upper DQg []
Memory Array g || Data in N.c [}
262,144X18 b3 Buffer w
Cells @ DQio RAG
Row Address Buffer @ © RAS [
Ao < N.c ]
. [} Upper DQig
: Data out Ao []
Ag Col. Address Buffer ]—~ Column Decoder Buffer A g
A [
As [
Vee [
Pin Name Pin Function Pin Name Pin Function
Ao-As Address Inputs LCAS Lower Column
DQ118 Data In/Out _ Address Strobe
Vss Ground VL Read/Write Input
RAS Row Address Strobe | OF Data Output Enable
UCAS Upper Column Vee Power (+5V)
Address Strobe N.C. No Connection

b Electronics
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
| Voltage on Any Pin Relative to Vss Vin, Vout —-1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vee -1to +7.0 \)
Storage Temperature Tstg —55to +150 °C
Power Dissipation Pp 700 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERAT'NG COND'T'ONS (Voltage reference to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 Y
Ground Vss 0] ] (6] | 0 V
Input High Voltage ViH 2.4 — Vee+1 \
Input Low Voltage ViL -1.0 — 0.8 \%
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max Unit
Operating Current* KM418C256- 7 - 150 mA
(RAS, UCAS or LCAS, KM418C256- 8 lcct — 130 mA
Address Cycling @ trRc=min) KM418C256-10 = 110 mA
: S_teﬂdby Current | _ > mA
| (RAS=UCAS=L[CAS=Vp) o
RAS-Only Refresh Current* ?m:lggggg ; loc _ 128 nmqﬁ
(UCAS=LCAS=V|, RAS Cycling @ trc=min) KM418C256-10 = 110 | mA
' Fast Page Mode Current* KM418C256- 7
© (RAS=V)_, UCAS or LCAS, KM418C256- 8 Icca
Address Cycling @ tpc=min.) KM418C256-10
Standby Current (RAS=UCAS=LCAS>Vcc-0.2V) lces
CAS-Before-RAS Refresh Current* Emilggigg ; locs
(RS, TEASor bOAS Cyeling @ emminl | kmaisc2se-10
- Standby Currnet (RAS=Viy, UCASorLCAS=V,_ Dout=Enable) | lcc7
Input Leakage Current (Any input OSV|INS6.5V, |
*allwother pins not under test=0 volts.) - - L_ |
~ Output Leakage Current (Data out is dis@?lﬁfﬂ\{§\[79p7§g5w lou
| Output High Voltage Level (lon=—5mA) i Now 2
" Output Low Voltage Level (loL=4.2mA) T Voo |

*NOTE: lIcc1, lccs, Icca, lcce are dependent on output loading and cycle rates. Specified value are obtained
with the output open. Icc is spedified as average current. Icc1, lccs, lcce. Address can be changed
maximum two times while RAS=V|L. Icc4 address can be changed maximum once while UCAS and

LCAS =V.

”a
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PRELIMINARY

KM418C256 CMOS DRAM
CAPACITANCE (t,=25°¢)
Parameter Symibol Min Max Unit

| Input Capacitance (Ao-As) Cint — 6 pF_ |

Input Capacitance (RAS, LCAS, UCAS, W, OE) Cing — . 7 pF .

Output Capacitance (DQ1-DQ1s) Coa — T 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V£10%, See notes 1,2)

KM418C256-7 | KM418C256-8 | KM418C256-10
Parameter Symbol Units | Notes
Min{ Max (Min{ Max |Min| Max
Random read or write cycle time tre 130 150 180 ns
Read-modify-write cycle time trRwe {185 205 245 ns
Access time from RAS tRaC 70 80 100| ns [3,4,11
Access time from CAS tcac 20 20 25| ns | 3,45
Access time from column address taa 35 40 45{ ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15| 0 15| O 20| ns 7
Transition time (rise and fali) tr 3 50, 3 50| 3 50| ns 2
RAS precharge time trp 50 60 70 ns ]
RAS pulse width tras 70|10,000| 80|10,000|100{10,000| ns ]
RAS hold time tRSH 20 20 25 ns
CAS hold time tosH 70 80 100 ns
CAS pulse width tcas 20!10,000| 20!10,000| 25!10,000| ns
RAS to CAS delay time trep 20 50 20 60| 25 75| ns 4
E_'AS to column address delay time tRAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time terp 5 5 ' 10 ns
Row address set-up time tasr 0 [0] (o] ns 0
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 15 15 20 ns
Column address hold time referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0] ns
Read command hold time referenced to CAS tRcH [0} 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 o] 0 ns 9
Write command hold time twen 15 15 20 ns
Write command hold time‘ referenced to RAS twer 55 60 75 ns 6
Write command pulse width twe 10 10 20 ns
Write command to RAS lead time trRwL | 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tps 0 0 0 ns 10
Data-in hold time toH 15 15 20 ns 10
< SAMSUNG 288
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PRELIMINARY
KM418C256 CMOS DRAM

AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%, See notes 1,2)

KM418C256-7 | KM418C256-8 | KM418C256-10
Parameter Symbeol Units| Notes
Min| Max |Min| Max |[Min| Max
data-in hold time referenced to RA S | towr 55 60 75 ns 6
Fjefresh period (512 cycles) tReF o 8 8 8| ms
Write command set-up time twes 0 0 o] ns 8
ICAS to W delay time | tewo 50 | 50 60 ns 8
RAS to W delay time | trwp [100 110 135 ns 8
Column address to W delay tume B | tawp | 65 70 85 ns 8
CAS set-up time (CAS- before~RAS refresh) tesm 10 10 10 ns
CAS hold time (CAS- -before-RAS refresh) | tcHr 20 ‘ v 25 30 ns
RAS precharge to. CAS hold time | trec 19 o 10 10 ns
CAS precharge time (C -B-R counter test cycle) tept 35 40 50 ns
Access time from CAS precharge ] tcpa 40 45 50| ns 3
Fast page mode cycle time tpc 45 50| 55 ns
}Fast Page mode read- modlfy wrlte cycle time tPRWC 109»7 105 120 ns
IRAS pulse width (Fast page mode) trasp | 70| 100K| 80| 100K|100| 100K| ns
R—S hold time from CAS precharge  tRHoP | 40| 1 45 50 ns-
CAS precharge time (Fast page mode) tcp 10 1 10* 10 ns
RAS hold time referenced to OE tron | 20| 20 20 ns
OE access time - | toEa ) 20 20 25| ns
OE to data delay - o | toep 20_7 20 25 ns
Output buffer turn. off delay tlme from OE | toez 0 20| © 20, O 25| ns
OE command hold time toeH 20 20 25 ns

KM418C256 Truth Table

RAS LCAS UCAS W OE DQi~g DQ1o~18 State

H H H H H Hi-Z Hi-Z Standby

v H o H H H Hi-Z Hi-Z Refresh

L L H H L | baour | HiZ | Lower Byte Read

L H L H L Hi-Z DQ-OUT Upper Byte Read

L L L H L DQ-OUT DQ-OUT Word Read

L f i H L H DO‘IhV Don’t Care ,'t‘,?ﬂ‘i Byte Wnte B
L Ho L L H Don't Care | DQ-IN Upper Byte Write

L L L L | H DQ-IN DQ-IN  word Write

L L L H H Hi-Z Hi-Z —

# SAMSUNG 287
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| PRELIMINARY
KM418C256 CMOS DRAM

NOTES _

1. An initial pause of 200pus is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh
cycles before proper device operation is achieved.’

2. ViHmin) and Viymax) are reference levels for measuring timing of input signals. Transition times are measured
between ViHmin) and ViLmax) and are assumed to be 5ns for all inputs.

3. Measured with a load equivalent to 2 TTL loads and 100pF.

4. Operation within the trcomax) limit insures that trRacimax) can be met. trepmax) is specified as a reference point

only. If trep is greater than the specified trcomax) fimit, then access time is controlled exclusively by tcac.

. Assumes that trcp=trco(max)-

. tar. twcr, torr are referenced to trap(max). ) ’

. torFmax) defines the time at which the output achieves the open circuit condition and is not referenced
to Von or VoL.

8. twcs, trwp, tcwp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec-
trical characteristics only. If twcs=twcsmin) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwp=tcwbmin), tRwo=tRwomin), tawp=tawbimin) then the cycle is a
read-write cycle and the data output will contain the data read from the selected address. If neither of the above
conditions are satisfied, the condition of the data out is indeterminate.

9. Either trcH or trrH Must be satisfied for a read cycle.

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in
read-write cycles.

11. Operation within the trapmax) limit insures that trRac(max) can be met. trapmax) is specified as a reference point
only. If trap is greater than the specified trapmax) limit, then access time is controlled by taa.

12. tasc, tcan are referenced to the earlier CAS falling edge.

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle.

14. towp Is referenced to the later CAS falling edge at word read-modify-write cycle.

15. towL is specified from W falling edge to the earlier CAS rising edge.

~N OO

R T\ /N

e \
tasc | tean fr
ADD. ASr
towo
W

16. tcsr is referenced to earlier CAS falling low before RAS transition low.
17. tcHRr is referenced to the later CAS rising high after RAS transition low.

RAS \ /_—__

e W

tesr f
‘CHR
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PRELIMINARY
CMOS DRAM

KM418C256

18. tps, toH is independetly specified for lower byte Din(1~9), upper byte Din(1o~18).

U
DQ4~DQg

DQ1o~DQys

TIMING DIAGRAMS
WORD READ CYCCLE

trp

AH
tacH
torr

/

-

—toez —=

trc
tras

tast

/

tcas

traL

)4

tcas

tosn

tar

tcan

tron

VALID DATA-OUT

toea
teac—=

tan

terz

treo

N

tasc

tran

= tRap —|

tacs

trac

Vin —

RAS

Vi —

tere

tasr

ROW f  COLUMN
ADDRESS ADDRESS

Vie —

ocAs v —

Vig —
Vie —

LCAS

Vi —
ViL —

Vi —
VlL -

H

Von —

OPEN

Vou —

DQ,-DQys

m DON'T CARE
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KM418C256

PRELIMINARY

CMOS

DRAM

TlMlNG DIAGRAMS (Continued)
LOWER BYTE READ CYCLE

tre
taa ~— trp —=—
—
mrs e / N
Vi — terp trrc
Vi —
UCAS VIH i— tRaL \
T
treo trsh
CAS Vin — teas
LCA Vi — tran tasc \\ /
tasr toan toss
A YR - ROW COLUMN
Vi — ADDRESS ADDRESS
T
tRap ——= tres I—_tm”_.‘
Vi |__
. 5 =N
tron
" £
i torr
trac toez
V -—
DQ;-DQs " OPEN VALID DATA-OUT
VoL — tour
v —
DQio-DQrs OPEN
Voo —
UPPER BYTE READ CYCLE
trc
tre
taas
—
— Vi tar
RAS \ |
(8
t,
AP, treo trsH |
UCAS Vin = teas j
VlL -
trec
traL
Vi —
[cAs " tosn N
Vi — tasr trAH tasc tean
A Im— ROW COLUMN
Vi — ADDRESS ADDRESS
trap —=]
’7 RAD = trcs fHRH——i
W Vip —
Vie — tan treH
tron
oE Vin—
ViL—
t
Vor— toea _ ’——— OFF
DQ;-DQg v OPE
oL — toac—= —toez
trac
V, —
DQioDQra O OPEN %@( VALID DATA-OUT ——
Voo— toiz

:‘2‘% DON'T CARE

[ 4]
g
ura

us
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KM418C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
WORD WRITE CYCLE (EARLY WRITE)

AS

Vin— 3

ViL— tere

tre

tras

\ tar
|

tosn
treo

trsk

Vi —

ucRs ™ i tors / /

ViL—

Vi— teas (
[CAS v I=——trap —— \

L= tash | itran 1 ]
RAL
tasc p=—tcan —

A Vin— ROW | A coLumn

Vi _ ADDRESS ADDRESS

tewe -

@ Vi — - twen

ViL— -

trwL 4{
twer
twos

Vin—
OE

ViL—

tos tor —=|
Vin —
DQ;-DQ,s VALID DATA-IN
L —

]———tDHR

LOWER BYTE WRITE CYCLE (EARLY WRITE)

tae

Vi — 3

Vi — tcrp

tras

tar

UCAS \\//I:: : w taco trsH \
tosm
LeAS \\j: : r—tmo—— \ o / /
tasr tRaH tasc o] to—] tRaL
A Vw- ROW COLUMN
Vi — | ADDRESS ADDRESS
LA LB
twer tew A—-|
oe Vin —
Vi —
Vin — ~ V% \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,
e M o oatain B REIRIIIIHKLAIKIL,
I e atatn

m DONT CARE
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KM418C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
UPPER BYTE WRITE CYCLE (EARLY WRITE)

tre
tras i :
Vin —
RAS tar N
Vi — tcre \ : T
RCD H
tesn =
ocAs Vi~ 2225] toas / /
ViL —
{——— trec
VH —
cas VIH W ~—taap tRaL \
= tasr s tasc toan
A mT ROW COLUMN
Vie — \ ADDRESS ADDRESS
towe -
B Vi — - twen
W v WP
L=
twen
twos [T ] tawe
oF ViH —
Vit —
DQ;-DQy VM —
Vi —
tos [a—
Vih — VA NNNINININAN/NINININININININTNININININININ/N/N/
DQ,6DQ D
i v oty B KKK

toHm

WORD WRITE CYCLE (OE CONTROLLED WRITE)

tro
tras trp —=]
Vin— = t N
m R AR
Vi — tore
trcp tash
tesn
Vin — cAs
- Vi —
tRaL 3 —)l
Vig — X B
e [/
tasr traH
bt tasc — toan ——
A M ROW f~ COLUMN
v, — ADDRESS ) ADDRESS
L
twe
— Vin —
W H
ViL— ¢
tRwL
| tow 1
Vin = toen
o8 Vi — toep | tps
I S—
Vin —
DQ:-DQ4s v VALID DATA-IN
L

IO oonr cnse
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: PRELIMINARY
KM418C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

tre
B
RAS \\,ll:: tcre \ - trec \—
UCAS ::::W trep - tasH \
Vi — | tcas
™ - i | EJ\LCAH_. — 4 T /
v Z R it DR S
L 0 A :
tawe
- R | =
2o ton—o

D e e T e
pawnan o XX R R LR

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

tre
tras e trp —od

RAS tar
ViL — \

taco trsH
tosn

Vg —
ViL —
I——anc—ﬁ
— Vm—
LCAS Vi — —trap trac
it tasr tran tasc
Bilais R e toan —

A Vin — ROW COLUMN
vy — ADDRESS ADDRESS

w Vi —
trwL r— =|]
e RIS oer | RRRRLRLLLLELHLILLLKLS

DQ;-DQg

losn‘——- ——Yos——l {——ID,,——-
D e I e

m DON'T CARE
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KM418C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
WORD READ-MODIFY-WRITE CYCLE

tawe
tras trp
J— VIH - t
RAS AR \_
ViL — \ 7
terp
. — treo tasH
Vik — tcas /__
ooAs _W
- treo 4 [
V e t
o N s —
A tasr I~
= tes
tran tasc — toan
A Vi — ROW COLUMN
Vi — . ADD ADDRESS
tawp = thwi _-|
towo I~ tow
— Vg —
w " ~— teac —= x
ViL ~ trwp
taa twe
toea
O Vi = i tos toH
oE o, | / toeo |
F trac ‘*‘osz—-l
DQ,-DQyg \\//'"OH _ VALID DATA OUT| VALID DATA IN
1oL ‘CLZ v
READ-MODIFY-LOWER-BYTE-WRITE CYCLE
tawe
tras e trp —={
VIH - )
RAS _ \_
Vi tore trec
UCAS Vin —
CAS W tan
Vi = trep tRsH
Vi — | toas
LCAS W = trao — /
VL — tasr | |
lesH
tran tasc fp—q |—
Vi = ROW COLUMN "RAX > (XX XXX XX IXXKXXIHXHXKXXHXXKX K
VA %0 W ooz MHKIOOXKXIEBIEKIK
tawo = trwL
tewn - towL ———
W Vi — ——tcac —
Ve — trwp :
tan : twe
VJH — ‘OEA
o Vi — . toeo L .
DS
p — o |
DQ;-DQg Vion — VALID DATA OU VALID DATA IN
VioL — }
Vios tewz
i _ .
DQ0-DQ1s OPEN
VioL —

L)
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PRELIMINARY
KM418C256 CMOS DRAM

TIMING DIAGRAMS (continued)
READ-MODIFY-UPPER-BYTE-WRITE CYCLE

trwe
tras = trp —==
Ve — — -
RAS " \"——— tan ——— \
Vi tere | |
t=— taco trsH
Vg — t
UCAS H cAs /
Vie —
¢ trpc
p— [RAD ——w= —}—.1

Vin — N
LCAS “CSH
Vie — tasr tran

toan
A T el s tawy —=—

A Vin —®< ROW >@< COLUMN
Vi — ADD \_ADDRESS

tawp t
towo cwL ——1
Vi — twe
w == NV
Vie ™ tawp
taa
1
oF Vi — OEA /
Vig —
v toep
0Q,0Qs OPEN
VioL = tRac = toez —=
Vi =
DQyo-DQ1g V”O” VALID DATA OUT}—-@ VALID DATA IN
oL =
teiz
trp
trase
RAS Vin = \ tan tance N
V - ‘L
- tere . - g
treo P b=tcp — PC top - trsH—
VK — toas —=t It 35 -t y
UCAS \ cas / Cas 1 cas A
Vie — 1, / \
o trc tec '
lrco tee _12:- F=— tagH —=
Vig — 7N !—
CAS YCAs——/ tcas ——tc“ﬂ/
LoAS Vi — y tasc X tasc J/—‘
tasr tosu tasc ¢ | tra T
1 ] tRan | toan 1 'can toan
Vg — p 4
ROW COLUMN COLUMN COLUMN
A Vo — & ADD \_ ADDRESS K_‘_ ADDRESS z_‘_ ADDRESS
T T
U S -~ t, 1
Ao ]-_J;acs] trew RS tRlc’H I fes ——| tRRH
_ Vi — W {5 ,
w t RCH
Vie — “A—ﬂ tan =t tAA*"‘
tepa tera
toea toea 46 toea
. Vin — y
OF [<
Vi — AVAS Ny-VaV; )
teac F—tore tonc " tore torr
trac toez b= toez ~ tcac —toez -
DQ,-DQ Von — * VALID 7~ VALD \ VALID
e = DATA-OUT DATA-OUT | DATA-OUT
oL
torz = toz —= terz

m DON'T CARE
 SAMSUNG 208
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KM418C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE LOWER BYTE READ CYCLE

trasp I=—trp
RAS Vi — _—_J\ tan Z
Vie £
terp > t tapc
k—— RHCP
&
ocAs T W i
Vi — tere tec o tec o trsH —=
E‘“ trco
Vi — T o - 7 (o
CAS H \ teas Z \ CASﬂ £ \ teas Zb \_
V, —
- tasr T tesn tasc [ ! traL
s N ASC ] tean LA L tasc fe—ed f—od tean
AH
Vi —
A " ™ ROW COLUMN ,< GOLUMN COLUMN
v — ADD ADDRESS \_ ADDRESS \_ ADDRESS
[ v
e traD —{ t t
?:CDS l——‘{ oo lees L—r—i- RCS thcn
- ~ R
w Vi RRH
v tAA'—'J tan —= = tan
tcro\ —— tcpa
t t t,
Vi — OEA OEA OEA
Vi —
N torr ]-—-4 ten forF[———‘ ! tore
e teac toez f-_° ' cAC }_ torz | teac —— oez —
ba,Da, VoM VALID VALID VALID
VoL — DATA-OUT \_DATA-OUT DATA-OUT
L N
v torz — torz — terz
DQioDQe VOH OPEN
oL
FAST PAGE MODE UPPER BYTE READ CYCLE
trasp = trp
Ve =" 3 t t
RAS AR RHCP
Vi — terp : : 45 .
r—— = trgy —=]
trco e e ~—— tcp
—__ Vik— toas— ~—tcas -7 |=—tcas ;
UcAs |, _ g y
" tcrp !
|'—‘ tosn
46
= T ”
t;
Vy — RAL
v tasm tran tasc tcan tasc tean tasc
] — toan
Vin = ROW ) /A~ COLUMN COLUMN x" COLUMN
A Vo — ADD \_ ADDRESS |_ ADDRESS \ ADDRESS
tran | |- ]L* tos I"—i‘ tres f
-I:: trcs tach n(;r; - RCH
w RRH
Vi tan —= - taa —=f - tan ——t
t—— tcpa l=—tcpa
_ Vin —
O ViL — Z Z
1
Vou — I—— toea T——- torr L- toea i—— torr I——~ toea |-—- torr
DQ4-DQg OPEN 4%
VoL — teac toez teac toez teac toez
trac
Vor = VALID 7 VALD (- VALID
DQyo-DQ1s o — DATA-OUT DATA-OUT DATA-OUT
torz — torz —= terz

}?"i DON'T CARE
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KM418C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE)

trase tap

tar

T _—\

Vi t 45~ -
iiia tec tec L._t _—
treo tep top o
—  Vu— toas —— \— tcw——iﬂ—‘h{—t@\g —/
UCAS \\ ;
ViL— e
t
torp oo tec tec L'—fﬂsu -
I-—. troo F tee —tcp
Vip— toas — ——tcas—= % b tc g —d
LCAS Vi — \ \\ / \r
t t t t
ol ‘ T csH o ksc | | toan tasc | | toan
RAH
A Vin— - Row { COLUMN COLUMN COLUMN
ViL— ADD ADDRESS \ ADDRESS - ADDRESS
tha0— twes twes twes twew
= twch tweH
w o e T twe =1 twp —=
Vii— X
t ¥ -
tows —! = towe -—lr o tRWL-—!
£6
—_— VlH -
OE
Vi

%
4
tos ———I l-——— ton tos -—-I i—_——\ ton tos ———l ]——~ tom
DQ;-D Vin— VALID VALID  VALD 1
QD DATA-IN | DATA-N DATA-IN

tonr

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE)

trasp trp
ms tae
L= tcre 4% tarc
Vin — —=$$
UCAS Vi — ’ tec tee = trsH \
tere tep tep
l——' trcp
Vi — tcas — F—fcm —— 5 —teas —
coRs N N /N Y
Vie — . e
tasr T tosw tasc toan tasc| | toan
bt ] ‘RA:sc toan i —— |
A Vin — ROW "~ COLUMN COLUMN COLUMN
Vi — ADD \_ ADDRESS ADDRESS \_ADDRESS
trap — ty cs twen twes fwe twes twer
WCH —==
w Vin — twp—=| =11~ twp ——— =t twp —=]
Vi — T = 4
towL = tCWL“I . ftew MWL
Vin —
OE
ViL —
tos ton tos ton tos ton
Vin — VALID VALID VALID 5070707070707 %
Da:-DQs Vi — DATA-IN DATA-IN DATA-IN ‘t‘:’:‘:mt
tour

b IR R R R R B R R

m DON'T CARE
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KM418C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE)

trasp = tre
_ Vin — tam | /
RAS
A £¢
t 4%
St treo tee tep tec tep = tasn
Vig— tcas JF\ tcas ,_-\R"— tcas H“JV—7—
o - N e
tere trec
Vi 4 X
LCAS Vi — W tosw
tA’S‘q tran tasc ¢ tasc tean tasc tcan
' CAH | ==
Vi = 7 rRow COLUMN COLUMN COLUMN
A Vi — \ ADD ADDRESS |_ ADDRESS ADDRESS
taao ™ twes | twen twes fwes twes )
WCH WoH ]
w Vin — twp —— p=t—t twe —1 twp ——=t
Vi — v u 3¢ -y
l tCWL——I —thL——l T towe [
GE V|H -
) R 1] ]
Vin — ‘
Parbls R
tos L—{ ton tos "——j ton tos —4 l——- ton
Vi = VALID VALID VALID
DQio DA Vi — DATA-IN DATA-IN DATA-IN
tonr
FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE
tre
‘RASP
Vih — tar
RAS v ' tosw -
e tere -
terwe o — T
trRop — }-—— t,
Vi — W \ teas 2‘1 i teas /
OCAS
ViL— tore | L tosn . —
treo—] teRwe n
Vin — — teas "‘ﬁﬂcp teas
R, W taso [\ B\
L — [ |
i ﬂH = tcan tow - fase toan fom F&
RWL —™
A Vin — W ROW N7~ COLUMN A COLUMN
ViL — ADD ADDRESS ADDRESS
I
W H—
ViL— tewo N}
trwo tawo
. tawo : tewo
0EA oEA
— Vi —
Ok Vie — togo | tos toeo  tos
F—taa {— tora |
———taac toez tor toez
teac t taa + ton
: Vion = {XRRXXXXK
Parbde o — VXXX XHXXX
torz —= tewz

VALID DATA-OUT VALID DATA-IN

VALID DATA-QUT  VALID DATA-IN

m DON'T CARE
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PRELIMINARY
KM418C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE

trase tre
Vi —
RAS H \ tam
Vie — tFi_ trec
oA M7 W torwc !
Vi — tesk t
tere P
——-twco———{
Vi — teas
H
A I /
L tasr| |tran tasc
"4 — tean tow
A Vin — ROW COLUMN COLUMN
vy — . ADD /N ADDRESS \ ADDRESS _,
trap i— twp
(il
Vin — p
w " t \ 4
Vi — CWD < |
tawo
tawo Toen
oF Vi — Ry &
Vi — tan
trac
v teac
DQ;-DQs "
VioL —
oLz —— cLz
v _ VALID DATA-OUT  VALID DATA-IN VALID DATA-QUT  VALID DATA-IN
1 OH .
DQ10-DQig OPEN
VioL ~

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE

trasp

_— Vi = AR
RAS tesk trsH
VL — tere
L thop —] teawe
Yk tcas R teas
UCcAs /N
Vie— tere 1 - trec
s T
Vi — tow
v tasr| |tran tasc toan towe tasc | tean
f] ] ] p taw —
Vin — ROW COLUMN COLUMN
A Vi — ADD ADDRESS j \ ADDRESS
T
tRAD—’:.! L.l twe trac twr =1
_ Vin —
w Vi — tewn \_ l tewn \
trRwo
tawo tawo
OE Viy —
Vip —
Vion — = taa tepa
R OPEN
DQ:-DQs Viow — toea toen t tos tj'OEA t tos
t——tRac i - tan f
teac toez | — ton toez = — ton
Viow —
DQio-DQig VI "‘
oL T
towz tewz
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT  VALID DATA-IN

m DON'T CARE
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KM418C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS ONLY REFRESH CYCLE
NOTE: W, OE=Don’t Care

t

s —
s "
ViL —

RAS

tere

Vin —
ViL — _/

UCAS

tere

LCAS

Vin —
Vie — __/

Vie —
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V}, OE, A=Don't Care

tasr tran
A

ROW
ADDRESS

NN N NN N/N/

S RYLLLRLKIILKLLS

— Vim— :— - tass s
RAS v _ _—/—_!m \ Z
tep
tesr torm
Vin — | YAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV.
ws T N AR,
tee tesr
" — £ tonn VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/
= N BB
torr
DQ;-DQyg \\//Z’:: } OPEN
m DON'T CARE
o
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PRELIMINARY
KM418C256 CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

1, tre
tras e—tRp —=f  }=——tRas trp -
Vi | ' ,
AR
RAS v, _ \ —! _72 — L_
—-tcHF‘—.j treo tRoH ——=
Vi — 3 —— tcHr -
o ; \ 7
Vip — 5\
- tcRP =] ’ X ‘.l
b= tcrr
Vi — 3 "
oA, \ /. /
- tasr tasc
tran = tean
L ROW COLUMN
Vi — ADDRESS ADDRESS
tRAD ——ed __1 t, -
——trcs ARH
 Vm—
" - OEEEEY"
ViL —
taa |-—ion=
t
o Vi — OEA /<_
Vi — N
=——tcac toez
v trac
on —
DQ,-DQ1s VALID DATA-OUT —
Voo — terz

HIDDEN REFRESH CYCLE (WRITE)

tre trc

tras tRp —= ta trp

—_ V'H —_ t i
S \ M — \ N

L —

I‘tCRP—J trco 1,;';__
Vi —
UCAS vV
L — /

Vin —
CAS v,

terp =]

tasr than tasc : T
= CaH
A T ROW COLUMN
Vi — \_ ADDRESS _| ADDRESS
tRaD —=q twen —=
w Viy — = twes ==
Vi — twe
or Vi —
ViL —
tos oH —=]
Von — N SN X Y S SN S NN N N YN S S Y SOSN Y
. . (XXX X () D
oarbae o DRESERSBRRKIEK

g o m DON'T CARE
u
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KM418C256

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tras

[ —
Vin ’\

RAS
Vi —

e
UCAS
ViL—

L‘tcua —_—

topr —

tasH

trsH

tepT —ed
\ toas —————

traL

tasc

toan

ViH—

A — KKLLKLRLRLKLLLSLEED

READ CYCLE

“’_’ tran
=1 trcH

. Vu—
w Vi —

OE

1 toea

I ] torr
ttogz —=

DQ:-DQyg Ve —
L

WRITE CYCLE

VALID DATA-OUT

twes
abasd

. Vm— ’—vtwcH—J
twe l |
. VYm—
oF ‘
ViL—
A A —
Vou —
DQ;-DQyg VOH _ OPEN < VALID DATA-IN
towe
tawo ]
READ-MODIFY-WRITE ths
J“_' tewo tRwi ==
t
—_ Vw—=7 . X W,
cac
VIL -
taa
Viy — N
OE t
OE Vi — toea OED Lt
— R
torz toez tos
Vion — F rs
DQ4-DQyg {
VoL — p L A
VALID DATA-OUT VALID DATA-IN

m DON'T CARE
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PRELIMINARY
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DEVICE OPERATION

Device Operation

The KM418C256 contains 4,718,592 memory locations
arranged in 18 groups of 262,144 X1 bit each. Eigh-
teen address bits are required to address a particular
memory location. Since the KM418C256 has only 9 ad-
dress input pins, time multiplexed addressing is used to
input 9 row and 9 column addresses. The multiplexing
is controlled by the timing relationship between the row
address strobe (RAS), the column address strobe (LCAS,
UCAS) and the valid row and column address inputs.

Operation of the KM418C256 begins by strobing in a
valid row address with RAS while LCAS (UCAS) remains
high. Then the address on the 9 address input pins is
changed from a row address to a column address and
is strobed in by LCAS (UCAS). This is the beginning of
any KM418C256 cycle in which a memory location is
accessed. The specific type of cycle is determined by
the state of the write enable pin and various timing rela-
tionships. The cycle is terminated when both RAS and
LCAS (UCAS) have returned to the high state. Another
cycle can be initiated after RAS remains high long enough
to satisfy the RAS precharge time (trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM418C256 begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/xCAS cycle. The access time
is normally specified with respect to the falling edge of
RAS. Additionally the access time also depends on the
falling edge of CAS and on the valid column address tran-
sition. If xCAS transitions to a low before trgp(max) then
the access time to valid data is specified by trac(min).
However, if xCAS transitions low after tacp(max) or if the
column address becomes valid after trap(max), access
is specified by tcac or taa. In order to achieve the
minimum access time, trac(min), it is necessary to meet
both trep(max) and trap(max).

Write
The KM418C256 can perform early write, late write and

read-modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W, OF, LCAS and UCAS.
In any type of write cycle, Data-in must be valid at or
before the falling edge of W or xCAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before XCAS. The 18 Bit wide data at
the data 1/0O pins is written into the addressed memory
cells. Throughout the early write cycle the output remains
in the Hi-Z state. In the early write cycle the output buf-
fers remain in the Hi-Z state regardless of the state of
the OE input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cells appears at the output before and during
the time that data is being written into the same cells.
This cycle is achieved by bringin W low after CAS and
meeting the data sheet read-modify-write timing re-
quirements. The OE input must be low during the time
defined by toga for data to appear at the outputs. If tcwp
and trwp are not met output may contain invalid data.
Conforming to the OE timing requirements prevents bus
contention on the KM418C256 DQ pins.

Data Output

The KM418C256 has a three-state output buffers which
are controlled by CAS and OE. Whenever either CAS or
OE is high (Vin), the outputs are in the high impedance
(Hi-Z) state. In any cycie in which valid data appears at
the outputs, the outputs enter into the low impedance
state in the time specified by tciz after the falling edge
of CAS. Invalid data may be present at the output during
the time after tc .z and before the valid data appears at
the output. The timing parameters tcac, trac and taa
specify when the valid data will be present at the output.
This is true even if a new RAS cycle occurs (as in hid-
den refresh). Each of the KM418C256 operating cycles
is listed below after the corresponding output state pro-
duced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-Before-RAS Refresh, OF con-
trolled write.

Indeterminate Qutput State: Delayed Write (tcwp or
trwp times are not met)

Refresh

The data in the KM418C256 is stored as a charge on
microscopic capacitor within each memory cell. The
stored charge tends to dissipate over time and will af-
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DEVICE OPERATION (coniinued)

fect data integrity if the charge is not periodically refresh-
ed. Refresh of the individual storage cells is accomplished
by accessing all rows within the refresh period (trer) of
within 8ms. There are several ways to accomplish this:

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a.row
address with RAS while CAS remains high. This cycle
must be repeated for each of the 512 row address
(AO-A8).

CAS-before-RAS Refresh: The KM418C256 has CAS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If either LCAS or
UCAS input is held low for the specified set up time
(tcsr) before RAS transitions low, the onchip refresh cir-
cuitry is enabled. An internal refresh operation
automatically occurs. The refresh address is supplied by
the on-chip refresh address counter which is then inter-
nally incremented in preparation for the next CAS-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending either LCAS or UCAS input active time and
cycling RAS. The hidden refresh cycle is actually a CAS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM418C256 by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in the
row are automatically refreshed. There are certain ap-

plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM418C256 has Fast page mode capability pro-
vides high speed read, write or read-modify-write access
to all memory locations within a selected row. These
cycles may be mixed in any order. A fast page mode cy-
cle begins with a normal cycle. Then, while RAS is held
low to maintain the row address, CAS is cycled to strobe
in additional column addresses. This eliminates the time
required to set up and strobe sequential row addresses
for the same page.

CAS-before-RAS Refresh Counter test

cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry. The cycle begins as a CAS-before-RAS
refresh operation. Then, if CAS is asserted high and then
low again while RAS is asserted low, the read and write
operations are enabled. In this method, the row address
bits AO through A8 are supplied by on chip refresh
counter.

Power-Up

If RAS=Vss during power-up, the KM418C256 could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vce during power-up or be held a valid Vi4 in order
to minimize power-up current.

¢ SAMSUNG
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PACKAGE DIMENSION

40-LEAD PLASTIC SMALL OUT-LINE J-LEAD

Units: Inches (millimeters)

1.020(25.91) | 0.025(0.64)
1.030(25.16) ’ MIN
mimiminininininininiainisisininininininb /,\—*) _
: 8% 8|3 55 N2
) O gle £|= sl 22
|z &la glT gl
38 2|3 gl 85
Sio sl ole o©olo
L N I N O \— :
0.026(0.66) 0.130(3.30)
17 0.030(0.76) 0.140(3.56)
[ 0.004(0.1)
0.016(0.41) | | l | 0.050 (1.27) 0.050(1.27)
0.0200051) || 1 TYP ] MAX
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512KX8 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
¢ Performance range:
tRAC tcac trc
KM48C512- 7 70ns 20ns 130ns
KM48C512- 8 80ns 20ns 150ns
KM48C512-10 100ns 25ns 180ns

Fast Page Mode operation

Byte Read/Write operation

CAS-before-RAS refresh capability

RAS-only and Hidden Refresh capability

TTL compatible inputs and outputs

Early Write or output enable controlled write
Dual +5V=10% power supply

1024 cycles/16ms refresh

JEDEC Standard pinout

Available in Plastic SOJ

® & & & & o o o o o

FUNCTIONAL BLOCK DIAGRAM

sl%§
b i

Control &
Clocks

Vee
Vss
Vg Generator

GENERAL DESCRIPTION

The Samsung KM48C512 is a CMOS high speed
524,288 bit X 8 Dynamic Random Access Memory. Its
design is optimized for high performance applications
such as personal computer, graphics and high perfor-
mance portable computers.

The KM48C512 features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row. CAS-before-RAS refresh capabili-
ty provides on-chip auto refresh as an alternative to RAS-
only refresh. All inputs and outputs are fully TTL com-
patible.

The KM48C512 is fabricated using Samsung’s advanc-
ed CMOS process.

PIN CONFIGURATION (Top Views)

e KM48C512J

(o]
N
o]

] Vss
27 [1paQs
26 ] DbQ;
25[1DQs

23[]CAS
22[10E

'——l Refresh Control | _..~-Row Decoder

Refresh Counter
Row Address Buffer

Ao
Ao [ Col. Address Buffer —I_.

Memory Array
524,288X8
Cells

Sense Amps & 10

Column Decoder

3
2

3

4

5 24 [10Qs
6

7

8 21[JN.C
9 20 | ] As

Ao []10 19 [ A7
a1 18 [ As

Data in
Buffer

pa, A.[12 17 As
to As[]13 o ] Aq
DQg Vec []14 15 Vss

Data out
Buffer

Pin Name Pin Function

Ao-Ag Address Inputs

DQq-s Data In/Out

Vss Ground

Row Address Strobe
CAS Column Address Strobe
W Read/Write Input

OE Data Output Enable
Vce Power (+5V)

N.C. No Connection
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ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss Vin, Vour -1t +7.0 \Y
Voltage on Vcc Supply Relative to Vss Vee —-1to +7.0 \
Storage Temperature Tstg ~55to +150 °C
Power Dissipation Pp L 700 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING COND'T'ONS (Voltage reference to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 55 Y
Ground Vss 0 0 0 \
Input High Voltage ViH 2.4 — Vee+1 \
Input Low Voltage ViL -1.0 - 0.8 ' \"
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max Unit
. KM48C512- 7 lcct 105 mA
Operating Current*
[ Pt . — KM48C512- 8 90 mA
(RAS and CAS Cycling @ trc=min) KM48C512-10 75 mA
Standby Current
(RAS=CAS=Vi) loc2 | 2| mA
RAS-Only Refresh Current* KM48C512- 7 lecs 105 mA
(CAS=Vi, RAS Cycling @ trc=min) KM48C512- 8 90 | mA
H, yeling @ tre KM48C512-10 75 | mA
Fast Page Mode Current* KM48C512- 7 lcca 85 mA
(RAS=V), CAS, Address Cyclin tpc=min.) KM48C512- 8 75 mA
L GAS, yeling @ tec=min.) | \Magc512-10 65 | mA
Standby Current
(RAS=CAS=Vcc-0.2V) lecs 1 mA
’ CAS-Before-RAS Refresh Current* KM48C512- 7 lece 105 mA
(RAS and CAS Cycling @ tac=min) KM48C512- 8 %0 | mA
yeling @ fre= KM48C512-10 75 mA
Standby Current i 5 mA
| (RAS=V)4, CAS=Vy Dout=Enable) cer
Input Leakage Current (Any input O<V|N<6.5V, _
all other pins not under test=0 volts.) L 10 10 KA
Output Leakage Current _
(Data out is disabled, OV<Vour<5.5V) low 10|10 | uA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \Y
Output Low Voltage Level (lor=4.2mA) VoL — 0.4 "

*NOTE: Icc1, lcea, lcca, Icce are dependent on output loading and cycle rates. Specified value are obtained
with the output open. Icc is spedified as average current. Icc1, lcca, lccs, Address can be changed
maximum two times while RAS=Vy_, Icca, Address can be changed maximum once while CAS=Vj.
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CAPACITANCE (r.=25°C)

Parameter Symbol Min Max Unit
input Capacitance (Ao-Ag) Cing - 6 pF
Input Capacitance (RAS, CAS, W, OE) Cinz — 7 pF
Output Capacitance (DQ1-DQs) Cpaq — 7 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%, See notes 1,2)
KM48C512-7 | KM48C512-8 | KM48C512-10
Parameter Symbol Units| Notes
3 Min{ Max (Min| Max |Min| Max

Random read or write cycle time tre 130 150 180 ns
Read-modify-write cycle time tRwe |185 205 245 ns
Access time from RAS trac 70 80 100| ns |3,4,11
Access time from CAS tcac 20 20 . 25| ns {3,4,5
Access time from column address taa 35 40 45| ns | 3,11
CAS to output in Low-Z torz 5 5 5 ns 3
Output buffer turn-off delay torrF 0 15| O 15| 0 20| ns 7
Transition time (rise and fall) tr 3 50| 3 50| 3 50| ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width trAS 70|10,000| 80|10,000(100|10,000| ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tcsn | 70 80 100 ns
CAS pulse width tcas 20:10,000| 20/10,000| 25!10,000| ns
RAS to CAS delay time troo | 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr (0] 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 [¢] o] ns
Column address hold time tcaH 15 15 20 ns
Column address hold time referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 0 ns
Read command hold time referenced to CAS trcH 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 ns 9
Write command hold time tweH 15 15 4 20 ns
Write command hold time referenced to RAS twer 55 60 75 ns 6
Write command pulse width twe 10 10 20 ns
Write command to RAS lead time tRwi 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tos (0] 0 0 ns 10
Data-in hold time toH 15 15 20 ns 10

¢ SAMSUNG 308

Electronics



KM48C512

PRELIMINARY
CMOS DRAM

AC CHARACTERISTICS (0°c<Ta<70°C, Vec=5.0V+10%, See notes 1,2)

KM48C512-7 | KM48C512-8 | KM48C512-10
Parameter Symbol Units| Notes
Min| Max |Min| Max |Min| Max

Data-in hold time referenced to RAS tovr | 55 60 75 ns 6
Refresh period (1024 cycles) tRer 16 16 16| ms

Write command set-up time twcs 0 0 0 ns 8
CAS to W delay time tcwp | 50 50 60 ns 8
RAS to W delay time tawp |[100 110 135 ns 8
Column address to W delay time tawp 65 70 85 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 ns

CAS hold time (CAS-before-RAS refresh) tcHR 20 25 30 ns

RAS precharge to CAS hold time trpc 10 10 10 ns

CAS precharge time (C-B-R counter test cycle)| tcpr 35 40 50 ns

Access time from CAS precharge tcpa 40 45 50| ns 3
Fast page mode cycle time trc 45 50 55 ns

Fast Page mode read-modify-write cycle time tprwc [100 105 120 ns

RAS pulse width (Fast page mode) trasP 70| 100K| 80| 100K|100| 100K| ns

RAS hold time from CAS precharge trHCP 40 45 50 ns

CAS precharge time (Fast page mode) tep 10 10 10 ns

RAS hold time referenced to OE trRoH 20 20 20 ns

OE access time toea 20 20 25| ns

OE to data delay toep 20 20 25 ns

Output buffer turn off delay time from OE toez 0 20 0 20| O 25| ns

OFE command hold time toen | 20 20 25 ns |
¢ SAMISUNG 309
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KM48C512 CMOS DRAM

NOTES

1.

11.

An initial pause of 2Q0us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh
cycle before proper device operation is achieved.

Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured
between Vix{min) and V|(max) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and 100pF.
. Operation within the trcp(max) limit insures that trac(max) can be met. trep(max) is specified as a reference

point only. If trep is greater than the specified trcp(max) limit, then access time is controlled exclusively by tcac.

. Assumes that trcp>trcp(max).
. tar, twcr, toHr are referenced to trap(max).

torrmax) defines the time at which the output achieves the open circuit condition and is not referenced to Von
to VoL.

. twes, trwo, tewp and tawp are non restrictive operating parameters. They are included in the data sheet as elec-

tric characteristics only. If twcs>twcs{min) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwp=tcwp(min), trRwp=trwp(min) and tawp=tawp(min), then the cy-
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither
of the above conditions are satisfied, the condition of the data out is indeterminate.

. Either trcH or rrry Mmust be satisfied for a read cycle. ) _
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in

read-write cycles.
Operation within the trap(max) limit insures that trac{max) can be met. trap(max) is specified as a reference
point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa.

TIMING DIAGRAMS

READ CYCLE
tre
f———————tRAS——- trp
RAS ML —
ViL— \ tAR
. [— tosH
CRP, tRco tRSH
— ViH— / \ oas / \
CAS
viL— |—tRaD tRAL— L
1ASR tRAH
tasc tCAH
Vin— ROW COLUMN
ViL— ADDRESS ADDRESS
d
[ ——-tRcH
tRCs
tRRH
_ Vin—
w ViL— aVaVa = tROH ————|
tAA
oE Vin— toEA—
ViL—
toac- | torE |
trac toez
Von—
DQ.-DQg v OPEN { VALID DATA-OUT
oL— )
b——toLz ——]

m DON'T CARE
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TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)

tRc
_ Vin— 1Ras ]
RAS Ve tar 2
tcRp trcn tosH ‘o
—_— ViR— -
CAS Vi— _j B tRAH \ tcas / \_
| thsR || |tasc TteaE | PAt
A Vin— ROW COLUMN
ViL— ADDRESS, ADDRESS
= tRAD:;cs towt
== tWCH s
w ViH— twe
ViL—
twer
tRwL
oF Vin—
ViL—
}-— tDHR A
tps = = toH
o . ViH— L
DQ;-DQs Vie— VALID DATA-IN OPEN
WRITE CYCLE (OE CONTROLLED WRITE)
tRC
tras f— tre
- Vin—= I \
RAS Vie— @ A
tosH
{oRP tRcD — tRsH 1
1
— Vih—
CAS ~ ﬂ \ \ toas /
ViL tash _t;;:AD__. T \_
|-‘—' tASC = toaH =
ViH—
! R EE 1) W
= towL
tRwL
— VihR— 1V ATATAYAVATAVAVAYATAVAVAVATATAVAVAVAVAYAVAVAY A VAVAY,
" e RN
[toEH
ViH— /
o s I &
r—— tDH —
V_ VVVYYVVVYVVVVVVVVVVAAANNITY
baoos g vauo oaran XK BRSO

mDON'T CARE
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TIMING DIAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE

tawg———m ———— — ——— - = |
tras tRP——
. ViH— B — tan
RAS Vi— \ R
tcsH—
tcrRP
!-" trco tRsH
CAS Vin- J \ tcas /- 7 \
ViL—
task | |tRAH tasc tcan
A Vik— oW COLUMN
ViL— ; ADDRESS 4 ADDRESS [
tRap— - tAWDT N t
e ~ CWDr —— tcwL:
_ trwp = tAwL
w ViH— VAVAVAVAVAVAVAVAVAVAVAV, W,V o
L twp—=— AKX XXXX W XD
Vi ha N BB
v toea
— H— ]
OF ViL— | toeo
tcac—— tps
- togz = F‘ == toH
tRAC
VioH = 7 VALID VALID \ "'0"" v.v‘v’v.v VAV, V".'.'
POrDR o — —Athrron saren_ IEOEEEOBAE00S
) [
FAST PAGE MODE READ CYCLE
) tRP
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wTT e -
ViL— -
tpc RHCP
t = tRSH —=—{
R~ thoo— Ltcp-—-
PR ViH— r(a
CAS " -——tcﬁ@—*ﬁ tcas o \—-— tc;\sﬂ \
Vie— tRAD ! '
T fesu tRaL
tash tRaH _ tasc_| loAM tasc| | toan tasc| | toa
|
A ViH— COLUMN Y COLUMN COLUMN
ViL— ADD ADDRESS ADDRESS ADDRESS
L 1 1
li“-‘il _IRoH_ |-::i }-—’lncs *l L'-HRCS 4 j—treH
W ViH— N ﬂ \ v
ViL— .
taA ‘—l‘tAA———s— N fa—] tRRH
toeal 'CPA
OE
ViL— A ‘ / )
cac
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TlMlNG D|AGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

L_tRe_|
tRasp
RAS g tar !
g 4t
. tpc. t, S
1 j—— tRsH
l_‘ﬁp_ i tRCD top-—]
CAS j : \ - toas- 2 S*MAS _\— tCAs——/ ; \
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FAST PAGE MODE READ-MODIFY-WRITE
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[
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. cAC
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TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

Vi T 3

tRe
- trp

tRAS

RAS Vi

tcrp

tRrc

CAS

tasr

w __/
—
RO

tRAH

Vin—
ROW ADD

QX

S Vi—

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=Vj4, O, A=Don't Care

BN

\/

’W" ‘y “y .v v, v‘%gggg

A

tac
trp

trpPc

| —

trRp

— ViH— .
RAS ] S tRAS

V= L—» trrc

tcsr toHR

— VIH_ B
CAS 17

ViL— L
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TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tRC

trc

. tRAs — F——tRp ——| trAS tRP ——] v
W N VA \
tcrp tRCD ——f———— tRSH ——ry tCHR
. ViH— 4
cas viL— j tRAD \\ \.
tasc -— :
. tasr — |—1]-tRan Lo
. e 0K 388 MO ssseet
tRes %4 tRRH
__ ViH— - Y V VAV AYAYAYAY S AYAYS
w o Y | [ A XX
- VIH— toea
tcac L’L
tez toFF
tRAC _.*-‘ toez —
DQ;-DUs ‘\’/‘;‘:: g&r VALID DATA-OUT I

HIDDEN REFRESH CYCLE (WRITE)
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TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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DEVICE OPERATION

Device Operation

The KM48C512 contains 4,194,304 memory locations
arranged in 8 groups of 524,288X 1 bit each. Twentyad-
dress bits are required to address a particular memory
location. Since the KM48C512 has only 10 address in-
put pins, time muitiplexed addressing is used to input 10
row and 9 column addresses. The multiplexing is con-
trolled by the timing relationship between the row address
strobe (RAS), the column address strobe (CAS) and the
valid row and column address inputs.

Operation of the KM48C512 begins by strobing in a valid
row address with RAS while CAS remains high. Then the
address on the 10 address input pins is changed from
arow address to a column address and is strobed in by
CAS. This is the beginning of any KM48C512 cycle in
which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CAS have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge time
(trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras{min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM48C512 begin a complex sequence of events. If the
sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. The access time
is normally specified with respect to the falling edge of
RAS. Additionally the access time also depends on the
falling edge of CAS and on the valid column address tran-
sition. If CAS transitions to a low before trep(max) then
the access time to valid data is specified by trac(min).
However, if CAS transitions low after trcp(max) or if the
column address becomes valid after trap(max), access
is specified by tcac or taa. In order to achieve the
minimum access time, trac(min), it is necessary to meet
both trep(max) and trap{max).

Write
The KM48C512 can perform early write, late write and

read-modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W, OE, CAS. In any type
of write cycle, Data-in must be valid at or before the fall-

ing edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The 8-bit wide data at the data
1/0 pins is written into the addressed memory cells.
Throughout the early write cycle the output remains in
the Hi-Z state. In the early write cycle the output buffers
remain in the Hi-Z state regardless of the state of the OE
input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cells appears at the output before and during
the time that data is being written into the same cells.
This cycle is achieved by bringin W low after CAS and
meeting the data sheet read-modify-write timing re-
quirements. The OE input must be low during the time
defined by toga for data to appear at the outputs. If towp
and trwp are not met output may contain invalid data.
Conforming to the OE timing requirements prevents bus
contention on the KM48C512 DQ pins.

Data Output

The KM48C51 2 has a three-state output buffers which
are controlled by CAS and OE. Whenever either CAS or
OE is high (Vin), the outputs are in the high impedance
(Hi-Z) state. In any cycle in which valid data appears at
the outputs, the outputs enter into the low impedance
state in the time specified by tciz after the falling edge
of CAS. Invalid data may be present at the output during
the time after tciz and before the valid data appears at
the output. The timing parameters tcac, trac and taa
specify when the valid data will be present at the output.
This is true even if a new RAS cycle occurs (as in hid-
den refresh). Each of the KM48C512 operating cycles
is listed below after the corresponding output state pro-
duced by the cycle.

Valid QOutput Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-Before-RAS Refresh, OE con-
trolled write, CAS-only cycle.

Indeterminate QOutput State: Delayed Write (tcwp or
trwp times are not met)

Refresh

The data in the KM48C512 is stored as a charge on
microscopic capacitor within each memory cell. The
stored charge tends to dissipate over time and will af-
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DEVICE OPERATION (continued)

fect data integrity if the charge is not periodically refresh-
ed. Refresh of the individual storage cells is accomplished
by accessing all rows within the refresh period (trer) of
within 16ms. There are several ways to accomplish this:

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each of the 1024 row address
(AO-A9).

CAS-before-RAS Refresh: The KM48C512 has CAS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If either CAS input
is held low for the specified set up time (tcsr) before
RAS transitions low, the onchip refresh circuitry is enabl-
ed. An internal refresh operation automatically occurs.
The refresh address is supplied by the on-chip refresh
address counter which is then internally incremented in
preparation for the next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending either input active time and cycling RAS.
The hidden refresh cycle is actually a CAS-before-RAS
refresh cycle within an extended read cycle. The refresh
row address is provided by the on-chip refresh address
counter.

Other Refresh Methods: tis also possible to refresh the
KM48C512 by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in the
row are automatically refreshed. There are certain ap-
plications in which it might be advantageous to perform

refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM48C512 has Fast page mode capability provides
high speed read, write or read-modify-write access to
all memory locations within a selected row. These cycles
may be mixed in any order. A fast page mode cycle
begins with a normal cycle. Then, while RAS is held low
to maintain the row address, CAS is cycled to strobe in
additional column addresses. This eliminates the time re-
quired to set up and strobe sequential row addresses
for the same page.

CAS-before-RAS Refresh Counter test

cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry. The cycle begins as a CAS-before-RAS
refresh operation. Then, if CAS is asserted high and then
low again while RAS is asserted low, the read and write
operations are enabled. In this method, the row address
bits AO through A9 are supplied by on chip refresh
counter.

Power-Up

If RAS=Vss during power-up, the KM48C512 could
begin an active cycle. This condition resuits in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vcc during power-up or be held a valid V| in order
to minimize power-up current.

SAMSUNG
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PACKAGE DIMENSION

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
L 0.720(18.29) 0.027(0.69)
” 0.730(18.54) MIN
2R sis S8 88
D O oo Sle gole T|T
88 za 85 33
olo 212 °|° oo
= uB)
D S N N N N N N S |
0.026(0.66)
[ 0.032(0.81) 0.140(3.56)
0.148(3.76)

] 0.004(0.1)

0.050(1.27)
MAX

0.050(1.27) |

0.016(0.41) "__
0.020(0.51) | TYP |
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512Kx9 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
e Performance range:
traC tcac tre
KM49C512- 7 70ns 20ns 130ns
KM49C512- 8 80ns 20ns 150ns
KM49C512-10 100ns 25ns 180ns

Fast Page Mode operation

Byte Read/Write operation

CAS-before-RAS refresh capability

RAS-only and Hidden Refresh capability

TTL compatible inputs and outputs

Early Write or output enable controlled write
Dual +5V+10% power supply

1024 cycles/16ms refresh

JEDEC Standard pinout

‘Available in Plastic SOJ

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM49C512 is a CMOS high speed
524,288 bit X 9 Dynamic Random Access Memory. Its
design is optimized for high performance applications
such as personal computer, graphics and high perfor-
mance portable computers.

The KM49C512 features Fast Page Mode operation
which allows high speed random access of memory cells
within the same row. CAS-before-RAS refresh capabili-
ty provides on-chip auto refresh as an alternative to RAS-
only refresh. All inputs and outputs are fully TTL com-
patible.

The KM49C512 is fabricated using Samsung'’s advanc-
ed CMOS process.

PIN CONFIGURATION (top views)

e KM49C512J

Vee
DQ,
o . =g
~a_o ontrol V. 3
CA_S Clocks V:: : DQ4
W Vgg Generator DQs
T w O
RAS [}
’—"I Refresh Control I Row Decoder Data in As [
Buffer Ao [
o N E
Refresh Counter ° DQ i
Memory Array - to' As [
524,288X9 g Qs Vee 1
Celis @ L-
Row Address Buffer 17}
Ao 3
: i Data out N " N
. Buffer __ | Pin Name Pin Function
Ag Col. Address Buffer Column Decoder OE
Ao-Ag | Address Inputs
DQ1.9 | Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
OE Data Output Enable
Vee Power (+5V)
N.C. No Connection
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ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vout —1to +7.0 Vv
Voltage on Vcc Supply Relative to Vss Vece —1to +7.0 \%
Storage Temperature Tstg —55to +150 °C
Power Dissipation Pp 700 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (voltage reference to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \'
Ground Vss 0] 0 0 \Y2
Input High Voltage ViH 2.4 — Veo+1 \
Input Low Voltage Vi —1.0 — 0.8 \%

DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max Unit
. . KM49C512- 7 lect 110 mA
%)Tesran:g Cc)%rsregt cling @ trc=min) KM49C512- 8 95 mA

a ycling @ fre KM49C512-10 80 | mA
Standby Current
(RAS=m=V|H) lcce 2 mA
RAS-Only Refresh Current* KM49C512- 7 lecs 10 mA
(CAS=Vin, RAS Cycling @ trc=min) KM49C512- 8 95 mA

I yeling @ fre KM49C512-10 80 | mA
Fast Page Mode Current* KM49C512- 7 loca 85 mA
(RAS=V\_, CAS, Address Cycling @ tro=min) | <M49C512- 8 75 | mA
L LA, yeling @ tee=min-) -\ yma9c512-10 65 | mA
Standby Current
(RAS=CAS=Vcc-0.2V) lecs 1 mA
CAS-Before-RAS Refresh Current* KM49C512- 7 locs 110 mA
(RAS and CAS Cycling @ trc=min) KM49C512- 8 95 | mA
7 yeling @ tre KM49C512-10 80 | mA
Standby Current
(RAS=V,4, CAS=V)_ Dout=Enable) lcc7 5 mA
Input Leakage Current (Any input OSV|N<6.5Y, _
all other pins not under test=0 volts.) e 10 10 KA
Output Leakage Current _
(Data out is disabled, OV<Vour<5.5V) lo 10 10 KA
Output High Voltage Level (lon=—5mA) VoH 2.4 —_ \'
Output Low Voltage Level (loL=4.2mA) VoL . 0.4 \

*NOTE: lcc1, lces, Icca, lcce are dependent on output loading and cycle rates. Specified value are obtained
with the output open. Icc is spedified as average current. Icc1, lcca, Iccs, Address can be changed
maximum two times while RAS=V,, Iccs4, Address can be changed maximum once while CAS=Vy.
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CAPACITANCE (14=25°C)
Parameter Symbol Min Max Unit
Input Capacitance (Ao-Ag) CiNt — 6 pF
Input Capacitance (RAS, CAS, W, OE) Cinz — 7 pF
Output Capacitance (DQ1-DQg) Cba —_ 7 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voe=5.0V+10%, See notes 1,2)
KM49C512-7 | KM49C512-8 | KM48C512-10
Parameter Symbol Units | Notes
Min| Max |[Min| Max [Min| Max
Random read or write cycle time tre 130 150 180 ns
Read-modify-write cycle time trwc [185 205 245 ns
Access time from RAS trac 70 80 100| ns |3,4,11
Access time from CAS tcac 20 20 25| ns | 3,4,5
Access time from column address tan 35 40 45| ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torrF 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50! ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width trAS 70(10,000; 80(10,000{100|10,000| ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tcsH | 70 80 100 ns
CAS pulse width tcas 20!10,000| 20;10,000| 25!10,000| ns
RAS io CAS delay time taco | 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 o] ns
Row address hold time trRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcan 15 15 20 ns
Column address hold time referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs o] [¢] o] ns
Read command hold time referenced to CAS tRCH 0 0 [¢] ns 9
Read command hold time referenced to RAS tRRH 0 0 ] ns 9
Write command hold time tweH 15 15 20 ns
Write command hold time referenced to RAS twer 55 60 75 ns 6
Write command pulse width twp 10 10 20 ns
Write command to RAS lead time tRwi 20 20 25 ns
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tos 0 0 o] ns 10
Data-in hold time toH 15 15 20 ns 10
P
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PRELIMINARY
KM49C512 CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, Voc=5.0V+10%, See notes 1,2)

KM49C512:7 | KM49C512-8 | KM49C512-10
Parameter Symbol Units| Notes
Min| Max |Min| Max [Min| Max
Data-in hold time referenced to RAS toHR 55 60 75 ns 6
Refresh period (1024 cycles) tRer 16 16 16| ms
Write command set-up time twes 0 0 0 ns 8
CAS to W delay time tewo | 50 50 60 ns 8
RAS to W delay time trRwp |100 110 135 ns 8
Column address to W delay time tawp 65 70 85 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) tcHR 20 25 30 ns
RAS precharge to CAS hold time trpc 10 10 10 ns
CAS precharge time (C-B-R counter test cycle)| tcpr 35 40 50 ns
Access time from CAS precharge tcpa 40 45 50| ns 3
Fast page mode cycle time ) tpc 45 50 55 ns
Fast Page mode read-modify-write cycle time trPrwc | 100 105 120 ns
RAS pulse width (Fast page mode) trasP 70| 100K| 80| 100K|100| 100K| ns
RAS hold time from CAS precharge tancp | 40 45 50 ns
CAS precharge time (Fast page mode) tcp 10 10 10 ns
RAS hold time referenced to OE tRoH 20 20 20 ns
OE access time toea 20 20 25| ns
OE to data delay toep | 20 20| 25 ns
Output buffer turn off delay time from OE toez ] 20| O 20 O 25| ns
OE command hold time toen | 20 20 25 ns
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PRELIMINARY

KM49C512 CMOS DRAM

NOTES

1.

~N OO,

An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh
cycle before proper device operation is achieved.

. Viju(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured

between Vir(min) and V|L(max) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and 100pF.
. Operation within the trcp(max) limit insures that trac(max) can be met. trep(max) is specified as a reference

point only. If trcp is greater than the specified trep(max) limit, then access time is controlled exclusively by tcac.

. Assumes that trcp2trep(max).
. tar, twcRr, toHr are referenced to trap(max).
. torFmax) defines the time at which the output achieves the open circuit condition and is not referenced to Von

to VoL.

. twes, trwp, tcwp and tawp are non restrictive operating parameters. They are included in the data sheet as elec-

tric characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwp=tcwn(min), trRwp=trwp(min) and tawp=tawp(min), then the cy-
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither
of the above conditions are satisfied, the condition of the data out is indeterminate.

. Either trch or rern must be satisfied for a read cycle.
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in

read-write cycles.

. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference

point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa.

TIMING DIAGRAMS
READ CYCLE

- _ ———————————— RAs — e —trp
RAS M r ‘
ViL— —

 tRC—— . R

\*—*~— 1AR — v
i

———1CcsH

!
tcrp | |
trRco : tRsH +

o w - /7 -

ViL— tash —t;;:::AD - tRAL !
—f 'asc tcAH
ViH— ROW
A Vi mxmonsss Soumn
t 4 ! 1 -—FRCH
J ‘ RCS» tRRH |
w Vi : NOOTTOODTTX XY
W Vi ) e XOOOOOCEEOEOEEE
tAA
oF Vin— — toea—| ]
ViL—
P‘ tcac- =
— tRac toez
DQ;-DQs z‘;’:: OPEN VALID DATA-OUT
F=—tcLz—

m DON'T CARE
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PRELIMINARY

KM49C512 CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)

- o
RAS \:H— S tAR g
LR, trRcD 1 s tRsH
cas :IH— / tRAH \ toas /
L= ] \
| tAsR | tasc Ttcar | RAL

ViH— REAARATR)

A V:L_ tO:O::::O!Q:O:Q‘ Egglﬂsss f%é’é"s';
= tRAD —{
Utwes L 1\::!:T o
o ViH— TNV VYOV RN K VAV AW WAV AYAY. WL V. VAV V.V aVAVAVAVAVAVAY WAVAVAVAYAVAVAWAVAVAVAY,
W e - R
!h twer— T

. Vin— ‘J e ok
OE

ViL—

toHR
tps = = tor—
DQ,-DQs \\/,':: ]! VALID DATA-IN } OPEN
WRITE CYCLE (OE CONTROLLED WRITE)
b — tec
tRAS tRp————— ]
mE \—— ___
tesH
oRP trcD — tRSH
CAS :IH‘ 7 tcas / / \_
= 4 tRAD ]
v‘ﬁ_{ tRAH [~ thso - toan— tRAL

VIH_ VY Y\ \VAVAVAVAVAVAVAVAVAVAVAVAVAV, VAVAVAVAVAVLY,

. R CE ) G Y,
— towL
tRwL
_ ViH— 1.YAVAVAVAVAVAVAVAVAVAVAVAVAVATAVAVAVAVAVAVAVAYAVAVAY,
v Vi = eSO
. | toEn
- ViH— v v Y
o e YOOt | B EEENEK
f—*— toH —

0000, g o oxra iy M A IERNARK

m DON'T CARE
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PRELIMINARY
KM49C512 CMOS DRAM

TIMING DIAGRAMS (continued)
READ-MODIFY-WRITE CYCLE

TRWGC—— = o o e o o o e ,,,774
tRAs trRp——]
. Vin— X .
RAS -- AR N
Vi— A
- tesH——— - —— |
terp
"— trcD tRsH —_
CAS ViH— \ \ toas /-7_\—
ViL— Z
tasm | JtRAH tasc tcaH
\ |

A Vin— mﬂow COLUMN
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_ tRWD f=—— tRwL
w ViH—
: e
ViL—
toEA
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ViL— ) ' . 0 *‘OED
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FAST PAGE MODE READ CYCLE
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_ ViH—
D —— A\
ViL— (¢
tec tance
terp = tRSH — =
T trcD = tcp—
. V — y(d
CAS VIH \\ feas (—— tcas i s-* tc;\s«& \
L ;_J
tRAD .
—-—{l tcsH tRAL
¢ than  tasc | foaH tasc| | tcan tasc | tcau
ASR 1 B = BEaiil)
A Vin— Tk COLUMN COLUMN COLUMN
Vi— ADD ADDRESS ADDRESS ADDRESS
t t i
RCS RCH ’_1:{ ]— tRcs ‘! l-«-ﬁncs “4= }=tRcH
w Vin— Ny “ \ 0(
Vi ‘» —
taa —ttan tan tRRH
toeAl CPA . toEa
R v [ AR
Vie—
tcac ! '
- foFr, tcac |1OFF | tcac 1 tore
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VoH—
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PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (continued)

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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KM49C512

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (cContinued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

trRe

i
—_ tRp e et

RAS

tras

L‘.ﬁgg

CAS

\VVAVAVAVAVAVAY,

CAS-BEFORE-RAS REFRESH CYCLE

NOTE: W=V, OE, A=Don’t Care

\/
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CAS

trPC
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}v' DON'T CARE
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KM49C512

PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)
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PRELIMINARY
CMOS DRAM

TIMING DIAGRAMS (continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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PRELIMINARY
CMOS DRAM

DEVICE OPERATION

Device Operation

The KM49C512 contains 4,718,592 memory locations
arranged in 9 groups of 524,288X 1 bit each. Twentyad-
dress bits are required to address a particular memory
location. Since the KM49C512 has only 10 address in-
put pins, time multiplexed addressing is used to input 10
row and 10 column addresses. The multiplexing is con-
trolted by the timing relationship between the row address
strobe (RAS), the column address strobe (CAS) and the
valid row and column address inputs.

Operation of the KM49C51 2 begins by strobing in a valid
row address with RAS while CAS remains high. Then the
address on the 10 address input pins is changed from
a row address to a column address and is strobed in by
CAS. This is the beginning of any KM49C512 cycle in
which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CAS have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge time
(trp) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM49C512 begin a complex sequence of events. if the
sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. The access time
is normally specified with respect to the falling edge of
RAS. Additionally the access time also depends on the
falling edge of CAS and on the valid column address tran-
sition. If CAS transitions to a low before trcp(max) then
the access time to valid data is specified by trac(min).
However, if CAS transitions low after trcp(max) or if the
column address becomes valid after trap(max), access
is specified by tcac or taa. In order to achieve the
minimum access time, trac(min}, it is necessary to meet
both trep(max) and trap(max).

Write
The KM49C512 can perform early write, late write and

read-modify-write cycles. The difference between these
cycles is in the state of data-out and is determined by
the timing relationship between W, OE, CAS. In any type
of write cycle, Data-in must be valid at or before the fall-

ing edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The 9-bit wide data at the data
1/0 pins is written into the addressed memory cells.
Throughout the early write cycle the output remains in
the Hi-Z state. In the early write cycle the output buffers
remain in the Hi-Z state regardless of the state of the OE
input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cells appears at the output before and during
the time that data is being written into the same cells.
This cycle is achieved by bringin W low after CAS and
meeting the data sheet read-modify-write timing re-
quirements. The OE input must be low during the time
defined by toea for data to appear at the outputs. If tcwp
and trwp are not met output may contain invalid data.
Conforming to the OE timing requirements prevents bus
contention on the KM49C512 DQ pins.

Data Output

The KM49C512 has a three-state output buffers which
are controlled by CAS and OE. Whenever either CAS or
OE is high (ViH), the outputs are in the high impedance
(Hi-Z) state. In any cycle in which valid data appears at
the outputs, the outputs enter into the low impedance
state in the time specified by tcLz after the falling edge
of CAS. Invalid data may be present at the output during
the time after tc z and before the valid data appears at
the output. The timing parameters tcac, trac and taa
specify when the valid data will be present at the output.
This is true even if a new RAS cycle occurs (as in hid-
den refresh). Each of the KM49C51 2 operating cycles
is listed below after the corresponding output state pro-
duced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Wﬂg, CAS-Before-RAS Refresh, OE con-
trolled write, CAS-only cycle.

Indeterminate Qutput State: Delayed Write (fcwp or
trwp times are not met)

Refresh

The data in the KM49C512 is stored as a charge on
microscopic capacitor within each memory cell. The
stored charge tends to dissipate over time and will af-
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KM49C512

PRELIMINARY
CMOS DRAM

DEVICE OPERATION (continued)

fect data integrity if the charge is not periodically refresh-
ed. Refresh of the individual storage cells is accomplished
by accessing all rows within the refresh period (trer) of
within 16ms. There are several ways to accomplish this:

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each of the 1024 row address
(AO-A9).

CAS-before-RAS Refresh: The KM49C512 has CAS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If either CAS input
is held low for the specified set up time (tcsr) before
RAS transitions low, the onchip refresh circuitry is enabl-
ed. An internal refresh operation automatically occurs.
The refresh address is supplied by the on-chip refresh
address counter which is then internally incremented in
preparation for the next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending either input active time and cycling RAS.
The hidden refresh cycle is actually a CAS-before-RAS
refresh cycle within an extended read cycle. The refresh
row address is provided by the on-chip refresh address
counter.

Other Refresh Methods: It is also possible to refresh the
KM49C512 by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in the
row are automatically refreshed. There are certain ap-
plications in which it might be advantageous to perform

refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM49C512 has Fast page mode capability provides
high speed read, write or read-modify-write access to
all memory locations within a selected row. These cycles
may be mixed in any order. A fast page mode cycle
begins with a normal cycle. Then, while RAS is held low
to maintain the row address, CAS is cycled to strobe in
additional column addresses. This eliminates the time re-
quired to set up and strobe sequential row addresses
for the same page.

CAS-before-RAS Refresh Counter test

cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionaliity of the CAS-before-RAS refresh ac-
tivated circuitry. The cycle begins as a CAS-before-RAS
refresh operation. Then, if CAS is asserted high and then
low again while RAS is asserted low, the read and write
operations are enabled. In this method, the row address
bits AO through A9 are supplied by on chip refresh
counter.

Power-Up

If RAS=Vss during power-up, the KM49C512 could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Vcc during power-up or be held a valid Vi in order
to minimize power-up current.

I 4
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PACKAGE DIMENSION
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD

Units: Inches (millimeters)

0.720(18.29) 0.027(0.69)
0.730(18.54) MIN
OO rararr r:‘:
\>_—_
818 ss 52 88
O =3 i) No  slo TiC
s [=3[=} o |0 —=i=
D 818 g8 85 3|3
olo g 8 oo glo
> )
N O U N O O N I 0
l [ 0.026(0.66)
| 0.032(0.81) 0.140(3.56)
0.148(3.76)

[ 0.004(0.1)] Yg

0.016(0.41) 0.050(1.27) }_
0.020(0.51) —I TYP —

0.050(1.27)
MAX
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KMM581000AN DRAM MODULES

1M X8 DRAM SIMM Memory Module

FEATURES GENERAL DESCRIPTION
e Performance range: The Samsung KMM581000AN is a 1M bit X 8 Dynamic
RAM high density memory module. The Samsung
tRac tcac tre KMM581000AN consist of two 4M bit DRAMs

KMM581000AN- 7 70ns 20ns 130ns (KM44C1000AJ - 1MX4) in 20-pin SOJ package
mounted on a 30-pin glass-epoxy substrate. A 0.22uF
KMM581000AN- 8 | 80ns | 20ns | 150ns decoupling capacitor is mounted for each DRAM.

KMM581000AN-10 | 100ns | 25ns 180ns

The KMM581000AN is a Single in-line Memory Module

Fast Page Mode operation with edge connections and is intended for mounting into
CAS-before-RAS refresh capability 30-pin edge connector sockets.

RAS-only and Hidden refresh capability
TTL compatible inputs and outputs
Single +5V+10% power supply

1024 cycles/16ms refresh

JEDEC standard pinout

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS

RAS 0— Qo — ]
CAS O- DQ, : Vee o
W O 1M x4 DQ, CAS
Aoe O o I DQs DQg
E Ao
/7; Vss Ay @
‘ pa, | [6
= DQ A; %
DQs As E
TMx4 |—— po, ves | [2]
_ [~ DQy pQ; | 1]
!7— OE a: | [
Vss As | 12
DQy
As | [14]
A7l [15]
pa, | [1§]
Ag | [17]
A | 18]
Ne | [19]
Pin Name Pin Function Qs | [29]
Ao-Ag Address Inputs Wi [21]
Vss | [22)
DQo.-7 Data In/Out Dé:
w Read/Write Input NC
RAS Row Address Strobe DGy
—— NC
CAS Column Address Strobe RAS
Veo Power (+5V) NG
ne | [29
Vss Ground Voo
N.C. No connection o
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KMM581000AN

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vss VN, Vour —~11t0 +7.0 Vv
Voltage on Vec Supply Relative to Vss Vee -11t0 +7.0 v
Storage Temperature Tstg —-55to +150 °C
Power Dissipation Pp 1.2 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND'T'ONS (Voltage reference to Vss, TaA=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \'
Ground Vss 0 [0} 0 v
Input High Voltage V4 2.4 — Vee+1 \%
Input Low Voltage ViL -1.0 - 0.8 \
DC AND OPERATING CHARACTERISTICS
{Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min | Max | Units
Operating Current* KMM581000AN- 7 — 210 mA
e = . . KMM581000AN- 8 lcct - 190 mA
(RAS, CAS, Address Cycling @ trc=min.) KMM581000AN-10 _ 170 mA
Standby Current
(RAS=CAS=Vi) locz - 4] mA
— N KMM581000AN- 7 — 210 mA
(RCATS,DLZR‘/'V RSf—AZSEyi‘ﬁL' *% tro=min) KMM581000AN- 8 | loca | — | 190 | mA
H, 9@t KMM581000AN-10 — | 170 | mA
KMM581000AN- 7 — 160 mA
Fast P *
(:_f\lsj?e ”c"%eg‘g"'ﬁ",tt —min) KMM581000AN- 8 |  lcca — | 140 | mA
L ycling: tec=min. KMM581000AN-10 — | 120 | mA
Standby Current
(RAS=CAS=Vcc—0.2V) locs - 2| mA
CAS-Before-RAS Refresh Current* KMMS81000AN- 7 — | 210 mA
(RAS and CAS Cycling @ tac=min.) KMM581000AN- 8 Icce - 190 mA
’ KMM581000AN-10 — 170 mA
Input Leakage Current (Any input OSVINSB.5V, _
all other pins not under test=0 volts.) h 20 20 HA
Qutput Leakage Current _
(Data out is disabled, 0<Vour<5.5V) lou 101 101 wA
Output High Voltage Level (loH=—5mA) VoH 2.4 — \
Qutput Low Voltage Level (lo=4.2mA) VoL — 0.4 \'

*NOTE: lIcc1, lcea, Icca and Icce -are dependent on output loading and cycle rates. Specified values are obtained

with the output open. Icc is specified as

average current.

-
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KMM581000AN DRAM MODULES

CAPACITANCE (ta=25°c)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag, RAS, CAS, W) Cint - 25 pF
Input/Output Capacitance (DQo-DQ7) Coba - 15 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)

KMM581000AN-7 | KMM581000AN-8 |KMM581000AN-10
Standard Operation Symbol Unit | Notes
Min Max |Min Max | Min Max

Random read or write cycle time trc 130 150 180 ns
Access time from RAS tRaG . 70 80 100| ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z tciz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns

RAS pulse width tras 70| 10,000| 80| 10,000|/100| 10,000| ns

RAS hold time tRsH 20 20 25 ns

CAS hold time tcsH 70 80 100 ns

CAS pulse width tcas 20| 10,000 20| 10,000| 25| 10,000} ns

RAS to CAS delay time tRep 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trRAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 | 5 10 ns

Row address set-up time tasr o] 0 0 ns

Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 15 15 20 ns
Column address hold referenced to RAS| tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns

Read command set-up time trcs 0 0 0 ns

Read command hold referenced to. CAS | trcH 0 0 0 ns 9
Read command hold referenced to RAS | trgn 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns

Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns

Write command to RAS lead time tRwL 20 20 25 ns

Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tbs 0 0 0 ns 10
Data-in hold time toH 15 15 20 ns 10
Data-in hold referenced to RAS torm_ | 55 60 RS ns| 6

# SAMISUNG | 3
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KMM581000AN

DRAM MODULES

AC CHARACTER'ST'CS (Continued)

KMM581000AN-7 | KMM581000AN-8 | KMM581000AN-10
Standard Operation Symbol Unit | Notes

Min| Max |Min| Max |Min| Max

Refresh period tRer 16 16 16| ms

Write command set-up time twes 0 0 0 ns 8

CAS set-up time (C-B-R refresh) tesh 10 10 10 ns

CAS hold time (C-B-R refresh) toHR 20 30 30 ns

RAS precharge to CAS hold time trrc 10 10 10 ns

Access time from CAS precharge tcra 45 45 55 ns 3

Fast page mode cycle time trc 50 50 60 ns

CAS precharge time (Fast page) tep 10 10 10 ns

RAS pulse width (Fast page) trasP 70 |200,000| 80 |200,000| 100|200,000 | ns

W to RAS precharge time (C-B-R refresh) | twre 10 10 10 ns

W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns

CAS precharge (C-B-R counter test) tepr 35 40 50 ns

NOTES

1.

No o

An initial pause of 200us is required after power-
up followed by any 8 RAS cycles before proper
device operation is achieved.

. ViH(min) and Viymax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between Vinmin) and Viymax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

. Operation within the trcpmax) limit insures that

trRAC(max) €an be met. trcpmax) is specified as a
reference point only. If trcp is greater than the
specified tropmax) limit, then access time is con-
trolled exclusively by tcac.

Assumes that trco>tRcD(max)-

tar, twcr, toHR are referenced to trap(max).

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
referenced to Von or VoL.

10.

11.

twes, trwp, tcwp and tawp are non restrictive
operating parameters. They are included in the data
sheet as electrical characteristics only. If
twes=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

Either trcH or trrH must be satisfied for a read
cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap{max) limit insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.
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KMM581000AN DRAM MODULES
TIMING DIAGRAMS

READ CYCLE \
RC
trP
== ViH- X tRAS' I
RAS i SL Z N
tcsH
.‘Cﬁ tRcD thrsn tcap
L——l s
w Y/ /
tar
. tRAD n tRAL
!ASR—'-—~ F—=tRAH= 250 F—tcAH~—
Vin- W ROW @g‘ COLUMN
A ViL— ADDRESS ADDRESS
| | o
lncs—<-l l—— tRRH
ViH-
m D AGKEIEYT | REEK
Jr t 'Aii tciz toFF
RAC
pa \\//ZT: OPEN %@gt VALID DATA-OUT )——
WRITE CYCLE (EARLY WI?ITE)
trp
o ViH— \
RAS Vi ) ] X
tcrp tRco tRsH tcRp
tesH
l tcas
_ ViH— p '
CAS v‘.:_ / \ \ _‘/ J
t
tAsR | tRaH 1R|AD tAS:;H RAL
—tcaH=—
ViH- ROW - COLUMN \
n e TR o SR e
tewr I
Twog | WeR
tweH
Vin= O YOYOOOOYYNYYY XYY X Y twe VaVAAVY V. VVAVAV, V.V VY WAV,
P RO R R
| e tRwL —|
| 1 - tDH-—-I

7
ViL— AAAND P A VAVAVAN A‘

t
T DHR m DON'T CARE
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KMM581000AN DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

tRP
tRasP
ViH—~ !N
RAS Vi— {6
ry
' tcsH o top tec _(_cp.J tRSH =]
i treD A% F=tcass— t—a—i tcASs— —4— tCRP—
ViH— j \\ Zﬂ_'! —
CAS Vi— ‘
tAR tRAL
t t tasc tcan
f: ..Fri t.‘\fﬂ L... tcaH o— LﬁtAscl—“ﬁ tcaH
ViH— ROW coL coL ) cor  \
A ViL— ADD ADD ADD ADD
T ’ : tRRH
emer— tRAD ] | —
tRoH l | tres tRcs tRCH
Ros— | ! mn
W !
ViL— tcac tcac teac
) —
—-ﬁtAAt:j taa tan—=—
tRAC tepa tcpa |
Vor— VALIDR VALID VALIDN,
[le) v DATA-OUT === DATA-OUT DATA.QU ===
oL—
t towz|| toFF) t .
tCLz—-J OFF q._zj OFF ; cLz o_»=_F_I .
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
. trp
tRasP
ViH— B
RAS Vi— ‘5
45
tpc - | —tRSH ]
tcrp tcas tcp tcas tcp tcas t
l“ -~ trcp t-{CRP i
4 €
Vi < . x 4§ —
o, j 4\ /N
- -
taR tRAL
t t t t tcAH [
rA—i il ‘ric— )—-—- tcaH Ars-c— tasc F.. tcaH
Vin— ROW coL ) coL coL
A Vi— ADD ADD ADD ADD
b 1
—— tRAD ——
. R twes twCH tweH
wes " 1 ) twos
W
W
ViL—
v Z X4 g
tos tDH tps| toH tps| toH
Vi TINYYWIYN A L L' (AVAVAVAV AV VAVAY,
b " "&.’.’&%’”. ’Q, VALID DATA-IN VALID DATA-ld VALID DATA-IN 3”"“":’“”.
Vic— WNNAANANVVNA) \ i AVAYAVAVAVAYAVAYAY
tOHR i m DON'T CARE
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KMM581000AN DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W=Don’t Care

AAS :::: \ ] Vs | ~

tasr

1,

I S—

s e
V. —
* —1tcrr F— trec

pQ ) OPEN

7 L
A ROW ADDRESS

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

Viu — ) -
Vi — \\- J/
trpc —=di
tesh .
e tep——p toHR +=—tapc
Vin — X
TAS "
Vi — ) .

twrp twan

.~ XECEECERY RGXEIXOIXIKNKS

w
torr
bQ :I/I:: : } OPEN
m DON'T CARE
u
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KMM581000AN DRAM MODULES

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

ta tac
tars R trs top—r]

— Vg — =) B
AAS \ e \

Vi —

tore
l—— bo—— thco: thsH tenp

&/ T . /

Vi — e —

t&“ ‘BO-‘__
tean
[~ trau

A Vi = 71 row? COLUMN

Ve - X ADD ADDRESS

L
I_—"'| ths tran: T2 twan

_ Vim —
W

Ve — taa—=

[ teac— torr
toz
I My

Vor—
bQ o VALID DATA-OUT )

Vo — 4

HIDDEN REFRESH CYCLE (WRITE)

tre tre.
taas trp—= thp—=f

AAS Vi — 3\ tan \ trns |

Vi — X

toar ——tAsH—t
|-— le—— trcD— ] tonn

— Viu —
CAS " j \ / \

Vo — [=— trap—=]

tasa tasc, ~f=—
toan
=1 than

A Vin — fRow) COLUMN |

vV, — ADD ADDRESS

L "
twes 1 e tygH ——emd twre twrn
Vi —
tos ==ty ——=

o Vi —
Q VALID DATA

Vi —

| tonn

m DON'T CARE
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KMM581000AN

DRAM MODULES

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

b thp—1
e Vi — "y trag Y
RAS " \ / N
tesr topr—— tas
. Vit — F—tonr—— toas
o “ \. \ /
tasc f~— tcan—— .
A Vi — COLUMN |
Vi — ADDRESS
READ CYCLE tume | |t i
¢ W il ot i i
T LXK | | RS
be—torz

bQ :/’:: B OPEN (| oom ou: J>_._

WRITE CYCLE ad B ' town )
A VAVAVAVAYAS  FAWAVAVAV/ \/\/\/ wcs-'_— twen VV VV VNV VN NNININN\NIN/\/
L e IR A i R,
tos L o ‘
Vi —
Da " OPEN VALID DATA IN f{(
m Dot CARE

o
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KMM581000AN DRAM MODULES

PACKAGE DIMENSIONS

Units: Inches (millimeters)

3.500(88.90)
3.234(82.14)
133(3.36) R.067(1.70) 0.125 DIA (3.18)
MAX .100(2.54)
/ MIN
z x & ¢ x} .080(2.03)
ciclg MIN
' g E’FT;DDDDDDDDDDDDDDDDDDDDDDDDDDDDD_J

:080(2.03) |_; JF.O?OUJS) 100(2.54) l N 010(.25)
| MAX

2.900(73.66)
REF
.300(7.62)
.200(5.08)
MAX
. - 1
Tolerances: +.005(.13) unless otherwise specified [
054(1.37)
047(1.19)
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KMM591000AN

DRAM MODULES

1MX9 DRAM SIMM Memory Module

FEATURES
¢ Performance range:
trac tcac tre
KMM&91000AN- 7 70ns 20ns 130ns
KMM591000AN- 8 80ns 20ns 150ns
KMM591000AN-10 | 100ns 25ns 180ns

* Fast Page Mode operation
CAS-before-RAS refresh capability
RAS-only and Hidden refresh capability
TTL compatible inputs and outputs
Single +5V+10% power supply

1024 cycles/16ms refresh

JEDEC standard pinout

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KMM591000AN is a 1M bit X 9 Dynamic
RAM high density memory module. The Samsung
KMM591000AN consist of two 4M bit DRAMs
(KM44C1000AJ - 1M X4) in 20-pin SOJ package and
1M bit DRAM (KM41C1000BJ - 1IMX1) in 20-pin SOJ
]package mounted on a 30-pin glass-epoxy substrate. A
0.22uF decoupling capacitor is mounted for each DRAM.

The KMM591000AN is a Single In-line Memory Module

with edge connections and is intended for mounting into
30-pin edge connector sockets.

PIN CONFIGURATIONS

—_— ]

RAS oO- -—— DQo o)
GAS o— - DQ, Veo
¥ o 1M x4 D, CAS
Aoo O— —— Do, DQo
GE Ao
Vss A @
DQ;, @
DQ4 Az
—— DQs As
1M x4 |—— DQg vss | [9]
_ - DQ7 DQ2
OE As
/;;ss As
—— ra DQs
PCAS O As
1Mx1 _ . - A
PO Pin Name Pin Function DQ.
Ao-Ag Address Inputs As
300.7 Data In/Qut NACQ
w Read/Write Input DQs
RAS Row Address Strobe Wi
CAS Column Address Strobe D\gz %
PCAS CAS for Parity NC | [24]
PD Data In for Parity 0 | [25]
pa | [26]
PQ Data Out for Parity 7As | [27]
Vce Power (+5V) PCAS | [28]
Vss Ground \Z [: %

N.C. No connection O

-
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KMM591000AN

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vout —1to +7.0 \'
Voltage on Vcc Supply Relative to Vss Vce -1to +7.0 \'
Storage Temperature Tstg =55 to +150 °C
Power Dissipation Pp 1.8 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERAT|NG CONDITIONS (Voltage reference to Vss, TaA=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vece 4.5 5.0 5.5 \
Ground Vss 0 0 0 \')
Input High Voltage ViH 2.4 — Vec+1 \Y
Input Low Voltage ViL -1.0 — 0.8 \%
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min | Max | Units
Operating Current* KMM591000AN- 7 — 290 mA
(RAS, CAS, Address Cycling @ trc=min.) KMMS591000AN- 8 lecs — | 260 mA
! ! ) KMM591000AN-10 — 230 mA
Standby Current
(RAS=CAS=V}) Icc2 - 6| mA
RAS-Only Refresh Current* KMMS91000AN- 7 — 2901 mA
(CAS=Vi, RAS Cycling @ trc=min) KMM591000AN- 8 lcca - 260 mA
! KMM591000AN-10 —_ 230 mA
Fast Page Mode Current* KMM591000AN- 7 - | 220 mA
(RAS=V_, CAS Cycling: tec=min.) KMM591000AN- 8 Icca — 190 mA
g ’ ' KMM591000AN-10 — 160 mA
Standby Current
(RAS=CAS=Vcc—0.2V) lecs - 3| mA
CAS-Before-RAS Refresh Current* KMMS591000AN- 7 — | 2% mA.
(-R-A—S and CTS Cycllng @ trc=min ) KMM591000AN- 8 lccs bt 260 mA
’ KMM591000AN-10 — 230 mA
Input Leakage Current (Any input O<VINS6.5V,
all other pins not under test=0 volts.) he —80 30 KA
Output Leakage Current | —10 10 A
(Data out is disabled, 0O<Vour<5.5V) oL H
Output High Voltage Level {lon=—5mA) VoH 2.4 — \')
Qutput Low Voltage Level (lo.=4.2mA) VoL — 0.4 \

*NOTE: Icc1, ices, lcca and Iccs are dependent on output loading and cycle rates. Specified values are obtained

with the output open. Icc is specified as

average current.
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KMM591000AN - DRAM MODULES

CAPACITANCE (r.=25°c)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag, RAS, CAS, W) Cini - 25 pF
Input Capacitance (PD, PCAS) Cin2 — 10 pF
Input/Output Capacitance (DQo-DQ7) Cpa — 15 pF
Output Capacitance (PQ) Ca — 10 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Vee=5.0V£10%, See notes 1,2)

KMM591000AN-7 | KMM591000AN-8 | KMM591000AN-10
Standard Operation Symbol Unit | Notes
Min Max |Min Max | Min Max

Random read or write cycle time tre 130 150 180 ns
Access time from RAS tRAC 70 80 100| ns | 3,4
Access time from CAS tcac 20 20 25| ns {3,4,5
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 ] 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns

RAS pulse width trAS 70| 10,000| 80| 10,000(100| 10,000| ns

RAS hold time tRsH 20 20 25 ns

CAS hold time tcsH 70 80 100 ns

CAS pulse width tcas 20| 10,000 20| 10,000| 25| 10,000| ns

RAS to CAS delay time treo 20 50| 20 60| 25 75| ns 4
RAS to column address delay time tRAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 5 10 ns

Row address set-up time tasr 0 0 0 ns

Row address hold time tRAH 10 10 15 ns
Column address set—ub time tasc 0 0 0 ns
Column address hoid time tcAn 15 15 20 ns
Column address hold referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns

Read command set-up time trcs 0 0 0 ns

Read command hold referenced to CAS | tmcH 0 0 0 ns 9
Read command hold referenced to RAS | trrH 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns

Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns

Write command to RAS lead time tRwt 20 20 25 ns

Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tps 0 0 0 ns | 10
Data-in hold time toH 15 15 20 ns | 10

¢ SAMSUNG e
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KMMS591000AN

DRAM MODULES

AC CHARACTER'ST'CS {Continued)

KMM591000AN-7 | KMM591000AN-8 | KMM591000AN-10
Standard Operation Symbol Unit | Notes

Min| Max |(Min| Max |Min| Max

Data-in hold referenced to RAS touR 55 60 75 ns 6

Refresh period tReF 16 16 16| ms

Wirite command set-up time twes 0 0 0 ns 8

CAS set up time (C-B-R refresh) tcsr 10 10 10 ns

CAS hold time (C-B-R refresh) tchr 20 30 30 ns

RAS precharge to CAS hold time trpc 10 10 10 ns

Access time from CAS precharge tcra 45 45 55| ns 3

Fast Page mode cycle time tec 50 50 60 ns

CAS precharge time (Fast page) tcp 10 10 10 ns

RAS pulse width (Fast page) trasP 70 200,000 80 [200,000| 100,200,000 ns

W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns

W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns

CAS precharge (C-B-R counter test) tepT 35 40 50 ns

NOTES
1. An initial pause of 200us is required after power- 8. twcs, trwp, tcwp and tawp are non restrictive

~N OO,

up followed by any 8 RAS cycles before proper
device operation is achieved.

ViHmin) @nd ViLmax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between Vihmin) and ViLmax), and are
assumed to be 5ns for all inputs.

. Measured with aload equivalent to 2 TTL loads and

100pF

. Operation within the trcpmax) limit insures that

trac(max) can be met. trcpmax) iS specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trcp>tRcD(max)-
. tar, twcr, toHR are referenced to trap(max).
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
referenced to Von or VoL.

10.

11.

operating parameters. They are included in the data
sheet as electrical characteristics only. If
twes=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

Either trcH or trrH must be satisfied for a read
cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap(max) limit insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa. :

i
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KMM591000AN DRAM MODULES

TIMING DIAGRAMS
READ CYCLE

tRe

ViH- R tRas s
ViL— \

tesH

tcrp 1cRP
tReD trRsH
ViH— X tcas
CAS v \ \
IL— / Y.

tar

3
Pl
vy

tRAD tRAL

i tasc
tasr —-{—-— tRAH™| —tCAH~=—1

ViH- ROW ¢ COLUMN
A Vieo ADDRESS ADDRESS
|

\ tRCH

tHcs~——{| — tRRH

ViL— )——-— tcAC——
t E
i_ AA

| tewz torr
tRac ’

VoH— '
ba VoL OPEN %@g VALID DATA-OUT }—
7

WRITE CYCLE (EARLY WRITE)
|

o

tRC
trP
tRas
s / N
tcrpP tRcD tRsH torp
tosH
= v f N\ f
tar
tasr | tRAH 'R{AD tasc tRAL
{ - —tcAH~—
ViH— . L
v BB X S Ry
cWL I
Twos | IWCR ‘
tweH
Vik— WP VYWY Y VYSWWYSAY
w RN ' LRI
tRwL |
'I'E"S' —"DH"—I l
DQ ://::: VALID DATA-IN
| -

t
o mDON’T CARE
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KMM591000AN DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

trp
tRASP
ViH— 3 z
ViL— :;
tcRp fosH tcas tcp Pe 58 RS =
trcD [~ttCAS™] t—a—u—i tcAS b~ tcRP—={
Vi \ \ e
ViL—
AR . ) tRAL
tASR} | tr t ASC CAH i
] L——A:- ASC [—emi tCAH f— »-o—j lettASC tcAH
Vin— ROW coL coL coL
A Vi— ADD ADD ADD ADD
’ | ' tRRH
fme—s tRAD ——en] | i}
tRCH l—-—
trcs tRes tRCH
l-‘RGS J,—‘ I
. 1.
ViH— 4
w !
ViL— tcac tcac tcac
o ]
| tap —=—i taal t AL ——
tRaC tepa tcpa

Vor— Z/VALDX AT ; VALID X

pQ v bATAOUT-ﬁ DATA-OUT=H =N DATA-CUT
" i

1OFF teiz|| toFF tcLz =

torz—e— = ——

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
tRasP
Vin— B
RAS ViL— —5 _4-/ \
. tpc i | w-tRSH.
CRP thoD tcas tcp tcas top tcas L tcrp —]
— €
Vig—
cAs " j Z \ / N
ViL—
tar tRAL
tasr| | tran tasc tasC tcaH i
=i tcan == =i tasc tcaH
Vin— ROW coL coL ) coL
A Vil— ADD ADD ADD ADD
t—~—tRAD —=— '
. twea twes tweH tweH
wes o~ Al ) twes
ViL— 2
) tos toH EE{ toH tog ton
ViH— ’v’v’v’v’v’ 0v’v’v V. TN L .V.V’V’V VVVY
VALID DATA-IN ' AN/ OO
ba Vi A“’A‘A"’ A’A"“’/ VALID DATA-IN VALID DATA uﬂ \\‘”A’A’A””A’
!
toHR m DON'T CARE
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KMM591000AN DRAM MODULES

TIMING DIAGRAMS (Continved)

RAS-ONLY REFRESH CYCLE
Note: W=Don't Care

tac

Vi — o r

RS Vie — \ / \
tasr I e

Al [ row aooress K
. Vin — ;

Vie — J — I
ba Yu OPEN

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

tre

s t:::_/LW \. / N

tesn
= tcp——t tewn -
Vi —
CAS " /
VIL - h

twrp twan

v — KEEEEEEEEKS R KR

w
torr
—
DQ Vo R OPEN
Vi, — 4

@ DON'T CARE
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KMM591000AN

DRAM MODULES

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

=

DQ

fe ' — tass thp—ed]
Vi — =
e _ \ t \ F‘ﬂ
tere R A . N
Vi —
Vo — [=— trap—— \\ | / \_
- — t::c e
IR G0
|]= twar
Vi — |""l thcs -V v‘v’v’v‘v .v‘v‘v V‘V’V’v‘v‘v’v’v.v’v."'.
" ] w N QXXX XXX XIIXHIXX
e orF
———‘ toz | tore)
VOH
Voo — VALID DATA-OUT }

tras tap—mt
- \

=l N "
i
tonm
CAS Vi — \
Vi —
tean
A Vi ~ COLUMN )
Vo — ADDRESS
twen ——i twar! twan
— le had QWP
w
Vo —
Vi — A N VN NVNANNNAAANNNNANNNAAAANA NNV NN NN/
SR moomn R KX R RXER
a o m DON'T CARE
u
& SAMISUNG 354

Electronics



KMM591000AN DRAM MODULES

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tesn tepr—=—f tRsH
IR A —
o Vi — =\ E cHR \ toxs
Vi — ) e 7

b tap—

thaL
tasc ——tcan
A Vi — COLUMN
Vi — \.ADDRESS
1, t
t twrH AR '- RRH
READ CYCLE - e N e

]
T
é—t
§

f terz
V —
ole} o OPEN VALID DATA OUT
VoL — A Y

tnm————-——{

WRITE CYCLE e | | t tom
L RN A I

p—— toy————==1

Vin —
[sle] v OPEN VALID DATA IN
L

N1

m Don’'t CARE
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KMM591000AN DRAM MODULES

PACKAGE DIMENSIONS

Units: Inches (millimeters)

3.500(88.90)
3.234(82.14)
-133(3.38) R.067(1.70) 0.125 DIA (3.18)
MAX .100(2.54)
\ MIN
a Ves ©
o T > ) .080(2.03)
2 2la MIN
SIZ2 o|®
8l 5|§
S8 O0o0000000000000000000000000000_]
FE N | | NS [ Lowozn
2.900(73.66)
1
.300(7.62) REF
.200(5.08)
MAX
Tolerances: +.005(.13) unless otherwise specified 1

.054(1.37)
047(1.19)
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KMM584000A DRAM MODULES

4MX8 CMOS DRAM SIMM Memory Module

FEATURES GENERAL DESCRIPTION
o Performance range: The Samsung KMM584000A is a 4M bit X 8 Dynamic
RAM high density memory module. The Samsung
trac tcac tre KMMS584000A consist of eight KM4 1C4000AJ DRAMs
KMM584000A- 7 70ns 20ns 130ns in 20-pin SOJ package mounted on a 30-pin glass-epoxy

substrate. A 0.22uF decoupling capacitor is mounted
KMM584000A- 8 80ns 20ns 150ns under each 4M Bit DRAM.

KMM584000A-10 | 100ns 25ns 180ns

The KMM584000A is a Single In-line Memory Module
* Fast Page Mode operation with edge connections and is intended for mounting into
e CAS-before-RAS refresh capability 30-pin edge connector sockets.

* RAS-only and Hidden refresh capability

e TTL compatible inputs and outputs

e Single +5V+10% power supply

¢ 1024 cycles/16ms refresh

e JEDEC standard pinout

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS

Ag-A1p 0—

m [ —-—J O

s o Voo

w @ CAS

= A l DQo

] DQo | +H— DQ, Ao

— A {B]

F—lo DQ, |[8]

L = DQs :

— Ves [[9]

§ o L DQ; |[i0

DQ, DQs Aj

— As

= R DQs

DQ; DQ7

T

Pin Name Pin Function

Ao-A1o Address inputs [ex)

DQo-7 Data In/Qut %

w Read/Write Input

AS Row Address Strobe

CAS Column Address Strobe

Vce Power (+5V)

Vss Ground
N.C. No connection 0]
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KMM584000A

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

item Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vour —1to+7.0 \'
Voltage on Vcc Supply Relative to Vss Vee -1to +7.0 \
Storage Temperature Tstg —55 to +150 °C
Power Dissipation Pp 4.8 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING COND'TlONS (Voltage reference to Vss, TA=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \4
Ground Vss 0 0 - 0 )
Input High Voltage ViH 2.4 — Vecc+1 \)
Input Low Voltage ViL -1.0 — 0.8 Vv

DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min | Max | Units

Operating Current KMM584000A- 7 — 840 mA
== ~ra . . o KMM584000A- 8 lcct — 760 mA
(RAS, CAS, Address Cycling @ trc=min.) KMM584000A-10 _ 680 mA
Standby Current _
(RAS=CAS=Vjy) lccz 16 mA
== . KMM584000A- 7 — 840 mA
RS, FRS Gyalina tre=min) KMM584000A- 8 | fcca | — | 760 | mA

H, yeling @ tre KMM584000A-10 — | 680 | mA

KMM584000A- 7 —_ 640 mA
Fast Page Mode Current*
=— & . KMM584000A- 8 lcca — 560 mA
(RAS=V|, CAS Cycling: tec=min.) KMM584000A-10 — | 280 mA
Standby Current _
(RAS=CAS=Vcc—0.2V) Iccs 8| mA
CAS-Before-RAS Refresh Current* KMM584000A- 7 — | 8401 mA
(m and CTS Cyclin tre=min ) KMM584000A- 8 |CCS —_ 760 mA
yeling @ tro=min. KMM584000A-10 — 680 | mA

Input Leakage Current (Any input OSViN<$6.5V, _
all other pins not under test=0 volts.) L 80 80 KA
Output Leakage Current _
(Data out is disabled, 0<VouT<5.5V) lou 101 101 pA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \
Output Low Voltage Level (lo.=4.2mA) VoL — 0.4 \

*NOTE: Icc1, lecs, lcca and lccs are dependent on output loading and cycle rates. Specified values are obtained

with the output open. Icc is specified as

average current.
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KMMS584000A DRAM MODULES

CAPACITANCE (t.=25°c)

Item Symbol Min Max Unit
Input Capacitance (Ao-A10) Cint — 50 pF
Input Capacitance (RAS, CAS, W) CiNz2 — 55 pF
Input/Output Capacitance (DQo-DQy7) Coba — 15 pF

AC CHARACTERISTICS (0°Cc<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)

KMM584000A-7 | KMM584000A-8 |KMM584000A-10
Standard Operation Symbol Unit|{ Notes
Min Max | Min Max |Min| Max
Random read or write cycle time trc 130 150 180 ns
Access time from RAS trac 70 80 100| ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width tRAS 70| 10,000| 80| 10,000|100| 10,000| ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tcsH 70 80 100 ns
CAS pulse width tcas 20} 10,000| 20| 10,000| 25| 10,000| ns
RAS to CAS delay time tRcD 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50| ns | 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 15 15 20 ns
Column address hold referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time tRcs 0 0 0 ns
Read command hold referenced to CAS | trch 0 0 0 ns 9
Read command hold referenced to RAS | trrH 0 0 0 ns 9
Write command hold time tweh 15 15 20 ns
Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time tewL 20 20 25 ns
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time ton 15 15 20 ns 10
¥ SAMISUNG e
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KMMS584000A

DRAM MODULES

AC CHARACTERISTICS (Continued)

KMM584000A-7 | KMM584000A-8 KMM584000A-16
Standard Operation Symbol Unit | Notes
Min| Max [Min| Max |Min| Max
Data-in hold referenced to RAS tour 55 60 75 ns 6
Refresh period tReF 16 16 16| ms
Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tcsh 10 10 10 ns
CAS hold time (C-B-R refresh) teur 20 30 30 ns
RAS precharge to CAS hold time tapc 10 10 10 ns
Access time from CAS percharge tcpa 45 45 55| ns 3
Fast page mode cycle time tec 50 50 60 ns
CAS precharge time (Fast page) tcp 10 10 10 ns
RAS pulse width (Fast page) trasp 70 |200,000| 80 {200,000 | 100 200,000 | ns
W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
CAS precharge (C-B-R counter test) tcer 35 40 50 ns

NOTES

1.

~N OO

An initial pause of 200us is required after power-
up followed by any 8 RAS cycles before proper
device operation is achieved.

ViHmin) and Viymax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between ViHmin) and Vimax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

. Operation within the trcpmax) limit insures that

trac(max) can be met. trepmax) is specified as a
reference point only. If trcp is greater than the
specified trcoimax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that tRcD>tRCD(max)-
. taRr, twcr, toHR are referenced to trap(max).
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
referenced to Von or VoL.

10.

twes, trwp, tcwp and tawp are non restrictive
operating parameters. They are included in the data
sheet as electrical characteristics only. If
twes2twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

Either trcH or trRrH must be satisfied for a read
cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

. Operation within the trap(max) limit insures that

trac(max) can be met. tran(max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.
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KMM584000A DRAM MODULES

. TIMING DIAGRAMS
READ CYCLE
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— ViH-
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WRITE CYCLE (EARLY WRITE)
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KMM584000A

DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

trp
tRasP
RAS N A\ \
A ViL— :I‘
t tosH T top tec i tRSH —=—f
CRP CAS cl P
tRCD p=tcage| —uif tcas— 4~ tcRP——
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KMM584000A  DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W=Don't Care

RAS Viu — - i \ j‘ B
Vi — _ \
tasr .

v tRAH ——ad
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CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don't Care
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KMM584000A

DRAM MODULES

TIMING DlAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)
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KMM584000A DRAM MODULES

TIMING DIAGRAMS (continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

. e thp—t
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KMM584000A DRAM MODULES

PACKAGE DIMENSIONS

Units: Inches (millimeters)

3.500(88.90)

3.234(82.14)

133338 R.067(1.70) 0.125 DIA (3.18)
‘MAX

\ N

MIN

.100(2.54)

8
2 g
5 3 & €I
8%
° 5
2 TT DDDDE]DDDDDDDDDDDDDDDDDDDDDDDDD___L
.080(2.08)——| |- R
ﬂ .300(7.62) ~—| ‘——.070(1.78) A-l L-f.100(2.54) g
S
2.900(73.66) b
REF =1
o
.200(5.08)
Tolerances: +.005(.13) unless otherwise specified MAX

.054(1.37)
047(1.19)

1

${ SAMSUNG 366

Electronics



KMM594000A DRAM MODULES

4MX9 CMOS DRAM SIMM Memory Module

FEATURES GENERAL DESCRIPTION
e Performance range: The Samsung KMM594000A is a 4M bit X 9 Dynamic
RAM high density memory module. The Samsung
trac tcac trc KMM594000A consist of nine KM41C4000AJ DRAMs
KMM594000A- 7 70ns 20ns 130ns in 20-pin SOJ package mounted on a 30-pin glass-epoxy
substrate. A 0.22uF decoupling capacitor is mounted
KMM594000A- 8 80ns 20ns 150ns under each 4M Bit DRAM.
KMM594000A-10 | 100ns 25ns 180ns

The KMM594000A is a Single In-ine Memory Module
Fast Page Mode operation with edge connections and is intended for mounting into
CAS-before-RAS refresh capability 30-pin edge connector sockets.

RAS-only and Hidden refresh capability

TTL compatible inputs and outputs

Single +5V+10% power supply

1024 cycles/16ms refresh

JEDEC standard pinout

e o o o o o o

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS

Ao-A10©-
EA_S o- __J_——
CAs O O
w ¢ Vee
— s @
|+ |+ 0Q, |=]
DQo | DQ, Ao
r— A E]
L i DQs (6]
DQy DQs Az
A
—] _:r— Vss {[9]
- DQ, DQe DQ,
As
(E— S As
ba, | -H] DQ; DQs
As
PD O A
PCAS © PQ DQ,
Ag
Pin Name Pin Function Ag
- Aso
Ao-Ato Address Inputs DQ,
DQo-7 Data In/Out- w |2
w Read/Write Input Vss |22
—— DQg
RAS Row Address Strobe NG
CAS Column Address Strobe DQ; |28
— - PQ
PCAS CAS for Parity —
PD Data In for Parity PCAS
PQ Data Out for Parity PD
Vee |B9
Vee Power (+5V) O
Vss Ground
N.C. No connection
a
sug
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KMM594000A

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, VouT —1to +7.0 \Y)
Voltage on Vcc Supply Relative to Vss Vce -1to +7.0 \4
Storage Temperature Tstg —55to +150 °C
Power Dissipation Pp 5.4 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND|T|ONS {Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 55 \%
Ground Vss o] 0 [¢] \
Input High Voltage ViH 2.4 — Veo+1 \%
Input Low Voltage ViL -1.0 — 0.8 \'
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min | Max } Units
Operating Current* KMM594000A- 7 — 945 mA
(RAS, CAS, Address Cycling @ trc=min.) KMMS94000A- 8 lcct — | 855 mA
! ’ ’ KMM594000A-10 — 765 mA
Standby Current _
(RAS=CAS=V|) lcc2 18 mA
RAS-Only Refresh Current* KMM594000A- 7 - 945 mA
(CAS=Vi, RAS Cycling @ trc=min) KMM594000A- 8 Icca - 855 mA
H, ycling @ fre KMM594000A-10 — | 765 | mA
Fast Page Mode Current* KMM594000A- 7 — [ 7201 mA
(RAS=ViL, CAS Cycling: tec=min.) KMM594000A- 8 lcca — 630 mA
’ ’ ) KMM594000A-10 — 540 mA
Standby Current
(RAS=CAS=Vcc—0.2V) lecs - 9| mA
CAS-Before-RAS Refresh Current* KMM594000A- 7 — | 9451 mA
(RAS and CAS Cycling @ trc=min.) KMM594000A- 8 lcce — |85 mA
KMM594000A-10 — 765 mA
Input Leakage Current (Any input O<VIN<6.5V, _
all other pins not under test=0 volts.) b 90 90 KA
Output Leakage Current -
(Data out is disabled, 0<Vour<5.5V) lou 101 101 pA
Output High Voltage Level (loh=—5mA) VoH 2.4 — "
Output Low Voltage Level (lo.=4.2mA) VoL — 0.4 \'

*NOTE: Icc1, lcea, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained
with the output open. Icc is specified as average current.
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KMM594000A DRAM MODULES

CAPACITANCE (1.=25°¢)

Item Symbol Min Max Unit
Input Capacitance (Ao-A10) CiNt — 55 pF
Input Capacitance (RAS, CAS, W) Cin2 = 65 pF
Input Capacitance (PD, PCAS) Cinz — 10 pF
Input/Output Capacitance (DQo-DQ7) Coa - 15 pF
Output Capacitance (PQ) Ca — 10 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)

KMM594000A-7 | KMM594000A-8 | KMM594000A-10
Standard Operation Symbol Unit | Notes
Min Max | Min Max | Min Max

Random read or write cycle time trc 130 150 180 ns
Access time from RAS tRaC 70 80 100| ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address tAA 35 40 50| ns | 3,11
CAS to output-in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 [¢] 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns

RAS pulse width trAS 70| 10,000, 80| 10,000|100| 10,000| ns

RAS hold time tRsH | 20 20 25 ns

CAS hold time tosH 70 80 100 ns

CAS pulse width tcas 20| 10,000| 20| 10,000| 25| 10,000| ns

RAS to CAS delay time tRcD 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 5 10 ns

Row address set-up time tasr 0 0 6] ns

Row address hold time trAH 10 10 15 hs
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40| - 50 ns

Read command set-up time trcs 0 0 0 ns

Read command hold referenced to CAS | tacn 0 0 0 ns 9
Read command hold referenced to RAS | traH 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns

Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twe 15 15 20 ns

Write command to RAS lead time tRwL 20 20 25 ns

Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tps 0 0 0 ns 10
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KMM594000A

DRAM MODULES

AC CHARACTERISTICS (Continued)
KMM594000A-7 | KMM594000A-8 | KMM594000A-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max
Data-in hold time toH 15 15 20 ns 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
Refresh period tRerF 16 16 16| ms
Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tcsk 10 10 10 ns
CAS hold time (C-B-R refresh) tcHR 20 30 30 ns
RAS precharge to CAS hold time trrc 10 10 10 ns
Access time from CAS precharge tcra 45 45 55| ns 3
Fast page mode cycle time tec 50 50 60 ns
CAS precharge time (Fast page) tcp 10 10 10 ns
RAS pulse width (Fast page) trasp 70|200,000| 80 (200,000 | 100 | 200,000 | ns
W to RAS precharge time (C-B-R refresh)| twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twrH 10 10 10 ns
CAS precharge (C-B-R counter test) topt 35 40 50 ns

NOTES

1.

~N OO,

An initial pause of 200us is required after power-
up followed by any 8 RAS cycles before proper
device operation is achieved.

Vitmin) and ViLmax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between ViHmin) and Viimax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

Operation within the trcpmax) limit insures that
trac(max) can be met. trcpmax) is specified as a
reference point only. If tgcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trcp>tRcD(max)-
. taR, twer, toHr are referenced to trap(max).
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
referenced to Vou or VoL.

8.

10.

11.

twcs, trwp, tcwop and tawp are non restrictive
operating parameters. They are included in the data
sheet as electrical characteristics only. |If
twos=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

. Either trc or trry must be satisfied for a read

cycle. o
These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap(max) limit insures that
trac(max) can be met. trap{max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

I 4
ll=
LT L}
ws
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KMM594000A DRAM MODULES

TIMING DIAGRAMS
READ CYCLE

tRc

trRP

o Vine N\ tRAs ZL -\
ViL- 7
tcsH

tcRp (CRP
treD tRsH

I
(2
Vel

|
CAS Yin N\ tCA / i
ViL— /
tArR
) tRAD : tRAL
SC
lASR—*i-" —tRAH™ “ F=tcaH—
Vin- ROW f COLUMN
A Vi DDRESS ADDRESS
|

j tRCH

tcs——| |——- tRRH

Vi L—— tcac
L tAA
I oLz toFF
tRaC
0Q VoH-— A 2
Vou_ OPEN < VALID DATA-QUT }—

WRITE CYCLE (EARLY WRITE)
|

tRp
tras

tcrp trco tRSH terp
tosH

\ tcas / /,_

ViH—
ViL—

&
N
1

4
o)
= =
= I
[
.

task | tmam YTD tasc )——t::u:—
I
| |
IH— N )
R D s G
towl {
tweRr I

twe

- SRR AR

T
tRwL J‘

—‘E}i —-—‘DH°—|
t toHR m DON'T CARE

s
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KMM594000A

DRAM MODULES

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ CYCLE

trp
tRASP
ViH— !\ \
AS ViL— £4
L4
tcrp fosH tcas tep tPo tep {RSH =]
trcD FtCASm ] tcas=—{ ——tCRP———
ViH— \ ’1 T
CAS v
L— |
taR tRAL
tasr| | tRaH tasc tasc tcan
r—-—-‘ - lewttcatt| o~ le{tasc tcan
Vin— ROW coL coL ) coL
A ViL— ADD ADD ADD ADD
I tRRH
f—— tRAD —o={ | —
tRcH ’* } trcs tRcs tRCH
‘—ntncs—ﬁ t
| 54
_ ViH— B v
w ViL t t
- CAC t
CAC CAC
f————tap = taa tAA —=—
tRAC tepa tcra |
VoH— ZVALIDX VALID VALIDX
DQ v DATA-OUT DATA-OUT' DATA-QUT=——
oL—
torr toLz| | toFF: towz torr
toLz—=— S — —
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
trRP
trasp
AAS e /
ViL— <6 &
ol '
. trc |——tRSH |
CRP tcas tcp t tcp t
tred CcAS Gl CAS L torp —]
1 S————— )
Vik—
o / /
ViL— 4 _4
tar . tRAL
tasr| | tRaH tasc tasc CAH i
=i [ [ tCAH = t—— tasc F—— tcan
ViH— ROW N coL coL N coL
A Vie— ADD ADD ADD ADD
1
l— tRAD —=—]
twer
twos twes tweH tweH
twon | | 1 . twes
w
W Vin— twp t— twi
ViL—
tos toH Eﬂ tDH tLoﬂ toH
ViHo i N AV AVAVAYAV,VAVAY,
DQ v W VALID DATA-IN VALID DATA~IJ VALID DATA-IN \"’” .””’””.’
L= | \VAVAVAVAVAYAVAYAY
tbHR m DON'T CARE
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KMM594000A DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W=Don’t Care

Vin — \ a
Vie — 7 A ——
tasr

t=—traH — -———‘np————4

n D EOOGEEOGANN row sooness | EREBBEBEEEEIE

1

J
CAS Vin—
Vi —
——tcrp —trpc

Ve —
ba " OPEN
Vi —

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

trc

tap

tesn

f=— tep. tonn I~ trec

s Vi — 7
ViL —

twre twan

Z|

Viu —
Vi —

torr

ba Vien — ___—_—3‘
Ve — jl

OPEN

m DON'T CARE
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KMM594000A DRAM MODULES

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

_—___tm__——% b trp e h—“m*—ﬁ tre
AR

e g /

tasn tasc =
I toan tean
S G5
,,I | twrp
thcs traH twan
W Vin = VAVAVAVAVAVAVAVAVAVAVAVAVATAVAVAVAVAVAVAVAVAV VoV,
TR [ OO

=—teac— torr

‘—-’ torz
t,

bQ Vo™ @g VALID DATA-OUT }

VOL -

HIDDEN REFRESH CYCLE (WRITE)
tac tac
tr trp—t . trp—=|

RAS Vi = i - zt b L———tm——j;t X

Vii — \‘k ! \

terr L‘———tﬂs =

, |___ le— tpco— r-—‘cna—’
CAB M -

o/ b /- \

e T
e ‘RAH

A Vi T @(‘Eow @@g COLUMN')

v - L ADD ADDRESS

twes =—tweH——= twre! twan

—— VIH - ‘W
]

VII. -

>-'Ds--1 ton

Vin — B ¥ AYAYAYA AV AV AAAV AV A AVAVAVAVAVAYV VAV AVAV V. VAVAVAVAVAVAVAVAY

- D o

tonr
m DON'T CARE
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KMM594000A

DRAM MODULES

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

S —

m Vin — _-ﬂ\ RAS' /V‘ 3
Vi — N
tosn tepr—= tash-
Ve — F—tevr——= N
TAS " \ o
Vo — ) T
thaL
tasc —
A Vin = COLUMN
Ve — | ADDRESS [
t, t
' tWRH AA RRH
READ CYCLE wrP - tos toac N
- Vi —
L s A R R
Vi — torr
t—tcrz
Von— \
DQ OPEN VALID DATA OUT }_
VoL — ~
4 trwL -
WRITE CYCLE ud |
towe
v lwcs__ tuo
Vi — 4
1
o "_—“DN_—
VIH - (
e} v OPEN VALID DATA IN v
[

m Don't CARE
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KMM594000A DRAM MODULES

PACKAGE DIMENSIONS

Units: Inches (millimeters)

3.500(88.90)
3.234(82.14)
193888 = R.067(1.70) 0.125 DIA (3.18)
MAX ) \
2 ] 3
— 4 [ 4
2 < : | ¢ 5
olX ——L -
&L © N N
52 - 3
o o
@ = |
S T o0OooooooO0oOnopoooooononooooooo——
.080(2.03)—— I-—— - [
.300(7.62) .070(1.78) _ .100(2.54) 8
o Z
2.900(73.66) N %
REF =T B
Q
.200(5.08)
Tolerances: *.005(.13) unless otherwise specified MAX
.054(1.37)
T 0a7(1.19)

£ SAMSUNG | a7
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KMM5321000AV/AVG DRAM MODULES

1Mx32 DRAM SIMM Memory Module

FEATURES GENERAL DESCRIPTION
* Performance range: The Samsung KMM5321000AV is a 1M bitsx32 Dynamic
trac RAM high density memory module. The Samsung
teac tre KMM5321000AV consist of eight CMOS 1Mx4 bit
KMM5321000AV- 7 70ns 20ns 130ns DRAMs in 20-pin SOJ package mounted on a 72-pin
KMM5321000AV- 8 80ns 20ns 150ns glass-epoxy substrate. A 0.22uF decoupling capacitor is
KMM5321000AV-10 | 100ns | 25ns | 180ns mounted under each DRAM.
* Fast Page Mode operation The KMM5321000AV is a Single in-line Memory Module
» CAS-before-RAS refresh capability with edge connections and is intended for mounting into
* RAS-only and Hidden Refresh capability 72 pin edge connector sockets.

¢ TTL compatible inputs and outputs
¢ Single +5V + 10% power supply

¢ 1024 cycles/16ms refresh

¢ JEDEC standard pinout

PIN CONFIGURATIONS (Front View)

Pin_| Symbol | Pin [ Symbol ' O Pin Name Pin Function
1 Vss 37 NC
2 DQo 38 NC 1 [ooonn nnnon AgAg Address Inputs
3 DQis 39 Vss DQo-DQss
4 DQq 40 CASo erere—mrr (except DQg, | Data In/Out
5 DQ19 41 CASZ ooono . onoon 17, 26, 35)
6 DQ2 42 CAS; B -
7 DQsg 23 CAS: w Read/Write Input
8 DQs 44 RAS, rrere—ororo RAS,, RAS; | Row Address Strobe
9 DQyy 45 NC pnoon oooon = ~x= | Column Address
10 Vee 46 NC CAS,-CAS;3 Strobe
11 NC 47 w
12 Ao 28 NC Tt PD+-PD4 Presence Detect
13 A4 49 DQg annno onaon Vee Power (+5V)
14 Az 50 DQ2;
15 As 51 DQ1 Vss Ground
16 As 52 DQqs S N.C. No connection
17 | As 53 | DQu 86
18 | As 54 | DQq Presence Detect Pins (Optional)
19 NC 55 DQ2 )
:(1) 884 g? ggso - e Pin | 70ns | 80ns | 100ns
22 13
22 | DQs 58 | DQa PD4 Vss Vss Vss
23 DQ2s 59 Vce PD; Vss Vss Vss
24 DQG 60 D032 U UTTTTY
25 | DO o1 DOy pnoam oomon PD3 Vss NC Vss
26 | DQy 62 | DQss PDs | NC Vss Vss
27 | DQqs 63 | DQss * Pin Connection Changing Available
2 | A | 64| DOx o
29 NC 65 DQys
30 Ve 66 NC
31 AB 67 PD1 ooy jegujmgany
32 AQ 68 PDZ oonon. onnn
33 NC 69 PD3
34 RAS: 70 PD4
35 NC 71 NC —
36 NC 72 Vss 72 O

¢ SAMISUNG 377
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KMM5321000AV/AVG

DRAM MODULES

FUNCTIONAL BLOCK DIAGRAM

Ag-Ag O—
wo
RAS, o- RAS DQ; }—o Do
CAS: o CAS pQ, —o DQ;
w DQsz |—©0 DQ;
Ag-Ag pQ, o b,
/ ; 5 ﬁ.
RAS DQ, —0 DA,
CA3S DQ, —oDQs
w DQy }—0 DQs
Ao-Ag DQ4 +—0 DQ;
OF
I RAS pQ, }—oba,
CASi o CAS DQ, —0 DAy
w DQ; —© DQy,
Ao-Ag DQs —0DQ;,
OF
RAS DQy DQya
CAS DQ; —ODQ,,4
w DQ; —0DQys
Ao-Ag DQ, F—0DQ6
OE
Vee ©
-L 0.22uF Capacitor
. T under each DRAM
Vss ©

CAs, o CA3

Ag-Ag
OE

DQyg

DQ;f -0 DQ19
DQs|—0 DQyy
DQ,—0 DQ,,

RAS
CAS

Ao-Ag
OE

DQ; [0 DQ2,
DQ, —© DQg23
DQ; 0 DQ24
DQq [0 DQ2s

RAS
CA3; © CAS

Ag-Ag

1%

DQ: |0 DQ,;
DQ; F—0 DQ2g
DQ, |—0 DAy
DQ, [—0 DQ3p

RAS

Ag-As

DQ,
DQ;

DQs4
DQs2

DQ3 —0DQgs
DQ4 [—0 DQss

To all
DRAMS
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KMM5321000AV/AVG

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vsg Vin, Vour -1to +7.0 v
Voltage on Vcc Supply Relative to Vgs Vee -1to +7.0 Vv
Storage Temperature Tag -551t0 +150 °C
Power Dissipation Pp 4.8 W
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Voltage reference to Vss, Ta=0 to 70°C)

|
Item Symbol Min Typ Max Unit

Supply Voltage Vce 4.5 5.0 5.5 \ t

Ground Vss 0 0 0 \"

input High Voltage Vin 2.4 — Vee+1 \"

Input Low Voltage Vi -1.0 — 0.8 v

DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min | Max | Units
. KMM5321000AV- 7 — 840 mA
Operating Current*

SAe ARG " o KMM5321000AV- 8 Icct —_— 760 mA
(RAS, CAS, Address Cycling @ trc=min.) KMM5321000AV-10 _ 680 mA
Standby Current
(RAS=CAS=V}y) lcc2 —_ 16 mA
RAS-Only Refresh Current* KNMSISI000AT — | 840 mA
(CAS=Vin, RAS Cycling @ tac =min) KMM5321000AV- 8 Icca — | 760 mA

A Hs yeling @ fac = KMM5321000-10 — | 680 | mA
e N B N
(RAS=V)(, CAS Cycling: tpc =min.) y cc4 - m

’ KMM5321000AV-10 — 480 mA
Standby Current
(m =CAS =Vcc-0. 2V) lccs -_— 8 mA
CAS-Before-RAS Refresh Current* KMM5321000AV- 7 - 840 mA
(RAS and CAS Cycling @ trc =min.) KMM5321000AV- 8 Iccs — 760 mA

Y RC= : KMM5321000AV-10 — 680 mA

Input Leakage Current (Any input 0<Vin<65V,
all other pins not under test=0 volts.) h -80| 80 pA
Output Leakage Current .
(Data out is disabled, 0.<Vour <55V) loc | -10 10 | 4A
Output High Voltage Level {loy=—-5mA) Vo 24 — Vv
Output Low Voltage Level (oL =4.2mA) VoL — 0.4 Vv

* NOTE: lccy, lccs, lcca and Icces are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as average current.

¢ SAMISUNG
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KMM5321000AV/AVG DRAM MODULES
CAPACITANCE (1A=25°C)
Item Symbol Min Max Unit
Input Capacitance (Ag-Ag) Cint — 64 pF
Input Capacitance (W) Cinz — 70 pF
Input Capacitance (RAS,,RAS;) Cina — 42 pF
Input Capacitance (CAS-CAS3) Cing — 36 pF
Input/Output Capacitance cDOy _ 17 oF
(DQo-7, 916, 18-25, 27:34)
AC CHARACTERISTICS (0°C <Ta<70°C, Vi =50V + 10%, See notes 1, 2)
KMM5321000AV-7 | KMM5321000AV-8 | KMM5321000AV-10
Standard Operation Symbol Unit | Notes
Min | Max |Min| Max | Min | Max
Random read or write cycle time thc 130 150 180 ns
Access time from RAS trac 70 80 100| ns | 3.4
Access time from CAS teac 20 20 25| ns | 345
Access time from column address taa 35 40 50| ns 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width tras 70| 10,000| 80 | 10,000 | 100 | 10,000 | ns
RAS hold time trsH 20 20 25 ns
CAS hold time tosH 70 80 100 ns
CAS pulse width tcas 20| 10,000 20 |10,000{ 25| 10,000| ns
RAS to CAS delay time trco 20 50| 20 60| 25 75| ns 4
RAS to column addressdelay time trRAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up-time tasc 0 0 0 ns
Column address hold time tcan 15 15 20 ns
Column address hold referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 0 ns
Read command hold referenced to CAS | trcu 0 0 0 ns 9
Read command hold referenced to RAS | trry 0 0 0 ns 9
Write command hold time twcH 15 15 20 ns
Write command hold referenced to RAS | twer 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
¢ SAMSUNG 30
o
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KMM5321000AV/AVG

DRAM MODULES

AC CHARACTERISTICS (continued)

KMM5321000AV-7 | KMM5321000AV-8 | KMM5321000AV-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max
Write command to CAS lead time towL 20 25 20 ns
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time toH 15 15 20 ns 10
Data-in hold referenced to RAS toHr 55 60 75 ns 6
Refresh period tRerF 16 16 16| ms
Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tcsr 10 10 10 ns
CAS hold time (C-B-R refresh) tcHr 20 30 30 ns
RAS precharge to CAS hold time tRPC 10 10 10 ns
Access time from CAS precharge tcra 45 45 55| ns 3
Fast page mode cycle time trc 50 50 60 ns
CAS precharge time (Fast page) tcp 10 10 10 ns
RAS pulse width (Fast page) tRasp 70 200,000 | 80 |200,000 (100 |200,000| ns
W to RAS precharge time (C-B-R refresh) | twae 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
CAS precharge (C-B-R counter test) tepr 35 40 50 ns

NOTES

1. Aninitial pause of 200us is required after power-up
followed by any 8 RAS cycles before proper device
operation is achieved.

. Vingminy @and Vi max) are reference levels for measur-
ing timing of input signals. Transition times are meas-
ured between Vinmin) and ViL max), and are assumed
to be 5ns for all inputs.

3. Measured with a load equivaient to 2 TTL loads and
100pF
4. Operation within the trcpmax) limit insures that

trac(max) €an be met. trcpmax) is specified as a refer-
ence point only. If trep is greater than the specified
trep(max) limit, then access time is controlled exclu-
sively by tcac.

. Assumes that trcp > tReD (max).

. tar, twer, torr are referenced to trapmax).

. This parameter defines the time at which the out-put
achieves the open circuit condition and is not refer-
enced to Von or VoL,

N OO

10.

11.

. twes, trwo, tcwp and tawp are non restrictive operat-
ing parameters. They are included in the data
sheet as electrical characteristics only. If twcs
> twes(min) the cycle is an early write clcle and
the data out pin will remain high impedance for
the duration of the cycle.

. Either trcH Or trrH Must be satisfied for a read

cycle. .

These parameters are referenced to the CAS lead-

ing edge in early write cycles and to the W lead-

ing edge in read-write cycles.

Operation within the trapmax) limit insures that

trac(max) Can be met. trapmay) is specified as a

reference point only. If trap is greater than the

specified trapmax) limit, then access time is
controlled by taa.

a
47
wm

s
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KMM5321000AV/AVG

DRAM MODULES

TIMING DIAGRAMS

READ CYCLE
tre
trp
. ViH- N tras Vs N\
RAS &
ViL- - ,
tosH
tcrp CRP
treD: tRsH
|
. ViH= N \ tcas / 7
S
CA Ve \; ] j
tar
) tRAD : tRAL
SC
tAsn+~ F=tRAH™] “ F—tcaH~—
Vin- ROW i COLUMN
A Vi ADDRESS ADDRESS
| i tRCH
‘RCS—‘—-{ |--—— tRRH.
I
w
o A0SR0 L o]
I[ ‘A'Al torr
cLz
trAC
VOoH— a R
ba v OPEN v VALID DATA-OUT >——
oL— X - -

WRITE CYCLE (EARLY WF‘iITE)

s XC“—£ / N
I L
w / /
c B GER
—f-tow |
‘ T, tRwL !
| RN B |
Vii— AVVY Y Y Y VYV VY Y VVWVWV VY NV VY VYV YV VV VY VVVVAAA AN/
o RGO, v omrmne AR

|
r

toHR

m DON'T CARE
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KMM5321000AV/AVG DRAM MODULES

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ CYCLE

trp
trasP
— ViH— :\ N
RAS Vi— :;
tcsH tpc 1RSH —werif
tcrp tcas tcp tcp
I-——’- tRcD i ftcAS e tcas ~4-~ teRP—=—]
ViH— ’1
CAS v
L= N |
tar 1RAL
tasR| | tRam tasc tasc tean
O R t—ton] fe—emt tCAH fea—{ o] fe=ttasc tCAH‘
ViH— ROW coL coL ) coL
A Vi ADD ADD ADD 4 ADD
) ! ) tRRH
t—e— tRAD —a— | i —
t -
RoH r" | tres trcs tRcH
I—-lacs— | !
mo o K &
w
ViL— tcac
et
|~ tap ——] taa ———tpap ] }
trac tcpa
VoH— 'VVALID. VALID
DQ VOH f.)ATA-OU§— DATA-QU mme————
oL— )
torr toz| | toFF
toLz—=—— ~f —— —
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
t
trasp AP

ViH— e

e e N s / N

trc f—tRSH |

tcre tcas tcp t tcp tcas
I——* trReD CAS, c ’_{—YCRP -]

= WL/ N /N SN S

X
ol

tar tRAL
t t t tcaH i
AsR| | tRAH ASC) toan B = taso |- team
Vin— ROW ) coL Y coL coL
A Vi— ADD ADD ADD ADD
1 1
fee— tRAD —=—]
1
e WeR twes tWCH twel
w el |
S twort ) twcs|
W
w ViH— twe t— twp —e—i
ViL— Z 4
tos toH EE{ toH tDs| DK
- NN o SRR
VALID DATA-IN VALID DATA-IN VALID DATA-IN
bQ ViL— m = ”’ ..

toHR @ DON'T CARE
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KMM5321000AV/AVG

DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W=Don't Care

Vip —

n SO,

DQ

tasn

\L

et ——

N\
ROW ADDRESS

= tcrp

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

Vi —
RAS

Vi —

Vi —
TR "

Vie —
- Vi —
w

Vi —
DQ

trec _T

.

tesn
bee— top —and
s

OPEN

town =—trec

Vien — '_—"_N‘
Vier — J{

NEOEOGKOEOEOSEOGOGOCEOEOKK

-OPEN

m DON'T CARE
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KMM5321000AV/AVG DRAM MODULES

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tans: Fee— AP —o=d tras tRp—f
— Vip — =Y X
RAS \ e Z \
VL —

A Vi — 7 row COLUMN
v ADD ADDRESS
w - -

I—“’ tacs traw

_ Vi —
W
Vie — W an—
I toac—|
‘-«' toz
DQ Vou™ VALID DATA-OUT )
Vo — 4
HIDDEN REFRESH CYCLE (WRITE)
tre tre:

thas trp——f trp—ent
RAS Vi — \ tan \ tars - N
Vi — A

tore — trsH——f
r.._ f—trco— tonn
J— Vi —
oS m _/L ) \\ / \
Vi — e
thse tase =
toan
_1HAH
A Vi A Row COLUMN )
v, ADD ADDRESS
LT x
twos b~ = tweH ——] twre twrn
w Vin — wi
Vi —
pe—tos —oed ton

Viy — B W AVAVAVAVY, WV, \VAVAVAY, \V, 7 \VAVAVAVAV,
o m woom KRR R R R TR

I tour
m DON'T CARE
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KMM5321000AV/AVG

DRAM MODULES

TIMING DIAGRAMS (continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

I w—

Bae Ve — "X thas: s p
o \ /N
tesa topr —= tRsH-
_ p——tor———— ters
= \[ / N 7
tasc t——tcan i

AT [ B ‘
READ CYCLE ture || o ] e By

_ Vi —

LA 1 R

f—tc1z
DaQ ://°" - OPEN %{ VALID DATA OUT _‘5____—
oL ‘:WL T

WRITE CYCLE b | | f t - ]

W w TR RS LA,

tos ’____‘DH
ba ::'" : ——OPEN—-—<—\_ VALID DATA IN "t(
m Don’'t CARE
oy
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KMM5321000AV/AVG

DRAM MODULES

PACKAGE DIMENSIONS
Units: Inches (millimeters)
4.250 (107.95)
3.984 (101.19)
— .133(3.38) R.062 (1.57) R.125+.002 (3.18 £.051)
e 2
e =
E b g DE b d d g D O '.'IE g Vp
& :E gc b g b d h o 1] JE 5.‘ 5\_'
L IS s
g—-— ,080 +.004 (2.03+.10) %250 (6.35)
§ 250 8.35) R.062 .004 (R1.57 +1.0)

3.750 (95.25)

KMM5321000AVG: DETAIL OF CONTACTS (Gold plating lead)

.010 (.25) MAij D 100 (2.54) MIN

1050 (1.27) I___.o41 +.004 (1.04 +.10)

KMM5321000AV: DETAIL OF CONTACTS (Solder plating lead)

.010 (.25) MAXlD ﬁ m .100 (2.54) MIN

.050 (1. 27‘ 036:{: 004 (.914 £.10)

Tolerances: + .005 (.13) unless otherwise specified

"— .200 (5.08) MAX

.054(1.37)
1047 (1.19)
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KMM5361000A/AG/A1/A1G

DRAM MODULES

1MX36 DRAM SIMM Memory Module

GENERAL DESCRIPTION

The Samsung KMM5361000A is a 1M bits X 36 Dynamic

RAM high density memory module. The Samsung
KMM5361000A consist of eight CMOS 1MX4 bit

DRAMs in 20-pin SOJ package and four CMOS 1M X1

bit DRAMs in 20-pin SOJ package mounted on a 72-pin

FEATURES
* Performance range:
trac tcac trc
KMM5361000A- 7 70ns | 20ns | 130ns
KMM5361000A- 8 80ns 20ns 150ns
KMM5361000A-10 | 100ns 25ns 180ns

glass-epoxy substrate. A 0.22uF decoupling capacitor
is mounted under each DRAM.

Fast Page Mode operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
TTL compatible inputs and outputs
Single +5V+10% power supply
1024 cycles/16ms refresh
JEDEC standard pinout

PIN CONFIGURATIONS (Front view)

Pin | Symbol | Pin [ Symbol
1 Vss 37 DQi7
DQo 38 DQss
3 DQ1sg 39 Vss
4 DQ1 40 CASo
5 DQ1g 41 CAS2
6 DQ2 42 CAS3
7 DQ20 43 CAS;
8 DQs3 44 RASo
9 DQ214 45 NC
10 Vee 46 ﬂ(_)
11 NC 47 W
12 Ag 48 NC
13 Aq 49 DQg
14 Ao 50 DQ27
15 A3z 51 DQ1g
16 As 52 DQssg
17 As 53 DQ11
18 As 54 DQ2g
19 NC 55 DQ12
20 DQ4 56 DQao
21 DQo2 57 DQ13
22 DQs 58 DQg31
23 DQos 59 Vee
24 DQs 60 DQa2
25 DQ24 61 DQi4
26 DQy 62 DQa3
27 DQ2s 63 DQ1s
28 Az 64 DQa4
29 NC 65 DQie
30 Vee 66 NC
31 As 67 PD;4
32 Ag 68 PD2
33 NC 69 PD3
34 RAS, 70 | PD4
35 DQos 71 NC
36 DQg 72 Vss

36

37

72

—J Pin Name Pin Function
O Ao-Ag Address Inputs
onono  oonno DQo-DQ3s Data In/Out
w Read/Write Input

[T I [T OO T T AT

The KMM5361000A is a Single In-line Memory Module
with edge connections andis intended for mounting into
72 pin edge connector sockets.

RASo, RAS | Row Address Strobe

oooT - ooooo

Column Address

Loooo. inlul CASO.CAsa StrObe
PD+-PD4 Presence Detect
Vee Power (+5V)
oooT j2juj=inin)
Vss Ground
Qooan  opoon N.C. No connection

Presence Detect Pins (Optional)

TUDOT - OO

Pin 70ns 80ns 100ns

onnoo - nooon PD; Vss Vss Vss
PD2 Vss Vss Vss
#]=1215 = g a =)= u) P[)3 VSS NC Vss

PD4 NC Vss Vss

* Pin Connection Changing Available

j=i=i=ioppeaie)s o)

oooon. o

[mia i pyeainin g

¢ SAMISUNG
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KMM5361000A/AG/A1/A1G DRAM MODULES

FUNCTIONAL BLOCK DIAGRAM

Ag-Ag O
WO
RAS, 0— RAS DQ, —0 DQo RAS, RAS DQ, DQyg
CAS, o CAS DQ, —© DQy CAS, © CAS DQ,[—© DQyg
w DQ; —O DQ2 W DQ; 0 DQy
Ac-Ag DQs —O DQ; Ao-Ag DQ, |0 DQq;
= =
RAS DQ; —0 bQ, RAS DQy —© DQ22
CAS DQ, {0 DQs CAS DQ, O DQqs
w DQ; |—0 DQe W DQ3 —0 DQ24
Ao-Ag DQ, —O DQ; &Ag DQ, 0 DQ2s
OE /_};‘* E

RAS D DQs RAS D DQ2s
CAS ) CAS
w Q w Q

Ao-Ag Ao-Aq

RAS DQ, |—oDQy RAS DQ1 }—o0 DQy7
CASs o CAS DQ, b—oDQ;s CAS; O CAS DQ; |0 DQ2s

w DQ; F—O DQy,y w DQ3 F—0 DQyo

Ao-Ag DQ, —ODQs> AoAg DQ, |—0 DQgo

= A=

RA3 DQ; DQi3 RAS DQ, }—o0 DQa;

TAS DQ, —O0DQy4 CAS DQ, |—0 DQ3,

w DQ; —0DQys w DQ3 —0DQs3

Ao-Ag DQ, —0DQ1s Ao-Ag DQ, —0DQay

RAS D DQi7 RAS D DQas
CAS CAS
W Q W Q

Ao-Ag Ao-Ag
Vee © _L
0.22uF Capacitor To all
T under each DRAM DRAMS
Vss O—

# SAMSUNG e
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KMM5361000A/AG/A1/A1G

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vour -1t0 +7.0 \J
Voltage on Vcc Supply Relative to Vss Vee -1to +7.0 v .
Storage Temperature Tstg —55 to +150 °C
Power Dissipation Pp 7.2 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND|T|ONS (Voltage reference to Vss, TaA=0 to 70°C)

item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \Y
Ground Vss 0 0 (] \
Input High Voltage ViH 2.4 — Vec+1 \Y)
Input Low Voltage ViL -1.0 — 0.8 \
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Units
) . KMM5361000A- 7 - 1160 mA
(C;-‘p/%at%cﬂﬁ;ss Cycing @ to=min,] KMM5361000A- 8|  lcct — | 1040 | mA
P MRS, ycing @ frc=mn. KMM5361000A-10 — 920 | mA
Standby Current _
(RAS=CAS=Vjy) lec2 24 mA
=ra . KMM5361000A- 7 —_ 1160 mA
g’%‘imﬁ%sgﬁ:eg g =min) KMM5361000A- 8|  loca — | 1040 | mA
: 9@ 1n KMM5361000A-10 - 920 | mA
Fast Page Mode Current* KMM5361000A- 7 - 880 mA
(RAS=ViL, CAS Cycling: trc=min ) KMM5361000A- 8 lcca — 760 mA
’ : ’ KMM5361000A-10 — 640 mA
I
Standby Current _
(RAS=CAS=Vcc—0.2V) lccs 12 | mA
CAS-Before-RAS Refresh Current* KMMS5361000A- 7 - 1160 mA,
(F-RA—S and CAS Cycling @ tre=min.) KMM5361000A- 8 lccs — 1040 mA
C : KMM5361000A-10 — 920 | mA
Input Leakage Current (Any input O<VINK6.5V, _
all other pins not under test=0 volts.) h 120 120 KA
Output Leakage Current _
(Data out is disabled, 0<VouT<5.5V) lo 10 10| pA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \"
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 \4

*NOTE: Icc1, Iccs, lcca and Icce are dependent on output loading and cycle rates. Specified values are obtained

with the output open. Icc is specified as

average current.

# SAMSUNG
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KMM5361000A/AG/A1/A1G DRAM MODULES

CAPACITANCE (1.=25°¢)

Item Symbol Min Max Unit
Input Capacitance (Aop-Ag) CiNt = 88 pF
Input Capacitance (W) Cinz — 94 pF
Input Capacitance (RASo, RAS>) CiNa — 42 pF
Input Capacitance (CASo-CAS3) Cing — 36 pF
Input/Output Capacitance
D — 17 F
(DQo-7,9-16,18-25,27-34) Cha P
Input/Output Capacitance (DQsg,17,26,35) CDQ2 - 22 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+£10%, See notes 1,2)

KMM5361000A-7 | KMM5361000A-8 |KMM5361000A-10
Standard Operation Symbol Unit | Notes
Min Max | Min Max Min Max

Random read or write cycle time " | tre 130 150 180 ns
Access time from RAS tRAC 70 80 100| ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z tcLz 5 5 5 ns 3
Output buffer turn-off delay torF 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns

RAS pulse width trAs 70| 10,000| 80| 10,000{100| 10,000]| ns

RAS hold time tRsH 20 20 25 ns

CAS hold time tosH 70 80 100 ns

CAS pulse width tcas 20| 10,000| 20| 10,000| 25| 10,000| ns

RAS to CAS delay time trco 20 50| 20 60| 25 75| ns 4
RAS to column address delay time tRAD 15 35| 15 40| 20 50| ns | 11
CAS to RAS precharge time tcrp 5 5 10 ns

Row address set-up time tasr 0 0 0 ns

Row address hold time tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns

Read command set-up time trcs 0 0 0 ns

Read command hold referenced to CAS | trch 0 0 0 ns 9
Read command hold referenced to RAS | trrH 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns

Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns

Write command to RAS lead time tRwL 20 20 25 ns

¢ SAMSUNG %!
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KMM5361000A/AG/AT/A1G

DRAM MODULES

AC CHARACTER'STICS (Continued)

KMM5361000A-7 | KMM5361000A-8 | KMM5361000A-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max

Wirite command to CAS lead time towL 20 25 20 ns
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time toH 15 15 20 ns 10
Data-in hold referenced to RAS toHr 55 60 75 ns 6
Refresh period tReF 16 16 16| ms

Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tcsh 10 10 10 ns

CAS hold time (C-B-R refresh) toum 20 30 30 ns

RAS precharge to CAS hold time tRpc 10 10 10 ns
Access time from CAS precharge tcea 45 45 55| ns 3
Fast page mode cycle time trc 50 50 60 ns

CAS precharge time (Fast page) top 10 10 10 ns

RAS pulse width (Fast page) traspP 70 |200,000| 80 |200,000 100 |200,000| ns

W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns

W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns

CAS precharge (C-B-R counter test) topT 35 40 50 ns

NOTES
1. An initial pause of 200us is required after power- 8. twcs, trwp, tcwp and tawp are non restrictive

NOo

up followed by any 8 RAS cycles before proper
device operation is achieved.

. ViHmin) @nd Vimax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between Viumin) and Vimax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

Operation within the trcpmax) limit insures that
trRAC(max) can be met. trepimax) is specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

Assumes that trRcp>tRCD(max)-

tar, twer, toHr are referenced to trap(max).

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
referenced to VoH or Vou.

10.

11.

operating parameters. They are included in the data
sheet as electrical characteristics only. |f
twcs=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

Either trcH or tRrH must be satisfied for a read
cycle. o
These parameters are referenced to the CAS
leading edge in early write cycles and to the w
leading edge in read-write cycles.

Operation within the trap(max) limi* insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

#¥ SAMSUNG
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KMM5361000A/AG/A1/A1G DRAM MODULES
TIMING DIAGRAMS

READ CYCLE
tre
tRP
_ Vin- \ tRAS N
s \ / \
ViL— -
tesH
tcrp 1CRP
trcD tRsH

|
. ViH- 3 \ toas / 7
CAS Vi C ; /

tar
. traD yous tRAL
tASR—’—“ —tRAH™ 2 —tcAH—

ViH- ROW d GOLUMN
A Vi ADDRESS ADDRESS
|

I
f
1Hc5————| i—— tRRH

tRCH

ViH—
ViL—

|
!
i

A
I toiz | torF
Von— P
DpQ Vor OPEN —g@g VALID DATA-OUT }—
- N 7

WRITE CYCLE (EARLY WRITE)

tras
— ViH— N
Vi —

r

tcrp tRCD tasH terp
tesH .
CAs Vi ZI \ e / i
Vi— \ F /
tar
tRaD tRAL
tasR | tRAH_ | tasc | —toan—]
Vik- ROW f COLUMN \
A ViL— \ ADDRESS g ADDRESS
towL |
fwos T tWer |
tweh
_ Vin— twp vvvvv.'vvv.v‘vv.v‘vvvv
w o R
T
tos tawL {
2 e ton—]

Vig— NN Y NV VNN NN VVYV YV VY VVVVVVVYVVVNAAANNNN/
oo u” LROCONOOOORRR. vaee e JROREOEOONKKRNNNN

4
= brR mDON’T CARE
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KMM5361000A/AG/A1/A1G

DRAM MODULES

TIMING DIAGRAMS (continued)

FAST PAGE MODE READ CYCLE

trp
trasp
ViH— 3\ Z S
RAS ViL— 4é
ry
tcsH tec tRSH —e=—]
terp tcas | top P
trcD FttcASs—  tm—a] tcas —~4—tcrRP—
ViH— \ =
CA j \
ViL— i
tAR tRAL
tasR| | traH tasc tasc tcaH
(IR Ry SN ] et tCAH || femttasc tCAH‘
A ViH— ROW coL coL ¥ coL
ViL— ADD ADD ADD 4 ADD
] tRRH
ea— tRAD —omr] | —
t L
Ao~ I"‘ ] tRcs trRCs tRCH
I——-tncs-- t
| $4
_ ViH—
w Vi t t '
- CAC CAC tcac
[t g A —=— taAl tAA —=—
trac tcpa tcpa |
VoHn— Y VALIDN 4 VALlo’k r VALID'X,
DQ V. DATA-OUT= 1 DATA-OUT DATA-QUT™
oL— A
torr| ¢ teuz| torFr toLz torF
torz——17 1 ; t b Tt
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
tRp
trasP
ViH— 3 )K
RAS v \ /
n— e A
A t
tec | ——tRsH
torp tcas tce tcas tcp tcas T
’-—-—~ trcD H—tCRP—
L€
— ViH— X e
CAS Z Z
ViL— =
tar tRAL
tasr| | tRaH tasc tasc tcan i
i il fem—ed tCAH i e tASC =i tcaH
ViH—
H ROW ) coL ) coL ) coL
A Vi— ADD ADD ADD ADD
1
e tRAD ———
t s twes tweH twen
wCs o = twes
v e
H— t
— twe W
W Vi— y 4 B m
tos toH tps| toH 7 tps toH
VIH— X v LS AVAYAVAYAVAVAWAY,
DQ v VALID DATA-IN VALID DATA-IN VALID DATA-IN \‘"”.“””’.”
L= = \VAVAVAVAVAVAVAVA
toHR m DON'T CARE
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KMM5361000A/AG/A1/A1G DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W=Don't Care

B - ans
RAS v \r
bsn e tRAH ——=] P
A [ row aooress X XXX
- Vi — ]
Vip — 4‘ ¢ T
DQ Vi ™ - OPEN

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don't Care

=—tcp tonr l—tapc
s T
Vi — L Z

twre twan

e — S R

g

VIICH - B
DQ — OPEN
VKVCL - :(

m DON’T CARE
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KMM5361000A/AG/A1/A1G

DRAM MODULES

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

=l

DQ

e thp—]

R

N

toan

\

ADDRESS

COLUMN

tres| trRn

twap

taa—o] W

e toac—

-—-‘ teiz

—O

twrH

R

torr

e

VALID DATA-OUT

HIDDEN REFRESH CYCLE (WRITE)

AAA‘A

tras tap—=f
tan \

tap—=t
BEE Vi — 0 3 |
e Vi \ - Y \
torr e tRSH——an{
— tP(:D-—— 'ur\
CTS Vin ~ '——
Vi — J =t \ F \
tren L t::c a1 tean
N i 0 4
wes = e tWCH ——rd WRP WRH
%
o t g memef ton
Vm - N \/ VN NANNAANANNAANNNNNNNANNNAAN/NVNVNV NV VNV N Y
oa m woom R R R RS
b m DON'T CARE
an
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KMM5361000A/AG/A1/A1G

DRAM MODULES

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

[—-trp
s W tos /_JL
Vie —
tesn forr—— test
- b toun——t o
w T\ \ [
tasc F—tcan A
. Vi — COLUMN
i — \_  ADDRESS

READ CYCLE o] |t i ™ e e

— Viu —

T T | RGN R

» —1tcLz -_-1

pQ :::‘ ~ OPEN %(» VALID DATA OU: _‘}_—
WRITE CYCLE b | o ( — ]

LV RN N QK

tos I
DQ :'" : OPE VALID DATA IN E
m Dor't CARE
™
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KMM5361000A/AG/A1/A1G DRAM MODLUES

PACKAGE DIMENSIONS

KMM5361000A/AG (1M x4 (SOJ)* 8+1Mx1 (SOJ) *4) Units: Inches (millimeters)
4.250 (107.95)
3.984 (101.19)
— |~—.133(3.38) R.062(1.57) R.125+.002 (3.18+.051)
/ gz
& : B g B 3 E q B g S =
] h q b -
- R il g i
L T T T T T T TIT [ISRRRRRRRRNNRERERERRRRENARDEININNN
- 080 (2.03) 250 (6.35)
250 (6.35) R.062 1 .004 (R1.57 +1.0)
3.750 (95.25) |

KMM5361000AG/A1G: DETAIL OF CONTACTS (Gold plating lead)

.——~—.37o (9.40) MAX
.010(.25) Mij_lj lj ﬂ 1100 (2.54) MIN

)
050 (1 .27)—!———' |-l—‘o41 £.004 (1.04 +.10)

KMM5361000A/A1: DETAIL OF CONTACTS (Solder plating lead)

1 J 1)54 (1.37)
1010 (.25) MAX 1100 (2.54) MIN o 047 (1.19)

.050 (1. 27) 0361 .004(.914+.10)

——.225 (5.71) MIN

KMM5361000 A1/A1G (1IMx4 (SOJ) *8+1Mx1 (TSOPI) *4)
.200(5.08)

MAX

3

. §
; %

[}
] |
o | E [

| [T A~ T T

ooonn. . 000o0g.
ononn. 0nneo.

TR
aocon  aoon

TICeT O

ToooT UODoT
TTOOOT— OO

(The dimensions of this PCB are the same as those of the above one.)

Tolerances: +.005 (.13) unless otherwise specified

¥ SAMSUNG 898
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KMM5322000AV/AVG DRAM MODULES

2Mx32 DRAM SIMM Memory Module

FEATURES GENERAL DESCRIPTION

¢ Performance range: The Samsung KMM5322000AV is a 2M bitsx 32 Dynamic
t RAM high, density memory module. The Samsung
RAC teac tre KMM5322000AV consist of sixteen CMOS 1Mx4 bit

KMMS5322000AV- 7 70ns 20ns 130ns DRAMs in 20-pin SOJ package mounted on a 72-pin
KMM5322000AV- 8 80ns 20ns 150ns glass-epoxy substrate. A 0.22;F decoupling capacitor is

KMM5322000AV-10 | 100ns | 25ns | 180ns mounted under each DRAM.

e Fast Page Mode operation The KMM5322000AV is a Single in-line Memory Module
o CAS-before-RAS refresh capability with edge connections and is intended for mounting into
* RAS-only and Hidden Refresh capability 72 pin edge connector sockets.

¢ TTL compatible inputs and outputs
* Single +5V + 10% power supply

¢ 1024 cycles/16ms refresh

* JEDEC standard pinout

PIN CONFIGURATIONS Front view)

Pin | Symbol | Pin | Symbol J o | Pin Name Pin Function
1 Vss 37 NC
2 | DQo 38 | NC 5 oo acons AoAs Address Inputs
3 DQqs 39 Vss - DQo-DQas
4 DQy 40 CAS - except DQg, | Data In/Out
5 DQyo 4 CAS,; H |ooorr—oooo 17, 26, 35)
6 | DQ, 42 | CAS = E— w Read/Write Input
7 DQg2o 43 CA§1 - p—
8 | DQs 44 | RAS, — RAS)-RAS; | Row Address Strobe
9 | DQy 45 | RAS, [ TToToT oooo ~& ~%= | Column Address
11 | NC 7 | W -
12 Ao 28 NC — PD1-PD4 Presence Detect
13 Ay 49 DQg e Vee Power (+5V)
14 | A 50 DQz ] Vss Ground
15 A3 51 DQ1o — -
16 | A4 52 DQ2s — N.C. No connection
17 T As 53 | DQr T
18 | As 54 | DQg Presence Detect Pins (Optional)
19 NC 55 DQi2
20 | DQq 56 | DQap Pin | 70ns 80ns | 100ns
21 0022 57 DQ13 3 ooonn  nonon
22 | DQs | 58 | DQ ! PDy | NC | NC | NC
23 DQo3 59 Vce PD» NC NC NC
24 DQG 60 DQSZ [=)u)s e e pupnnpaga ey PD V. NC V
25 | DQps | 61 | DO mnon coon * = s
26 DQy 62 DQjs3 PD4 NC Vss Vss
27 | DQgs 63 | DQss * Pin Connection Changing Available
28 A7 64 DQ:-M [sja)s)sispupsinieis
29 NC 65 DQis oonoo nooon
30 Vee 66 NC
31 As 67 PD4
32 Ag 68 PD, |mio2aioteme e e o ey
33 RAS; 69 PD3 nooan
34 RAS; 70 PD4
35 NC 71 NC
36 NC 72 VSS 72 ageinieiagupainieinieg
Pt 399
 SAMSUNG
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KMM5322000AV/AVG DRAM MODULES

FUNCTIONAL BLOCK DIAGRAM

CAS, O
DQo.a
pQ|——o——{pq, CAS —
CAS DQ; -0 DQ; RAS -0 RAS;
RAS, o RAS DQs}———o0—— pQs _ ©OE
OE W ApA; DQ4 -O- DQ, AcAe W ;7
T I DQur
DQy O- DQ, CAS
czé DQp——O0——1DQ; RAS
RAS DQs o DQ3 OE
OE W AcAy DQf——0——1DQs AjA, W :L
CAS, © ey
ba; % Da, Ths
CAS DQ; O DQ, RAS
AAS DQa o- DQs _OE
/4;— OE W Ag-Ay DQsf——O0———DQs AyAy W
| | DQy3.16 | L
ba, > ba, ohs |—
CAS DQ, Lo DQ, RAS
RAS DQ3 o DQ3 OFE
OF W ArAs DQ, -0 DQs AgAy W l
CAs: o DQygs-21
. D o ba cAs |— _
%2 DQyp————O0——— DQ. RAS O RAS;
RAS, O RA DQ; o DQs _ OE
/*— DE W AgAy DQ}——O0———DQs AjA; W
L I DQz2.25 |
DQ; -0 DQ; [
— QSS DQ; o DQ; ROA_E
RA! DQ; o DQs
/'F OE W  AgA, DQs O DQs AgAy W 1
CAs, © DQz7.30 ——
oS bQ, DQ, CAS
Doz--—o———J DQ; RAS
RAS DQz}b————0—— DQy OE
}J;— OE W ApAy DQf——O0——DQs AzAy W ;7
] ] DQ31.34 ] —
N DQy O DQ CAS[—
—— C‘A% DQ———0——] DQ; RAS
R DQsf————o0——{DQs o3
)47—1 OF W AcAy DQ}——o0—ba: AcA, W ;7
W o
Ag-Ay O
I3
Voo L 0.22yF Capacitor To all
Ves © T under each DRAM DRAMs
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KMM5322000AV/AVG DRAM MODULES
ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Units
Voltage on Any Pin Relative to Vss Vin, Vout -1t0 +7.0 \'
Voltage on Vcc Supply Relative to Vsg Vee -1t0 +7.0 \
Storage Temperature Tag -55to +150 °C
Power Dissipation Pp 9.6 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso-
lute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \
Ground Vss 0 0 0 Y
Input High Voltage ViH 2.4 — Vee +1 \
Input Low Voltage Vi -1.0 —_ 0.8 \
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbo!l | Min Max Units
. KMM5322000AV- 7 — 856 mA
Operating Current*
. I KMM5322000AV- 8 lcct — 776 mA
(RAS, CAS, Address Cycling @ trc =min.) KMM5322000AV-10 — 696 mA
Standby Current
(RAS=CAS=Vy) lec2 — 32 mA
=Re . KMM5322000AV- 7 — 856 mA
g%(_)cly Fl;enge%h g;.:regt —min) KMM5322000AV- 8 lccs — 776 mA
=ViH, yeling @ trc= KMM5322000-10 — | 696 | mA
. KMM5322000AV- 7 — 656 mA
fF?—:fs'ia\?e o e i ) KMM5322000AV- 8 | lcca | — | 576 | mA
=ViL, yeling: tpc = . KMM5322000AV-10 — 496 mA
Standby Current
(RAS=CAS=Vc-0.2V) lecs — 16 mA
CAS-Before-RAS Refresh Current* KMM5322000AV- 7 - 856 mA
(RAS and CAS Cycling @ trc =min.) KMM5322000AV- 8 lccs — 776 mA
yeling @ trc =min. KMM5322000AV-10 — | 696 | mA
Input Leakage Current (Any input 0 <ViN<65V, _
all other pins not under test=0 volts.) he 160 160 uA
Output Leakage Current
(Data out is disabled, 0<Vour<55V) loo | =10 10 | uA
Output High Voltage Level (lon =—5mA) VoH 2.4 — \
Output Low Voltage Level (loL =4.2mA) VoL — 04 Vv

* NOTE: icc1, lecs, lcca and Iccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as average current.

SAMSUNG

401



KMM5322000AV/AVG

DRAM MODULES

CAPACITANCE (71=25°C)

Item Symbol Min Max Unit
Input Capacitance (A¢-Ag) Cing — 128 pF
Input Capacitance (W) Cinz — 140 pF
Input Capacitance (RASy-RASs) Cina — 42 pF
Input Capacitance (CAS;-CAS3) Cing —_ 42 pF
Input/Output Capacitance
(D%w, 91s,p1&25. 27’-)34) CDOy B 2 PF
AC CHARACTERISTICS (0°C <Ta<70°C, Ve =5.0V + 10%, See notes 1, 2)
KMM5322000AV-7 | KMM5322000AV-8| KMM5322000AV-10
Standard Operation Symbol Unit | Notes
Min| Max | Min| Max |Min| Max
Random read or write cycle time trc 130 150 180 ns
Access time from RAS trac 70 80 100 | ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50 | ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torF 0 15 0 15 0 20 | ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50 | ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width thas 70| 10,000 | 80| 10,000 | 100 | 10,000 | ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tosw 70 80 100 ns
CAS pulse width tcas 20| 10,000 | 20| 10,000 | 25| 10,000 | ns
RAS to CAS delay time trcD 20 50 | 20 60 | 25 75 | ns 4
RAS to column address-delay time tRaD 15 35| 15 40 | 20 50 | ns 11
CAS to RAS precharge time terp 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 15 ns
Column address set-up-time tasc 0 0 0 ns
Column address hold time tcau 15 15 20 ns
Column address hold referenced to RAS| tan 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time trcs 0 0 0 ns
Read command hold referenced to CAS | trcw 0 0 0 ns 9
Read command hold referenced to RAS | trru 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns
Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
¥ SAMSUNG 02
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KMM5322000AV/AVG

DRAM MODULES

AC CHARACTERISTICS (Continued)

KMM5322000AV-7 | KMM5322000AV-8 | KMM5322000AV-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max

Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time ton 15 15 20 ns 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
Refresh period tRer 16 16 16| ms

Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tosr 10 10 10 ns

CAS hold time (C-B-R refresh) tcHr 20 30 30 ns

RAS precharge to CAS hold time trec 10 10 10 ns
Access time from CAS precharge tcra 45 45 55| ns 3
Fast Page mode cycle time tec 50 50 60 ns

CAS precharge time (Fast page) tcp 10 10 10 ns

RAS pulse width (Fast page) trasp 70 |200,000| 80 {200,000(100 |200,000| ns

W to RAS Precharge time (C-B-R

refresh) twrp 10 10 10 ns

W to RAS hold time (C-B-R refresh) twhH 10 10 10 ns

CAS precharge (C-B-R counter test) teer 35 40 50 ns

NOTES

1. Aninitial pause of 200us is required after power-up fol-
lowed by any 8 RAS cycles before proper device
operation is achieved.

2. ViH min) @nd Vi max) are reference levels for measur-
ing timing of input signals. Transition times are meas-
ured between Vi min) and ViL(max), and are assumed
to be 5ns for all inputs.

3. Measured with a load equivalent to 2 TTL loads and
100pF

4. Operation within the trcp (max) limit insures that trac
(max) can be met. trep max) is specified as a reference
point only. It trcp is greater than the specified
trep(max) limit, then access time is controlled exclu-
sively by tcac.

5. Assumes that trcp <tRCD (max)-

6. taR, twen, toHr are referenced to trap (max).

7. This parameter defines the time at which the output
achieves the open circuit condition and is not refer-
enced to Von or Vor.

8.

11.

twes, tawp, tcwp and tawp are non restrictive operat-
ing parameters. They are included in the data sheet
as electrical characteristics only. If twcs <twcs (min)
the cycle is an early write cycle and the data out pin
will remain high impedance for the duration of the

cycle.

. Either trew or tarn must be satisfied for a read cycle.
. These parameters are referenced to the CAS leading

edge in early write cycles and to the W leading edge
in read-write cycles.

Operation within the trap (max) limit insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If trap is greater than the speci-
fied tran(max) limit, then access time is controlled
by taa.
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KMM5322000AV/AVG

DRAM MODULES

TIMING DIAGRAMS

READ CYCLE .
RC
trp
\ tRAS s
o N\ / \
tosH
el treD tRsH cRe
‘ tcas 4
ViH—
= W _/ D / /
tar
tRAD T tRAL
@¥ )
ViH- ROW >@§‘ COLUMN
A Vi~ ADDRESS ADDRESS
| | [ty
‘Rcs——-—{l f— tRRH
— VIH—
w ViL— e tGAG —=—Tf W
tAIAtCLz toFF
- tRac
ba \\I/?Z: OPEN {@g VALID DATA-OUT }—
WRITE CYCLE (EARLY WRITE)
trRe
tras hd
— [ —— p|
RAS V:L— & ) _/ N
tcrP trcD tRsH tchp
r_—-_ tes
ViH- fl X tcas r
cAS Vie— \ \\ {,
tArR
tASR | tRAH ‘HiA tasc _l;R:L
I AH™]
[l .
ik ROW COLUMN - X\ )
S v I S T (RO
towL |
Twos 1 WOR
tweH
ViH— twp NVVINAANVNVVY VS VA
v R S Y
tos tﬁff;+ {
el r—=—tbH
Vih— (YAYAYAYAYAVAYAVAVAVAVAVAVAVAVAV, V. WAVAVAY,
o i oaran X RN

—_

toHR

m DON'T CARE
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KMM5322000AV/AVG DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

tRP
tRASP
— ViH— !\ z N
RAS ViL— :;
tcsH tpc tRSH —emi
tcrp fcas | tep tcp ¢ ¢
r-.——- trco f ptcaSe— ] CAS (4 tcRP~=—
ViH— \ \ H\
CAS
ViL— \ T 1
tArR tRAL
tasr| | tram tasc tasc tcAH
e Nl tcaH o le ={tasc tcaH
A Vin— ROW coL coL X coL
ViL— ADD ADD ADD ADD
‘ ] tRRH
f—— tRAD —w=—{ ! ——y
tRCH
Re [ | trRcs tRcs tRCH
'—-tncs-— +
| $4 :
e GBI ' R
V_V "
ViL— tcac | teac tcac
1A ta tAA
traC tcpa tcpa+
VoH— f VALIDN VALD X
DQ V. DATA-OUT "'J DATA-QUT™ e
oL—
torr toLzy | toLz torr
toLz—=1 - FIN -

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trP
trASP
ViH— B
RAS ViL— \ \_
. e r
7y
tpc [ —-tRSH
tcRP tcas tcp tcas tcp tcas
I—- trRcD H'tcnp“‘
ree
N Vi— r =g
CAS Z
ViL—
tar tRAL
t t t t tcaH i
ASR| | tRan ASC | dtean 22 2 tase | toan
Vig—
H ROW Y coL coL Y coL
A Vi— ADD ADD ADD ADD
1
f——tRAD ——]
1
s WCR twes tweH twer
tweH . twes
L tw
W
ViL—
3 i am
tps toH tps| toH tos| toH
ViH— . X RV
) e VALID DATA-IN VALID DATA-IN VALID DATA-IN
tOHR——————| m DON'T CARE
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KMM5322000AV/AVG DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W=Don't Care

"AG Viu — ¥
AAS Vi — \r 1/

tasn

e— tran —— te
= T YAVAVAVAVAVATAE e\
A XIL _ mm;\ ROW ADDRESS )

Vg —
CAS "
Vo —
[=—tcrp l=— tapc

pQ Vi = OPEN

OPEN
ViL —

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don't Care

tre

Vin — J i r
RAS /| N\

Vi — \-L

trpo—=f :
tosr
= tep—y Eamm— PP . =—trrc

m Vi — -

Vi — / \ :

twap twan

— Viu —
w

Vi —

torr
. T—————)\

DQ o b OPEN

Vier — £

m OON'T CARE
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KMM5322000AV/AVG

DRAM MODULES

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

gl

DQ

5

Vi «.---Q‘X

L tre trus

=

terp

tonr

Vin = Row
v ADD
L — 3

VIL -

tan ——

l—toac—

—-{'az

Von—

VoL —

—4X

VALID DATA-OUT

HIDDEN REFRESH CYCLE (WRITE)

|

DQ

Vig — "--!\

=

terr

p—— tRsH——erd

e

tasn = tase =t
tean.
=1 tran
Vi ROW | COLUMN )
ADD ADDRESS
Vi —
twes = — twon—— twap twan

7

Vi — \
VALID DATA
Vie —

I

R
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& SAMSUNG

Electronics

407



KMM5322000AV/AVG

DRAM MODULES

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

k—tm’——-
RAS W L 's !
RAS s
Vi — \ Z N
tesm tepr—— trsi
— Viw — _YS\ — tewn—— o
CAS Vi — . \ / 4 Z
tha
tasc .
A e COLUMN
Vi — . ADDRESS
READ CYCLE twre twan tan { tamn
_—l tm's,__- oo =1 tren
LM A R TR
VII. - ’-E:
—tciz
pa o OPEN VALID DATA OUT J}____
VoL — ‘.
trwL |
WRITE CYCLE B o a
twes
mam twen
__ Vin —
LV I N
tos L
Vin —
oa OPEN VALID DATA IN E

Vi —

m Don’'t CARE
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KMM5322000AV/AVG DRAM MODULES

Units: Inches (millimeters)
4,250 (107.95)
3.984(101.19)
— [-133(3.39) R.062 (1.57) 125 DIA £0.002 (3.18 +0.051)
g
s £
g P P O D o} D P d 1 N
T IR gt
N q q i i b q b d B o g 3
1 b d b g h d b d b d b o b &
s o 0L NI IEL s
g 0 g ul
«© P g i d O g b g i

T [T T IO T T T T T LI
— l—-—‘oeo (2.03) %(6435)
R.062+ .004 (R1.57 £1.0)

.250 (6.35)

.250 (6.35)

3.750 (95.25)

KMM5322000AVG DETAIL OF CONTACTS (Gold plating lead)

[—.350 (8.89) MAX
]_ﬂ ﬁ ﬂ :
.010 (.25) MAX .100 (2.54) MIN
]
.050 (1.27) .041£.004 (1.04+.10) —.225(5.71) MIN

KMM5322000AV DETAIL OF CONTACTS (Solder plating lead) 054 (1.37)
.047 (1.19)
.010 (.25) MAX‘J_D ﬂ ﬁ 100 (2.54) MIN
I
.050 (1.27) .036+.004 (.914+.10)

Tolerances: +.005 (.13) unless otherwise specified
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KMM5362000A/AG/A1/A1G

DRAM MODULES

2MX 36 DRAM SIMM Memory Module

FEATURES
o Performance range:
trac tcac trc
KMM5362000A- 7 70ns 20ns 130ns
KMM5362000A- 8 80ns 20ns 150ns
KMM5362000A-10 | 100ns 25ns 180ns

Fast Page Mode operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
TTL compatible inputs and outputs
Single +5V+10% power supply
1024 cycles/16ms refresh
JEDEC standard pinout

PIN CONFIGURATIONS (Front view)

GENERAL DESCRIPTION

The Samsung KMM5362000A is a 2M bits X 36 Dynamic
RAM high density memory module. The Samsung
KMM5362000A -consist of sixteen CMOS 1MX4 bit
DRAMs in 20-pin SOJ package and eight CMOS 1MX 1
bit DRAMs in 20-pin SOJ package mounted on a 72-pin
glass-epoxy substrate. A 0.22uF decoupling capacitor
is mounted under each DRAM.

The KMM5362000A is a Single In-line Memory Module
with edge connections and is intended for mounting into
72 pin edge connector sockets.

Pi1“ S\;mbol ':3'; Sggbol JO Pin Name Pin Function
S8 17
2 DQo 38 DQass 1 B nnopn _ppnon Ao-Ag Address Inputs
3 DQis 39 Vss ] DQo-DQ3s Data In/Out
4 DQ4 40 | CASo = W Read/Write Input
5 | DQie | 41 | CAS, 5 momymomon |\ W | Read/ Wl Tnp
6 DQ2 42 | CAS3 — E E RASo-RAS3 | Row Address Strobe
7 DQzo0 43 | CAS4 =K : = ~+a_ | Column Address
8 | Day | 44 | FA%o Sl L | | “A0CR% | strope
9 D 45 Al —
10 VS;‘ 46 ﬁc ! - E % PD+-PD4 Presence Detect
11 NC 47 | W = - Al 1 Vee Power (+5V)
12 Ao 48 | NC - Donnn _onono
- V G d
13 | A 49 | DQo =k : ss oune
14 Aa 50 DQo7 — g o N.C. No connection
15 | As 51 | DQio =p | FRPoT ooeno
16 As 52 DQys w B Presence Detect Pins (Optional)
17 As 53 DQ11 36 8 E
18 A% 54 Dgzg ) T T Pin 70ns | 80ns | 100ns
19 N 55 DQ12
20 DQa 56 DQao 37 g ; PD+ NC NC NC
21 DQ22 57 DQi3 g 5 — PD2 NC NC NC
22 DQ5 58 D031 L oonon - 0oooo PD V NC V
23 | DQss | 59 | Vec g a 3 | Vss ss
24 DQs 60 | DQap B PD4 NC Vss Vss
25 DQ24 61 DQ14 OAnRn  OmRAA * Pin Connection Changing Available
26 DQ7 62 | DQas d !
27 DQ2s 63 DQis g B
28 A7 64 DQ34 E 3 TOD e,
29 NC 65 DQ1s : b
30 Vee 66 | NC g i
31 A8 67 PD1 q H o000 0ooug
33 RAS3 69 PD3
34 RAS> 70 P04
35 D026 7 1 NC 72 O 18)8|81 [ .. -
36 DQs 72 Vss

¢ SAMSUNG
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KMM5362000A/AG/A1/A1G DRAM MODULES

FUNCTIONAL BLOCK DIAGRAM

CAS; 0——
DQo-3
DQy DQ4 CAS
CAS DQ, 0 DQ; RAS -0 RAS:
RAS; o RAS DQzp———O0——4 DQ; OE
OE W Ag-Ag  DQu DQs ApAs W 17
] . DQa.z L L
DQy O DQ;, CAS —1
CAS DQ}———o0——pa; RAS
RAS DQsf———o0——DQs OF
,_}7— OE W AgAs DQf——O0——DQs AxAs W
L 1 DQg T [
CAS D D CAS
RAS W  AgAg Q Q Ac-Ae W RAS
CAS; 0—— I —] T T
DQ, 0% ooy Ths —
CAS DQ 0 DQ, RAS
RAS DQsp———O0—— DQ3 OF
OE W  ApcAg DQp—O0——4DQs ApAy W 717
41 DQyas 1 1 —_
DQy —0— DQ; CAS —
CAS DQ; -0- DQ; RAS
s ey DG [ oF
r}-7—4 OE W AcA; DQ DQs Aghs W - :L
I DQy7 L I
CAS

-g-}
&
kg
j
oo
=
33
Tl

Ao-Ag
_ pQf——o0—]bQ, CAS
CAS DQ O DQ; RAS RAS;
AAS, © RAS DQsp———o0——— DQs OE
OE W ApA; DQuf—O0——DQs AyAy W
I I DQz2-25 I | I
pQ}———0—— DQ, CAS
CAS pQ.}——o0—— pQ: RAS
RAS DQa———O0———1DQ; OE
/}7— OE W  Ag-Ag  DQy © DQs AyAs W ’;17
DQys¢ L 1 —
CAS D D CAS
1 RAS W  Ag-Ag Q Q AccAs W RAS
— — — —
CAS; © I I D020 1 —
DQ, DQy CAS

E

DQf————0——] D02 RAS
DQsf———o0—— Qs oF
pQf——o0——Da, AzA, W

3
ol

¥
9
5
Sl

DQy O DQ, CAS
CAS DQ, -O- DQ. RAS
RAS DQsb———o0———{ DQs _ OE
OE W ApA; DQ —-0— DQs  AgAg W
)J; [ | DQss T )
CAS D D __ CAS
FAS W Ag-As Q Q AcAs W RAS
W o— 1 { TI T
Ag-Ag O—
o
Vee L 0.224F Capacitor To all
AM
Vs T under each DRAM DRAMSs
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KMM5362000A/AG/A1/A1G

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vour —1t0 +7.0 \Y)
Voltage on Vcc Supply Relative to Vss Vece —1to +7.0 \
Storage Temperature Tstg —55to +150 °C
Power Dissipation Pp 14.4 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG CONDIT'ONS (Voitage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \'J
Ground Vss 0 0 0 \']
Input High Voltage ViH 2.4 — Veec+1 \
Input Low Voltage ViL -1.0 — 0.8 \
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Units
A KMM5362000A- 7 — 1184 mA
Operating Current*
" o KMM5362000A- 8| Icct - 1064 mA
(RAS, CAS, Address Cycling @ trg=min.) KMM5362000A-10 _ 044 mA
Standby Current _
(RAS=CAS=V4) lccz 48 mA
=g . KMM5362000A- 7 - 1184 mA
(F:%Z':}V R%sg Cc‘ﬁ:e’z;t —min) KMM5362000A- 8|  lccs — | 1064 | mA
H, ycling @ tre KMM5362000A-10 — 944 | mA
KMM5362000A- 7 —_ 904 mA
Fast Page Mode Current*
== ~a R KMM5362000A- 8 lcca — 784 mA
(RAS=ViL, CAS Cycling: tec=min.) KMM5362000A-10 — | 664 | maA
Standby Current _
(RAS=CAS=Vgc—0.2V) lecs 24 | mA
CAS-Before-RAS Refresh Current* ﬁmmggggoogﬁ ; | - 1 (1)(85: m?
(RAS and CAS Cycling @ trc=min.) 000A- cce - m
KMM5362000A-10 — 944 mA
Input Leakage Current (Any input OSVINS6.5V, _
all other pins not under test=0 volts.) h 240 240 HA
Output Leakage Current _
(Data out is disabled, 0<Vour<5.5V) low 101 10] A
Output High Voltage Level (lon=—5mA) VoH 2.4 — \'
Output Low Voltage Level (lo.=4.2mA) VoL — 0.4 \'

*NOTE: lIcc1, Icea, Icca and fcce are dependent on output loading and cycle rates. Specified values are obtained

with the output open. Icc is specified as

average current.
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KMM5362000A/AG/A1/A1G DRAM MODULES

CAPACITANCE (r:=25°¢)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag) CiNt — 161 pF
Input Capacitance (W) Cinz — 168 pF
Input Capacitance (RASo-RASa) Cina - 42 pF
Input Capagcitance (CASo-CAS3) Cina — 42 pF

Input/Output Capacitance
(DQo-7,9-16,18-25,27-34)
Input/Output Capacitance (DQg,17,26,35) CDQ2 — 39 pF

CDQ; — 29 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%, See notes 1,2)

KMM5362000A-7 | KMM5362000A-8 {KMM5362000A-10
Standard Operation Symbol Unit| Notes
Min Max | Min Max | Min Max

Random read or write cycle time trc 130 150 180 ns
Access time from RAS trac 70 80 100| ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z torz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns

RAS pulse width tRAS 70| 10,000 80| 10,000|100| 10,000| ns

RAS hold time tRsH 20 20 25 ns

CAS hold time tosH 70 80 100 ns

CAS pulse width tcas 20| 10,000 20| 10,000} 25| 10,000]| ns

RAS to CAS delay time trep 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time torp 5 5 10 ns

Row address set-up time tAsrR 9] 0 0 ns

Row address hold time tRaH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns

Read command set-up time trcs 0 0 0 ns

Read command hold referenced to CAS | trcH 0 0 0 ns 9
Read command hold referenced to RAS | trpH 0 0 0 ns 9
Write command hold time tweh 15 15 20 ns

Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns

Write command to RAS lead time tRwL 20 20 25 ns

« SAMSUNG “3
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KMM5362000A/AG/A1/A1G

DRAM MODULES

AC CHARACTEROSTOCS (Continued)

KMM5362000A-7 | KMM5362000A-8 | KMM5362000A-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max
Write command to CAS lead time towL 20 20 25 ns
Data-in set-up time tbs 0 0 0 ns 10
Data-in hold time toH 15 15 20 ns 10
Data-in hold referenced to RAS {oHR 55 60 75 ns 6
Refresh period tReF 16 16 16| ms
Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tcsh 10 10 10 ns
CAS hold time (C-B-R refresh) tcHR 20 30 30 ns
RAS precharge to CAS hold time trec 10 10 10 ns
Access time from CAS precharge topa 45 45 55| ns 3
Fast page mode cycle time tec 50 50 60 ns
CAS precharge time (Fast page) tcp 10 10 10 ns
RAS pulse width (Fast page) tRasP 70 | 200,000 | 80 | 200,000 |100 | 200,000 | ns
W to RAS precharge time (C-B-R refresh) | twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twhn 10 10 10 ns
CAS precharge (C-B-R counter test) tcer 35 40 50 ns

NOTES

1.

Noo

An initial pause of 200us is required after power-
up followed by any 8 RAS cycles before proper
device operation is achieved.

ViH(min) and Vimax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between ViHmin) and Viymax), and are
assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL loads and
100pF

Operation within the trcpmax) limit insures that
trRACc(max) can be met. trcpmax) is specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolled exclusively by tcac.

Assumes that trcp>tRcD(max)-

taR, twcr, toHr are referenced to trap(max).

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
referenced to Von or Vor.

10.

11.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If
twes2=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

Either trcH or trrn must be satisfied for a read
cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap(max) limit insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

s
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KMM5362000A/AG/A1/A1G
TIMING DIAGRAMS

DRAM MODULES

READ CYCLE
trRe
trp
t
JE— ViH- X tras / \
RAS e Sr Z N
tcsH
tcrp tcrRP
trep tRsH
l t
—_ ViH- X CAS / 4
TAS e /r \ \‘ ] /
taR
tRAD Y tRAL
tasm —tRAH™] —tcAH~—
Vin- ROW @g‘ GOLUMN
A Vi ADDRESS ADDRESS
| tRCH
tRes——]  f=—o tRAH
I
_ ViH—
v Vie— = tCAC— w
f “}A tcLz torF
ez
trRac
pa \\//2?: OPEN {@{ VALID DATA-OUT 4}—
WRITE CYCLE (EARLY WRITE)
! tre
trp
tras
RAS \V/'I*L“ ) Z X
tcRP tRCD tRsH toap
tesH
__ ik ‘ A \ toas / 7
CAS Vi ﬂ \ /
tAR
tRAD tRAL
tasR | tRAH tasc | toam
|
- Vib- ROW ) COLUMN N
A Vit ,_ ADDRESS ADDRESS
towL |
twos twcr
tweH
_ Vig— twp
w
ViL— —
os tRwL i
—*—ﬁm*—i
e R TR KR R R R
I e o D e
t toHR
I

m DON'T CARE
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KMM5362000A/AG/A1/A1G DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

tRp
trasP
ViH— 3y
A ViL— 44
ry
tesH tpc tRSH ——f
tcap tcas tep tce
trcp | LttCAS™] tmm—r] tcas—| 14— tcrp
ViH=— \ =
CA ViL—
tar tRAL
tasR| | tRaH tasc tasc tcan
r...‘ r—er] [=—e{ tcAn -a-| feattasc tcan

ViH— ROW coL coL coL
A ViL— ADD ADD ADD ADD
’ ' tRRK

[~=— tRAD —e| !
trRCH
Re I trcs trcs tRcH
'—-tacs— 1
I $4
ViH— = 9
W .
ViL— tcac tcac tcac W
ey _...ﬂ —
e t A A —r] taal taa—=—
tRaC tcpa tcpa
VoH— 7 VALID VALID VALID X
DpQ v DATAOUT = \ XD ATA-CUT= $=K WD ATA-GU =
oL—
t t = toFF] teLz t
toLz—m] OFF (ZLi‘ OFF‘ OFF

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRP
tRASP
ViH— X
RAS v \
IL— Py A ~\
rr
trc [ ——tRSH |
— ]
tcrp . t t 1 t [¢
c rco cas cp cAS cp cAS L-lcRP--l
el e
J— ViH—
CAS Z
ViL— A
taR \ tRAL
tasr| | traH tA tasc CAH i
fmemd - ﬁ(f. t——a{ tCAH o] tasc }..... tcAH
ViH— ROW coL coL coL
A Vi— ADD ADD ADD ADD
U 1
tRAD —=—i
twer N
twes twes tweH WCH
twcH twes
w
_ Vin— twe — twi
w ViL— \ P,
tps tDH Eﬂ toH tps| tDH
ViH~ ’w— — -\
DQ Vi VALID DATA-IN VALID DATA-IN VALID DATA-IN
- A
tDHR m DON'T CARE

& SAMSUNG
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KMM5362000A/AG/A1/A1G DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W=Don't Care

o \ / N
Yo be— tan —f tap
R R AVAVAVAVAVAVAVAVAVATA\NS I \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV AVAVAVAVAVAVAVAVAVAV,
A DX rom moomess X XK
CAS Vik — '
Vi —
A f=—tcrp [ tapc —=
le] Vin = OPEN

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address=Don’t Care

5

w N ) / N

trpc——]

tosm
=—tor—— tour =—trec:
s T i
Vo — ) 2

twae twan

R 5555357 NEOGOCSEOCOOINCIENK
torr
o - opeN

@ DON'T CARE

I 4
W,

LT L)

: SAMISUNG a7
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KMM5362000A/AG/A1/A1G

DRAM MODULES

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

zl

DQ

thp—]

—tap—=] tras

t=——taco

e \\

f——tor————=

tasc ==
toan

-'4 tran
COLUMN
ADDRESS

e

g

tran

Vin —
Vi —

%

N(

KKK

VALID DATA-OUT

N7

HIDDEN REFRESH CYCLE (WRITE)

|

DQ

Vi — 3
Vii —

t,

RAS

R Y —

le— trap—=| \

e tas—|

f——— tchR————=

tase =H=—

P tras

~

ADD

twes

twrp

twe

Vm —
VA
Ny —

b tps —od

LID DATA

A

tour

V\/\/\/ \/ VVVV\V \/ \WAVAVAVAVAVAVAY;
R BBLILAREK

AN

m DON’'T CARE
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KMM5362000A/AG/A1/A1G DRAM MODULES

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

r—lm’—-'
RAS Vw — e / ]
Vie —
tesn topr—= bt
e N
S 0 \ \ toas - ;
Ve — ) i
traL
tasc b= tean—=-
A Vin — COLUMN )
Vi — Y. ADDRESS :
1, t
twrp twrn A AR
READ CYCLE = t@s’-— IRTY et tocn
VoL X RS R
w
Vi — torr

—torz
Von -
DQ OPEN VALID DATA OUT
VoL — * T

thwL
WRITE CYCLE o | | b tom '

n e TR, BB

Vi —

—

VIH -
ba v —————QPEN VALID DATA IN
[ S

~1

m Don’t CARE

¢ SAMSUNG o ae
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KMM5362000A/AG/A1/A1G | DRAM MODULES

PACKAGE DIMENSIONS

KMM5362000A/AG (1Mx4 (SOJ)*16+1Mx1 (SOJ)*8) Units: Inches (milimeters)
4.250 (107.95)
3.984 (101.19)
- 138638 R.062 (1.57) 1125 DIA £ 0.002 (3.18 £ 0.051) —\
. S \
[a ] g pg s e pd s
q s Pg g == = il ©
— T Z
B e | |3 ] H Pl Pl Pq  Bq pH R 5> gt
g 8 45 copon_oooon . anoen.a oo _connn, ooog 8 BN
T ~\ hd '1
—— .080 (2.03) .250 (6.35) 1
.250 (6.35) R.062 + .004 (R1.57 £ 1.0)
KMMS5362000AG/A1G DETAIL OF CONTACTS (Gold plating lead) 506,69 MAX

(o}
010(.25) Mij_Ij [QJ _| 100 (2.54) MIN 419 MAX S

.050 (1.27) -—-l».041 +.004 (1.04.10)
KMM5362000A/A1 DETAIL OF CONTACTS (Solder plating lead)

j_lj D 1255 (5.71) MIN
.010(.25) MAX 100 (2.54) MIN
!

.050 (1.27) I-——.O(!Sj: .004 (9141 .10) 054 (1.37)

KMM5362000A1/A1G (IMx4 (SOJ)* 16+1Mx1 (TSOPI)* 8) 047 (1.19)

350 (8.89)
MAX

Qonan. oooon,

TYCTCIOTY
oonao . ooaoo.

O

o im oy~ n

noooo..ooong
T

jole gy e e = o
aoaon..nooon

=== = = e e e
ooono. n0oon
=== = oo o

aooon. o

OO oo
oooan ooooo
TToOOrT OO

TIIOT LT
£oonoa

e 1000 (2540)A1

a
é

(The dimensions of this PCB are the same as those of the above one)

Tolerances: +.005 (.13) unless otherwise specified

$ SAMSUNG 0
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KMM5401000A/AG DRAM MODULES

1MX40 DRAM SIMM Memory Module

FEATURES GENERAL DESCRIPTION
* Performance range: The Samsung KMM5401000A is a 1M bits X 40
Dynamic RAM high density memory module. The Sam-
laac | toac tac sung KMM5401000A consist of ten CMOS 1M X 4
KMM5401000A- 7 70ns | 20ns | 130ns bit DRAMSs in 20-pin SOJ packages mounted on a 72-pin
KMM5401000A- 8 80ns 20ns 150ns glass-epoxy substrate. A 0.22uF decoupling capacitor
is mounted und h D R
KMM5401000A-10 | 100ns | 25ns | 18ons | '° meunted under each DRAM
Fast Page Mode operation The KMM5401000A is a Single In-line Memory Module
CAS-before-RAS refresh capability with edge connections and is intended for mounting into
RAS-only and Hidden Refresh capability 72 pin edge connector sockets.

TTL compatible inputs and outputs
Single +5V+10% power supply
1024 cydes/16ms refresh

JEDEC standard pinout

PIN CONF'GURAT'ONS (Front View)

® o o & o o o

Pin | Symbol | Pin | Symbol J Pin Name Pin Function
1 Vss 37 DQyg O
2 DQo 38 DQ2o 1 aonnon nooon Ao-Ag Address Inputs
3 | DOy 39 | Vss — DQo-DQ3g | Data in/Qut
4 | DQe 40 | CAS, - — :
5 DQs 21 NC — ooy W_ Read/Write Input
6 DQ4 42 NC - RASo Row Address Strobe
7 | DQs 43 _S_NC = CAS Column Address Strobe
8 D06 44 RA 0 — sgageismumngayng == 0
9 DQy 45 NC | Asssaaoaa OE Output Enable
10 | Vee 46 DQ21 — PD:-PDs | Presence Detect
11 NC 47 w -
12 | Ao 48 | Vss | EEmmr oo Vee Power (+5V)
13 Ay 49 DQ22 — Vss Ground
14 | A S0 DQ2s = N.C. No connection
15 Az 51 DQg4 —  ‘oooorom
16 Ay 52 DQgs — o . )
17 As 53 DQus 36 Presence Detect Pins (Optional)
18 | A 54 | DQ
19 OSE 55 DQZ oonnn _nononn Pin 70ns 80ns 100ns
20 Dga 56 8829 PD+ Vss Vss Vss
21 DQy 57 30 37
22 | DQ 58 | DQs SRR PDz | Vss | Vss Vss
23 DQ1 59 Vce PD3 Vss NC Vss
24 | DQq2 60 DQa2 PD NC V, \%
25 | DQs 61 | DQas oo " - . = =
26 DQua 62 DQas O0o0on..poonn Pin Connection Changing Available
27 DQ;ss 63 DQss
28 Ay 64 DQss
29 DQ1s 65' DQzx oangn . sooon
30 Vce 66 DQsg
31 As 67 PD4
82 | A 68 | PD ERERE geE
33 NC 69 PDs3
34 NC 70 PD4
35 | DQy 71 DQag
36 | DQus 72 | Vss 72 ””"6’ i

¢ SAMISUNG
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KMM5401000A/AG

DRAM MODULES

FUNCTIONAL BLOCK DIAGRAM

OE O—
Aghe O
W O—
CAS, O—
RAS, O
RAS DQ: —O DQg RAS DQ; O DQ2o
CAs DQ; |—O DQy CAS DQ, [—O DQ2:
w DQ; —O DQ; w DQ; }—O DQz2
AoAg oa, |—oba, AvAg pQ, |—0 Dy
OE +— OF
RAS pQ, |—O pa, RAS DQy |—0 DQus
CAS DQ; [—O DbQs CAS DQ, —O DQ:s
w DQ; —O DQs w DQ; —O DQ2e
Ao-Ag DQ, —ODQy Ao-Ag DQ, DQo7
L 10E : 1 OE
RAS DQ; O DQg RAS DQy [—O DQ2s
CAS DQ, O DQy CAS DQ; —O DQzo
W DQ; —O DQio W DQ; |—O DQ3o
Ao-Ag DQ, —0 DQy, Ao-Ag DQ, DQs;,
1 OF | GE
RA3 DQ, —O DQ;2 RAS DQ; —O DQs2
CAS DQ; —O bQy; CAS DQ; —O DQas
w DQ; —O DQi4 w DQ; —O DQas
Ao-Ag DQ4 O DQ1s Ao-Ag DQ, —O DQss
+— OE +—] OF
RAS DQ, —O DQss RAS DQ —O DQag
CAS DQ; —0 DQy; CAS DQ, O DQg;
w DQ3 —O DQis w DQz |—O DQgs
Ao-Ag DQs |—O Dy Ao-Ag DQ, O DQgs
Lo L4 OE
Yee L
0.22uF Capacitor
T under each DRAM ' To all DRAMS
Vss O—

¢ SAMSUNG
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KMM5401000A/AG DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vss Vin, Vout —-1to +7.0 \"
Voltage on Vcc Supply Relative to Vss Vce —-1to +7.0 \
Storage Temperature Tstg ~55to +150 °C
Power Dissipation Pp 6 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, Ta=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \
Ground Vss 0 [o] 0 \'
Input High Voltage VIH 2.4 —_ Vec+1 \Y
Input Low Voltage ViL -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min Max Units

Operating Current* KMM5401000A- 7 — 1050 mA
AR A ) . J— KMM5401000A- 8 Icc1 — 950 mA
(RAS, CAS, Address Cycling @ trc=min.) KMM5401000A-10 _ 850 mA
Standby Current (RAS=CAS=Vy) Icc2 — 20 mA
== . KMM5401000A- 7 — 1050 mA
R e et —min) KMM5401000A- 8|  leca ~ | 950 | ma
Hs yeling @ tre KMM5401000A-10 - 850 | mA

. KMM5401000A- 7 — 800 mA

RS B Oyt mmin) KMM5401000A- 8|  lccs — | 700 | mA
I yeling: trc=min. KMM5401000A-10 — 600 | mA
Standby Current (RAS=CAS=Vcc—0.2V) iccs — 10 mA
CAS-Before-RAS Refresh Current* KMM5401000A- 7 - 1050 mA
(RAS and CAS Cycling @ trg=min ) KMM5401000A- 8 lccs — 950 mA
9 @ tre=min. KMM5401000A-10 — 850 | mA

Input Leakage Current (Any input O<VinK 6.5V, _

all other pins not under test=0 volts.) h 100 100 HA
Output Leakage Current (Data out is disabled, 0<Vouyr<5.5V) loL -10 10 HA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \
Output Low Voltage Level (lo.=4.2mA) VoL — 0.4 \"

*NOTE: lcc1, lecs, leca and Icce are dependent on output loading and cycle rates. Specified values are obtained
with the output open. Icc is specified as average current.

# SAMSUNG , 2
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KMM5401000A/AG

DRAM MODULES

CAPACITANCE (ta=25°¢)

Item Symbol Min Max Unit
Input Capacitance {Ao-Ag) CiNt - 70 pF
Input Capacitance (W, OE) Cinz — 80 pF
Input Capacitance (RASo, CASo) Cina — 80 pF
Input/Qutput Capacitance (DQo-DQ3g) CDQ1 — 17 pF
AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V£10%, See notes 1,2)
KMM5401000A-7 | KMM5401000A-8 | KMM5401000A-10
Standard Operation Symbol Unit | Notes
Min| Max [Min| Max [Min; Max
Random read or write cycle time trc 130 150 180 ns
Access time from RAS trac 70 80 100| ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Qutput buffer turn-off delay torr 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns
RAS pulse width tras 70( 10,000 80| 10,000[100| 10,000| ns
RAS hold time tRsH 20 20 25 ns
CAS hold time tcs 70 80 100 ns
CAS pulse width tcas 20| 10,000| 20! 10,000| 25| 10,000| ns
RAS to CAS delay time tRco 20 50| 20 60| 25 75| ns 4
RAS to column address delay time traD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcre 5 5 5 | ns
Row address set-up time tasr (o] 0 [0} ns
Row address hold time trAH 10 10 15 ns
Column address set-up time tasc ‘0 0 o] ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS | tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns
Read command set-up time tres 0 0 0 ns
Read command hold referenced to CAS | trch o] 0 [0] ns 9
Read command hold referenced to RAS | traH 0 0 (o] ns 9
Write command hold time twcH 15 15 20 ns
Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twe 15 15 20 ns
Write command to RAS lead time tRwL 20 20 25 ns
Write command to CAS lead time towe 20 20 25 ns
«#f SAMISUNG
=
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KMM5401000A/AG

DRAM MODULES

AC CHARACTERISTICS (continued)

KMM5401000A-7 | KMM5401000A-8 | KMM5401000A-10
Standard Operation Symbol Unit | Notes
Min| Max |Min| Max |Min| Max
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time ton 15 15 20 ns 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
Refresh period tReF 16 16 16| ms
Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tesn 10 10 10 ns
CAS hold time (C-B-R refresh) toHr 20 30 30 ns
RAS precharge to CAS hold time tarc 10 10 10 ns
Access time from CAS precharge tcea 45 45 55| ns 3
Fast Page mode cycle time trc 50 50 60 ns
CAS precharge time (Fast page) tcp 10 10 10 ns -
RAS pulse width (Fast page) trasp 70 (200,000 | 80 | 200,000 100 | 200,000 | ns
W to RAS precharge time (C-B-R refresh)| twre 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
CAS precharge (C-B-R counter test) tcer 35 40 50 ns
NOTES
1. An initial pause of 200us is required after power- 8. twcs, trwp, tcwp and tawp are non restrictive

Noo

up followed by any 8 RAS cycles before proper
device operation is achieved.

ViHmin) and ViLmax) are reference levels for measur-
ing timing of input signals. Transition times are
measured between ViH(min) and Viymax), and are
assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL loads and
100pF

Operation within the trcpimex) limit insures that
tRac(max can be met. trcomax) is specified as a
reference point only. If trcp is greater than the
specified trcpmax) limit, then access time is con-
trolted exclusively by tcac.

Assumes that trcp>trRcD(max)-

tar, twcR, toHr are referenced to trap(max).

This parameter defines the time at which the out-
put achieves the open circuit condition and is not
referenced to Von or VoL.

11.

operating parameters. They are included in the data
sheet as electrical characteristics only. If
twes2twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

Either trcH or trrH must be satisfied for a read
cycle.

."These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trap(max) limit insures that
trac(max) can be met. trac(max) is specified as a
reference point only. If trap is greater than the
specified trap(max) limit, then access time is con-
trolled by taa.

¢ SAMSUNG
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KMM5401000A/AG

DRAM MODULES

TIMING DIAGRAMS

READ CYCLE
_ ViH—
RAS ViL—
. ViH—
CAS ViL—

A ViH—
ViL—
— Vi—
w ViL—
oF Vie—
ViL—
pQ Von—
VoL—

WRITE CYCLE (EARLY WRITE)

RAS

CAS

Z|

[le]

Vin—
ViL—

ViH—
ViL—

ViH—
ViL—

Vin—
ViL—

Vin—
ViL—

ViH—
ViL—

tre ]
trAs t trp
N —\___
tcsH
l_i%ﬁ_‘ trcD tRSH tCRP ——=ny
\ tcas
~ / A\
tase | (11— ™
mxﬁ%\laess RObALSS
CRAKEREEIOGN
. [ toea— S A Y Y S S A Y S YN Y S N
B RRRR
toac toFF
tRac toEz ————|
OPEN L ‘@ VALID DATA-OUT  §
oLz —]

tre
trRAS tRP
tAR Z
N tesH tcrp
CRP
lL treo tRsH
tca
; f—=—tRAD —| E
t
tASR — r——‘—-*"RAH ASS tcaH
ROW
ADDRESS COLUMN ADDRESS
) 1 |
twes L—YW(;H
'VVV"
twer {
towt
tRwWL.
tDHR
tos toH
VALID DATA-IN ) OPEN

@ DON'T CARE
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KMM5401000A/AG DRAM MODULES

TIMING DIAGRAMS (Continued)
WRITE CYCLE (OE CONTROLLED WRITE)

trc
trAS tRp
ViH— —
— tar
RAS
ViL—
tesH
tcrp
tRCD tRsH
- VIH—
CAS tcas / / \
ViL— | =1 tRAD
ASR | | tra tRaL
]———- L_-T_ feet tASC = tcAH =

A Vin— ROW f~ coLumn
ViL— ADDRESS ADDRESS
I ! T

= towL
tRwL
— Vin— ' (AAYAYAAAYAYAYAAAYAYA'A A'AYAYAA"AYAYAYA"AAY,
" Vi e BAEEAX
toeH

o " R KR KRR KX XXX RRRT

ViL— o€ tos 'A A‘A‘A‘A‘A‘A‘A .’;.A’A‘A’A.A’A‘A‘A A’A A‘A‘A "A A’A’A‘A“

._T = toH ——

V|__ CaAVaAVAVAVATAVAVAVATAVAVAY WAV AVAVAV AV AVAY VAV AV AW AY .Y,
oo e vauo oara MK RO
READ-MODIFY-WRITE CYCLE

tRwe
tRAS F;—
SO — | -
E}Qﬂﬁ trep o= tRsH - tcrP
CAS ViH—
o ViL— \ o : J \___
tasm | |tRAH tasc tcan
e

A Vin— oW COLUMN

Vi— . ADDRESS ADDRESS A\

[~ tRAD~1 tawo towp p— lCWL——l

_ tRwD = ‘RWL i
w H—

. b Y

OF ViL— J_—J%
tRaC e toez F" )—(PS‘ LtDH.{

o U T N

¢ SAMSUNG

Electronics




KMM5401000A/AG DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

trp
tRasP tnon
—_— Vie— T 1 g -
RAS v \ AR —
L—
tt S — -1
tcrp . PC tRSH chP
= = tRoo—— = tcp—| -
— ViH— tcas ) .t
CAS v \\ 2 —-—k:»«sﬁ N c;xsﬂ \
w trRAD tesH 1 " ’
R
tAsR than__tasc | 1oAH tasc| | toan | tasc] .‘%
1 T r _
ViH— i COLUMN TOLUMN COLUMN
A ViL ADD W ADDRESS ADDRESS ADDRESS
— \ ' -
tRCS trcH ‘_—:‘ |— trcs “ 4‘ L’“RCS E | tRCH
v %
w ViL— taa — tRRH
tan —=— = taa—
toeA 1 toEA toea
— ViH— s
OE
ViL— : . 3
e oFF, © tcac JlOFF | tcac H toFE
:::ZC toez toiz oz toz L toez—]
Vor— VALID X LNVALID J~ VALID
ba VoL— {X Baraour 4 W paTA-OUT DATA-OUT |
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) -
tRASP |
pr— V="
RAS ™ N tar )
ViL— o ﬂ
t
tcre Fe ¢ tRsH tcrp
[ tRcD- cP —|
CAS Vik~ j \ tcas ,S——XCAs——{ \—-— toas—1
ViL—
- tosH: tRAL:
¢ _(1RAH 'I tcan tasc tcaH
et ! ASC tasc| | toad
|1 __[—]
A Vin— ROW COLUMN COLUMN X COLUMN
Vie— \_ADD ADDRESS ADDRESS ADDRESS
tRAD tewL | wes '—-;::t(:WL twcs——’l—_tcw"
1 tweH tweH tRWL
WCSs — -
o R | R
. V"_—
. Vin— KXXXX XXX
oE vii— 235000
1DHR
tos 1DH __tos | | tow tps toH
| |
Vou— TRXTYTNINC VAo v YROOTXYY
pa VoL — “'AOA‘A‘A""““ DATAIN DATA-IN DATAIN ‘A‘A‘A’A’A’A‘A A A‘A’A’A’

@ DON'T GARE
& SAMISUNG |
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KMM5401000A/AG

DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-MODIFY-WRITE

4 tRP
RASP
R ViH— #
RAS N )ﬂ -
ViL— Y-
tcsH
t
i tPRWC { RSH
icp
—— tRcD tcas teas CAP ——i
i ViH— tRAD }1 tcas 3 —
CAS Vie— ; \\ \
RAH
i teaH
tasr ‘ tasc _._} tAscl toaH ase [, tRAL
L o CAH
A Vin— oW TOL coL COL \
ViL— ADDANY\ ADD ADD ADD
‘ . tRwD . ’-—» thwL—|
S
R [~ tcwp, M towo—] towL towo— | —
{ — 4
— ViH— y
w —
Vi tawo b tawp —— ; tAWD. g
WP wp\—_ — twp—
— toEA
.
. ViH—
OE ViL— '
OED |
r
toez
1.
| tox
V -
pQ 1/OH U IN }_—-—
VioL —
tciz

m DON'T CARE
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KMM5401000A/AG

DRAM MODULES

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE

Note: W, OE=Don'’t Care

tre

tRas

F—=— tRaH——]

ROW ADDRESS

tre

l——tcrP

. tRPCM

RAS Vik—

ViL—

tasr

A ViH—

ViL—

L

CAS Vin—

ViL—

ViH—
ba

ViL—

uuuuu

CAS-BEFORE-RAS REFRESH CYCLE

NOTE: OE, Address = Don’t Care

tRP

trRPC

tRe
ViH—
BAS 'H tras
ViL—
tRPC —
tcp tcsr
tcHR
RS Ve
ViL— /
|
|_twep tWRH
ViH— @ XXX XX
w ViL— A‘A‘A’A’A‘A‘A’A‘ XXXY ANANANANN
toFe
vV -— :
) OH ) OPEN
VoL — R

VVVAAY YV YV AAAAAALAAAANANNNNANANA ANNNN/
RN

AYA'A'

m DON'T CARE

& SAMSUNG

Electronics

430



KMM5401000A/AG DRAM MODULES

TlMlNG DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

e --tRC —— - —_— o —— - -tRe- s
--~tRAS p——tRp —a trAS trp

w4 f

tcrp ’- —f t= -1RCD  —=t=—- —tRSH —‘—4 —1CHR———
- VIH— =
CAS ‘ \ \
ViL— _/ RAD

tASC = }=—

tcAH
tASR += (——-tRAH

Ve )
A " Row / coLumn
Vi— ADD ADDRESS
IL )
' RP -
tRcs - tRRH f*slwrw
Il

£

— Vin— !
CTEERY T s
| |
ViH— toga \/ Y VAVAVAYAVAVV Vo VAV, VAV,
\:EE%C 7 i‘-—"LYOFF
ole} Vor— ‘il VALID DATA-QUT ;
VoL— b

HIDDEN REFRESH CYCLE (WRITE)
s tRC e tRC- -

| f———tRAg ~mm— trp- ] ‘ | ——tRP»rﬁ
ViH— 3 4
AAS tAR \ RAS f
ViL— N !
*—tHSH»*4

tcRF «r— F=———tRcD — ‘ f———~tCHR

A S \\ / \

tasc ———

Vin—= ROW COLl;N \/
SR 2 €5 T Sttt
B | twes EIWCH - twire twaH
’ v SAXY o RN
| | i
| ||
=

tbs tou
ViH— )
bQ VALID DATA
ViL—
e tonR E— @DONT CARE

¢ SAMSUNG
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KMMS5401000A/AG DRAM MODULES

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

F—=—tRrP
& tRas Z
Vie— .

———e
RAS Vin--
t
R tcHr tepT —— trRsH
TAS Vin— S tcas [
ViL— H
‘ tasc tRaL
—-‘CAH—-i
A ViH— COLUMN
ViL— | ADDRESS
tan i | [ tRRH
twrp| |twRH trRCs tac
READ CYCLE o | Ltecy |
ViL— ; tROH
toea )
oF Vik—
ViL—
torF
Lt | Jross,
oLz t—t—toEz
L
DQ VoH— OPEN VALID DATA-OUT
VoL— !
) tRwL
WRITE CYCLE twew e towL
twes e
— B WCH
W ViH
ViL— 4
oF Vin—
ViL—
T
1Ds~‘—, }"—tDH
[oe] Vi OPEN { VALID DATA-IN N
ViL— : X A towL
READ-MODIFY-WRITE - tawo —thwL——
twre | [twRH RCS| | ¢ we
(- CWD
i A T
ViH—
w Vi— tcac S
) —= tAA el
v toea
_ IH—
toeo
OE ViL— \ ]
tcac toez | tos| | toH
teLz
Vor— . VALID N\
ba VoL— / DATA-IN i
VALID / !
DATA-OUT

m DON'T CARE

¢ SAMSUNG |
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KMM5401000A/AG DRAM MODULES

PACKAGE DIMENSIONS

Units: Inches (millimeters)

4.250 (107.95)
3.984 (101.19)
— ~——.133(3.38) R.062 (1.57) .125 DIA£.002 (3.18 & .051)—-\
! ' B o B[ BT B B :z
e |1 R OHOH OB OHOR OB G e :
g | el Bf Bt B B Bl B B IS
| (T ey [T !
g .080 (2.03) F_)\.EK%O(G.GS)
g ,250 (6.35) R.062+.004 (R1.57 1 1.0)
s
o 3.750 (95.25)
KMM5401000AG DETAIL OF CONTACTS (Goid plating lead) | 200(5.08) MAX
_ .
010 (.25) MAX 1100 (2.54) MIN
.050 (1 27) Hf .0411.004 (1.04+.10)
.054(1.37)
.

KMM5401000A DETAIL OF CONTACTS (Solder plating lead)

.010(.25) MAX]_D lj .100 (2.54) MIN

.050(1.27) .036+.004 (.914 +.10)

Tolerances: +.005 (.13) unless otherwise specified

¢ SAMSUNG 433
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KMM5402000A/AG DRAM MODULES

2MX40 DRAM SIMM Memory Module
FEATURES GENERAL DESCRIPTION

* Performance range: . The Samsung KMM5402000A is a 2M bits X 40
Dynamic RAM high density memory module. The Sam-
sung KMM5402000A consist of twenty CMOS 1M X 4
KMM5402000A- 7 70ns 20ns 130ns bit DRAMs in 20-pin SOJ packages mounted on a 7 2-pin

KMM5402000A- 8 80ns | 20ns | 150ns glass-epoxy substrate. A 0.22uF decoupling capacitor
is mounted under each DRAM of front side.
KMM5402000A-10 | 100ns | 25ns | 180ns

¢ Fast Page Mode operation The KMM5402000A is a Single In-line Memory Module
CAS-before-RAS refresh capability with edge connections andis intended for mounting into
RAS-only and Hidden Refresh capability 72 pin edge connector sockets.

TTL compatible inputs and outputs

Single +5V+10% power supply

1024 cydes/16ms refresh

JEDEC standard pinout

PIN CONFIGURATIONS (Front view)

tRac tcac trc

Pin %ymbol ';';‘ sgg‘bd _J o Pin Name Pin Function
1 ! 19
5 DZSO 38 DQzo 1 P — Ao-Ag Address Inputs
3 DQy 39 Vss DQo-DQ3g | Data in/Out
g 382 :? ﬁés" _ W Read/Write Input
3 TR SR
6 DQ. 42 NC RASo.1 Row Address Strobe
7 385 jj gi& CASo.1 Column Address Strobe
8 6 0 oooon - ooooT ~E
9 DQ; 45 RAg1 nnnoon. onnon OE Output Enable
10 | Vee 46 DQgy PDy-PD4 |Presence Detect
i ;zoc ) szs R Vec Power (+5V)
13 | A4 49 DQg2 Vss Ground
:g ﬁz fs’? 3823 N.C. No connection
24 [ =yegsgnis e yagage)e
16 52 DQ nono onon
17 :’; 53 DQEZ . Presence Detect Pins (Optional)
18 | As 54 | DQx _
19 = 55 DQqs ) oo oo Pin 70ns 80ns 100ns
20 L, s 56 DQgg PD14 NC NC NC
21 DQg 57 DQ3o 37 4
22 Do 58 DQs E T PD2 NC NC NC
23 | DQ# 59 | Vce - PD3 Vss NC Vss
24 DQ12 60 DQa2 E PD. NC Vss Vss
25 DQs3 61 DQas3 - T " 4 - - -
26 DQia 62 DQas - [oon 0o Pin Connection Changing Available
27 DQis 63 DQss 5
28 A 64 DQass -
29 DQ1s 65 DQgarz - oonnn gaaann
30 | Vce 66 | DQss —
31 Ag 67 PD; —
33 | NC 69 | PDs =
34 NC 70 PD4 —
35 DQW n D039 E 50 s siemupngatage)
36 DQ1g 72 Vss 72 HH
) 434
SSAMSUNG
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KMM5402000A/AG DRAM MODULES

FUNCTIONAL BLOCK DIAGRAM

DQo.5
CAS, © CAS DQ, O DQ;, CAS -0 y
RAS, © RAS DQ. O DQ; RAS -0 RAS,
bQs —0 DQ3
OE W AgcAs DQs o DQs  ArAs W OF
I oo, [T
CAS DQ: DQ; . CAS
RAS DQ, o DQ; RAS
DQs 0 DQ;
OE W AgAy DQs o DQ, AcAs W OF
T 1 00 -
CAS DQ, —0- DQ; CAS |——a
RAS DQ, —0- DQ; RAS
DQ; DQ;
OE W ApAs DQs o DQs  AgAg W OF
T 1 . [T ]
CAS DQy DQ;, CAS
BAS DQ; —O- DQ; RAS
DQ; DQ;
OE W AgAs DQg DQ,4 Ap-As W OE
T 1 . [ ]
CAS DQ; o DQ, CAS
RAS DQ, o DQ; RAS
DQ; DQ;
OE W AcAs DQ DQs Ac-As W OE
1 . I
DQ, o DQ; CAS
RAS DQ; © DQ, RAS
DQs O- DQs
OE W Ac-As DQ. O DQ, Ao-Ag w OF
[ [ ] DOaear [ [ ]
CAS DQ, f——rm— DQ, CAS
RAS DQ;, - DQ» RAS
DQy DQy
OE W AgAg DQs o DQs  Ap-As W OE
T 1 [ 1]
CAS DQ, DQ, CAS
DQ, DQ, BAS
DQ3 o DQ3
OE W AcAg DQu ° DQ:s  AsAe W OF
1 T [
CTAS DQ, o DQ; CAS
RAS DQ, o DQ; RAS
DQs DQs
OF W AcAs DQs o DQ:  AyAs W OE
] [ ]
CAS DQ; DQ; CAS b—
AAS DQ, o DQ; RAS
DQs DQ;
OF W AcAs DQs o DQ: AcAs W OF
oF o
W O—
Ag-Ag O
Vee © - -
L 0.224F Capacitor )
ver 0 T de‘r‘each"gRAM To all DRAMS of front side

& SAMSUN 435
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KMM5402000A/AG

DRAM MODULES

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vour —1to +7.0 \'
Voltage on Vcc Supply Relative to Vss Vce —1to +7.0 \"
Storage Temperature Tstg —55 to +150 °C
Power Dissipation Pp 12 w
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND'T'ONS (Voltage reference to Vss, TaA=0 to 70°C)

Item Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \
Ground Vss 0 0 0] \"
Input High Voltage ViH 2.4 — Vee+1 \"
Input Low Voltage ViL -1.0 — 0.8 Y
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Units
Operating Current* KMM5402000A- 7 — 1070 mA
e ) . — KMM5402000A- 8 lcc1 — 970 mA
(RAS, CAS, Address Cycling @ trc=min.) KMMS5402000A-10 _ 870 mA
Standby Current (RAS=CAS=Vn) lcce — 40 mA
=a " KMM5402000A- 7 — 1070 mA
f}%‘;@y R;Kgsg i‘;:e’é tr=min) KMM5402000A- 8|  lcca — | 970 | mA
Hs ycling @ tre KMM5402000A-10 — 870 | mA
. KMM5402000A- 7 — 820 mA
::F%F;a\f’e e N ) KMM5402000A- 8| lcca — | 720 | mA
L yeling: tec=min. KMM5402000A-10 — 620 | mA
Standby Current (RAS=CAS=Vcc~0.2V) lccs — 20 mA
CAS-Before-RAS Refresh Current* KMM5402000A- 7 - 1070 mA
(RAS and CAS Cycling @ tre=min.) KMM5402000A- 8 lcce — 970 mA
) KMM5402000A-10 — 870 mA
Input Leakage Current (Any input O<V|N<6.5V, _
all other pins not under test=0 volts.) h 200 200 KA
Output Leakage Current (Data out is disabled, 0<Voyt<5.5V) oL —-10 10 uA
Output High Voltage Level (lon=—5mA) VoH 2.4 — \Y
Output Low Voltage Level (lo.=4.2mA) VoL — 0.4 \Y

*NOTE: Icc1, leca, lcca and Iccs are dependent on output loading and cycle rates. Specified values are obtained

with the output open. Icc is specified as

average current.

u
suy
ura

s

SAMSUNG
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KMM5401000A/AG DRAM MODULES

CAPACITANCE (ta=25°0)

Item Symbol Min Max Unit
Input Capacitance (Ao-Ag) CiNt — 130 pF
Input Capacitance (W, OE) Cinz — 150 pF
Input Capacitance (RASo-1, CASp-1) Cina — 80 pF
Input/Output Capacitance (DQg-DQ39) CDQ4 — 29 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Vec=5.0V£10%, See notes 1,2)

KMM5402000A-7 | KMM5402000A-8 |KMM5402000A-10
Standard Operation Symbol Unit | Notes
Min Max Min Max | Min Max

Random read or write cycle time tre 130 150 180 ns
Access time from RAS tRAC 70 80 100]| ns | 3,4
Access time from CAS tcac 20 20 25| ns |3,4,5
Access time from column address taa 35 40 50| ns | 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torr 0 15 0 15 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50| ns 2
RAS precharge time trp 50 60 70 ns

RAS pulse width trAs 70| 10,000, 80! 10,000,100| 10,000| ns

RAS hold time tRsH 20 20 25 ns

CAS hold time tosn 70 80 100 ns

CAS pulse width tcas 20| 10,000| 20| 10,000| 25| 10,000]| ns

RAS to CAS delay time tRcD 20 50| 20 60| 25 75| ns 4
RAS to column address delay time trAD 15 35| 15 40| 20 50| ns 11
CAS to RAS precharge time tcrP 5 5 10 ns

Row address set-up time tasr 0 0 0 ns

Row address hold time | tRAH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 20 ns
Column address hold referenced to RAS| tar 55 60 75 ns 6
Column Address to RAS lead time tRAL 35 40 50 ns

Read command set-up time trcs 0 0 0 ns

Read command hold referenced to CAS | trcH 0 0 0 ns 9
Read command hold referenced to RAS | trru 0 0 0 ns 9
Write command hold time tweH 15 15 20 ns

Write command hold referenced to RAS | twcr 55 60 75 ns 6
Write command pulse width twe 15 15 20 ns

Write command to RAS lead time tRwL 20 20 25 ns

Write command to CAS lead time tewe 20 20 25 ns

-
¢ SAMSUNG aa1
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KMM540200A/AG

DRAM MODULES

AC CHARACTERISTICS (continued)

KMM5402000A-7 | KMM5402000A-8 | KMM5402000A-10
Standard Operation Symbol Unit | Notes
Min{ Max |Min| Max |Min| Max
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time ton 15 15 20 ns 10
Data-in hold referenced to RAS toHR 55 60 75 ns 6
Refresh period trer 16 16 16| ms
Write command set-up time twes 0 0 0 ns 8
CAS set-up time (C-B-R refresh) tosr 10 10 10 ns
CAS hold time (C-B-R refresh) tcHR 20 30 30 ns
RAS precharge to CAS hold time trpc 10 10 10 ns
Access time from CAS precharge tcra 45 45 55| ns 3
Fast Page mode cycle time tec 50 50 60 ns
CAS precharge time (Fast page) top 10 10 10 ns
RAS pulse width (Fast page) trasP 70 | 200,000 | 80 | 200,000 |100 | 200,000 | ns
W to RAS precharge time (C-B-R refresh)| twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
CAS precharge (C-B-R counter test) topr 35 40 50 ns

NOTES

1.

D O,

An initial pause of 200us is required after power-
up followed by any 8 RAS cycles before proper
device operation is achieved.

- ViHmin) and Viymax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between Viymin) and Vimax), and are
assumed to be 5ns for all inputs.

. Measured with aload equivalent to 2 TTL loads and

100pF

. Operation within the trcomex) limit insures that

tRAC(max) Can be met. trcpimax) is specified as a
reference point only. If trcp is greater than the
specified trepimax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trRco>tRcD(max).
. taR, twcr, toHR are referenced to trap(max).
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
referenced to Von or VoL.

10.

11.

. twes, trwo, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If
twcs2twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle.

. Either trch or trry must be satisfied for a read

cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the tpap(max) limit insures that
trac(max) can be met. trac(max) is specified as a
reference point only. If trap is greater than the
specified trap{max) limit, then access time is con-
trolled by taa.

(4
ay
LT L)

w

-
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KMM5402000A/AG

DRAM MODULES

TIMING DIAGRAMS

READ CYCLE
ViH—
RAS Vie—
_ ViH—
CAS Vie—
Vig—

A H
ViL—
_ Vin—
w ViL—
oF Vin—
ViL—
oQ Vou~
VoL—

tRC

WRITE CYCLE (EARLY WRITE)

RAS Vin—
ViL—
— ViH—
CAs Vie—
ViH—
A ViL—
o Vig—
w ViL—
— ViH—
OE Vi—
Vin—
DQ
ViL—

tRas [ trp
\ tar J F
tosH
T-‘tCRP—. trco tRsH toRp ——y
\ toa / \
[—trap tRAL
|_1asR_| | tran tascl = o]
Al
mxﬁow COLUMN
ADDRESS ADDRESS
|- ~{ tRCH
,‘_Rpg tRRH
XK XXXXKD
RGN
taa
AVAAVAV VAV VAVAVV .V AVAVAVAV.VAVAY,
o AR BB EEBSENK
tcac toFF
tRaC toez
OPEN | m VALID DATA-OUT
torz—]
—tRg——
tRAs trp
S tAR
' tesh L-—\——tCRP
A taeo tRsH
F———tca
p—-tRAD ——| Z
tasc
task tRAH tCAH
ROW
mDDRESS COLUMN ADDRESS
| }
twos tweH
(x
twcr |
toww -
tDHR |
tos toH
% VALID DATA-IN OPEN

m DON'T CARE

X SAMSUNG
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KMM5402000A/AG

DRAM MODULES

TIMING DIAGRAMS (Continued)

WRITE CYCLE (OE CONTROLLED WRITE)

trAS i tRp
m 3
[oR? tRCD tRsH
— ViH—
CAS tcas
e tasr :,::AD_ tRaL / \_
I 1CAH =
A \c‘:: m ABbRESS /
—— towt
tRwL
—_— VIH— VVVVVVVYVYYVVVVVVVVVVVAAAR \\/V VAVAVAVAVAVAVAVAVAVAYATAVAVAVAYAY AVAVAVAVAY.,
v e SRR B e KA
toEH
VIH— V
o - N R
e —— tDH ——{
o0 o vauo oaran X AN

READ-MODIFY-WRITE CYCLE

tRWG
tras tRP—
o ViH— R tar
RAS &
ViL— A
tcrp fosH
‘L-—— tRcD tRsH tcrp
s ViH— = \ \ tcas / / \
ViL—
P@L tRaH tasc
A ViH— WROW : COLUM
Vi— YADDRESS /\//Y. ADDRESS
tawp
= tRAD—{ tewn [~ towL

=~ tRwL

Z!

VAVAVAVAVAVAVAVATAVAVAV Wavy"
OO

aVaVaVaVaVaVaVaV.

ViH—
ViL—
= T /
ViL— \_toep
Il tos }_’
| | t
tRAC toez 1 DH
o VioH = VALID
VioL — DATA-OUT DATA-IN

X VYV Y Y XY
baran KOOSR

AY. V. VAVA

m DON'T CARE

& SAMSUNG
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KMM5402000A/AG DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

tRP
J— " {Rase tRHCR
RAS Vik— S tar . - 2 \ .
ViL— i¢
tcre ftec tRSH ——art tcrp
| trCD— top—— . :
cAS Vin— \ toas / - tCAs{Z LA . ICAS% s \
ViL— .
tRAD 1
-——-{, tesH tRAL
taSR thaH  tasc | ‘tcaH tasc| | tcaH tasc| | tcAH
AS! g = I
ViH— itk COLUMN TOLUMN COLUMN
A v, ADD ADDRESS ADDRESS ADDRESS
- ) 1
ltif-s-l R H 1- [tRos 46 -'l L'ﬂacs ~+—  }—tRCcH
ViH— \
ViL— I-—— tAA ——=— tan tan tRRH
el 1toea toea
oE ViH— }
(o]
ViL— , 4 o
— ‘E_tcm tcac Jtorr | tcac L torr
t
tgfzc toez oz 0EZ oz L torr—]
Vor— [N VATD VALID " VALID
ba VoL— Y\ pataout, DATA-OUT, DATA-OUT

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

| _tmp
trasp
. Vi —
RAS tAR
ViL— E‘
[t P tRsH tcrp
I..(EP— tRCDH- |—- tep —| -1
CAS Vik— % tcas Z_ S—— toas— -\—— tcas —\/ % \
ViL— ) 3
- tcsH tRAL:
L | tRAH | tcaH tasc | | tcaH L]
ASR { 'ASIC-_ tasc| [ tcaw
Vik— ROW COLUMN COLUMN X\ COLUMN
A ViL— m‘ ADD ADDRESS ADDRESS ADDRESS
1RAD towL { twos _ | towe twes et tow ——|
tweH tweH tRWL
twes— o
. 1 R 1
w ViL— x| ;j i
__ Vin—
OE ViL—
tns‘c R toH tos | | toM tps toH
\% I VYAV AVAVAVVAVAVAVAV,V, Y,
ol VALID VALID vaLiD XX XXX XX XXX XX
ea VoL~ DATA-IN DATAIN paTAIN_ AXXXXXXXX X000

@ DON'T CARE
¢ SAMISUNG i
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KMM5402000A/AG

DRAM MODULES

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-MODIFY-WRITE

CAS

Hl

pQ

|_tRe
trasp
ViH— !&
ViL— ”
f———— tesH ] .
tPRWC | RSH
——trc tcas lep
tcas tons CRP
zlﬂ— tRAD \ z H A —
I—
tRAH
I tcaH
tasR ta —i t“scl CAH i tRAL
| X f CAH
Vin— 0 COL ~COL COL \
ViL— ADD, ADD ADD ADD
A
tRwp———— I | trwi —
tFEi I—— tcwp — towt t—— tcwD— — tcwp—— A
towL s S R I
v I — towL
tH—
Vi tawp b tawp — <—tawD:
) | twp twp, _ 1! twp—
F—tan. ~ T T —H
LOEA toea | [ a | toga
|
Vin— 4 -A»
Vi / / .
L toeo t?m , L' u OED
I~ PA7—1 ltoeo CPA ] I
tcac l 1
| CAC teac = l CAC
l | toez 1AA toE:
taa ;
tps 1l tos
= toH -+ —ton tpH
Viion =
) IN H— IN
VoL — .
tciz - tciz

m DON'T CARE
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KMM5402000A/AG DRAM MODULES

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don’t Care

tRc
tras

BAS ViH—

ViL— s‘ é7 ‘k\........

tash | F=— tRAH—] I A—

ViH— y VAV AW WAV VAW AV VAW VWV WAVAV AV WAV VAVAV VAV W W W, VAV, Y. V_
* i row aooress R R
CAS ViH— ‘ ‘ I

ViL— _:fI L—~ »—l\\--J//

——1cRrP tRPC

ViH— ,
ba PEN

ViL—

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: OE, Address = Don't Care

o 4 \ / ___
—tave

tcp tcsr tRPC
tcHR

(7

oAS ViH—
Vi— /

| wre | | twrH

ViH— VAAAAANY AWAAANAANA SAAAANA VA NAAAANAAANAN /M NNNAANANAANAN/ VNV N/
w v XSS BB RN,
torF
_ —
pQ :::z: i E OPEN

¢ SAMSUNG
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KMM5402000A/AG

DRAM MODULES

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

b—- -tRe - —_ -tRc- - —T
— -tRAS — e — o ARAS e trp
__ Vin— Ty ..l i SR h —1 o
s ViL— S_. e J \(
lcva::— - = ~tncor‘74—. ARSH ——] L AGHR— - —
CAS ViL— _/ ‘ J_$‘f‘!“fp __1\\ . t / \-
o= |
tasR i (——f-1RAH | S
ViH— ROW ‘ LUMN \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,VAVAVAVAVAVAY,
S €5, 1 G Bty
[ tWRFH—I -
- - ‘RCS‘—T—#‘ —'#QRRIH_ "‘WRH
« o W e OOOEBBEXKK
|
J‘ ‘ ] v VAVAVAVAVAVAVAVAVAY.
. TR A
—_ trac r_'CLLi ~—4 }-&toezﬁlﬂ. "
D Vor— | VALID DATA-OUT )
e VoL— W 4
HIDDEN REFRESH CYCLE (WRITE)
b ~——1trc 1 - tRe- —
. B -tRas —4 -tRp- ‘ j r—- ~tgp- —~
RAS Vin= N———tar ——rd ! S L I ——————
ViL— ‘\ I /__-\__
% R
tore |———treD ) J—’ ‘ ‘ L~ teHR-- -{
cas ViL— _/ l—ﬂmo -—1\\L 1‘ L \
tasc == - —
ViH— iy _fL‘lRAH { N— % N\ \V, \/ \/
C e BB e s X R
, | twes — L» - twor = M,_I i""i’ij
W H— ——twp
o SRR AR
_ M AVAVAVAVAVAY AVAY AV AV AVAYAVAVAVAVAVAVAVAVAVAVAY, \VAVAVAVAVAVAVAVAVAVAV \VAVAVAVAV,
e
V P
DQ le: VALID DATA h

@DON'T CARE
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KMM5402000A/AG DRAM MODULES

T|M|NG D|AGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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KMM5402000A/AG DRAM MODULES

PACKAGE DIMENSIONS

Units: Inches {millimeters)

4.250 (107.95)
3.984 (101.19)
— t=——.133(3.38) R.062 (1.57) .125 DIA £.002 (3.18 £ .051)
‘ : ;  Bf B & bd B : 2z
& g s
g T e Bl Bl Be B B BBLE S
l LT T T T OO T T [
l—ﬂ .080 (2.03) 250 (6.35)
wn
g .250 (6.35) R.062+.004 (R1.57 £ 1.0)
§_ 3.750 (95.25)
KMM5402000AG DETAIL OF CONTACTS (Gold plating lead) 350 (8.89) MAX

. 41° MAX
.010 (.25) MAX ]—lj D lj 100 (2.54) MIN

—
.050 (1.27) .041 +.004 (1.04+.10) .225 (5.71) MIN

.054(1.37)
1047 (1.19)

KMM5402000A DETAIL OF CONTACTS (Solder plating lead)

.010(.25) MAXj_lj ﬂ .100 (2.54) MIN
f

1050 (1.27) 0.36+.004 (914 +.10)

»

Tolerances: +.005 (.13) unless otherwise specified
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SAMSUNG SEMICONDUCTOR SALES OFFICES - U.S.A.

Southwest
(Memory products)
22837 Ventura Bivd.

Suite 305

Woodland Hills, CA 91367
(818) 346-6416

FAX: (818) 346-6621

Southwest Northwest
(Microproducts) 2700 Augustine Drive
2102 Business Center Drive Suite 198
Suite 169 Santa Clara, CA 95054
Irvine, CA 92715 (408) 727-7433
(714) 253-5795 FAX: (408) 727-5071

FAX: (714) 252-8842

South Central
15851 Dallas Parkway
Suite 840
Dallas, TX 75248-3307
(214) 770-7970
FAX: (214) 770-7971

North Central
901 Warrenviile Road
Suite 120
Lisle, IL 60532-1359
(708) 852-2011
FAX: (708) 852-3096

North East Southeast
20 Mall Road Battleground Corporate Park
Suite 410 3859 Battleground Ave.
Burlington, MA 01803 Suite 204

(617) 273-4888
FAX: (617) 273-9363

Greensboro, NC 27410
(919) 282-0665
FAX: (919) 282-0784

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ALABAMA
SOUTHERN COMPONENT
SALES
307 Clinton Ave. East #413
Huntsville, AL 35801
ARIZONA
O'DONNELL ASSOCIATES
2432 W. Peoria Ave. #1026
Phoenix, AZ 85029
CALIFORNIA
I-SQUARED
3350 Scott Blvd.
Building 10
Santa Clara, CA 95054
SPINNAKER SALES
Del Mar Corp. Center
990 Highland Drive
Suite 105 .
Solana Beach, CA 92075
WESTAR REP COMPANY
2472 Chambers Road
Suite 100
Tustin, CA 92680
WESTAR REP COMPANY
25202 Crenshaw Blvd.
Suite 217
Torrance, CA 90505
WESTAR REP COMPANY
26500 Agoura Rd.
Suite 204
Calabasas, CA 91302
CANADA
INTELATECH, INC.
1115 Crestiawn Drive
Suite 1
Mississauga, Ontario LAW1A7
INTELATECH, INC.
3285 Cavendish Bivd.
Suite 390
Montreal, Quebec H4B 219

TEL: (205) 533-6500
FAX: (205) 533-6578

TEL: (602) 944-9542
FAX: (602) 861-2615

TEL: (408) 988-3400
FAX: (408) 988-2079

TEL: (619) 792-4800
FAX: (619) 792-5803

TEL: (714) 832-3325
FAX: (714) 832-7894

TEL: (213) 539-2156
FAX: (213) 539-2564

TEL: (818) 880-0594
FAX: (818) 880-5013

TEL: (416) 629-0082
FAX: (416) 629-1795

TEL: (514) 369-1317
FAX: (514) 369-1319

COLORADO
FRONT RANGE MARKETING TEL: (303) 443-4780
3100 Arapahoe Road FAX: (303) 447-0371
Suite 404
Boulder, CO 80303

CONNECTICUT
PHOENIX SALES TEL: (203) 496-7709
248 Main Street FAX: (203) 496-0912
Torrington,CT 06790

FLORIDA
B/B TECH SALES TEL: (305) 477-0341
3900 N.W. 79th Avenue #636 FAX: (305) 477-0343
Miami, FL 33166
MEC TEL: (305) 426-8944

700 W. Hillsboro Blvd.
Bidg. 4, Suite 204

(305) 426-8960
FAX: (305) 426-8799

Deerfield Beach, FL 33441

MEC

10637 Harborside Drive, N

Largo, FL 34643
GEORGIA

TEL: (813) 393-5011
FAX: (813) 393-5202

SOUTH ATLANTIC COMPONENT SALES

3300 Holcomb Bridge Road TEL: (404) 447-5134
Suite #210 FAX: (404) 447-6714
Norcross, GA 30092

ILLINOIS

. DAVIX INTERNATIONAL LTD.

1655 N. Arlington Heights Rd.

Suite 302 East

TEL: (708) 259-5300
FAX: (708) 259-5428

Arlington Heights, IL 60004

INDIANA

GEN Il MARKETING, INC.

3003 E. 96th Street
Suite 201
Indianapolis, IN 46240

GEN Il MARKETING, INC.

4803 Oak Mast Trail
Ft. Wayne, IN 46804

TEL: (317) 848-3083
FAX: (317) 848-1264

TEL: (219) 436-4485
FAX: (219) 436-4485
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued)

IOWA

ASSOCIATED ELECTRONIC MARKETERS, INC.

4001 Shady Oak
Marion, |A 52302
KANSAS

TEL: (319) 377-1129
FAX: (319) 377-1539

ASSOCIATED ELECTRONIC MARKETERS, INC.

8843 Long St.

Lenexa, KS 66215
KENTUCKY

GEN Il MARKETING, INC.

8819 Roman Court

Louisville, KY 40291
MASSACHUSETTS

NEW TECH SOLUTIONS, INC.

111 South Bedford Street

Suite 102

Burlington, MA 01803
MICHIGAN

JENSEN C.B.

2145 Crooks Rd.

Troy, Ml 48084
MINNESOTA

GP SALES, INC.

7600 Parklawn

Suite 315

Edina, MN 65435
MISSOURI

TEL: (913) 888-0022
FAX: (913) 888-4848

TEL: (502) 491-5250
FAX: (502) 491-5250

TEL: (617) 229-8888
FAX: (617) 229-1614

TEL.: (313) 643-0506
FAX: (313) 643-4735

TEL: (612)831-2362

FAX: (612) 831-2619

ASSOCIATED ELECTRONIC MARKETERS, INC.

11520 St. Charles Rock Rd.

Bridgeton, MO 63044
NEW JERSEY

NEPTUNE ELEC.

2460 Lemoine Avenue

Ft. Les,NJ 07024
NEW MEXICO

O'DONNELL ASSOCIATES

3200 Carlisle Blvd. NE

Suite 119

Albuquerque, NM 87110
NEW YORK

NEPTUNE ELEC.

255 Executive Dr.

Suite 211

Plainview, NY 11803

T-SQUARED

6443 Ridings Road

Syracuse, NY 13206

T-SQUARED

7353 Victor-Pittsford Road

Victor, NY 14564
NORTH CAROLINA

TEL: (314) 298-9900
FAX: (314) 298-8660

TEL: (201) 461-2789
FAX: (201) 461-3857

TEL. (505) 889-4522
FAX: (505) 889-4598

TEL: (516) 349-1600
FAX: (516) 349-1343

TEL: (315) 463-8592
FAX: (315) 463-0355

TEL: (716) 924-9101
FAX: (716) 924-4946

SOUTH ATLANTIC COMPONENT SALES

4904 Waters Edge Drive
Suite 268
Raleigh, NC 27606
OHIO
J.N. BAILEY & ASSOCIATES
129 W. Main Street
New Lebanon,OH 45345

TEL: (919) 859-9970
FAX: (919) 859-9974

TEL: (513) 687-1325
FAX: (513) 687-2930

OHIO (Continued)
J.N. BAILEY & ASSOC.IATES
2978 Findley Avenue
Columbus,OH 43202
J.N. BAILEY & ASSOCIATES
1667 Devonshire Drive
Brunswick,OH 44212
OREGON
ATMI
6700 S.W. 105th Street
Suite 303
Beaverton, OR 97005
PENNSYLVANIA
CMS MARKETING
715 Twining Road
Dresher, PA 19025
BAILEY, J.N. & ASSOC.
1660 Hancock Avenue
Apollo, PA 15613
PUERTO RICO
DIGIT-TECH
P.O. Box 1945
Calle Cruz #2
Bajos, San German 00753
Puerto Rico
SOUTH CAROLINA

TEL: (614) 2627274
FAX: (614) 262-0384

TEL: (216) 273-3798
FAX: (216) 225-1461

TEL: (503) 643-8307
FAX: (503) 643-4364

TEL: (215) 885-4424
FAX: (215) 885-3736

TEL: (412) 568-1392
FAX: (412) 568-1479

TEL: (809) 892-4260
FAX: (809) 892-3366

SOUTH ATLANTIC COMPONENT SALES

305 West Royal Tower Dr.
Irmo, SC 29063
TENNESSEE

TEL: (803) 732-0816
FAX: (803) 732-0816

SOUTH ATLANTIC COMPONENT SALES

740 Shady Springs Lane
Knoxville, TN 37923
TEXAS
VIELOCK ASSOCIATES
555 Republic Drive
Suite102
Plano, TX 75074
VIELOCK ASSOCIATES
9430 Research Blvd.
Echelon BLDG. 2, Suite 330
Austin, TX 78759
VIELOCK ASSOCIATES
4606 FM 1960 West
Suite 420
Houston, TX 77069
UTAH
ANDERSON & ASSOC.
270 South Main, #108
Bountiful, UT 84010
WASHINGTON
ATMI
8521 154th Ave., NE
Redmond, WA 98052
WISCONSIN
DAVIX INTERNATIONAL LTD.
N91 W17194 Appleton Avenue
Menomonee Falls, Wi 53051

TEL: (615) 6936104
FAX: (615) 693-6104

TEL: (214) 881-1940
FAX: (214) 423-8556

TEL: (512) 345-8498
FAX: (512) 346-4037

TEL: (713) 586-9817
FAX: (713) 586-9818

TEL: (801) 292-8991
FAX: (801) 298-1503

TEL: (206) 869-7636
FAX: (206) 869-9841

TEL: (414) 255-1600
FAX: (414) 255-1863
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE

SAMSUNG
SEMICONDUCTOR
EUROPE GmbH
Mergenthaler Allee 38-40
6236 Eschborn(Germany)
TEL : 0049-6196-90090
FAX : 0049-6196-300989
TLX : 4072678

MUNCHEN
Carl-Zeiss-Ring 9
8045 Ismaning

Bei Munchen

TEL : 0049-89-964838
FAX : 0049-89-964873

MILANO

Viale G. Matteotti, 26
1-20095 Cusano Milanino
TEL : 0039-2-66400181
FAX  0039-2-6192279

LONDON

Samsung House 3 Riverbank
Way Great West Road
Brentford Middlesex

TW8 9RE

TEL : 0044-81-8629300

FAX : 0044-81-5680528
TLX : 25823

PARIS

Centre d’Affaires La
Boursidiere RN 186, Bat.
Bourgogne, BP 202

92357 Le Plessis-Robinson
TEL : 0033-1-40940700
FAX : 0033-1-40940216

STOCKHOLM
Bergkaellavaegen32
P.0O.Box 319
S-19130 Sollentuna
TEL : 0046-8-6269626
FAX : 0046-8-6268638

BARCELONA
Diagonal 605, pianta5
E-08028 Barcelona
TEL : 0034-3-4107760
FAX : 0034-3-4108816

BELGIUM

Rue de Geneve10,

B3 B-1140 Brussels
TEL : 0032-2-2456510
FAX : 0032-2-2456313

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

EUROPE

AUSTRIA

SATRON HANDELSGESELLSCHAFT mbH

Hoffmeistergasse 8-10
A-1120 Wien

BELGIUM

TEL : 0043-222-8123020
FAX © 0043-222-859593
TLX © 047-75311851

INELCO ELECTRONICS COMPONENTS DIVISION

Qorlogkniseniaan 94
B-1120 Brussels

DENMARK

EXATEC A/S
Dortheavej 1-3
DK-2400 Kopenhagen NV

FINLAND

FINDIP

P. O. Box 64, Vitikka 1
SF-02631

Espoo

FRANCE

ASIA MOS

Batiment Evolic 1 165,
Boulevard de Vaimy
F-92705 Colombes

SCAIB

6, Rue le Corbusier
Silic 424

F-94583 Rungis, Cedex

TEL : 0032-2-2442911
FAX ! 0032-2-2164606
TLX © 046-25820

TEL :
FAX :
TLX

00453-1-191022
00453-1-193120
27253

00358-0-5284325
00358-0-5284333
057-124426

TEL:
FAX :
TLX:

TEL:
FAX:
TLX:

0033-1-47601247
0033-1-47601582
042-613890

TEL:
FAX @
TLX:

0033-1-46868170
0033-1-45605549
042-206952

GERMANY

ASTRONIC GmbH
Grunwalder Weg 30
D-8024 Deisenhofen

TEL  0049-89-6130303
FAX : 0049-89-6131668
TLX: 5216187

CANNING ELECTRONIC DISTRIBUTION GmbH

Laatzener Str.19
Postfach 721226
D-3000 Hannover 72

TEL  0049-511-865075
FAX © 0049-551-876004
TLX : 923509

MSC VERTRIEBS GmbH

Industrie Str.18
Postfach 1380
D-7513 Stutensee 3

MICRONETICS GmbH

Weil Der Staedter Str.45

D-7253 Renningen1

TEL : 0049-7249-7580
FAX : 0049-7249-7993
TLX : 465230

TEL : 0049-7159-6019
FAX © 0049-7159-5119
TLX : 724708

SILCOM ELECTRONICS VERTRIEBS GmbH

Hindenburg Str.284

D-4050 Moenchengladbach

ITALY

DIS. EL. SPA
Via Orbetello 98
1-10148 Torino

MOXEL S.R.L.
Via C. Frova, 34

1-20092 Cinisello Balsamo

TEL  0049-2161-15074
FAX 1 0049-2161-183313
TLX : 852189

TEL:
FAX :

0039-11-291930
0039-11-2919380

TEL:
FAX :
TLX:

0039-2-61290521
0039-2-6172582
043-352045

FANTON SERVICE S.R.L

Via O. Simoni, 5

1-40011 Anzola dell’ Emilia

TEL:
FAX

0039-51-735015
0039-51-735013

)]
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

THE NETHERLANDS

MALCHUS BV HANDELMI
Fokkerstraat 511-513
Postbus 48

NI-3125 BD Schiedam

NORWAY

EXATECALS
Solheimveien 50
Postbox 314
N-1473 Skarer

SPAIN

SEMICONDUCTORES S.A
C. Provenza 159 3-1
08025 Barcelona

Spain

SWEDEN

MIKO KOMPONENTS
Segersbyvaegen 3
P.0.Box 2001
$-14502 Norsborg

TEL :
FAX :
TLX:

TEL

TEL:
FAX

TEL :

FAX
TLX

0031-10-4277777
0031-10-4154867
044-21598

1 0047-2-972950
FAX :

0047-2-972953

0034-3-4332856
0034-3-4331944

0046-753-89080

. 0046-753-75340
: 054-15023

SWITZERLAND
PANATEL AG
Hard Str.72 TEL :
5430 Wettingen Schweiz FAX :

TLX:

UNITED KINGDOM

BYTECH COMPONENTS LIMITED
12a Cedarwood Chineham  TEL :
Business Park Crockford Lane FAX :
Chineham Basingstroke
Hampshire RG24 OWD

ICE ELECTRONICS LTD.

31-32 Stephenson Road TEL :
Burrel Road Industrial Estate  FAX :
ST. lves Cambrige PE17 4WJ TLX :

ITT MULTICOMPONENTS LTD.
346 Edinburgh Avenue TEL :
Slough Berkshire SL1 4TU FAX :

TLX :
NELTRONIC LIMITED
John F. Kennedy Road TEL :
Naas Road Dublin 12 FAX
Ireland TLX ©

0041-56275500
0041-56275511
045-868763

0044-256-707107
0044-256-707162

0044-480-496466
0044-480-396621
329244

0044-753-824212
0044-753-824160
849808

00353-1-503560

+ 00353-1-552789

93556
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ASIA JAPAN
TOMEN ELECTRONICS CORP
HONG KONG 1-1 Uchisaiwa-Cho 2 Chome TEL: (03) 3506-3654

AV, CONCEPT LTD Chiyoda-Ku Tokyo, 100 Japan  FAX: (03) 3506-3497

ROOM 802-804, Tower A, 8/Fl, TEL: 3620325 RIKEI
Hunghom Commercial Centre, FAX: 7643108 i .
b d ; Nichimen Bldg., TEL: (06) 201-2081
37-39 MA Tau Wai Road, TLX: 52362 ADVCC HX 2-2 Nakanojima 2 Chome Kita-Ku FAX: (06) 222-1185
Hunghom, Kowloon, Osaka, 530 Japan
Hong Kong ’
DIA SEMICON SYSTEMS INCORPORATED
m%Tﬁﬁ"w?Q‘h?'éfn"tls L. sossn Flowerhill-Shinmachi 1-23-0  TEL: (03) 3438-1600
H Y 9 ’ Y Shinmachi Setagaya-Ku Tokyo FAX: (03) 3439-1601
11 Shing Yip Street, FAX: 7930811 154 Japan
Kwun Tong, Kowloon, Hong Kong P
ADO
XgasmE%gF;LDWTE%%NOLOGYT&%%BQZS 7F Sasage Bidg., TEL: (03) 3257-2600
Hunghom Commercial Contre,  FAX: 3636203 4-6 Sotokanda 2 Chome FAX: (03) 3251-9705
37’;99 " merct ) : Chiyoda-Ku Tokyo, 101 Japan
- la Tau Wai Road, Hunghom,
Kowioon, Hong Kong MARUBUN
8-1 Nihombashi-Odenma-Cho TEL: (03) 3639-9897
RIGHT SYSTEM CO., LTD. . R
Room A19, 6/FL » TEL: 7566331 Chuo-Ku Tokyo, 103 Japan FAX: (03) 3661-7433
Proficient Ind. Centre, FAX: 7998985
- SAMSUNG JAPAN
Rock A gawa";gv'"(:o'::‘ Road,  TLX: 52896 OSPCL HX No.3108 Kasumigaseki Bldg,  TEL: (03) 3581-7565
Y. d 3-2-5 Kasumigaseki Tokyo, 100 FAX: (03) 3507-0923
Hong Kong Japan
(4 BB BT ONE: CHIP SOFTWARE HOL SINGAPORE
'ARE HOUSE)
Unit 703-4, 7/FI, Jordan House, TEL: 7213318 g%“ét‘tlr:nLEggRggl&s PTE Tll-E.[Pés-2263066
g-osn Jo&d:‘n Road, Kowloon, FAX: 7235288 Tan Boon Llat Building, FAX: 65-2262781
9 Kong Singapore 0315 TLX: RS-42819
CENTRAL SYSTEMS DESIGN LTD. BOSTEX ELECTRONICS PTE LTD.
(ASIC DESIGN HOUSE) . #05-14 Bylands Bldg, TEL: 65-3395713
Room 1704, Westlands Centre, TEL: 5620248 135 Middle Road FAX: 65-3389538
20 Westlands Road, FAX: 5658046 s ! %7;’; g :
Quarry Bay, Hong Kong TLX: 73990 CSD HX ingapore
ASTINA ELECTRONICS (M) SDN BHD
%&A%%TED&%'BERNATIONAL LTD. 23, Jalan Pantai Jerjak Satu TEL: 04-876697
( U NICS (HK) LTD.) 11900 Bayan Lepas Penang, FAX: 04-876780
(ASIC DESIGN HOUSE) West Malaysi d .
Flat No. 3-4, 5/FI., TEL: 7862611 est Maaysia
Yuen Shing iInd. Bidg., FAX: 7856213
1033, Yee Kuk Street, West, TLX: 45876 MYK HX Q%T'o'tfraﬂggznomcs s FIE '5'5':22-32221
Kowloon, Hong Kong #11-02 Tan Boon Liat Bidg,  FAX: 65-2213776
Singapore 0315
TAIWAN
YOSUN INDUSTRIAL CORP. INDIA
7F, No. 76, Chern Kong Rd., TEL: (02) 788-1991 (Rep.)
Sec. 1, Nan Kang, Taipei FAX: (02) 7826120 o ATES D) T LD MARKETING
Taiwen ROC. 100, Dadasaheb Phalke Road,  TEL: 4114585
Dadar, Bombay 400 FAX: 4112546
KINREX CORP. Y
2nd. Fi, 514-3, Tun Hwa S. TEL: 02-700-4686—9 014 TLX: 001-4605 PDT IN
Rd., Taipsi, Taiwan, R.O.C. FAX: 02-704-2482
TLX: 20402 KINREX TURKEY
SANT SONG CORP. ELEKTRO SAN. VE TIC. KOLL. STI.
Room A, 8F No. 180, Sec-4, TEL: (02) 775-2506 Hasanpasa, Ahmet Rasim Sok TEL: 337-2245
Chung Hsiao E. Rd., Taipei, FAX: (02) 771-8413 No. 16 Kadikoy Istanbut, FAX: 336-8814
Taiwan, RO.C. Turkey TLX: 29569 elts tr
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

THAILAND HANKOOK SEMICONDUCTOR &
VUTIPONG TRADING LTD., PART. e ECOMMUNICATIONS CO, LD so15-8
51-53 Pahurat Rd. (Banmoh) TEL: 221-9699-3641 354-22, Seokyo-don G- FAX: 2382083
Bangkok 10200 THAILAND 223-4608 Moo k. S 9. :

FAX: 224-0861 apo-Ku, , Korea
TLX: 87470 Vutipong TH SEG YUNG INTERISE CORP.,
21-301, Sunin Bidg., 16-1, TEL: 701-6811—6

KOREA Hankangro-2ka, Yongsan-ku, 701-6781—4
’}:AEWAE ssmcosrdoucmn CO., LTD. Seoul, Korea FAX: 701-6785

oom 503, 22-dong, Sunin TEL: 717-4065—7
Bldg., 16-1, Hankangro-2ka, 702-4407—9 SEGYUNG ELECTRONICS
Yongsan-ku, Seoul, Korea FAX: 702-3924 182-2, Jangsa-dong, TEL: 273-6781—3
Cable: ELECONAEWAE TLX: NELCO K27419 Jongro-ku, Seoul, Korea FAX: (02) 273-6597

SEOUL TLX: K24950

C.P.O. Box 1409 SUKSEMT
SAMSUNG UGHT-ELECTRONICS co., LTD. SAMTEK
4th Fl. Room 2-3, 718-0645 Room 704, Euylim Bidg., TEL: 703-9656—8
Electronics Main Bldg., 16-9, 718-9531—5 16-96, Hankangro-3ka, FAX: 703-9659
Hankangro-3ka, Yongsan-ku, . FAX: 718-9536 Yongsan-ku, Seoul, Korea
Seoul, Korea
NEW CASTLE SEMICONDUCTOR CO., LTD. SUNIN INDUSTRIES CO., LTD.
4th FI. Room 10-11, TEL: 718-8531—4 Sunin Bldg., 7FI., 16-1, TEL; 718-7113—6
Electronics Main Bldg., 16-9, FAX: 718-8535 Hankangro-2ka, Yongsan-ku, 702-1257-9
Hankangro-3ka, Yongsan-ku, Seoul, Korea FAX: 715-1031
Seoul, Korea
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

ALABAMA

HAMMOND
4411-B Evangel Circle, N.W.
Huntsville, AL 35816

ARIZONA

ADDED VALUE

7741 East Gray Road
Suite #9

Scottsdale, AZ 85260

CALIFORNIA

ADDED VALUE

3320 East Mineral King
UnitD

Visalia, CA 93291
ADDED VALUE

1582 Parkway Loop
UnitG

Tustin, CA 92680
ADDED VALUE

6397 Nancy Ridge Road
San Diego, CA 92121
ALL AMERICAN

369 Van Ness Way #701
Torrance, CA 90501
ALL AMERICAN

2360 Qume Drive, Suite C
San Jose, CA 95131
ALL AMERICAN

5625 Ruffin Road

#3212

San Diego, CA 92123
LE.C.

9940 Business Park Drive, #145
Sacramento, CA 95827
ITT Components
§.Jenner Street

Irvine, CA 92718

ITT Components

1580 Oakland Road
Suite #C102

San Jose, CA 95131
JACO

1541 Parkway Loop
Suite A

Tustin, CA 92680

JACO

2282 Townsgate Road
Suite 100

Westlake Village, CA 91361
JACO

2880 ZANKER ROAD
SUITE 202

SAN JOSE, CA 95134

CANADA

ACTIVE

237 Hymus Boulevard

Point Claire, Quebec HOR 5C7
ACTIVE

100 S.E. Marine Drive
Vancouver, BC Y5X 2S3
ACTIVE

100 Lombard Street

Toronto, Ontario M5C 1M3

(205) 830-4764
FAX:(205) 830-4287

(602) 951-9788
FAX: (602) 952-4182

(209) 734-8861
FAX: (209) 734-8865

(714) 259-8258
FAX: (714) 259-0828

(619) 558-8890
FAX: (619) 558-3018

(800) 669-8300
FAX: (213) 320-7207

(408) 943-1200
FAX: (408) 943-1303

(800) 831-8300
FAX: (619) 268-3836
(916) 363-6030
FAX: (916) 362-6926

(714) 727-4001
FAX: (714) 727-2109

(408) 453-1404
FAX: (408) 453-1407

(714) 258-9003
FAX: (714) 258-1909

(805) 495-9998
FAX: (805) 494-3864

(408) 432-9290
FAX: (408) 432-9298

(514) 694-7710
(514) 697-8112

(604) 324-7500
FAX: (604) 324-3100

(416) 367-2911
FAX: (416) 367-4706

ACTIVE

5651 Ferrier Street
Montreal, Quebec H4AP 1N1
ACTIVE

3220 5th Avenue, N.E. Bay 2
Calgary, Alberta T2A 5N1
ACTIVE

106 King Edward St., E

Winnepeg, Manitoba R3H ON8

ACTIVE
1350 Matheson Blvd, Unit 2

Mississauga, Ontario L4W 4M|

ACTIVE

6029 103rd St.

Edmonton, Alberta T6H 2H3

ACTIVE

1990 Blvd. Charest O.

Ste-Foy, Quebec GtN 4K8

ACTIVE

1023 Merivale Road

Ottawa, Ontario K1Z 6A6

ACTIVE

6080 Metropolitan

Montreal, Quebec H1S 1A9
- G.B. MICRO ELECTRONICS

9770 Henri Bourassa W.

Ville St. Laurent, Quebec H4S 1R5

G.B. MICRO ELECTRONICS
Box 207 RR2

Nepean, Ontario K2C 3H1
G.B. MICRO ELECTRONICS
2777 Thamesgate Dr.

Mississauga, Ontario L4T 1G5

COLORADO
ADDED VALUE
4090 Youngfield
Wheat Ridge, CO 80033
LE.C.
420 East 58th Avenue
Denver, CO 80216
LE.C.
5750 North Logan Street
Denver, CO 80216
CONNECTICUT
GREENE-SHAW
65 So. Turnpike Rd.
Wallingford, CT 06492
FLORIDA
ALL AMERI|CAN
16251 N.W. 54th Avenue
Miami, FL 33014
ALL AMERICAN
5009 Hiatus Road
Sunrise, FL 33351
GREENE-SHAW
270 East Drive
Melbourne, FL 32904
HAMMOND
6600 N.W. 21st. Avenue
Fort Lauderdale, FL 33309
HAMMOND
1230 W. Central Bivd
Orlando, FL 32802

(514) 731-7441
FAX: (514) 7310129

(403) 235-5300
FAX: (403) 248-0750

(204) 786-3075
FAX: (204) 783-8133

(416) 238-8825
FAX: (416) 238-2817

(403) 438-5888
FAX: (403) 434-0812

(418) 682-5775
FAX: (418)662-8303

(613) 728-7900
FAX: (613) 728-3586

(514) 256-7538
FAX: (514) 256-4890

(514) 333-7373
FAX: (514) 334-7707

(613) 825-6380
FAX: (613) 825-0569

(416) 241-7000
FAX: (416) 241-4853
(308) 422-1701

FAX: (303) 422-2529

(303) 292-5537
FAX: (303) 292-0114

(303) 292-6121
FAX: (303) 297-2053

(203) 265-3333
FAX: (203) 265-3583

(305) 621-8282
FAX: (305) 620-7831

(800) 327-6237
FAX: (305) 749-9229

(407) 951-3636
(407) 973-7103
FAX: (407) 973-6010

(407) 849-6060
FAX: (407) 648-8584
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS (Continued)

FLORIDA (Continued)

1060 Hollaed Drive

Boca Raton, FL 33487
GEORGIA

HAMMOND

5680 Oakbrook Parkway

Suite 160

Norcross, GA 30093

JACO

6035 Atlantic Blvd.

Suite J

Norcross, GA 30071
ILLINOIS

QPs

101 Commerce Dr. #A

Schaumburg, IL 60173

LE.C.

2200 N. Stronington Ave., #210

Hoffman Estates, IL 60195
MARYLAND

ALL AMERICAN

14636 Rothgeb Dr.

Rockville, MD 20850

JACO

Rivers Center

10270 Old Columbia Road

Columbia, MD 21046
MASSACHUSETS

ALL AMERICAN

107 Audubon Road

Wakefield, MA 01880

GREENE-SHAW

70 Bridge Street

Newton, MA 02195

JACO

1053 East Street.

Tewksbury, MA 01876
MINNESOTA

ALL AMERICAN

11409 Valley View Road

Eden Prairie, MN 55344
NEW YORK

ALL AMERICAN

71102 Koehier Ave.

Ronkonkoma, NY 11779

ALL AMERICAN

161 S. MACQUESTEN PKWY

MOUNT VERNON, NY 10550

CAM/RPC

2975 Brighton Henrietta TL Road

Rochester, NY 14623

JACO

145 Oser Avenue

Hauppauge, NY 11788
NORTH CAROLINA

JACO

3029-105 Stonybrook Drive

Raleigh, NC 27604

(407) 241-7943
FAX: (407) 241-7950

(404) 449-1996
FAX: (404) 242-9834

(404) 449-9508
FAX: (404) 449-0275

(708) 884-6620
FAX: (708) 884-7573

(708) 843-2040
FAX: (708) 843-2320
(301) 251-1205
FAX: (301) 251-8574

(301) 995-6620
FAX: (301) 995-6032

(617) 246-2300
FAX: (617) 246-2305

(617) 969-8900
FAX: (617) 969-4712

(508) 640-0010
FAX: (508) 640-0755

(612) 944-2151

(516) 981-3935
FAX: (516) 981-3947

(914) 699-2224
FAX: (914) 699-1316

(716) 427-9999
FAX: (716) 427-7559

(£16)-273-5500
FAX: (516) 273-5528

(919) 876-7767

HAMMOND
2923 Pacific Avenue
Greensboro, NC 27420
GREENE-SHAW
6200 Falls of the Neuse Road
Suite 200
Raleigh, NC 27609
OHIO
CAM/RPC
749 Miner Road
Cleveland, OH 44143
CAM/RPC
733 H. Lakeview Plaza Rd.
Worthington, OH 43085
CAM/RPC
7956 Strawberry Hill Lane
Meineville, OH 45039
OREGON
LEC.
6850 S.W. 105th Ave,, Ste. B
Beaverton, Oregon 97005
PENNSYLVANIA
CAM/RPC
620 Alpha Drive
Pittsburgh, PA 15238
SOUTH CAROLINA
HAMMOND
1035 Lowndes Hill Rd
Greenville, SC 29607
HAMMOND
2923 PACIFIC AVENUE
TEXAS
ALL AMERICAN
1819 Firman Drive, #127
Richardson, TX 75081
JACO
1005 Industrial Blvd.
Sugar Land, TX 77478
JACO
2120-M Braker Lane
Austin, TX 78758
UTAH
ADDED VALUE
1836 Parkway Blvd.
West Valtey City, UT 84119
1.LE.C.
2117 South 3600 West
W. Valley City, UT 84119
WASHINGTON
JACO
15014 N.E. 40th Street
Bldg. "O", Unit 202
Redmond, WA 98052
IL.LE.C.
1750 124th Avenue, N.E.
Bellevue, WA 98005

(919) 275-6391
FAX: (919) 275-6391 x225

(919) 954-7138
FAX: (919) 954-7139

(216) 461-4700
FAX: (216) 461-4329

(614) 888-7777
FAX: (614) 888-9779

(513) 898-1111
FAX: (513) 433-6792

(503) 641-1690
FAX: (503) 646-3737

(412) 782-3770
FAX: (412) 963-6210

(803) 233-4121
FAX: (803) 233-4121x207

(919) 275-6391
FAX: (919) 275-6391X225

(214) 231-5300
FAX: (214) 437-0353

(713) 240-2255

(512) 835-0220

(801) 975-9500
FAX: (801) 977-0245

(801) 977-9750
FAX: (802) 975-1207

(206) 881-9700
FAX: (206) 881-9777

(208) 4552727
FAX: (206) 453-2963
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SAMISUNG

Electronics
Semiconductor Business

HEAD OFFICE:

8/10FL., SAMSUNG MAIN BLDG.
250, 2-KA, TAEPYUNG-RO,
CHUNG-KU, SEOUL, KOREA
C.P.O. BOX 8780

BUCHEON PLANT:

82-3, DODANG-DONG,
BUCHEON, KYUNGKI-DO, KOREA
C.P.0. BOX 5779 SEOUL 100

KIHEUNG PLANT:

SAN #24 NONGSUH-RI, KIHEUNG-MYUN
YONGIN-GUN, KYUNGKI-DO, KOREA
C.P.0. BOX 37 SUWON

GUMI BRANCH:
259, GONDAN-DONG, GUMI,
KYUNGSANGBUK-DO, KOREA

SAMSUNG SEMICONDUCTOR INC.:
3725 NORTH FIRST STREET
SANJOSE, CA 95134-1708, USA

HONG KONG BRANCH:
24FL., ADMIRALTY CENTER,
TOWR 1, 18 HARCOURT ROAD,
QUEENSWAY, HONG KONG

TAIWAN OFFICE:

RM. 2401, 24F, INT'L TRADE BLDG., 333,
KEE LUNG RD., SEC. 1, TAIPEI,
TAIWAN, R.O.C.

TELEX: KORSST K27970
TEL: (SEQUL) 727-7114
FAX: 753-0957

TELEX: KORSEM K28390
TEL: (SEOUL) 741-0066, 664-0066
FAX: 741-4273

TELEX: KORSST K23813
TEL: (SEOUL) 760-7114
FAX: 741-0628

TELEX: SSTGUMI K54371
TEL: (GUMI) 460-2169, 463-2570
FAX: (GUMI) 461-9258

TEL: (408) 954-7000
FAX: (408) 954-7873

TELEX: 80303 SSTC HX
TEL: 862-6900
FAX: 866-1343

TEL: (2) 757-7292
FAX: (2) 757-7311

SAMSUNG ELECTRONICS JAPAN CO., LTD.

8F SUDACHO VERDE BLDG,
2-3 KANDA-SUDACHO CHIYODA-KU
TOKYO, 101 JAPAN

TELEX: 2225206 SECJPN J
TEL: (03) 3258-9501
FAX: (03) 3258-9695

SAMSUNG SEMICONDUCTOR EUROPE GMBH:

MERGENTHALER ALLEE 38-40,
D-6236 ESCHBORN, W/GERMANY

SAMSUNG ELECTRONICS SINGAPORE PTE LTD.:

10F., COLLYER QUAY #18-05/06
OCEAN BUILDING SINGAPORE 0104

TELEX: 4072678 SSED
TEL: 0-6196-900920
FAX: 0-6196-900989

PRINTED IN KOREA

TEL: 535-2808 DECEMBER, 1991

FAX: 532-6452
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