DL113R2

SCHWEBER ELECTRONICS

904 CAMBRIDGE DRIVE
ELK GROVE VILLAGE,
ILLINOIS 60007
312-364:3750

e QUALITY
e RELIABILITY
e TECHNOLOGY




TTL RAM

TTL PROM

MECL Memory
General Information

MECL RAM

MECL PROM

Mechanical
Data

=
g
o
=
-

TTL PROM -

MECL RAM |

MECL PROM

- ®
-
O =
)
£
o
Lo
=

Selector
Guides

MOS Dynamic RAM

MOS Static RAM

MOS EPROM

MOS EEPROM

MOS ROM

R
O
L
Q.
9
[T}
..

“EEPROM







I OTOROLA
MEMORIES

Prepared by
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Motorola has developed a very broad range of reliable MOS and
bipolar memories for virtually any digital data processing system ap-
plication. Complete specifications for the individual circuits are pro-
vided in the form of data sheets. In addition, selector guides are in-
cluded to simplify the task of choosing the best combination of cir-
cuits for optimum system architecture.

New Motorola memories are being introduced continually. For the
latest releases, and additional technical information or pricing, con-
tact your nearest authorized Motorola distributor or Motoroia sales of-
fice.

The information in this book has been carefully checked; no respon-
sibility, however, is assumed for inaccuracies. Furthermore, this infor-
mation does not convey to the purchaser of microelectronic devices
any license under the patent rights of the manufacturer.
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MEMORIES SELECTOR GUIDE
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NOTES
Not all package options are listed.

Operating temperature ranges:
MOS — 0°C to 70°C
ECL — Consult individual data sheets
TTL — Military —55°C to +125°C, Commercial 0°C to 70°C

FOOTNOTES
TMotorola’s innovative pin #1 refresh
2All MOS memory outputs are three-state except the open collector MCM2115A series.

3Character generators include shifted and unshifted characters, ASCII, alphanumeric control,
math, Japanese, British, German, European and French symbols.

’ 4Standard Patterns for MOS ROMs:
MCM68A308P7 — MC6800 MIKbug/MINlIbug ROM
MCMB68A316EP91 — Universal Code Converter and Character Generator
MCM68A332P2 — Sine/Cosine Look-Up Table
| MCM®68364P35-3 — Log/Antilog Look-Up Table
MCM65516P43M — MC146805 Monitor Program

*To be introduced.
(Not all speed selections shown)

1-2



RAMs

MOS DYNAMIC RAMs

MEMORIES SELECTOR GUIDE (Continued)
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. Access Time Power No. of
Organization Part Number {ns max) Supplies Pins
4096 x 1 MCM4027AC-2 150 +12, £5V 16
4096 x 1 MCM4027AC-3 200 +12, 5V 16
4096 x 1 MCM4027AC-4 250 +12, +5V 16
16384 % 1 MCM4116BP15 150 +12, £5V 16
16384 x 1 MCM4116BP20 200 +12, #5 \% 16
16384 x 1 MCM4116BP25 250 +12, +6V 16
16384 x 1 MCM4517P10 100 +5V 16
16384 x 1 MCM4517P12 120 +5V 16
16384 x 1 MCM4517P15 150 +5V 16
16384 x 1 MCM4517P20 200 +5V 16
32768x 1 MCM6632AP151 150 +5V 16
32768 x 1 MCMB6632AP201 200 +5V 16
32768 x 1 MCMB6633AP15 150 +5V 16
32768x 1 MCM6633AP20 200 +5V 16
65536 x 1 MCM6664AP121 120 +b5V 16
65536 x 1 MCMB664AP151 150 +5V 16
65536 1 MCM6664AP201 200 +5V 16
65536 x 1 MCM6665AP12 120 +5V 16
65536 x 1 MCM6665AP15 150 +5V 16
65336 % 1 MCM6665AP20 200 +5V 16
TTL BIPOLAR RAMs
Organization Part Number A?z:s:.';l;i(rre Output N,(,)i'ngf
256x 4 MCM93412 45 Open Collector 22
256 x 4 MCM93422* 45 3-State 22
256x 4 MCM93L422* 60 3-State 22
1024 x 1 MCM93415 45 Open Collector 16
1024 x 1 MCM93425 45 3-State 16
See Notes on Page 1-2
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MEMORIES SELECTOR GUIDE (Continued)

MOS STATIC RAMs (+5 Volts)

Organization Part Number A?ﬁ:s:‘:g'e ngi}\:f
128x8 MCMB6810 450 24
128x8 MCMB8A10 360 2
128x8 MCM68B10 250 24
1024x 4 MCM2114P20 200 18
1024% 4 MCM2114P25 250 18
1024x 4 MCM2114P30 300 18
1024% 4 MCM2114P45 450 18
1024% 4 MCM21L14P20 200 18
1024x 4 MCM21L14P25 250 18
1024x 4 MCM21L14P30 300 18
1024x 4 MCM21L14P45 450 18
1024 1 MCM2115AC452 45 16

1024 1 MCM2115AC552 55 16
1024 1 MCM2115AC702 70 16
1024 1 MCM21L15AC452 45 16
1024 % 1 MCM21L15AC702 70 16
1024 1 MCM2125AC45 45 16
1024 1 MCM2125AC55 55 16
1024% 1 MCM2125AC70 70 16
1024 % 1 MCM21L25AC45 %5 16
1024 1 MCM21L25AC70 70 16
4096 x 1 MCM6641P20 200 18
4096 x 1 MCM6641P25 250 18
4096 % 1 MCM6641P30 300 18
4096 % 1 MCM6641P45 450 18
4096 x 1 MCM66L41P20 200 18
4096 1 MCM66L41P25 250 18
4096 x 1 MCM66L41P30 300 18
4096 1 MCM66L41P45 450 18
4096 1 MCM2147C55 55 18
4096 x 1 MCM2147C70 70 18
4096 x 1 MCM2147C85 85 18
CMOS STATIC RAMs (+5 Volts)

Organization Part Number Ac:::\:s:‘:;i(r)ne N&;‘gf
256x 4 MCM5101P65 650 2
256 x 4 MCM5101P80 800 22
256x 4 MCMS51L01P45 450 22
256x 4 MCMS51L01P65 650 2
2048x 8 MCM65116P15* 150 24
4096 x 1 MCM65147P55 55 18
4096 x 1 MCM65147P70 70 18

See Notes on Page 1-2




MEMORIES SELECTOR GUIDE (Continued)

ECL BIPOLAR RAMs

Access Time

Organization Part Number {ns max) N:i'n:f
8x2 MCM10143 15 24
256 % 1 MCM10144 26 16
16x4 MCM10145 15 16
1024 x 1 MCM10146 29 16
1024 %1 MCM10146A* 15 16
128x 1 MCM10147 15 16
64x1 MCM10148 15 16
256 % 1 MCM10152 15 16
4096 % 1 MCM10470 35 18
4096 x 1 MCM10470A* 20 18
1024 x4 MCM10474* 25 24
MOS EPROMs
_— Access Time Power No. of
Organization Part Number (ns max) Supplies Pins
1024 % 8 MCM2708C 450 +12, £5V 24
1024% 8 MCM27A08C 300 +12, £5V 24
2048 % 8 TMS2716C 450 +12, £5V 24
2048x 8 MCM2716C 450 +5V 24
4096 x 8 MCM2532C 450 +5V 24
8192x 8 MCM68764C 450 +5V 24
8192x8 MCM68766C 450 +5V 24
8192x8 MCM68766C35 350 +5V 24
MOS EEPROM
N Access Time Power No. of
Organization Part Number (ns max) Supplies Pins
16% 16 MCM2801P 10 ps +5V 14
32x32 MCM2802P* 15 ps +5V 14
2048 % 8 MCM2816P* 450 ns +5V 24
2048x 8 MCcm2817pP* 150 ns +5V 28
4096 8 MCM2832P* 150 ns +5V 28

See Notes on Page 1-2
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MEMORIES SELECTOR GUIDE (Continued)

ROMs

MOS STATIC ROMs (+5 Volts)

Character Generators3

Organization Part Number At(:z:s:‘;'l(r)ne N:i'n:f
128 % (7x 5) MCMB6670P 350 18
128 % (7 x5) MCM6674P 350 18
128x (9% 7) MCM66700P 350 24
128x (9% 7) MCM66710P 350 24
128x% (9% 7) MCM66714P 350 24
128x (9% 7) MCM66720P 350 24
128x% (9% 7) MCM66730P 350 24
128x(9%x7) MCM66734P 350 24
128x (9% 7) MCM66740P 350 24
128x% (9% 7) MCM66750P 350 24
128%x (9% 7) MCM66760P 350 24
128%x (9% 7) MCM66770P 350 24
128%x (9% 7) MCM®66780P 350 24
128x% (9% 7) MCMB6790P 350 24
Binary ROMs (+ 5 Volts)

Organization Part Number At(:zzs'sn;:l(l;'!e N;oi.ngf
1024x 8 MCM68A308P 350 24
1024x 8 MCM68A308P74 350 24
1024x 8 MCM68B308P 250 24
2048x 8 MCM68A316EP 350 24
2048x 8 MCM68A316EP914 350 24
4096 % 8 MCMB68A332P 350 24
4096 % 8 MCM68A332P24 350 24
8192x 8 MCM68364P35 350 24
8192x 8 MCM68364P35-34 350 24
8192x 8 MCM68364P20 250 24
8192x 8 MCM68364P25 200 24
8192x8 MCM68365P25 250 24
8192x 8 MCM68365P35 350 24
8192x 8 MCM68366P25 250 24
8192x8 MCM68366P35 350 24

CMOS ROMs (+5 Volts)

Organization Part Number Ai::‘:s;:)'?e N';)i;‘;)f
256 x 4 MCM14524 1200 16
2048x 8 MCM®65516P43 430 18
2048x 8 MCM65516P43M4 430 18
2048 x 8 MCM65516P55 550 18

See Notes on Page 1-2
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MEMORIES SELECTOR GUIDE (Continued)

PROMs

ECL PROMs
Al .
Organization Part Number c(rrsn:(r)ne N:in:f
32x8 MCM10139 20 16
256x 4 MCM10149 25 16
ITL PROMs
Organization Part Number Aiz:s;;r)ne Output N:i;‘gf
512x4 MCM7621* 70 3-State 16
512x 8 MCM7641* 70 3-State 24
1024%x 4 MCM7643 70 3-State 18
1024 % 8 MCM7681 70 3-State 24
2048 x 4 MCM7685 70 3-State 18
2048 x 8 MCM76161* -70 3-State 24

See Notes on Page 1-2
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MEMORY SYSTEMS SELECTOR GUIDE

STANDARD MEMORY SYSTEMS

Motorola Memory Systems offers a variety of standard add-in memory modules to support LSI, PDP, VAX, UNIBUS, and
MULTIBUS architectures. Many of these systems offer parity options and depopulated configurations. Some systems have
EDAC for detecting and correcting erroneous data. Fast read access times are featured in all systems for compatibility with

the most popular and latest computer systems.

Board Selector Guide

Host Computer Motorola Device Organization* A?::s(:s';ne Parity
LS-11/23, PDP-11/03 MMS1132N3128 128K x 16 300 No
MMS1132P3128 128K x 18 300 Yes
MMS1142N0016 16K x 16 CMOS RAMs 150 I No
PDP-11/04 through MMS1117-38PC 64K x 18 300 Yes
PDP-11/60 (Uses HEX SPC Slot) MMS1117-48PC 64K x 18 350 Yes
PDP-11/04, PDP-11/34 MMS1128P3064 64K x 18 300 Yes
(Modified UNIBUS Compatible) MMS1128P3096 96K x 18 300 Yes
PDP-11/04, PDP-11/24 MMS1119P3128 128K x 18 300 Yes
PDP-11/34 (Modified and Extended MMS1119P4128 128K x 18 350 Yes
UNIBUS Compatible)
PDP-11/44 MMS1129E4512 1 Mbyte with EDAC (Error 350 No
Detection and Correction)
PDP-11/70 MMS1170E1064 256 Kbyte*** . No
VAX-11/750 MMS750AE1064 256 Kbyte*** . No
MMS750BE1256 1 Mbyte*** . No
VAX-11/780 MMS780AE1032 256 Kbyte*** * No
SBC 80/ —, SBC 86/ — MMS8512E 512 Kbyte (with EDAC) 350 No
(MULTIBUS Compatible) MMS8256E 256 Kbyte (with EDAC) 350 No
EXORmacs, VERSAmodule MMS68KE4512 512 Kbyte (with EDAC) 350 No

LSI, PDP, VAX, and UNIBUS are trademarks of Digital Equipment Corp.

MULTIBUS is a trademark of Intel.

*Only the most popular versions are listed. Depopulated models are also available in most series.
**Access Time is a function of DEC controller as well as listed array card.
***These cards support EDAC. Actual circuitry is on DEC controller board.

CUSTOM MEMORY SYSTEMS

Motorola Memory Systems has the engineering expertise
necessary to support numerous applications, ranging from
industrial machine control to geophysical exploration.
Designs are made to customer specifications. User-defined
evaluations are performed in addition to Memory Systems’
standard testing procedures.

The design engineering group has over 100 man years of
experience, including the thorough knowledge of semicon-
ductor technology that is a must when designing complete
systems. State-of-the-art techniques are implemented when
a system is being constructed. Interleaving and block
transferring are used to enhance overall system perfor-
mance. Memory Systems designers are specialists at incor-
porating Error Detection and Correction (EDAC) to improve
reliability and increase Mean Time Between Failure (MTBF).
Sophisticated computer aided design equipment enhances
layout of the printed circuit boards and dense memory ar-
rays.

The circuit boards are partially assembled using automatic
insertion equipment, lowering the burden on the assembly
line.

Quality Assurance is intense at every stage of production.

Every product is thoroughly tested and evaluated by
computer-controlled test equipment, and must meet
customer specifications or be rejected.

The customer’s satisfaction is the number one priority of
Motorola Memory Systems. On-time customer delivery is
stressed. A computerized inventory control system provides
constant data on product availability. Highly trained field ser-
vice personnel and the product engineering staff are always
available for customer assistance. Motorola Representatives
and Systems Engineers are located nationwide to assist our
customers.

For more information on custom memory systems...

CALL TOLL FREE
1-800-5631-5118
(5612-928-6776 in Texas)

OR WRITE

Motorola Memory Systems
Marketing Dept. V1230
3501 Ed Bluestein Blvd.
Austin, Texas 78721
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@ MO TOROLA

MCM4027A

4096-BIT DYNAMIC RANDOM ACCESS MEMORY

The MCM4027A is a 4096 x 1 bit high-speed dynamic Random
Access Memory. It has smaller die size than the MCM4027 pro-
viding improved speed selections. The MCM4027A is fabricated
using Motorola’s highly reliable N-channel silicon-gate technology.

By multiplexing row and column address inputs, the MCM4027A
requires only six address lines and permits packaging in Motorola’s
standard 16-pin dual-in-line packages. Complete address decoding is
done on chip with address latches incorporated.

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The MCM4027A incorporates a one-transistor cell
design and dynamic storage techniques, with each of the 64 row
addresses requiring a refresh cycle every 2.0 milliseconds.

© Maximum Access Time = 120 ns — MCM4027AC1
150 ns — MCM4027AC2
200 ns — MCM4027AC3
250 ns — MCM4027AC4

© Maximum Read and Write Cycle Time =
320 ns — MCM4027AC1, C2
375 ns — MCM4027AC3, C4

o Low Power Dissipation — 470 mW Max (Active)

27 mW Max (Standby)
3-State Output for OR-Ties
On-Chip Latches for Address, Chip Select, and Data In
Power Supply Pins on Package Corners for Optimum Layout
Industry Standard 16-Pin Package
Page-Mode Capability
Compatible with the Popular 2104/MK4096/MCM6604
Second Source for MK4027

© 6 06 06 © 0 o

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT DYNAMIC
RANDOM ACCESS
MEMORY

C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 620

PIN ASSIGNMENT

TRUTH TABLE

Inputs — Data Out Cycle Power Ref Function
RAS | CAS | TS5 | WE Previous Interim Present
L L L L Valid data High Imp. Input data Full-operating Yes Write cycle
L L L H Valid data High Imp. Valid data (cell) Full-operating Yes Read cycle
L L H X Valid data High Imp. High Imp. Full-operating Yes Deselected-refresh
L H X X Valid data Valid data Valid data Reduced operating Yes RAS only-refresh
H L X X Valid data High Imp. High Imp. Standby No Standby-output disabled
H H X X Valid data Valid data Valid data Standby No Standby-output valid
H = High, L = Low, X = Don’t Care

2-3
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MCM4027A

BLOCK DIAGRAM

WRITE Write
Clocks
RAS RAS Clocks
e
l Data In Data In
Buffer
Address
Clocks
CAS
Clocks
I Reset Data
CAS ©- ¥ Data Out Out
Enable Buffer
Chip Select JD
cs Input Buffer
A5 > Dummy Cells
A4 ————®  Address Memory Array
A3 — Buffers Row
(6) Decoder 1-of- 2
A2 ———————— © 64 Sense Refresh Amplifiers Data Bus
Al————— & Rowand (1-0f-64) Data In/Out Gating Select
A0 Column ) ¥
—_—
| Memory Array :
|
| Dummy Cells |
1 1

_.[

Column Decoder ]

(1-0f-32)
1

OPERATING CHARACTERISTICS

ADDRESSING

The MCM4027A has six address inputs (A0—AB) and
two clock signals designated Row Address Strobe (RAS)
and Column Address Strobe (CAS). At the beginning of
a memory cycle, the six low order address bits AO through
AB are strobed into the chip with RAS to select one of
the 64 rows. The row address strobe also initiates the tim-
ing that will enable the 64 column sense amplifiers. After
a specified hold time, the row address is removed and the
six high order address bits (A6—A11) are placed on the
address pins. This address is then strobed into the chip
with CAS. Two of the 64 column sense amplifiers are
selected by A1 through A5. A one of two data bus select
is accomplished by AO to complete the data selection.
The Chip Select (CS) is latched into the port along with
the column addresses.

2-4

DATA OUTPUT

In order to simplify the memory system designed and
reduce the total package count, the MCM4027A contains
an input data latch and a buffered output data latch. The
state of the output latch and buffer at the end of a mem-
ory cycle will depend on the type of memory cycle per-
formed and whether the chip is selected or unselected for
that memory cycle.

A chip will be unselected during a memory cycle if:

(1) The chip receives both RAS and CAS signals,
but no Chip Select signal.
The chip receives a CAS signal but no RAS
signal. With this condition, the chip will be
unselected regardless of the state of Chip
Select input.
If, during a read, write, or read-modify-write cycle,

(2)




MCM4027A

the chip is unselected, the output buffer will be in the
high impedance state at the end of the memory cycle.
The output buffer will remain in the high impedance state
until the chip is selected for a memory cycle.

For a chip to be selected during a memory cycle, it
must receive the following signals: RAS, CAS, and Chip
Select. The state of the output latch and buffer of a
selected chip during the following type of memory cycles
would be:

(1) Read Cycle — On the negative edge of CAS,
the output buffer will unconditionally go to a
high impedance state. It will remain in this
state until access time. At this time, the out-
put latch and buffer will assume the logic

state of the data read from the selected cell.

This output state will be maintained until the’

chip receives the next CAS signal.

(2) Write Cycle — If the WE input is switched to a
logic O before the CAS transition, the output
latch and buffer will be switched to the state
of the datainput at the end of the access time.
This logic state will be maintained until the

chip receives the next CAS signal.

(3) Read-Modify-Write — Same as read cycle.

DATA INPUT

Data to be written into a selected storage cell of the
memory chip is first stored in the on-chip data latch.
The gating of this latch is performed with a combination
of the WE and CAS signals. The last of these signals to
make a negative transition will strobe the data into the
latch. If the WE input is switching to a logic O in the
beginning of a write cycle, the falling edge of CAS strobes
the data into the latch. The data setup and hold times
are then referenced to the negative edge of CAS.

If a read-modify-write cycle is being performed, the
WE input would not make its negative transistion until
after the CAS signal was enabled. Thus, the data would
not be strobed into the latch until the negative transistion

of WE. The data setup and hold times would now be ref-
erenced to the negative edge of the WE signal. The only
other timing constraints for a write-type-cycle is that both
the CAS and WE signals remain in the logic O state for a
sufficient time to accomplish the permanent storage of
the data into the selected cell.

INPUT/OUTPUT LEVELS

All of the inputs to the MCM4027A are TT L-compatible,
featuring high impedance and low capacitance (5 to 7 pF).
The three-state data output buffer is TTL-compatible and
has sufficient current sink capability (3.2 mA) to drive
two TTL loads. The output buffer also has a separate
V¢ pin so that it can be powered from the same supply
as the logic being employed.

REFRESH

In order to maintain valid data, each of the 64 internal
rows of the MCM4027A must be refreshed once every 2 ms.
Any cycle in which a RAS signal occurs accomplishes a
refresh operation. Any read, write, or read-modify-write
cycle will refresh an entire internally selected row. How-
ever, if a write or read-modify-write cycle is used to per-
form a refresh cycle the chip must be deselected tc pre-
vent writing data into the selected cell. The memory can
also be refreshed by employing only the RAS cycle. This
refresh mode will not shorten the refresh cycle time; how-
ever, the system standby power can be reduced by approx-
imately 30%.

If the RAS only refresh cycles are employed for an ex-
tended length of time, the output buffer may eventually
lose data and assume the high impedance state. Applying
CAS to the chip will restore activity of the output buffer.

POWER DISSIPATION

Since the MCNVi4027Ais a dynamic RAM, its power
drain will be extremely small during the time the chip is
unselected.

The power increases when the chip is selected and
most of this increase is encountered on the address
strobe edge. The circuitry of the MCM4027A is largely
dynamic so power is not drawn during the whole time
the strobe is active. Thus the dynamic power is a function

) of the operating frequency rather than the active duty

cycle.

In a memory system, the CAS signal must be supplied
to all the memory chips to ensure that the outputs of
the unselected chips are switched to the high impedance
state. Those chips that do not receive a RAS signal will
not dissipate any power on the CAS edge except for that
required to turn off the chip outputs. Thus, in order to
ensure minimum system power, the RAS signal should be
decoded so that only the chips to be ‘selected receive a
RAS signal. If the RAS signal is decoded, then the chip
select input of all the chips can be set to a logic O state.

the patent rights of Motorola or others.

product(s) at any time.

Circuit diagrams external to or containing Motorola products are included as a means of illustration only. Complete information
sufficient for construction purposes may not be fully illustrated. Although the information herein has been carefully checked and is believed
to be reliable, Motorola assumes no responsibility for inaccuracies. Information herein does not convey to the purchaser any license under

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right
to make any changes to the information and the product(s) to which the information applies and to discontinue manufacture of the




MCM4027A

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg = Ground.)

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage VpD 10.8 12.0 13.2 Vdc 2
- Vee Vss 5.0 Vpp Vdc 3
Vss 0 0 0 Vdc 2
VgB -4.5 -5.0 -5.5 Vdc 2
Logic 1 Voltage, RAS, CAS, WRITE VIHC 24 5.0 7.0 Vdc 2,4
Logic 1 Voltage, all inputs except R_Ag,m, WRITE ViH 2.2 5.0 7.0 Vdc 2,4
Logic O Voltage, all inputs ViL -1.0 0 0.8 Vde 2,4
DC CHARACTERISTICS (vpp =12V £10%, Voc =5.0 V £10%, Vgg = -5.0 V £10%,Vgs =0V, Tp =0 to 70°C.) Notes 1, 5
Characteristic Symbol Min Typ Max Units Notes
Average Vpp Power Supply Current IpD1 35 mA 6
Ve Power Supply Current lcc mA 7
Average Vg Power Supply Current BB 250 LA
Standby Vpp Power Supply Current Ipp2 2 mA 9
Average Vpp Power Supply Current during Ipp3 25 mA 6
”Wonly" cycles
Input Leakage Current (any input) (L) 10 LA 8
Output Leakage Current lo(L) 10 LA 9,10
Output Logic 1 Voltage @ Igyt = -5 mA VoH 24 Vde
Output Logic 0 Voltage @ lgyy = 3.2 mA VoL 0.4 Vdc

NOTES 1 through 11:

1. Tp is specified for operation at frequencies to tgc > trc(min).
Operation at higher cycle rates with reduced ambient temperatures
and higher power dissipation is permissible provided that all ac
parameters are met.

2. All voltages referenced to Vgg.

3. Output voltage will swing from Vgg to Vo when enabled,
with no output load. For purposes of maintaining data in standby
mode, Vcc may be reduced to Vgg without affecting refresh
operations or data retention. However, the Von(min) specifica-
tion is not guaranteed in this mode.

4. Device speed is not guaranteed at input voltages ‘greater than
TTL levels (0 to 5 v).

5. Several cycles are required after power-up before proper
device operation is achieved. Any 8 cycles which perform refresh
are adequate for this purpose.

6. Current is proportional to cycle rate. Ipp1{max) is measured
at the cycle rate specified by tyg(min).
7. lgc depends on output loading. During readout of high level
data Vg is connected through a low impedance (135 2 typ) to
Data Out. At all other times |cc consists of leakage currents only.
8. All device pins at 0 volts except Vgg which is at —5 volts and
the pin under test which is at +10 volts.
9. Output is disabled (high-impedance) and RAS and CAS are
both at a logic 1. Transient stabilization is required prior to
measurement of this parameter.
10.0V < Vour< +10 V.
11. Effective capacitance is calculated from the equation:

AQ

C= AV with AV = 3 volts.

EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodically sampled rather than 100% tested) Note 11

Characteristic Symbol Max Unit
Input Capacitance (A0-A5), Djn, CS Cin(EFF) 5.0 pF
RAS, CAS, WRITE 10.0
QOutput Capacitance Cout(EFF) 70 pF

ABSOLUTE MAXIMUM RATINGS (See Notes 1 and 2)

Rating Symbol Value Unit

Voltage on Any Pin Relative to Vgg* Vin, Vout -0.5to +20 Vdc

Operating Temperature Range TA 0to+70 °c
Storage Temperature Range Tetg 265 to +150 oc This device contains circuitry to protect the
— inputs against damage due to high static volt-
Output Current (Short Circuit) lout 50 mAdc ages or electric fields; however, it is advised that

*(Vss-Ves >4.5V)

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS
ARE EXCEEDED. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages
for extended periods of time couid affect device reliability. Vgg must be applied
prior to Ve and Vpp. Vg must also be the last power supply switched off.

normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.
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MCM4027A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Read, Write, and Read-Modify-Write Cycles)

RECOMMENDED AC OPERATING CONDITIONS (Vpp =12V +10%, Vo = 5.0 V = 10%, Vgg = -5.0 V = 10%, Vgg =0 V,
Ta = 0to 70°C.) Notes 1, 5, 12,18

MCM4027AC1 | MCM4027AC2 | MCM4027AC3 | MCM4027AC4

Parameter Symbol| Min Max Min Max Min Max Min Max Units Notes
Random Read or Write Cycle Time ‘RC 320 320 375 375 ns 13
Read Write Cycle Time RWC 320 320 375 375 ns 13
Page Mode Cycle Time PC 160 170 225 285 ns 13
Access Time From Row Address Strobe '‘RAC 120 150 200 250 ns' 14, 16
Access Time From Column Address Strobe ‘CAC 80 100 135 165 ns 15, 16
Output Buffer and Turn-Off Delay 'OFF 35 40 50 60 ns
Row Address Strobe Precharge Time ‘RP 100 100 120 120 ns
Row Address Strobe Pulse Width 'RAS 120 | 10.000 | 150 { 10.000 | 200 | 10,000 | 250 | 10.000 ns
Row Address Strobe Hold Time ‘RSH 80 100 135 165 ns
Column Address Strobe Pulse Width 'CAS 80 100 135 165 ns
Column Address Strobe Hold Time 'CSH 120 150 200 250 ns
Row to Column Strobe Lead Time ‘RCD 15 40 20 50 25 65 35 85 ns 17
Row Address Setup Time 'ASR 0 0 0 0 ns
Row Address Hold Time ‘RAH 15 20 25 35 ns
Column Address Setup Time ‘ASC -5 -10 -10 -10 ns
Column Address Hold Time 'CAH 40 45 55 75 ns
Column Address Hold Time Referenced to RAS ‘AR 80 95 120 160 ns
Chip Select Setup Time ‘csc 0 -10 -10 -10 ns
|Chip Select Hold Time 'CH 40 45 55 75 ns
|Chip Select Hold Time Referenced to RAS 'CHR 80 95 120 160 ns
Transition Time Rise and Fall ‘T 3 35 3 35 3 50 3 50 ns 18
Read Command Setup Time ‘RCS 0 0 0 (] ns
Read Command Hold Time ‘RCH 0 0 0 0 ns
Write Command Hold Time ‘WCH 40 45 55 75 ns
Write Command Hold Time Referenced to RAS | 'WCR 80 95 120 160 ns
Write Command Pulse Width ‘WP 40 45 55 75 ns
Write Command to Row Strobe Lead Time ‘RWL 50 50 70 85 ns
Write Command to Column Strobe Lead Time ‘CwL 50 50 70 85 ns
Data in Setup Time 'DS 0 [ 0 o ns 19 '
Data in Hold Time 'DH 40 45 55 75 ns 19
Data in Hold Time Referenced to RAS 'DHR 80 95 120 160 ns (
Column to Row Strobe Precharge Time 'CRP 0 0 0 0 ns
Column Precharge Time ‘CP 60 60 80 110 ns
Refresh Period ‘RFSH 2 2 2 2 ms
Write Command Setup Time ‘'wcs o 0 0 (4] ns i
CAS 1o WRITE Delay ‘cwD 60 60 80 30 ns 20 !
RAS to WRITE Delay ‘RWD | 100 110 145 175 ns 20
Data Out Hold Time 'DOH 10 10 - 10 10 us

4

NOTES 12 through 20: 18.V|Hc(min) or Vy(min) and V| (max) are reference levels for

measuring timing of input signals. Also, transition times are

12. AC measurements assume tT = 5 ns.
measured between V¢ or Vi and V.

13. The specifications for tgrc(min) and tryc(min) are used only
to indicate cycle time at which proper operation over the full
temperature range (0°C < T < 70°C) is assured.

19.These parameters are referenced to CAS leading edge in
random write cycles and to WRITE leading edge in delayed write
or read-modify write cycles.

14. Assumes that t, <t (max).
RCD RCD 20.twCs. tcwD. and tRwp are not restrictive operating para-

15. Assumes that tRcp > tRCD (max). meters. They are included in the data sheet as electrical charac-

16. Measured with a load circuit equivalent to 2 TTL loads and terisitcs only: If tycs > tycsimin), the cycle is an early write
100 pF. ’ cycle and Data Out will contain the data written into the selected
17.Operation within the tgcp(max) limit insures that tg 5 c(max) cell. If tcwp > tcwp(min) and tgywp = trwp(min), the cycle is
can be met. tggplmax) is specified as a reference point only; if a read-write cycle and Data Out will contain data read from the
tRCD is greater than the specified tggp(max) limit, then access selected cell. If neither of the above sets of conditions is satisfied,
time is controlled exclusively by tcac. the condition of Data Out (at access time) is indeterminate.
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MCM4027A

READ CYCLE TIMING

ADDRESSES

WRITE

Dout

RC
tRAS
AR
\ —
u\;—uc N 'RSH g K
I8
‘CISI tRp—
[ RcD—"| tcas o le——tcrRp —»
ViHe \ Ll
Vie
'RAH
TASR ‘ASC‘I“' [+ICAH»
ViH ¥ Row Column )
Vi . Address Address 4

ViHC
Vi

ViH
Vie

VoH |

Vou

tRes e

BRI

tCHR

tcsc —**-!

le—tCH —»

OFF

VALID
DATA

tRAC
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MCM4027A

WRITE CYCLE TIMING

CAS

ADDRESSES

WRITE

Dout

tRC
RAS
tAR
ViHe Y
ViL \‘
'RSH TRP—*|
tCSH Y L
[*—'RcD CAs tCRP—*|
ViHc \\
V||_ K A
RAH L
tASR TASC e -tCAH ¥
ViH 4 Row Y f Column Y
Vi \__Address %___Address )
| | TcwL
C
'wcs““““wc“’
[e——twp——»
Vi H £
tRWL
WCR
tDs—d-hl ld—tDH——
Vi N ||Data b
tDHR
csc [+—tCH-»
ViH
Vie
ICHR
tcac
tOFF [ 'DoH—"]
VoH
° F—orn— VIR ———
Vor 7 5
TRAC

2-9



MCM4027A

READ-MODIFY-WRITE TIMING

tRWC
tRAS
tAR
=as  VIHC T Y /
RAS N
ViL - &k—
tRp—
*heD tcas ;—‘CRP
——  ViHc R
CAs L N P
tRAH
tASR —le» tASCH tCAH
ViH s Column Y
ADDRESSES Vit @(‘ A 7@{:3;&: J W
| tRWD tcwL—»
! tRCs TCWD TRWL—
WRITE V{,*:f j 3\4—
, teHR { [—twp
tcse *-‘*{ I“CH
T RN RGNS
ViL X
tcAc DoH—
tOFF l
v —
S s
oL ‘
l tRAC ‘! l
tps DH
VT R S RS STLSTSETSTTSTTTTIN SRRKIEKKLKL
o {
: 1 SRR 2% 0% 0% %% %%

RAS ONLY REFRESH TIMING

RC
tRAS {

v 4 N

- | —
”_‘RAHA" AP
—*{tASR

v

apoResses ! SAAKCEIIRN.  Raw acaress BRI IS
s

Dout Von

VoL
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MCM4027A

PAGE MODE READ CYCLE

A

RAS ViHc- ""_(AR—"I
Vio

‘—_tCSHT TRSH——=| tRP-81
: E‘CAS* j——tCRP——=

[*+RCD tcAS—#>] [«ICP» l@—1ICAS:
CAS ViHC ___ik éF————
ViL - - K. 2
tRAH [&®—ICAH <—>|—tCAH
tASR — —>|<-tAsc HAsc s-1ASC
VL - Add A Add Add Add

tcaAC—o <—(CAC—"| | "‘_tCAC
‘csc tCSC-o| fa— csc
— VIH -
= U i
Vi - A

Addresses

14 ¥
je———tRac—] U
) tOFF tOFF L, DOH
Vor- | A . ~— } |
Dout VoL Open Lvalld Data Valid Data Valid Data
L f

_’I re—tRCS
tRCS—> TRCH et —n-' ja—tRcH

— Vv - f

PAGE MODE WRITE CYCLE

HAS ViHc-
RAS
ViL -
CAS ViHec -
ViL - '
tASR
. ViH- & 0 ; XX 0 M'« 00000 (X 0“
Addresses V- K "".‘ X XXX .0.0.0.04 .. ’. :
tesce L—tCH ol ’ttcsc —» laa—tCSC
_ ViH = |
& o | | R (
t————tCHR ! l
—tOFF toFF tOFF L———YDOH

v 4t -
DouT V(O;: ———-;——-—:——{ Valid Data _H Valid Data E——@Data_‘i—
¥
tweH tweH-Ha—e] l
towL—o| ta—tcwL.
— V.Hc-m m (XXX
Writ
- o BRI
Q Bl T Pl Ty Pl
1
tDsfesl katpH-o~| DS pton-w ‘DS—O’I ErDH-— RWL
) ViH- ¢ Vaid Y £ vaid ) { Vvaid  }f
R e B




MCM4027A

Columns

Row Addresses

Row Address
Column Address

Rows

A5 A4.A3 A2 A1 AD
A5 A4 A3 A2 A1 AD

Column Addresses

203E

183E

2030

1830

202E

182E

2020

1820

201E 2010

181E 1810

200 2000

180E 1800

283E

103E

2830

1030

282E

102E

2820

1020

281E 2810

101E 1010

280E 2800

100E 1000

303E

083E

3030

0830

302E

082E

3020

0820

301€E 3010

081E 0810

300E 3000

080E 0800

383E

003E

3830

0030

382E

002E

3820

0020

381E 3810

001E 0010

380E 3800

000E 0000

rrIIFrCFIICFCFIICCIICCIICCIICCIICCIICIICCAIICCIICCIICCIICIIICCIICCIINON

reIIrFIICCFIICFIIFCIICCIICCIICCII(IICCIICCIICCAIICC|IICCFIICFIICCIICR &)
reIIFCFITIFCIICCII(IICCIICCIICCIICACAIICCIICCIICCIIIIICCIICCIICCAIICOM WD
rrIIrFIIIICFIICA|CFIICCIIIICCIICC|CFIICCIIIICCIICC|FCFIICAIIIICCIICNND

rFITIIICFFCCIIIICC|ICCFIIIICCCCIIIICCCCIIIICACCIIIICACCFIIIICACCIIIICC S
rITrCrIICCFITICCIIC|CIICCIICCIICCIIC|CIICCIICAIICCAIICCIICAIICCIICCIICOD

I IJ 4 Ia

Ia

AAAAAA
543210

Hex

~|T I

4|z

-4
Ia

I

SE & L 5. SN 3 JUPEE. 5 ] WE 3 JNPEE 5. JUPES & JEPE. 3. 0
IIJIITJSIT S TIT NI TS AT T JIT T ST T

-

JIIJ4JITJUIIJIJIT
ITJAIIJAITJITI IO
I Ia

4T I i

Ia -

SJITJJIJITJJTTIUIT )
ITJJITSITIJITT A
I I SIIITJddaa
I b O O O O |
o ddaaaaa

IS O O B

MCM4027A BIT ADDRESS MAP
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@ MOTOROLA

MCM4116B

16,384-BIT DYNAMIC RANDOM ACCESS MEMORY

The MCM4116B is a 16,384-bit, high-speed dynamic Random
Access Memory designed for high-performance, low-cost
applications in mainframe and buffer memories and peripheral
storage. Organized as 16,384 one-bit words and fabricated using
Motorola’s highly reliable N-channel double-polysilicon technology,
this device optimizes speed, power, and density tradeoffs.

By multiplexing row and column address inputs, the MCM4116B
requires only seven address lines and permits packaging in
Motorola’s standard 16-pin dual in-line packages. This packaging
technique allows high system density and is compatible with widely
available automated test and insertion equipment. Complete
address decoding is done on chip with address latches incorporated.

All inputs are TTL compatible, and the output is 3-state TTL
compatible. The data output of the MCM41168B is controlled by the
column address strobe and remains valid from access time until the
column address strobe returns to the high state. This-output scheme
allows higher degrees of system design flexibility such as common
input/output operation and two dimensional memory selection by
decoding both row address and column address strobes.

The MCM4116B incorporates a one-transistor cell design and
dynamic storage techniques, with each of the 128 row addresses
requiring a refresh cycle every 2 milliseconds.
© Flexible Timing with Read-Moaify-Write, RAS-Only Refresh, and

Page-Mode Capability

Industry Standard 16-Pin Package

16,384 X 1 Organization

+10% Tolerance on All Power Supplies

All Inputs are Fully TTL Compatible

Three-State Fully TTL-Compatible Output

Common |/0 Capability When Using "“Early Write”" Mode
On-Chip Latches for Addresses and Data In

Low Power Dissipation — 463 mW Active, 20 mW Standby (Max)

Fast Access Time Options:150 ns — MCM4116BP-15, BC-15
200 ns — MCM4116BP-20, BC-20
250 ns — MCM4116BP-25, BC-25
300 ns — MCM4116BP-30, BC-30

Easy Upgrade from 16-Pin 4K RAMs

O 0 0 0@ © 0 © 0

©

MOS

(N-CHANNEL)

16,384-BIT DYNAMIC
RANDOM ACCESS
MEMORY

Wil ¥l |

P SUFFIX Hli
PLASTIC PACKAGE 16
CASE 648 )
C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 620

ABSOLUTE MAXIMUM RATINGS (See Note)

PIN ASSIGNMENT

Vggl 10~ 16 hVss
DQ2 15 B CAS
w3 140Q
RASO4 13176
A0QS 12pA3
A206 1npas
A1l 7 101A5
Voo 8 9 flvee
PIN NAMES
AO-AB.....covivveeieienn, Address Inputs
. Column Address Strobe
Do DataIn
O T e Data Out
RA ..Row Address Strobe
Wi Read/Write Input
Power (=5 V)
.Power (+5 V)
Powver (+12V)
Ground

Rating Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vin. Yout | -0.5t0+20 \
Operating Temperature Range TA 0 to +70 °oc
Storage Temperature Range Tstg —65t0 +150 | °C
Power Dissipation Pp 1.0 w
Data Out Current lout 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS zre ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device reliability.

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.
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MCM4116B

BLOCK DIAGRAM

WRITE 'j: ) Write +«——vce

Clocks «———— VSS

Clock T - vgp
Generator

No. 1

Data
Multiplexed in
Clock Buffer
Generator.

Clock Inhibit Data Data Out
Generator Latch 0“-': a
CAS No. 2 l Release L Buffer [*
Dummy Cells
_
A6 —
'
Af — o | : Memory Array 1.0f-2
Mux | Data
———
A4 Address Row 128 Bus
A3 o Input Decoder Row 128 — Sense — Refresh Amps Select
Lines
A2 Buffers 1:128 l. Data
7) 0 In/Out
Al —————— : Memory Array
J—
AQ Dummy Cells
L__ 64-Column _ _ |
‘ Select Lines
' Mux L Column Decoders
Switch [ AT=A6 1.0t.64
[
AOQ

' DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)
RECOMMENDED OPERATING CONDITIONS

Parameter Symbo! Min Typ Max Unit Notes
Supply Voltage Vpp 10.8 120 13.2 \Y 1
Vee 45 5.0 55 ' \ 1,2
Vss 0 0 0 v 1
Vg -4.5 -5.0 -5.5 \ 1
Logic 1 Voltage, RAS, CAS, WRITE ViHC 24 — 7.0 v 1
! Logic 1 Voltage, all inputs except m, Eﬁ,Vvﬁﬁ ViH 24 - 70 % 1-
Logic O Voltage, all inputs ViL -1.0 - 0.8 \ 1
! DC CHARACTERISTICS (Vpp =12V *10%, Vee - 50V 10%,Vgg  -5.0 V * 10%, Vss =0V, T4 = 010 70°C.)
Characteristic Symbol Min Max Units Notes
Average Vpp Power Supply Current IpD1 - 35 mA 4
' Vcc Power Supply Current lcc - - mA 5
! Average Vgg Power Supply Current 1881,3 - 200 HA
Standby Vgg Power Supply Current Igg2 - 100 HA
| Standby Vpp Power Supply Current IpD2 - 15 mA 6
L Average Vpp Power Supply Current during “‘RAS only” cycles 1pp3 - 27 mA 4
Input Leakage Current (any input) L) - 10 HA
Output Leakage Current : 10(L) - 10 WA 6,7
Output Logic 1 Voltage @ Igye = -5 mA VoH 24 - ' 2
Output Logic 0 Voltage @ Igyr =4.2 mA VoL - 0.4 \

NOTES:
1. All voltages referenced to Vgg. Vgg must be applied before and removed after other supply voltages.

2. Output voltage will swing from Vgg to V¢ under open circuit conditions. For purposes of maintaining data in power-down mode, Vcc
may be reduced to Vgg without affecting refresh operations. VOHimin] specification is not guaranteed in this mode.

. Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform refresh are adequate.

. Current is proportional to cycle rate; maximum current is measured at the fastest cycle rate.

Icc depends upon output loading. The Ve supply is connected to the output buffer only.

Output is disabled (open-circuit) when CAS is at a logic 1.

OV < Vg, < +55V.

CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V, periodically sampled rather than 100% tested) (See Note 8)

NOo s

- Parameter Symbol | Typ | Max | Unit| Notes
Input Capacitance (A0-A5), Djy Ci1 40| 5.0 pF 9
Input Capacitance RAS, CAS, WRITE Ci2 80| 10 | pF 9
Output Capacitance (Dgyt) Co 50| 70 [ pF| 7,9
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MCM4116B

AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3, 9, 14)

READ, WRITE, AND READ-MODIFY-WRITE CYCLES
(Vpp =12V £10%, Voo =5.0 V £10%, Vg = -5.0 V £10%, Vgg =0 V, Ta = 0 to 70°C.)

MCM4116B-15| MCM4116B-20{ MCM4116B-25 | MCM41168-30

Parameter Symbol | Min Max Min Max Min Max Min Max Units | Notes
Random Read or Write Cycle Time tRC 375 - 375 - 410 - 480 - ns
Read Write Cycle Time tRWC 375 - 375 - 515 - 660 - ns
Access Time from Row Address Strobe tRAC - 150 - 200 - 250 - 300 ns 10,12
Access Time from Column Address Strobe tCAC - 100 - 135 - 165 - 200 ns 11,12
Output Buffer and Turn-off Delay tOFF 0o 50 o] 50 0 60 0 60 ns 17
Row Address Strobe Precharge Time tRP 100 - 120 - 150 - 180 = ns
Row Address Strobe Pulse Width tRAS 150 | 10,000{ 200 }10,000f 250 |10,000} 300 }10,000| ns
Column Address Strobe Pulse Width tCAS 100 [(10,000| 135 |10,000| 165 |[10,000( 200 |10,000 ns
Row to Column Strobe Lead Time tRCD 20 50 25 65 35 85 60 100 ns 13
Row Address Setup Time tASR 0 — 0 - 0 - 0 - ns
Row Address Hold Time tRAH 20 - 25 - 35 - 60 - ns
Column Address Setup Time tASC -10 - -10 - -10 — -10 - ns
Column Address Hold Time tCAH 45 - 55 - 75 - 100 - ns
Column Address Hold Time tAR 95 - 120 - 160 - 200 - ns
Referenced to RAS
Transition Time (Rise and Fall) tT 30 35 3.0 50 30 50 3.0 50 ns 14
Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns
Read Command Hold Time tRCH 0 - 0 = 0 - [0} - ns
Write Command Hold Time tWCH 45 = 55 - 75 - i00 - ns
Write Command Hold Time tWCR 95 - 120 - 160 - 200 - ns
Referenced to RAS
Write Command Pulse Width twp 45 - 55 - 75 - 100 - ns
Write Command to Row Strobe Lead Time TRWL 60 - 80 - 100 - 180 - ns
Write Command to Column Strobe tcwL 60 - 80 - 100 - 180 - ns
Lead Time
Data in Setup Time tps 0 — 0 - 0 - ] — ns 15
Data in Hold Time tDH 45 — 55 — 75 — 100 — ns 15
Data in Hold Time Referenced to RAS tDHR 95 - 120 - 160 - 200 - ns
Column to Row Strobe Precharge Time tCRP -20 — -20 — -20 — -20 — ns
RAS Hold Time trsH | 100 - 135 - 165 - 200 - ns
Refresh Period tRFSH - 20 - 20 - 2.0 ~ 2.0 ms
WRITE Command Setup Time twes -20 — -20 - -20 — -20 - ns
CAS to WRITE Delay tcwp | 70 - 95 - 125 - 180 - ns 16
RAS to WRITE Delay tgwp | 120 - 160 - 210 - 280 — ns 16
CAS Precharge Time (Page mode cycle only) tcp 60 - 80 - 100 - 100 - ns
Page Mode Cycle Time 1pC 170 — 225 — 275 — 325 — ns
CAS Hold Time tcsH | 150 — 200 — 250 - 300 - ns
NOTES: (continued) A
8. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = _\—\;
9. AC measurements assume tT = 5.0 ns.

10. Assumes thattgcp * tT < tRCp (max).

11. Assumes that trcp + tT = trep (max).

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

13. Operation within the tgcp (max) limit ensures that trAc (max) can be met. trcp (max) is specified as a reference point only; if trcp
is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcaC-

14. ViHyc (min) or V|H (min) and V|| (max) are reference levels for measuring timing of input signals. Also, transistion times are measured
between V¢ or Vi and V.

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.

16. twcs. tcwD and tRwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only: If
twes = twces (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; If tcyyp = tcwp (min) and trywp > tgwp (Min), the cycle is a read-write cycle and the data out will contain data read from
the selected cell; If neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indeterminate.

17. Assumes that tcgp > 50 ns.
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MCM4116B

READ CYCLE TIMING

tRC el
tRAs —————of
o ViH =) *AR
RAS vie S( y
tCsH i tRP —j
n—tnco———‘b —‘T — *ASH l— tCRP
‘ cas |
e ViH 4
cAS " \ / X
TRAH
r-‘ASR. "1 'Asca1 fa-tCAH -t
o e IR
DRESSES "
noonesses 1 LN weoees JEU__ oome_ R RN R RN

tRCs *-——] —e={ tRCH l-—
v
i
L—— tTCAC ———f

, tRAC
v
Q (pata Oun) " High Z
VoL
WRITE CYCLE TIMING
j tRC
RAS
HAS ViH fa—————— AR ————
' Vi X A S
————————— 1 t
| } < RSH RP —
tRCD - tcaAs — o rt tCRP —om
EAS Vin '
CAS
Vie \1 £ ’ ] \_
!
tRAH tcAH
’—fAsR C——l'ASCD‘ - e o
Vin Row ) Column Y .0 ."’ 0. ..
> ADDRESSES Vi m Address Address ‘?’.“‘%.’.‘.‘.’"’%.‘

|
_:wc_s.‘ I"tWCHb e

1 \/ \/ \/ N/ Va % AVaVaV,
we RN " s

|
e : ! TRWL

fe—tWCR
'4‘05 je— tOH

v 7 -
D (Data In) 'H Valid
Viu Data

IDHR

VoH
Vou

Q (Data Out) High Z
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MCM4116B

READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC i
v tRAS
—_— IH pe——— AR —-[
RAS ViL \(
tRP
tRCD F‘CRP"‘
cAS Vin ,
ViL
1 RAH t t
ASR = +{TASC o a-{CAH.
ViH T=’ Row 3 Column
ADORESSES ViL Address 4 X Address
| [
RWD
tRCS f-’ '|= tRW L~
Vi I
! tcaC — - tOFF
VoH R
Q (Data Out) |, - L { Lana )}————
= tRAC tDH
DS o fo o
VIH VY YV VY YV VAN NV VYV Y VN VY VI VIV VIVA VW AVIIVVIAN AaVaY, ~ NNV YNV YNV Y VVAVVV AN VIV
(OO Valid 5O00000OOOOOODON
D bata ) v, XX AR RIS RRRAKKKX KA.t IKERRKRKXRICEERRXX
RAS ONLY REFRESH TIMING
Note: CAS = V yc, WRITE = Don‘t Care
tRC
} tRAS
’AS Vin Y —
RAS ViL Jq( L
TRAH —® r tRp
TASR r—
Vin“OOOBBOO0OK XS Row BOODDIIIOIOORODDDRN
aooResses v ARNEOEONOKIK  adaress o e e e e e e et e e

OH

v
Q (Data Out)
Vou
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MCM4116B

PAGE MODE READ CYCLE

tRAS
J— \
RAS IH ﬁ‘AR———
ViL - £ 4
csH— t
I " RSH RP
I PC
*tRCD CAS! [~tcP— tcas ~—tcAs [~—tCcRP
o — — ———
CAs Vin ﬂ
Vi
tcAH
- -tasc

. |
Y 2
s |1 DTN E0 HTRTITIN 20 NN e YERIRRRRRRET:
tOFF "_J:"OFF
£ A
tRCS = e tRCH“II"“I 1 [~ tRcH

- SRS 5
Vi

Q %
{Data Out) _ "
VoL

N

§

PAGE MODE WRITE CYCLE

RAS
— N [—1
RAS ML AR
tt:As-—j
CAsS p
tCAH
Mrtasc
2 Col
Addresses Vil Add
l-———I-tWCH
tewL 1
ey B TR 2D
Vi .
'VVI’ (WCR .VVI"
o5t l=-tpn— tDS—J le—toH
ViH Valid 4 Valid v
D (Data In) 1 %@g Yo ) Valic
IDHR
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MCM4116B BIT ADDRESS MAP

— ey

Pin8

Row Address A6 A5 A4 A3 A2 A1 AD
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@ MOTOROLA MCM4517

] Advance Information J

16,384-BIT DYNAMIC RAM M o s
(N-CHANNEL, SILICON-GATE)

The MCM4517 is a 16,384-bit, high-speed, dynamic Random-Access
Memory. Organized as 16,384 one-bit words and fabricated using 16,384-BIT
HMOS high-performance, N-channel, silicon-gate technology. This
new breed of 5-volt only dynamic RAM combines high performance DYNAMIC RAM
with low cost and improved reliability.

By muitiplexing row- and column-address inputs, the MCM4517 re-
quires only seven address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including.clocks, are fully TTL compatible.
The MCM4517 incorporates a one-transistor cell design and dynamic
storage techniques.

® Organized as 16,384 Words of 1 Bit 16
©® Single +5 Volt Operation 1
’ @® Fast 100 ns Operation
©® Low Power Dissipation: P SUFFIX
170 mW Maximum (Active) PLASTIC PACKAGE
14 mW Maximum (Standby) CASE®®

, ©® Maximum Access Time
MCM4517-10 — 100 ns
MCM4517-12 — 120 ns
MCM4517-156 — 160 ns
MCM4517-20 — 200 ns

©® Three-State Data Output

® Internal Latches for Address and Data Input N/C
@ Early-Write Common 1/0 Output Capability

® 64K Compatible 128-cycle, 2 ms Refresh

, ® RAS-only Refresh Mode

® CAS Controlled Output

® Upward Pin Compatibility from the 16K RAM (MCM4116) to the 64K

PIN ASSIGNMENT
P Vss
N CAS
h a
h A6
h A3

gilo

A0

]
RAM (MCM6664) A2 p A4
@ Allows Undershoot V| min= -2V Al I A5
' ® Hidden RAS Only Refresh Capability Vee 1 N/C
]
BLOCK DIAGRAM
A0 Column ~«—Voo PIN NAMES
| A1 Sense «—Vss AO-AB......ceeeiiiiiiii, Address Input
L r ' 64 128 Cel Amp Dieie Data In
el memory Avay | g i Qe Data Out
w2 Lo Vo128 Row | S8 Y W. ...Read/Write Input
A8 (Row! Decode s < L ouput | RAS.....ieeiices Row Address Strobe
6 X cxizacer | 2 [ (Comm Buffer CAS. Column Address Strobe
Memory Array VEGC i Power (+5 V)
‘L T VGG i Ground
_ This device contains circuitry to protect the in-
LI N g B e A puts against damage due to high static voltages
enerator Generator Guffer Buffer or electric fields; however, it is advised that nor-
RS mal precautions be taken to avoid application of
w any voltage higher than maximum rated voltages
> to this high-impedance circuit.

This document contains information on a new product. Specifications and information herein
are subject to change without notice.

ADI-836R2/11-81
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MCM4517

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vin. Vout -2t +7 Vdc
Operating Temperature Range Ta Oto +70 °C
Storage Temperature Range Tslg -65t0 +150 | °C
Power Dissipation Pp 1.0 W
Data Out Current lout 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device reliability.

FIGURE 1 — OUTPUT LOAD
5V

*Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full Operating Voltage and Temperature Range Unless Otherwise Noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max | Unit | Notes
Supply Voltage xgg 4(')5 5(')0 5(‘)5 v 1
Logic 1 Voltage, All Inputs VIH 2.4 - 7.0 \ 1
Logic 0 Voltage, All Inputs ViL -20] - 0.8 \ 1
DC CHARACTERISTICS
Characteristics Symbol | Min | Typ Max | Units | Notes
Ve Supply Current (Standby) Icct - 1.8 25 mA 5
V%% ?upplv Current (Operating)
17-10, = -
4517-12, :25 5 ez | 2| % :2;513 mA | 4
4517-15, tgc =320 - 18 25
4517-20, trc =350 — 16 23
Ve Supply Current (RAS-Only Cycle) .
4517-10, = -
4517-12, :22;2233 ees | 2| 13 g? mA | 4
4517-15, tgc =320 - | n 19
4517-20, trc =350 - 10 18
Vcc Standby Current (Standby, Output Enable) (CAS at Vi, RAS at ViH) Icca — 2 5 mA
Ve Supply Current (Page Mode Cycle Only)
4517-10, trc =235 - 17 23
4517-12, trc =270 iccs - 15 21 mA
4517-15, trc =320 - 13 18
4517-20, tgc =350 - 10 15
Input Leakage Current (Any Input) ) — — 10 pA
Output Leakage Current (0= Vq1<5.5) (CAS at Logic 1) 10(L) — — 10 puA
Output Logic 1 Voltage@lout= —4 mA VOH 24 | — — \
Output Logic 0 Voltage@loyt=4 mA VoL - — 0.4 \
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)
(See Notes 2, 3, 9, 14 and Figure 1)
Parameter Symbol MCM4517-10|MCM4517-12JMCM4516-15|MCM4517-20 Unit| Notes
Min | Max | Min | Max | Min | Max | Min | Max
Random Read or Write Cycle Time tRC 23| — (270 — [ 320] — | 35| — ns | 89
Read-Modify-Write Cycle Time tRWC | 285 - 320 - | 410 — 40| — ns | 89
Access Time from Row Address Strobe tRAC — 100 | — 120.| — 180 [ — 200 | ns | 10,12
Access Time from Column Address Strobe tCAC — 55 — 65 — 80 — | 120 | ns | 11,12
Output Butfer and Turn-Off Delay tOFF 0 45 0 50 0 60 0 70 | ns 18
Row Address Strobe Precharge Time tRP 10| — | 120 — {18 — | 80| — ns
Row Address Strobe Pulse Width tRAS | 115} 10000{ 140 |10000| 175 {10000| 200 | 10000| ns 19
Column Address Strobe Pulse Width tCAS 55 | 10000] 65 | 10000 95 [10000| 120 | 10000| ns 19
Row to Column Strobe Lead Time tRCD 25| 4 | 26 | 55 25 70 | 30 80 ns 13
Row Address Setup Time tASR 0 — 0 — 0 — 0 — ns
Row Address Hold Time tRAH 15 — 15 - 15 - 25 - ns
Column Address Setup Time tASC 0 - 0 - 0 = 0 = ns
Column Address Hold Time tCAH 15 - 15 - 20 — 20 — ns
Column Address Hold Time Referenced to RAS tAR 60 — 70 — 90 — | 140 - ns
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 3 50 | ns 6
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MCM4517

AC OPERATING CONDITIONS AND CHARACTERISTICS (Continued)

MCM4517-10|MCM4517-12|MCM4517-15|MCM4517-20 | .
Parameter Symbol \in | Max | Min | Max | Min | Max | Min | Max |7 | Nt
Read Command Setup Time tRCS 0 — 0 - 0 — 0 - ns
Read Command Hold Time tRCH 0 — 0 - 0 — 0 - ns 14
Read Command Hold Time Referenced to RAS tRRH 20 - 25 - 35 - 40 - ns 14
Write Command Hold Time tWCH 25 — 30 — 45 - 60 — ns
Write Command Hold Time Referenced to RAS tWCR | 70 — 85 - |15 | — [140 | - ns
Write Command Pulse Width WP 25 — 30 — 50 — 50 — ns
Write Command to Row Strobe Lead Time tRWL 60 — 65 — 10| — 110 | — ns
Write Command to Column Strobe Lead Time tcwL | 45 - 50 — | 10| - 100 | — ns
Data in Setup Time DS 0 = 0 - 0 - 0 - ns | 15
Data in Hold Time t1DH 25 — 30 — 45 — 60 — ns 15
Data in Hold Time Referenced to RAS tDHR 70 — 85 — 115 | — 140 | — ns
Column to Row Strobe Precharge Time ICRP 0 - 0 - 0 — 0 — ns
RAS Hold Time tRsH | 70 | — [ 8 | — [1056] - [120| = |ns
Refresh Period tRFSH - 2.0 - 2.0 — 2.0 — 2.0 | ms
Write Command Setup Time tWCS 0 — 0 — 0 - 0 — ns 16
TAS to WRITE Delay tewp | 55 | — [ 66 | — [ 80| — |100] — [ns | 16
RAS to WRITE Delay tRwp | 100 | — [120 | — [ 150 — | 60| — | ns | 16
TAS Hold Time tcsH | 100 — j 120 — [165] — [200] — | ns
CAS Precharge, Non Page Mode tCPN 50 | — 55 — 70 — 90 - ns
RMW Cycle RAS Pulse Width tgRrw | 136 [10000] 160 {10000 195 | 10000] 220 | 10000 | ns
RMW Cycle TAS Pulse Width tcRW | 95 [10000| 110 [10000{ 130 {10000| 140 {10000 | ns
Page Mode Cycle Time tpc 16| — [ 1456 — [190| — [260]| - ns
Page Mode Cycle Time (Read-Modify-Write) tPCM 175 — 200 — 280 — 360 — ns
‘ CAS Precharge Time (Page Mode Cycle Only) tcp 60 — 70 — 35 — 106 | — ns
‘RAS Pulse Width (Page Mode Cycle Only) tgpm | 115 |10000{ 140 [10000{ 175 | 10000] 235 | 10000 | ns
CAPACITANCE (f=1.0 MHz, Tpo=25°C, Vcc= +5 V. Periodically sampled rather than 100% tested.)
Parameter Symbol | Typ | Max | Units | Notes
Input Capacitance (A0-A6), Djn Cp 40 | 60| pF 7
Input Capacitance RAS, CAS, WRITE Ci2 50 | 70| pF 7

NOTES
1. AII voltages referenced to Vgg.
2. V|y4 min and V|| max are reference levels for measuring timing of input signals. Transition times are measured between V| and V) .
3. An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.
V 4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.
5
6

. Output is disabled (open-circuit) and RAS and CAS are both at a logic 1.
. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input sig-
nals must transmit between V4 and Vi (or between V|_and V|H) in a monotonic manner.
7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1at/AV
i 8. The specifications for tc (min), and trw¢ (min) are used only to indicate cycle time at which proper operation over the full tem-
perature range (0°C=<Tp <70°C) is assured.

9. AC measurements assume tT=5.0 ns.

i 10. Assumes that tgcp=<trcD (Max)
i) 11, Assumes that tgcp=tRcD (Max)

12. Measured with a current load equivalent to 2 TTL loads (+200 A, —4 mA) and 100 pF (Vo =2.0 V, VOL=0.8 V).

13. Operation within the trcp (max) limit ensures that tRAC (max) can be met. trcp (max) is specified as a reference point only; if
tRCD is greater than the specified tgcp {max) limit, then access time is controlled exclusively by tcAC.

14. Either tRRH or tRCH must be satisfied for a read cycle.

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

16. twcs. tcwD. and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteri-
istics only: if tyycs=twcs (min), the cycle is an early write cycle and the ‘data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcywp 2 tcwp (min) and tgywp = tRwD (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

17. Addresses, data-in and WRITE are don’t care. Data-out depends on the state of CAS. If CAS remains low, the previous output
will remain valid. CAS is allowed to make an active to inactive transition during the RAS-only refresh cycle. When CASis brought
high, the output will assume a high-impedance state.

18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

19. For read and write cycles only.
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MCM4517

READ CYCLE TIMING

<t tRC >
RAS >
—| e tap———] .
- Vin K i p' R
ViL— I T \‘_—.
< 1CSH < tRp—>
{RCD < tRSH > {CRP —>
" < 1CAS —————> |
R VIH— i
CAS ViL — L 7/ / \_
(RAH
tASR | [ tASC > <t [CAH 3>
ViH— B Row 7 i Column
Addresses ViL — Address Address 4 />(
I (RRH 3>
RCS —>{ RCH |«
p— VIiH— h
7 SRS
[e——— I[CAC——>
P tRAC > > |<10FF
VoH — . A Valid
Q (Data Out) VoL — HighZ L Data
WRITE CYCLE TIMING
< tRC >
, <« tRAS >
R f ;
R
S ViL— Ic 7Z L—
tRSH P [—— I[RP —2> (
< tCSH
. theD Sl tcAS————>| Id—lt:RP—l—
— VIH— 3 \ / ﬁ ‘
CAS Vil — \ 5 3
tRAH
tASR{e > 4—)' ASCH| &= [t tCAH ‘
A VIH— v Row Column
ddresses Address L Address /

e

3 g tewL
WCS [ W CHP
— Vi — m <t twp >
W
ViL— K 4
RWL >
l— twCR >

=1
I DS 4——KDH—>|

Vig— L Valid

ot DHR “!

VoH —
Q(Data Oup . O HighZ
VoL —
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MCM4517

RAS-ONLY REFRESH CYCLE
(Data-In and Write are Don’t Care, CAS is HIGH)

< e >
tR P

_ - < I

AS Vin S‘ 1RAS ,Z
ViL—- .
l——— tRp ——>|
le—tRAH—>]

> letasr

Vig—
Addresses, 1H
AD-AE vy - XXXXZX o Address

READ-WRITE/READ-MODIFY-WRITE CYCLE

N

tRWC
| [<€ tRRW P>
BAS ViH = 3S<—-—‘AR———>| o
viL -
< J‘ tRSH > [€—RP—>'
1 1 {CSH >

|€&———-1RCD > tCRW > (—‘CRPH

TAS VIH - { / .

A ViL - \ \ | /

tAsR>| |4
RA

H
>|tasca] le  |etcan
"

) VIH - Row v v Column /'

X

< tRWD le— tewL —>

iacsp,o{ i(———tcwo————> l€e— trRwL —>1

€ 1OFF

Valid
Data

W ViH=
v S XXX \4
' e twyp -
t

] CAC—H
VoH—

Q (Data Out) VOH Highz —
oL—

' Lf 1RAC >

: oomn X RRRCROOOOKRXKIIRIR

) HIDDEN RAS-ONLY REFRESH CYCLE (See Note 18)

|&€——————— Memory Cycle <

I /TR

o T\

Refresh Cycle —————3»1

/ \

—

Addresses Row Column Ref

T XXX NRCOOXOXHNR

Q (Data Out) Valid Data

4
N

>._.
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MCM4517

PAGE MODE READ CYCLE

< RPM >
Vi ==
RS H \(—‘AR—)
ViL- N
ICSH > | ———— (RSH——— -tRP
<€ 1pC >
le—!RCO——>-4ICAS>] [«!CP3 [&—ICAS le—(CAS l«—1{CRP—
N VIH - p i p 4
xS N N
ViL - & r A
> tRAHT—| [ 1CAH- —1> |<—ICAH- €= tCAH
IASR 3> (€~ TASC 3> <& —>{ |€-tASC tASCo>| |-
Add ViH- [ Row Col Col (" Col J
RV Add | Add] Add Add,
{CAC fe—3 Iﬂ—tCAc—ﬂ —‘:—tc_Ac—ﬁ
<€ tRAC—3 —»| [®—!OFF lap| toFF -+ |«—tOFF
VOH-
Q (Data Out) Hiz
VoL~ \
—»{ le—(RCS
lncs—>| — —>|<—tRCH —» |<—IRCH
| A
m XXX 19 ) XXX
W
ViL= \
PAGE MODE WRITE CYCLE
:
tRPM —>
mAs M- NJe—taR—>] l /
ViL - N A A \_
le——1tCSH > N la—!RSH—3| [« RP
<t tpC >
l€«—tRCO——3> ICAS—3»| > tcp 3 {CRP
o VIH - \\ ZC —\(—TCAS—) «*CAS—J 7
ViL- K /| !
—p»  [&!RAH | 3> [&-!CAH -3 f—ICAH l&-tcAH
tASR—>>| [<¢ -1 [<1ASC TASC 3 L-- TASC—> - !
ViH- i Row Col |7 Col 7 Col
Addresses ViL- Add Add Add | Add N
|
WCH {31 ¥ ‘WCH-I(-—) lwcrq:—» \
< tCwL 3 tewiL le=tCWL1+—>]
OO, RN, KKK ‘
wie- XXKXXR \ SXR i
W P 31 WP 3 DS-3] [ twp 3>
WCR—fe& ‘DH—-ﬂ e———tRW L =3
DS laDH— DS | le—tDH—3
Datal )V'H’ Valid Valid  Vaid
DibDawlnl, Data Data Data
l<————DHR——>>
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PAGE MODE READ-MODIFY-WRITE CYCLE

-« RPM ,F—tnp
— VIH -
RAS ViL- “ \_
{CRP L € tPCM > [€—RSH—> 3! le—tcRP
[&!RCD-1>f= tCRW > <€ tCRW ————> l<¢————1CRW
ARG VIH- ¢ tRWL
CAS N AN > Y
ViL= \
«—tAR—] < cp
tRAH ] Tlectcan  fetowis{ [ 4 etcan fe—towi > tCAH  [e—tcwL—>]
tASR= |9 -1ASC <E-1ALSC tAEC
ViH-""fRo Col Col A Col
Addresses " )! AddX Add X AddI( N AdgK
T 1 T \ I} T
I«-—-mwo—» - l-l—tRcs k—tRCS
lHcs—»l <|&—tcWD—»> [€E—>ftwp <<—tCWD! B-tWP <—tcwo->| 3 twp
.
= ViH- | —
w N / ) / Vi /
VIL'—J )\ 3
—> r-(-—--tDH j—tDH A |€—"tDH
tDS— | tDs—bl IDs—>| —
A
D ViH- Data In Data In X><><>< ‘OOWDa(a In
(Data In} ViL- Valid Valid o Valid
< 1, AC - 'I'A N - QC
- C o <
|€——-tRAC ——>} OFF—3»|  |e— tOFF—3> e tOFF—3| |
a_  VoH- Valid Valid Valid
(Data Out) vg - High Z Data Out Data Out Data Out

LISYINOIN



O TOROLA

MCRI6E632A

Advance Informatiomn

32K BIT DYNAMIC RAM

The MCMB6632A is a 32,768 bit, high-speed, dynamic Random-
Access Memory. Organized as 32,768 one-bit words and fabricated
using HMOS high-performance N-channel silicon-gate technology, this
new breed of 5-volt only dynamic RAM combines high performance
with low cost and improved reliability.

By multiplexing row- and column-address inputs, the MCM6632A
requires only eight address lines and permits packaging in standard
16-pin dual-in-line packages. Complete address decoding is done on
chip with address latches incorporated. Data out is controlled by CAS
allowing for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCMB6632A incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, the
refresh control function available on pin 1 provides two additional
modes of refresh, automatic and self-refresh.

O Organized as 32,768 Words of 1 Bit
O Single 5 Volt Operation (£ 10%)
O Maximum Access Time
MCMB6632A-12=120 ns
MCM6632A-15= 150 ns
MCMB6632A-20= 200 ns
O Low Power Dissipation
302.5 mW Maximum (Active) (MCMB632A-15)
22 mW Maximum (Standby)

MOS

(N-CHANNEL, SILICON-GATE)

32,768-BIT
DYNAMIC RANDOM ACCESS
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 648

W L SUFFIX

CERAMIC PACKAGE
1 CASE 630

PIN ASSIGNMENT

*REFRESHOQ 10

O Early-Write Common 1/0 Capability RASO 4 13[1 A6
O Control on Pin 1 for Automatic and Self Refresh A0 12 A3
O RAS-only Refresh Mode -Vl [ 110 A4
O CAS Controlled Output Ald7 10h A5
O Low Soft Error Rate <0.1% per 1000 Hours
(See Soft Error Testing) Veeq8 op A7
O One Half of the 64K Dynamic Ram MCM6664A *1f pin is not used, it should be connected to V¢
O The Operating Half of the MCM6632A is indicated by Device through a 10 k resistor.
Marking: MCM66320A Tie A7 CAS (A15) Low “0"; MCM66321A
Tie A7 CAS (A15) High “1"”
PIN NAMES
BLOCK DIAGRAM v REFRESH............. P Refresh
Vs AO-A7 . Address Input
Precharge] Do Dataln
Clock Memory = Memory Q. Data Out
o> E Array § Array e W. ... .Read/Write Input
3 S < RAS .............. Row Address Strobe
Al 2o o O |« RAS CAS ........... Column Address Strobe
g Row Decoder E Row Decoder § vee. .. Power (+5 V)
A2 2 £ |« TAS
3 Memory s Memory 3 VS i S Ground
A3 2 Array Array ] T | Write W
a ©
o <> B
Ad—> % Memory Memory g [<= REFRESH . . . _—
3 Array 5 Array S This device contains circuitry to protect the
A5 E ° © [« Datain, D inputs against damage due to high static
(5] . 5 PO
@ Row Decoder 3 Row Decoder £ voltages or electric fields; however, it is
AB—> 3 a E > g”:p“a advised that normal precautions be taken to
A7 = 3 g o ata, avoid application of any voltage higher than
< Memory g Memory = maximum rated voltages to this high-
"’ELI(')';’LBL Array Array impedance circuit.

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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MCM6632A

ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vgg
{except Vcg) Vin Vout | —2t0+7 v s70e
Voltage on Vcc Supply Relative to Vgg Vee —1to +7 \ Q
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65 to +150 °C . 9
Fower Dissipation "o 0 W 100pF '] 3 12k
<
Data Out Current (Short Circuit) lout 50 mA
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING =
CONDITIONS. Exposure to higher than recommended voltages for extended periods
of time could affect device reliability. » *Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS .
Parameter Symbol | Min | Typ Max | Unit| Notes

Supply Voltage MCM6632A-12,-15,-20| Voe | 4.5 | 5.0 5.5 \ 1
Vss 0 0 0 \ 1
Logic 1 Voltage, All Inputs VIH | 24 | = |Vec+1 | V 1
Logic 0 Voltage, All Inputs ViL -10| - 0.8 A\ 1,19
DC CHARACTERISTICS '
Characteristic Symbol | Min | Max | Units | Notes
Ve Power Supply Current (Standby) Icc2 - | 40| mA 5
V¢ Power Supply Current
6632A-12, tyc =250 ns - | 60
’ 6632A-15, trc=270 ns Icct - 65 | mA 4
6632A-20, trc=2330 ns - 50
V¢ Power Supply Current During RAS only Refresh Cycles
6632A-12, tgc=250 ns - | 80
6632A-15, tgc=270 ns lcca - 45 | mA 4
6632A-20, tgc=330 ns - | 40
Ve Power Supply Current During Page Mode Cycle for tgas =10 usec
6632A-12, tpc=trp=120 ns 45
6632A-15, tpc=tpp=145 ns Icca — | 40| mA 4
6632A-20, tpc=tgp=200 ns 35
i Input Leakage Current (Vgg s VinsVcc) (Any Input Except REFRE§H) (L) - 10 | pA -
[ REFRESH Input Current (VgssVinsVee) lI(F) - 20 | pA -
. Output Leakage Current (CAS at logic 1, Vgs<VoutsVce) lo(L) - 10 | A -
Output Logic 1 Voltage @ lgyt= —4 mA VoH |24 ] - v -
Output Logic 0 Voltage @ lgyt= 4 mA VoL - 104 V -
i CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V Periodically Sampled Rather Than 100% Tested)
| Parameter Symbol | Typ | Max | Unit | Notes
Input Capacitance (A0-A7), D Ci1 3 5 pF 7
| Input Capacitance RAS, CAS, WRITE, REFRESH [ 6 8 | pF 7
D. Output Capacitance (Q), (CAS=V|y to disable output) Co 5 7 pF 7

NOTES: 1. All voltages referenced to Vss.

2. V)4 min and V)| max are reference levels for measuring timing of input signals. Transition times are measured between V| and
ViL.

3. An initial pause of 100 s is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.

4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output
open.

5. RAS and CAS are both at a logic 1.

6. The transition time specification applies for all inputs signals. In addition to meeting the transition rate specification, all input
signals must transmit between V| and Vj|_ (or between V|| and V|H) in a monotonic manner.

7. Capacitance measured with a Boonton Meter or effective capacitance calsulated from the equation: C=I1At/AV

8. The specifications for tgc (min), and tgyyc (min) are used only to indicate cycle time at which proper operation over the. full
temperature range (0°C<Ta =<70°C) is assured.

9. AC measurements tT=5.0 ns.

10. Assumes that trcp=<trcp (max).

11. Assumes that trcpZtrcp (max)

12. Measured with a current load equivalent to 2 TTL (—200 gA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted . See Notes 2, 3, 6, and Figure 1)

6632A-12 | 6632A-15 [ 6632A-20

P. Symbol | Min | Max | Min | Max | Min | Max | Unit |Notes
Random Read or Write Cycle Time tRC 20| ~ 270 - |30 | - ns |89
Read Write Cycle Time tRWC | 286 | — | 280 | — | 345 | — ns | 89
Access Time from Row Address Strobe tRAC —|120 | - | 150} — [200 | ns |10,12
Access Time from Column Address Strobe tCAC — 60 — 75 - | 100 | ns 11,12
Output Buffer and Turn-Off Delay tOFF 0 30 0 30 0 40 ns 18
Row Address Strobe Precharge Time tRP 00) - [100] - J120] — ns —
Row Address Strobe Pulse Width tRAS | 120 |10000{ 150 |10000f 200 |10000] ns -
Column Address Strobe Pulse Width . tCAS 60 |10000( 75 |10000( 100 110000| ns -
Row to Column Strobe Lead Time tRep | 26| 60 [ 30 | 75 | 35 | 100 | ns 13
Row Address Setup Time tASR 0 = 0 — 0 — ns —
Row Address Hold Time tRAH 15 - 20 - 25 = ns —
Column Address Setup Time tASC 0 — 0 — 0 - ns —
Column Address Hold Time tCAH 25 — 35 — 45 = ns -
Column Address Hold Time Referenced to RAS tAR 85 — 95 — 120 | — ns 17
Transition Time (Rise and Fall) tT 3 50 3 50 3 |50 ns 6
Read Command Setup Time tRCS 0 — 0 — 0 — ns —
Read Command Hold Time tRCH 0 - 0 — 0 — ns 14
Read Command Hold Time Referenced to RAS tRRH 0 — 0 — 0 — ns 14
Write Command Hold Time twcH | 25 - 35 - 45 — ns —
Write Command Hold Time Referenced to RAS IWCR 85 — 95 — 120 | — ns 17
Write Command Pulse Width wp | 5| - | B | - | % | - | ns | - f
Write Command to Row Strobe Lead Time trwL | 40 - 45 - 55 - ns -
Write Command to Column Strobe Lead Time tcwL | 40 - 45 - 55 — ns —
Data in Setup Time DS 0 - 0 - 0 — ns 15 {
Data in Hold Time tDH 25 — 35 — 45 — ns 15
Data in Hold Time Referenced to RAS tDHR 85 — 95 — 120 | — ns 17
Column to Row Strobe Precharge Time tcRp | =10 - |=10] - |-=10| — ns -
RAS Hold Time tgsH | 60 | = [ 75| = [100] - | ns | —
Refresh Period tRFSH | — | 20 | - 20 | - 2.0 | ms —
WRITE Command Setup Time twes | -10] - |[=-10] = |-10] - ns 16
CAS to WRITE Dclay tewp | 90 | — 4| — |5 ] - | ns | 16
RAS to WRITE Delay tgwp | 100 — [120] — [ 155 — | ns | 16 .
CAS Hold Time tcsH | 120 | - 10| — |20 | — ns -
CAS Precharge Time (Page Mode Cycle Only) tcp 50 — 60 — 80 — ns —
Page Mode Cycle Time tpC 120 | — 145 | — 200 | — ns — !
RAS to REFRESH Delay tgep | =10] = | =10 - | =10 = | ns | —
REFRESH Period (Battery Backup Mode) tegp | 2000 — |2000] — ]2000]| — ns -
‘REFRESH to RAS Precharge Time (Battery Backup Mode) tPBR J 290 ] — | 320 — 400 | — ns — {
'REFRESH Cycle Time (Auto Pulse Mode) tec [280 ] — 270l — 30| — [ ns | = '
'REFRESH Pulse Period (Auto Period Mode) tep 60 |2000 | 60 [2000] €0 [2000| ns | —
REFRESH to RAS Setup Time (Auto Pulse Mode) tesg | —-30| — [-30f - |-30| - ns n |
REFRESH to RAS Delay Time (Auto Pulse Mode) tfPRD | 290 | — [ 320 — [ 400 | — ns — ;
REFRESH Inactive Time tF| 60 — 60 — 60 — ns —
RAS to REFRESH Lead Time teprL | 360 —- 370 - |40 | — | ns | —
RAS Inactive Time During REFRESH tER| 350 — 370 — 450 — ns | —

13. Operation within the tRCD (max) limit ensures that tRac (max) can be met. trep (max) is specified as a reference point only; if
tRcD is greater than the specified tgcplmax) limit, then access time is controlled exclusively by tCAC-

14. Either tRRH or tRCH mMust be satlsflfg_t_or a read cycle.

15. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

16. twCs. tcwp and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if twcsZtwcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcywp = tcwp (min) and tRwD = tRWD (min), the cycle is read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at ac-
cess time) is indeterminate.

17. tAR min S tAR=tRCD +tCAH. IDHR Min S tDHR=tRCD *+tDH. tWCR Min S tWCR=tRCD + tWCH

18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

19. The device will withstand undershoots to the — 2 volt level with a maximum pulse width of 20 ns at the — 1.5 volt level. This is
periodically sampled rather than 100% tested.
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READ CYCLE TIMING

RC >
- RAS
1
RS VIH— \ AR—————> —\
ViL— y N
ICSH l€——RP——3]
l€——IRCD RSH le—1CRP—3»
—_—
CAS ViH— \ 1cAS (
ViL— \ P,
RAH L_
IASR <—>l IASC I CAH

VIH —
Addresses Row Column
ViL — Address Address
& RRH
'RCS1<€ | IRCH

. ViH— =
w ViL —
[ e————CAC———
' RAC > fetort
VOH —
y, Vald
H
Q (Data Out) VoL — gh Z A' Data
]
WRITE CYCLE TIMING
RC >
< IRAS >
Vi — 3 - ~ N
TAZ [€———— IAR—
ViL — SL Z y
| < IRSH —————> |E——RP—>
- ICSH
l«——!'RCD P ICAS: > ’(——‘CHP-—P
. AV
TAS Vi — \ 7'
viL — \ X 2
IRAH
I 'ASR tASC < ICAH
I
Vi — £ Row Column N
Addresses v — @ Address Address 4
| 1L I |
}
) tcwt
WCS fe— <€ \WCH] i
w
Vit —
Vi —
D (Da(a ‘n) IH m
viL—

VOH—
Q (Data Out) VoL —
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PAGE MODE READ CYCLE

< 1RAS >
Vig—
AAS H XQ—‘AR——D
ViL— A
le——— ICSH > Fe————— RSH ———3»| tRP
PC
le— tRCD—<etcas»] fetcp»] |e—tcas ke 1CAS «— ICRP —3>
. VIH__ - . !
RS \ i N
viL— \ ] L
! e trar| > 1caH —1 l<—1CAH l&—!CAH
sa»] bl [tasc ] e -] led-1asc 1ASCo] et
ViH— Row Col Col = Col
Addresses | Add Add| | Add ] Add.)

ICAC e—2 ld—‘CAC —|<—‘CAC o ‘
<— IRAC — = [<— OFF 1OFF 1GFF I
VOH— ¥ ne :
Q tData Out) HiZ { o2 .
VoL —
—>| [E—1RCS 4
—>

IRCS—»{ e —-1>|<1—|RCH I‘I—‘HCH
] A
T XXX KXXXX2
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ViL—

PAGE MODE WRITE CYCLE
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A ViK™ 3 B
RS < L AR———> f
= #
lt——CSH — 2= N [e—IRSH—> [>T 1P
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[e— (RCO——>> ICAS—3> tcp «—>+ ICRP
— Vjy— lke—1cas —> ke 1CAS 3]
CAs M \ Zf N CAS 7 |
ViL— . /
- |RAH | 3 [=tcAH 4 fe—tcaH let— LCAH |
tASR—>] <-‘— —>{ |&1ASC TASC > <&~ ASC—> |-
ViH— 7 Row} A~ Col [] Col Col /N
AddressesvlL_ \{ Add_| Add| ] Add Add N/ !
i
IWCH &> \WCH“H WCH >

<t tcwiL > tcwi > <I—‘C\/\/Lr—; {

|
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Vi — i

e WP B WP 3 t\:)c..),( FS‘WP-M
wer > > le—— (RWL —3>
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RAS-ONLY REFRESH CYCLE
(Data-in and Write are Don’t Care, CAS is HIGH)

tRC >
{(RP>
RAS \\//IH— \‘ RAS > Zf— \
L=
L\T—KRAH—H P
ASR
Viv— \VAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY,
M ane Vi XXXZZX row acarss X X X XXX XXX XIXXXXXXX XXX
READ-WRITE/READ-MODIFY-WRITE CYCLE
« RWC >
S VIH—ﬂ\A AR =], 'RAS 72 )
Vi — e -\
) L — (RSH —> |« trp—>
- 'RCD s Ty e tCRP3
' = o W
(ASR o
| <«—>|tasca] F e lcAH
S BN 0 XOOXKXX
I tRWD = l— ICWL—3>{
‘RCS"ol }"————lcwo——> lee— tRWL ——3~

VoH-

ViL—

o

letOFF
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Q
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|
%]

REFRESH

o]
!

REFRESH

I

Py
b=
(%]

REFRESH

ViH—

ViL=

ViH—
ViL-

ViH
Vi

ViH
ViL

ViH-

ViL-

ViL—
ViH—

SELF REFRESH MODE (Battery Backup)*

RFD—3>

.

[ FBP ——— 4—'1FBR———T

A\

AUTOMATIC PULSE REFRESH CYCLE — SINGLE PULSE*

[e—— FP————>

* Addresses, data-in and WRITE are don’t care.
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TYPICAL CHARACTERISTICS

FIGURE 2 — RAS ACCESS TIME versus SUPPLY VOLTAGE
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FIGURE 6 — RAS, W INPUT LEVEL versus SUPPLY VOLTAGE
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FIGURE 3 — CAS ACCESS TIME versus SUPPLY VOLTAGE
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FIGURE 5 — CAS ACCESS TIME versus

AMBIENT TEMPERATURE
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Icc1. ACTIVE SUPPLY CURRENT (mA) Icc1, ACTIVE SUPPLY CURRENT (mA)

1¢C1. ACTIVE SUPPLY CURRENT (mA)

TYPICAL CHARACTERISTICS (continued)

FIGURE 8 — Icct1 SUPPLY CURRENT versus CYCLE RATE
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FIGURE 10 — Icc1 SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 12 — Icct1 SUPPLY CURRENT
versus AMBIENT TEMPERATURE (min RAS)
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FIGURE 13 — Icc2 SUPPLY CURRENT versus SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS (continued)

FIGURE 14 — Icc2 STANDBY CURRENT
versus AMBIENT TEMPERATURE
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FIGURE 16 — ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE
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SOFT ERROR TESTING

The storage cell depletion regions as well as the sense
amplifier and its associated bit lines are susceptible to charge
collection of electrons from an alpha “hit.” However, the
susceptibility of these vulnerable regions varies. Depleted
storage cells are vulnerable at all times, whereas the sense
amplifiers and associated bit lines are susceptible only during
the small portion of the memory cycle just prior to sensing.
Hence, an increase in the frequency of dynamic RAM access
will cause a corresponding increase in the soft error rate.

To take this memory access dependency into account, the
total soft error rate profile includes a cycle time component.
The soft error rate due to bit line hits at the system’s memory
cycle rate is added to the soft error rate due to storage cell
hits which are not frequency dependent. Figure 18 illustrates
the impact that -frequency of access has on the
MCM®6664A/MCMB665A overall soft error rate.

Under normal operating conditions, the die will be expos-
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac-
celerated soft error testing data is generated from at least
three high-intensity sources having an Alpha Flux Density
range of 1 x 105 to 6 x 103 (alpha/cmZ2hr) placed over un-
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FIGURE 15 — Icc3 SUPPLY CURRENT versus CYCLE RATE

50 |
vee-55V Ta=25°C

40 tRP= 120 ns
= —n
E
=30 =
3 /
E =
- 20 >
8

10

0

2
IItRC. CYCLE RATE (MHz)

FIGURE 17 — DATA INPUT LEVEL versus SUPPLY VOLTAGE
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coated die. Figure 19 shows the soft error rate for & given
alpha flux density at a cycle rate of 100 kHz. The accelerated
data of Figures 18 and 19 project that the soft error rate for
package level radiation will be less than 0.1% /1000 hours.

SYSTEM LIFE OPERATING TEST CONDITIONS

Cycle time: 1 microsecond for read, wrilte and refresh
cycles

Refresh Rate: 1 millisecond

Voltage: 5.0 V

Temperature: 30°C +2°C (ambient temperature inside
enclosure)

Elevation: Approximately 620 feet above mean sea level
Data Patterns: Write the entire memory space sequential-
ly with all “1"s and then perform continuous sequential
reads for 6 hours. Next, write the entire memory space
with all “0"'s sequentially and then perform continuous
sequential reads for 6 hours. Next, go back to the all “1"'s
pattern and repeat the sequences all over again.

-

2
3
4

5
6
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FIGURE 18 — ACCELERATED SOFT ERROR FIGURE 19 — SOFT ERROR RATE versus
versus CYCLE TIME ALPHA FLUX DENSITY
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FIGURE 24 — FUNCTIONAL BLOCK DIAGRAM
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DEVICE INITIALIZATION

Since the 32K dynamic RAM is a single supply 5 V only
device, the need for power supply sequencing is no longer
required as was the case in older generation dynamic RAMs.
On power-up an initial pause of 100 microseconds is required
for the internal substrate generator pump to establish the
correct bias voltage. This is to be followed by a minimum of
eight active cycles of the row address strobe (clock) to
initialize the various dynamic nodes internal to the device.
During an extended inactive state of the device (greater than
2 ms with device powered up) the wake up sequence (8
active cycles) will be necessary to assure. proper device
operation. See Figures 25 and 26 for power on
characteristics of the RAM for two conditions (clocks active,
clocks inactive).

The row address strobe is the primary “‘clock’ that
activates the device and maintains the data when the RAM is
in the standby mode. This is the main feature that distin-
quishes it as a dynamic RAM as opposed to a static RAM. A
dynamic RAM is placed in a low power standby mode when
the device receives a positive-going row address strobe. The
variation in the power dissipation of a dynamic RAM from
the active to the standby state is an order of magnitude or
more for NMOS devices. This feature is used to its fullest ad-
vantage with high density mainframe memory systems,
where only a very small percentage of the devices are in the
active mode at any one time and the rest of the devices are in
the standby mode. Thus, large memory systems can be
assembled that dissipate very low power per bit compared to
a system where all devices are active continuously.

ADDRESSING THE RAM

The eight address pins on the device are time multiplexed
with two separate 8-bit address fields that are strobed at the
beginning of the memory cycle by two clocks (active

negative) called the row address strobe and the column
address strobe. A total of fifteen address bits will decode one
of the 32,768 cell locations in the device. The column
address strobe follows the row address strobe by a specified
minimum and maximum time called “"trcp,” which is the
row to column strobe delay. This time interval is also referred
to as the multiplex window which gives flexibility to a system
designer to set up his external addresses into the RAM.
These conditions have to be met for normal read or write
cycles. This initial portion of the cycle accomplishes the nor-
mal addressing of the device. There are, however, two other
variations in addressing the 32K RAM, one is called the page
mode cycle (described later) where an 8-bit column address
field is presented on the input pins and latched by the CAS
clock; and the other is the RAS only refresh cycle (described
later) where a 7-bit row address field is presented on the in-
put pins and latched by the RAS clock. In the latter case, the
most significant bit on Row Address A7 (pin 9) is not re-
quired for refresh. See bit address map for the topology of
the cells and their address selection.

NORMAL READ CYCLE

A read cycle is referred to as normal read cycle to differen-
tiate it from a page-mode-read cycle, a read-while-write
cycle, and read-modify-write cycle which are covered in a
later section.

The memory read cycle begins with the row addresses
valid and the RAS clock transitioning from V|H to the VL
level. The CAS clock must also make a transition from V|H to
the V| level at the specified tRCD timing limits when_the
column addresses are latched. Both the RAS and CAS
clocks trigger a sequence of events which are controlled by
several delayed internal clocks. Also, these clocks are linked
in such a manner that the access time of the device is in-
dependent of the address multiplex window. The only
stipulation is that the CAS clock must be active before or at

CURRENT WAVEFORMS

FIGURE 25 — SUPPLY CURRENT versus SUPPLY
VOLTAGE DURING POWER UP, RAS, CAS=Vcc

0.5 us/Div Time (ps)

2-39

FIGURE 26 — SUPPLY CURRENT versus SUPPLY
VOLTAGE DURING POWER UP, RAS, CAS =Vgg

Vee

Icc

0.5 ps/Div Time (us)
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the trCcD maximum specification for an access (data valid)
from the RAS clock edge to be guaranteed (tRAC). If the
tRCD maximum condition is not met, the access (tCAC)
from the CAS clock active transition will determine read ac-
cess time. The external CAS signal is ignored until an inter-
nal RAS signal is available, as noted in the functional block
diagram, Figure 24. This gating feature on the CAS clock will
allow the external CAS signal to become active as soon as
the row address hold time (traH) specification has been met
and defines the trcp minimum specification. The time dif-
ference between trcp minimum and tRcp maximum can be
used to absorb skew delays in switching the address_bus
from row to column addresses and in generating the CAS
clock.

Once the clocks have become active, they must stay active
for the minimum (tRAS) period for the RAS clock and the
minimum (tcAs) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgp) time. The former is
for the completion of the cycle in progress, and the latter is
for the device internal circuitry to be precharged for the next
active cycle.

Data out is not latched and is valid as long as the CAS
clock is active; the output will switch to the three-state mode
when the CAS clock goes inactive. The CAS clock can re-
main active for a maximum of 10 ns (tcgp) into the next
cycle. To perform a read cycle, the write (W) input must be
held at the V|H level from the time the CAS clock makes its
active transition (tgCs) to the time when it transitions into
the inactive (tgcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (Vi level) at or before the CAS
clock goes active at a minimum twcs time. If the above
condition is met, then the cycle in progress is referred to as a
early write cycle. In an early write cycle, the write clock <and
the data in is referenced to the active transition of the CAS
clock edge. There are two important parameters with respect
to the write cycle: the column strobe to write lead time
(tcwL) and the row strobe to write lead time (tryy). These
define the minimum time that RAS and CAS clocks need to
be active after the write operation has started ((W) clock at
ViL level).

It is also possible to perform a late write cycle. For this
cycle the write clock is activated after the CAS goes low
which is beyond tywcs minimum time. Thus the parameters
tcwL and tRwL must be satisfied before terminating this
cycle. The difference between an early write cycle and a late
write cycle is that in alate write cycle the write (W) clock can
occur much later in time with respect to the active transition
of the CAS clock. This time could be as long as 10
microseconds — [tRwL + tRp + 2Ttl.

At the start of a write cycle, the data out is in a three-state
condition and remains inactive throughout the cycle. The
data out remains three-state because of the active transition
of the write (W) clock prevents the CAS clock from enabling
the data-out buffers as noted in Functional Block Diagram.
The three-state condition (high impedence) of the Data Out
Pin during a write cycle can be effectively utilized in a
systems that has a common input/output bus. The only
stipulation is that the system use only early write mode
operations for all write cycles to avoid bus contention.
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READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES

As the name implies, both a read and a write cycle is ac-
complished at a selected bit during a single access. The read-
modify-write cycle is similar to the late write cycle discussed
above.

For the read-modify-write cycle a normal read cycle is in-
itiated with the write (W) clock at the V| level until the read
data occurs at the device access time (tRAC). At this time
the write (W) clock is asserted. The data in is setup and held
with respect to the active edge of the write clock. The cycle
described assumes a zero modify time between read and
write.

Another variation of the read-modify-write cycle is the
read-while-write cycle. For this cycle, the following
parameters (tRwD. tCWD) play an important role. A read-
while-write cycle starts as a normal read cycle with the write
(W) clock being asserted at minimum tryyp or minimum
tcwpD time, depending upon the application. This results in
starting a write operation to-the selected cell even before
data out occurs. The minimum specification on tRwp and
tC\WD assure that data out does occur. In this case, the data
in is set up with respect to write (W) clock active edge.

PAGE-MODE CYCLES

Page mode operation allows faster successive data opera-
tions at the 128 column locations. Page access (tCAC) is
typically half the regular RAS clock access (tRaC) on the
Motorola 64K dynamic RAM. Page mode operation consists
of holding the RAS clock active while cycling the CAS clock
to access the column locations determined by the 8-bit
column address field. There are two controlling factors that
limit the access to all 128 column locations in one RAS clock
active operation. These are the refresh interval of the device
(2 ms/128=15.6 microseconds) and the maximum active
time specification for the RAS clock (10 microseconds).
Since 10 microseconds is the smaller value, the maximum
specification of the RAS clock on time is the limiting factor
of the number of sequential page accesses possible. Ten
microseconds will provide approximately 50 successive page
accesses (10 microseconds + page mode cycle time) for
each row address selected before the BAS clock is reset.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the
column address and CAS clock. From the timing illustrated,
the initial cycle is a noimal read or write cycle, that has been
previously described, followed by the shorter CAS AS cycles
(tpc). The CAS cycle time (tpc) consists of the CAS clock
active time (tcas), and CAS clock precharge time (tcp) and
two transitions. In addition to read and write cycles, a read-
modify-write cycle can also be performed in a page mode
operation. For a read-modify-write or read-while-write type
cycle, the conditions normal to that mode of operaticn will
apply in the page mode also. The page mode cycle illustrated
show a series of sequential reads separated by a series of se-
quential writes. This is just one mode of operation. In prac-
tice, any combination of read, write and read-modify-write
cycles can be performed to suit a particular application.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
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degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least
once every 2 ms. This is accomplished by sequentially cycl-
ing through the 128 row address locations every 2 ms, or at
least one row every 15.6 microseconds. A normal read or
write operation is to RAM will serve to refresh all the bits
(256) associated with that particular row decoded.

RAS Only Refresh — When the memory component is in
standby the RAS only refresh scheme is employed. This
refresh method performs a RAS only cycle on all 128 row
addresses every 2 ms. The row addresses are latched in with
the RAS clock, and the associated internal row locations are
refreshed. As the heading implies, the CAS clock is not re-
quired and should be inactive or at a V|H level to conserve
power.

Auto Refresh Mode and Self Refresh Mode (MCMB632A
only) — With the MCMB6632A, two additional refresh
methods are available to the user. These special functions
are incorporated on pin 1 of the device and have been ap-
proved by JEDEC as an alternative function for that pin on
the 32K dynamic memory. The auto refresh mode is ac-
complished by asserting pin 1 active (V|| level) during the

time interval when there are no memory. cycles. In the auto
refresh mode, the REFRESH active pulse (tpp) must be
limited to 2 microseconds or less. The 2 microsecond time is
specified to prevent the device from transitioning into the
self refresh mode. Auto refresh can be performed in a
distributed mode (refresh cycle every 15.6 microseconds)
and in a burst mode where all 128 refresh cycles are done one
after the other until complete. An onboard address counter
generates the internal row address to refresh a particular row
and increments itself at the end of each cycle.

Another variation of refresh is the self refresh mode. This
mode is similar to the auto refresh method except that the
active pulse width (trgp) must be greater than 2
microseconds or held down active indefinitely. With pin 1in
the self refresh mode, an internal row address is generated
by the internal refresh counter approximately every 15.6
microseconds. This mode of refresh is used for systems re-
quiring battery back-up, and saves additional system power
by not requiring an external refresh address counter and ad-
dress buffers. The power dissipation for either REFRESH
mode is the same.

ORDERING INFORMATION

Part Number Description Speed Marking*
MCM6632AL15 32K Dynamic 150 MCMB66320AL15/MCM66321AL15
MCM66320AL15 Random Access 150 MCM66320AL15
MCM66321AL15 Memory 150 MCM66321AL15
MCMB632AL20 Sidebraze 200 MCMB6320AL20/ MCM6B6321AL20
MCMB66320AL20 Package “L" 200 MCMB66320AL20
MCM66321AL20 200 MCM66321AL20

*MCM66320A = Tie A7 CAS (A15) Low 0"
MCMB66321A = Tie A7 CAS (A15) High 1"
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Pin 16

Row Addresses

[]

Column Addresses

A2 A0 Dec Hex

A7 A6 A3 A4 A5 Al

MCM6664A BIT ADDRESS MAP
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Data Stored=Djn @ Agx ® A1y

Column Row

Data
A A
dd/.\'?“ dﬂé‘“ Stored
0 0 True
0 1 Inverted
1 0 Inverted
1 1 True

Pin 8
Row Address A7 A6 A5 A4 A3 A2 A1 AO
Column Address A7 A6 A5 A4 A3 A2 A1 AQ Column Addresses
Row Hex Dec A7 A8 A3 A4 A5 A2 A0 Al
FE 24 1 1 1 1 1 1 1 0
FFo2656 1 1 1 1 1 1 1 1
FC 252 1 1 1 1 1 1 0 0
FD 253 1 1 1 1 1 1 0 1
FA 250 1 1 1 1 1 0 1 0
B 261 1 1 1 1 1 0 1 1
FB 248 1 1 1 1 1 0 0 0
B 29 1 1 1 1 1 0 0 1
o
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BF 191 1 0 1 [
BE 190 1 0 1 1 1 1 1 0
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&2 10 1 0 0 0 0 0 1 0
88 129 1 0 0 0 0 0 0 1
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7E 126 0 1 1 1 1 1 1 0
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7€ 124 0 1 1 1 1 1 0 0
.
.
.
2 e 0 1 0 0 0 0 1 0
43 6 0 1.0 0 0 0 1 1
40 e 0 1 0 0 0 0 0 O
4 6 0 1 0 0 0 0 0 1
F 63 0 0 1 1 o1 1 11
E. 62 0 O 11 1 10
e o-zg 3D 61 0 0 1 11 0 1
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MCM6E633A

32K BIT DYNAMIC RAM

The MCMB6633A is a 32,768 bit, high-speed, dynamic Random-
Access Memory. Organized as 32,768 one-bit words and fabricated
using HMOS high-performance N-channel silicon-gate technology. This
new breed of 5-volt only dynamic RAM combines high performance
with low cost and improved reliability.

By multiplexing row- and column-address inputs, the MCM6633A
requires only eight address lines and permits packaging in standard
16-pin duak-in-line packages. Complete address decoding is done on
chip with address latches incorporated. Data out is controlled by CAS
allowing for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCMB6633A incorporates a one-transistor cell design and dynamic
storage techniques.

O Organized as 32,768 Words of 1 Bit

O Single +5 V Operation (+ 10%)

O Full Power Supply Range Capabilities

O Maximum Access Time
MCMB633A-12= 120 ns
MCMB633A-15= 150 ns
MCM6633A-20= 200 ns

MOS

(N-CHANNEL, SILICON-GATE)

32,768-BIT
DYNAMIC RANDOM ACCESS
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 648

L SUFFIX
CERAMIC PACKAGE
CASE 690

PIN ASSIGNMENT

O Low Power Dissipation
302.5 mW Maximum (Active) (MCM6633A-15)
22 mW Maximum (Standby)
O Three-State Data Output
O Internal Latches for Address and Data Input
O Early-Write Common 1/0O Capability
O 16K Compatible 128-Cycle, 2 ms Refresh
o RAS-only Refresh Mode
o TAS Controlled Output
O Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517)
O Fast Page Mode Cycle Time
O Low Soft Error Rate <0.1% per 1000 Hours (See Soft Error Testing)
O One Half of the 84K Dynamic RAM MCMB6665A
O The Operating Half of the MCM6633A is Indicated By Device Mark-
ing: MCM66330A TIE A7 CAS (A15) Low “0"*; MCM66331A TIE A7
CAS (A15) High 1"
BLOCK DIAGRAM < V¢ce
<—Vsg
Precharg
Clock Memory 5 Memory _
a0 2 Array 'é Array g
8 8 sl
AT > ‘(_-;1 Row Decoder g Row Decoder ; <= RAS
A2 > = —; £ le CAS
P Memory o Memory 2
A3 > 2 Array Array T <= Write, W
3 L P
Ad.—) ‘\j Memory Memory % < REFRESH*
as > = Array g Array é, < Data In, D
A6 =>4 2 Row Decoder ;3')’ Row Decoder g > Output
3 3 5| Dae 0
A7 < Memory 2 Memory =
Precharge] Array o Array
Clock

*Refresh Function Available on MCMB632A

PIN NAMES
AO-A7 ................ AddressInput
D .. Data In
Q... Data Out
W.. .o Read/Write Input
RAS .. ... ... Row Address Strobe
CAS ... ... Column Address Strobe
vee.ooooioiio... . .Power(+5V)
Vg .......................Ground

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high-
impedance circuit.
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ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vgg
(except Vcc) Vin. Vout -2t +7 \ 9700
Voltage on V¢ Supply Relative to Vgg Vee -1t +7 \%
Operating Temperature Range TA 0to +70 °C @
Storage Temperature Range Tstg —65to +150 °C
Power Dissipation b 0 W 100 pF* $12¢0
Data Out Current lout 50 mA | 9

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING =
CONDITIONS. Exposure to higher than recommended voltages for extended periods
of time could affect device reliability.

*Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter |Symbo! | Min | Typ Max Unit | Notes
Supply Voltage MCM6633A-12, -15,-20| Vce 45 |50 55 \Y 1
] Vss | 0 | 0 0 v 1
Logic 1 Voltage, All Inputs ViH 24 - | Vee+1 Y 1
Logic 0 Voltage, All Inputs Vi |=10°| - 0.8 \ 1

i *The device will withstand undershoots to the — 2 volt level with a maximum pulse width of 20 ns at the — 1.5 volt level. This is periodically
' sampled rather than 100% tested.

DC CHARACTERISTICS

Characteristic Symbol | Min | Max | Units | Notes
I V¢ Power Supply Current (Standby) Icc2 - 40 | mA 5
Ve Power Supply Current
6633A-12, tc=260 ns - 60
6633A-15, tRc=270 ns Icct - 55 | mA 4
6633A-20, tgc =330 ns - 50
Vcc Power Supply Current During RAS only Refresh Cycles
6633A-12, tgc=250 ns - 50
6633A-15, tc=270 ns lces - 45 | mA 4
6633A-20, tRc =330 ns - | 40
| Ve Power Supply Current During Page Mode Cycle for tras =10 psec
6633A-12. tpc=trp=120 ns - 45
6633A-15, tpc=trp=145 ns Icca - 40 | mA 4
' 6633A-20, tpc=tRp=200 ns i - | %
Input Leakage Current (Vgg=<Vijn=Vc(c) (T - 10 | A -
Output Leakage Current (CAS at logic 1, Vgs=<Vout=<Vce) lo(L) - 10 | pA -
] Output Logic 1 Voltage @ lgyt= —4 mA VOH 24 - Vv -
' Output Logic 0 Voltage @ lgyt= 4 mA VoL - (04| v -
' CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V Periodically Sampled Rather Than 100% Tested)
) Parameter Symbol | Typ | Max | Unit | Notes
Input Capacitance (A0-A7), D Ch 3 5 pF 7
Input Capacitance RAS, CAS, WRITE Cip 6 8 | pF 7
Output Capacitance (Q), (CAS= V| to disable output) Co 5 7 pF 7

NOTES: 1.
2.

w

o

. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=

All voltages referenced to Vgs.
V|4 min and V}_ max are reference levels for measuring timing of input signals. Transition times are measured between V|4 and
ViL.

. An initial pause of 100 s is required after power-up followed by any 8 RAS cycles before proper device operation is guaranteed
. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output

open.

. RAS and CAS are both at a logic 1.
. The transition time specification applies for all inputs signals. In addition to meeting the transition rate specification, all input

signals must transmit between V| and V|_ (or between Vj_and V|y4) in @ monotonic manner. 1t

AV
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted; See Notes 2, 3, 6, and Figure 1)

6633A-12 | 6633A-15 | 6633A-20

Parameter Symbol | Min | Max | Min | Max | Min | Max |Units| Notes
Random Read or Write Cycle Time tRC 250 - 270 - 330 - ns 8,9
Read Write Cycle Time tRwC | 255 - 280 | — 345 | — ns 3,9
Access Time from Row Address Strobe tRAC - 120 - 150 - 200 | ns [ 10,12
Access Time from Column Address Strobe {CAC - 60 - 75 - 100 | ns | 11,12
Output Buffer and Turn-Off Delay OFF 0 30 0 30 0 40 ns 18
Row Address Strobe Precharge Time tRP 100 | - 100 | — 120 - ns -
Row Address Strobe Pulse Width tRAS | 120 (10000 | 150 [10000 | 200 [10000 | ns —
Column Address Strobe Pulse Width ICAS 60 |10000| 75 |[10000 [ 100 |10000 | ns =
Row to Column Strobe Lead Time tRCD 25 | 60 30 75 35 100 | ns 13
Row Address Setup Time tASR 0 - 0 - 0 - ns -
Row Address Hold Time IRAH 15 - 20 - 25 - ns -
Column Address Setup Time tASC 0 - 0 = 0 — ns -
Column Address Hold Time tCAH 25 - 35 - 45 - ns -
Column Address Hold Time Referenced to RAS tAR 85 - 95 - 120 | - ns 17
Transition Time (Rise and Fall) T 3 50 3 50 3 50 ns
Read Command Setup Time tRCS 0 - 0 - 0 - ns -
Read Command Hold Time RCH 0 - 0 — 0 - ns 14
Read Command Hold Time Referenced to RAS tRRH 0 - 0 ~ 0 ~ ns 14
Write Command Hold Time tWCH | 25 - 35 - 45 - ns -
Write Command Hold Time Referenced to RAS tWCR | 85 - 95 - 120 - ns 17
Write Command Pulse Width tWwp 25 - 35 - 45 - ns -
Write Command to Row Strobe Lead Time trRwL | 40 - 45 - 55 - ns -
Write Command to Column Strobe Lead Time tcwi | 40 - 45 - 55 ~ ns -
Data in Setup Time DS 0 - 0 - 0 - ns 15 !
Data in Hold Time DH 25 - 35 - 45 - ns 15
Data in Hold Time Referenced to RAS IDHR | 85 - 95 - |120 | - ns 17
Column to Row Strobe Precharge Time tcRp |-10| - -10| - -10| - ns -
RAS Hold Time tRSH 60 - 75 - 100 - ns -
Refresh Period RFSH - 2.0 - 20 - 20 | ms -
WRITE Command Setup Time twes | =10 - —-10| - |-10} - ns 16
CAS to WRITE Delay tewp | 40 | - 45 | - |ss [ - |ns 16
RAS to WRITE Delay tgwp | 100 -~ [120 | - [1s5 | - |[ns 16 .
CAS Hold Time tcsH | 120 - 150 - 200 - ns —
CAS Precharge Time (Page Mode Cycle Only) 1cp 50 - 60 .| — 80 - ns -
Page Mode Cycle Time tpC 120 - 145 - 200 - ns - i

o]

. The specifications for tgc (min), and tgyc (min) are used only to indicate cycle time at which proper operation over the full
temperature range (0°C<Ta <70°C) is assured.
9. AC measurements tT=5.0 ns. i
10. Assumes that tRCcp <tRCD (max).
11. Assumes that tRcD = tRCp (max).
12. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and VoL =08 V. |
13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. trcp (max) is specified as a reference point only; if
tRCD is greater than the specified tgcp(max) limit, then access time is controlled exclusively by tcac-
14. Either tgRrH or tRCH must be satisfied for a read cycle.
15. ‘These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.
16. tw(Cs. tcwD and trwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if tycs=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcywp =tcwp (min) and tyywp = tRwD (min), the cycle is read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at ac-
cess time) is indeterminate.
17. taAR Min < tAR = tRCD + !CAH
IDHR Min < tDHR = tRCD + 'DH
'WCR Min < tWCR = tRCD + 'WCH
18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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READ CYCLE TIMING
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< Csh > | |e—RP—>]
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vy — Address Address
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r
WRITE CYCLE TIMING
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PAGE MODE READ CYCLE

< tRAS 2>
— VIH— b
RAS [f<t— (AR ——>>1
Vi — \I A
lge———— 1CSH —> lg—— [RSH ———3>| RP
tpe
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PAGE MODE WRITE CYCLE
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RAS-ONLY REFRESH CYCLE
(Data-in and Write are Don’t Care, CAS is HIGH)
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INPUT LEVEL (VOLTS)

tRAC, RAS ACCESS TIME (NORMALIZED)
o

tRAC. RAS ACCESS TIME (NORMALIZED)

TYPICAL CHARACTERISTICS

FIGURE 2 — RAS ACCESS TIME versus SUPPLY VOLTAGE
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tcAC. CAS ACCESS TIME (NORMALIZED)

tCAC, CAS ACCESS TIME (NORMALIZED)

FIGURE 3 — CAS ACCESS TIME versus SUPPLY VOLTAGE
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IcC1, ACTIVE SUPPLY CURRENT (mA) Icc1. ACTIVE SUPPLY CURRENT (mA)

1cC1. ACTIVE SUPPLY CURRENT (mA)

TYPICAL CHARACTERISTICS (continued)

FIGURE 8 — Icc1 SUPPLY CURRENT versus CYCLE RATE
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FIGURE 9 — Icc1 SUPPLY CURRENT
versus SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS (continued)

FIGURE 14 — Icco STANDBY CURRENT
versus AMBIENT TEMPERATURE
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FIGURE 16 — ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE
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SOFT ERROR TESTING

The storage cell depletion regions as well as the sense
amplifier and its associated bit lines are susceptible to charge
collection of electrons from an alpha "hit.”” However, the
susceptibility of these vulnerable regions varies. Depleted
storage cells are vulnerable at all times, whereas the sense
amplifiers and associated bit lines are susceptible only during
the small portion of the memory cycle just prior to sensing.
Hence, an increase in the frequency of dynamic RAM access
will cause a corresponding increase in the soft error rate.

To take this memory access dependency into account, the
total soft error rate profile includes a cycle time component.
The soft error rate due to bit line hits at the system’s memory
cycle rate is added to the soft error rate due to storage cell
hits which are not frequency dependent. Figure 18 illustrates
the impact that frequency of access has on the
MCM6664A/MCMBBE5A overall soft error rate.

Under normal operating conditions, the die will be expos-
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac-
celerated soft error testing data is generated from at least
three high-intensity sources having an Alpha Flux Density
range of 1x 105 to 6x 105 (alpha/cm2hr) placed over un-

FIGURE 15 — Icc3 SUPPLY CURRENT versus CYCLE RATE
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FIGURE 17 — DATA INPUT LEVEL versus SUPPLY VOLTAGE
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coated die. Figure 19 shows the soft error rate for a given
alpha flux density at a cycle rate of 100 kHz. The accelerated
data of Figures 18 and 19 project that the soft error rate for
package level radiation will be less than 0.1%/1000 hours.

SYSTEM LIFE OPERATING TEST CONDITIONS

1) Cycle time: 1 microsecond for read, write and refresh

cycles
2) Refresh Rate: 1 millisecond
3) Voltage: 5.0 V
4) Temperature: 30° C +2° C (ambient temperature inside
enclosure)
5) Elevation: Approximately 620 feet above mean sea level
6) Data Patterns: Write the entire memory space sequential-

ly with all ““1"’s and then perform continuous sequential
reads for 6 hours. Next, write the entire memory space
with all “’0"'s sequentially and then perform continuous
sequential reads for 6 hours. Next, go back to the all *1"'s
pattern and repeat the sequences all over again.
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FIGURE 18 — ACCELERATED SOFT ERROR
versus CYCLE TIME

FIGURE 19 — SOFT ERROR RATE versus
ALPHA FLUX DENSITY
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FIGURE 20 — RAS/CAS CYCLE
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FIGURE 21 — LONG RAS/CAS CYCLE
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FIGURE 24 — FUNCTIONAL BLOCK DIAGRAM
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DEVICE INITIALIZATION

Since the 32K dynamic RAM is a single supply 5 V only
device, the need for power supply sequencing is no longer
required as was the case in older generation dynamic RAMs.
On power-up an initial pause of 100 microseconds is required
for the internal substrate generator pump to establish the
correct bias voltage. This is to be followed by a minimum of
eight active cycles of the row address strobe (clock) to
initialize the various dynamic nodes internal to the device.
During an extended inactive state of the device (greater than
2 ms with device powered up) the wake up sequence (8
active cycles) will be necessary to assure proper device
operation. See Figures 25 and 26 for power on
characteristics of the RAM for two conditions (clocks active,
clocks inactive).

The row address strobe is the primary ‘“clock” that
activates the device and maintains the data when the RAM is
in the standby mode. This is the main feature that distin-
quishes it as a dynamic RAM as opposed to a static RAM. A
dynamic RAM is placed in a low power standby mode when
the device receives a positive-going row address strobe. The
variation in the power dissipation of a dynamic RAM from
the active to the standby state is an order of magnitude or
more for NMOS devices. This feature is used to its fullest ad-
vantage with high density mainframe memory systems,
where only a very small percentage of the devices are in the
active mode at any one time and the rest of the devices are in
the standby mode. Thus, large memory systems can be
assembled that dissipate very low power per bit compared to
a system where all devices are active continuously.

ADDRESSING THE RAM

The eight address pins on the device are time multiplexed
with two separate 8-bit address fields that are strobed at the
beginning of the memory cycle by two clocks (active

negative) called the row address strobe and the column
address strobe. A total of fifteen address bits will decode one
of the 32,768 cell locations in the device. The column
address strobe follows the row address strobe by a specified
minimum and maximum time called “trcp.”” which is the
row to column strobe delay. This time interval is also referred
to as the multiplex window which gives flexibility to a system
designer to set up his external addresses into the RAM.
These conditions have to be met for normal read or write
cycles. This initial portion of the cycle accomplishes the nor-
mal addressing of the device. There are, however, two other
variations in addressing the 32K RAM, one is called the page
mode cycle (described later) where an 8-bit column address
field is presented on the input pins and latched by the CAS
clock; and the other is the RAS only refresh cycle (described
later) where a 7-bit row address field is presented on the in-
put pins and latched by the RAS clock. In the latter case, the
most significant bit on Row Address A7 (pin 9) is not re-
quired for refresh. See bit address map for the topology of
the cells and their address selection.

NORMAL READ CYCLE

A read cycle is referred to as normal read cycle to differen-
tiate it from a page-mode-read cycle, a read-while-write
cycle, and read-modify-write cycle which are covered in a
later section.

The memory read cycle begins with the row addresses
valid and the RAS clock transitioning from V| to the V|
level. The CAS clock must also make a transition from V| to
the V)i level at the specified tgcp timing limits when the
column addresses are latched. Both the RAS and CAS
clocks trigger a sequence of events which are controlled by
several delayed internal clocks. Also, these clocks are linked
in such a manner that the access time of the device is in-
dependent of the address multiplex window. The only
stipulation is that the CAS clock must be active before or at

CURRENT WAVEFORMS

FIGURE 25 — SUPPLY CURRENT versus SUPPLY

VOLTAGE DURING POWER UP, RAS, CAS=Vcc

Vee

0.5 us/Div Time (us)
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FIGURE 26 — SUPPLY CURRENT versus SUPPLY
VOLTAGE DURING POWER UP, RAS, CAS=Vgg

0.5 us/Div Time (us)
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the tRcD maximum specification for an access (data valid)
from the RAS clock edge to be guaranteed (tRaC). If the
tRCD maximum condition is not met, the .access (tCAC)
from the CAS clock active transition will determine read ac-
cess time. The external CAS signal is ignored until an inter-
nal RAS signal is available, as noted in the functional block
diagram, Figure 24. This gating feature on the CAS clock will
allow the external CAS signal to become active as soon as
the row address hold time (tRAH) specification has been met
and defines the trcp minimum specification. The time dif-
ference between tgcp minimum and tRCD maximum can be
used to absorb skew delays in switching the address bus
from row to column addresses and in generating the CAS
clock.

Once the clocks have become active, they must stay active
for the minimum (tRaS) period for the RAS clock and the
minimum (tcAS) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgp) time. The former is
for the completion of the cycle in progress, and the latter is
for the device internal circuitry to be precharged for the next
active cycle.

Data out is not latched and is valid as long as the CAS
clock is active; the output will switch to the three-state mode
when the CAS clock goes inactive. The CAS clock can re-
main active for a maximum of 10 ns (tcgp) into the next
cycle. To perform a read cycle, the write (W) input must be
held at the Vjy level from the time the CAS clock makes its
active transition (tgcs) to the time when it transitions into
the inactive (tgcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (V| level) at or before the CAS
clock goes active at a minimum tycs time. If the above
condition is met, then the cycle in progress is referred to as a
early write cycle. In an early write cycle, the write clock and
the data in is referenced to the active transition of the CAS
clock edge. There are two important parameters with respect
to the write cycle: the column strobe to write lead time
(tcwL) and the row strobe to write lead time (tg\w[). These
define the minimum time that RAS and CAS clocks need to
be active after the write operation has started ((W) clock at
VL level).

It is also possible to perform a late write cycle. For this
cycle the write clock is activated after the CAS goes low
which is beyond tyycs minimum time. Thus the parameters
tcwL and tgy/L must be satisfied before terminating this
cycle. The difference between an early write cycle and a late
write cycle is that in a late write cycle the write (W) clock can
occur much later in time with respect to the active transition
of the CAS clock. This time could be as long as 10
microseconds — [tRwL + tRp + 2Tl

At the start of a write cycle, the data out is in a three-state
condition and remains inactive throughout the cycle. The
data out remains three-state because of the active transition
of the write (W) clock prevents the CAS clock from enabling
the data-out buffers as noted in Functional Block Diagram.
The three-state condition (high impedence) of the Data Out
Pin during a write cycle can be effectively utilized in a
systems that has a common input/output bus. The only
stipulation is that the system use only early write mode
operations for all write cycles to avoid bus contention.

2-6b

READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES

As the name implies, both a read and a write cycle is ac-
complished at a selected bit during a single access. The read-
modify-write cycle is similar to the late write cycle discussed
above.

For the read-modify-write cycle a normal read cycle is in-
itiated with the write (W) clock at the V| level until the read
data occurs at the device access time (tRAC). At this time
the write (W) clock is asserted. The data in is setup and held
with respect to the active edge of the write clock. The cycle
described assumes a zero modify time between read and
write.

Another variation of the read-modify-write cycle is the
read-while-write cycle. For this cycle, the following
parameters (tRwD. tCwD) play an important role. A read-
while-write cycle starts as a normal read cycle with the write
(W) clock being asserted at minimum tRwpD or minimum
tcwD time, depending upon the application. This results in
starting a write operation to the selected cell even before
data out occurs. The minimum specification on trwp and
tcwD assure that data out does occur. In this case, the data
in is set up with respect to write (W) clock active edge.

PAGE-MODE CYCLES

Page mode operation allows faster successive data opera-
tions at the 128 column locations. Page access (tCAC) is
typically half the regular RAS clock access (tRac) on the
Motorola 64K dynamic RAM. Page mode operation consists
of holding the RAS clock active while cycling the CAS clock
to access the column locations determined by the 8-bit
column address field. There are two controlling factors that
limit the access to all 128 column locations in one RAS clock
active operation. These are the refresh interval of the device
(2 ms/128=15.6 microseconds) and the maximum active
time specification for the RAS clock (10 microseconds).
Since 10 microseconds is the smaller value, the maximum
specification of the RAS clock on time is the limiting factor
of the number of sequential page accesses possible. Ten
microseconds will provide approximately 50 successive page
accesses (10 microseconds + page mode cycle time) for
each row address selected before the RAS clock is reset.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the
column address and CAS clock. From the timing illustrated,
the initial cycle is a normal read or write cycle, that has been
previously described, followed by the shorter CAS cycles
(tpc). The CAS cycle time (tpc) consists of the CAS clock
active time (tcaS), and CAS clock precharge time (tcp) and
two transitions. In addition to read and write cycles, a read-
modify-write cycle can also be performed in a page mode
operation. For a read-modify-write or read-while-write type
cycle, the conditions normal to that mode of operation will
apply in the page mode also. The page mode cycle illustrated
show a series of sequential reads separated by a series of se-
quential writes. This is just one mode of operation. In prac-
tice, any combination of read, write and read-modify-write
cycles can be performed to suit a particular application.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to




MCM6633A

degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least
once every 2 ms. This is accomplished by sequentially
cycling through the 128 row address locations every 2 ms, or
at least one row every 15.6 microseconds. A normal read or
write operation to the RAM will serve to refresh all the bits
(256) associated with that particular row decoded.

RAS Only Refresh — When the memory component is in
standby the RAS only refresh scheme is employed. This
refresh method performs a RAS only cycle on all 128 row
addresses every 2 ms. The row addresses are latched in with
the RAS clock, and the associated internal row locations are
refreshed. As the heading implies, the TAS clock is not re-
quired and should be inactive or at a V|4 level to conserve
power.

PIN ASSIGNMENT COMPARISON

MCM4116

vee

MCM4517

MCM6632A

PIN VARIATIONS

PIN NUMBER MCM4116 MCM4517 MCM6632A MCM6663A MCM6664A MCM6665A

1 vggl-5V) N/C REFRESH N/C REFRESH N/C

8 Vppl+12 V) vee vee vce vee vee

9 veel+5 V) N/C A7 A7 A7 A7

ORDERING INFORMATION

Part Number Description Speed Marking*
MCMB6633AL15 32K Dynamic 150 MCM66330A15/MCM66331AL15
MCMB66330AL15 Random Access 150 MCMB66330AL15
MCM66331AL15 Memory 150 MCM66331AL15
MCM6633AL20 Sidebraze 200 MCMB6330AL20/ MCM66331AL20
MCMB66330AL20 Package "L 200 MCM66330AL20
MCM66331AL20 200 MCMB6331AL20

*MCMB6633A = Tie A7 CAS (A15) Low “0"
MCME66331A=Tie A7 CAS (A15) High “1"
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MCME6665A BIT ADDRESS MAP

Pin 8
Row Address A7 A6 A5 A4 A3 A2 A1 AQ
Column Address A7 A6 A5 Ad A3 A2 Al AO Column Addresses
Row Hex Dec A7 A6 A3 A4 A5 A2 A0 Al
FE 254 1 1 1 1 1 1 1 0
FF 265 1 1 1 1 1 1 1 1
FC 262 1 1 1 1 1 1 0 0
FD 253 1 1 1 1 1 1 0 1
FA 250 1 1 1 1 1 0 1 0
FB 251 1 1 1 1 1 0 1 1
F8 248 1 1 1 1 1.0 0 O
g 2249 1 1 1 1 1 0 0 1
.
cO 192 1 1 0 0 0 0 0 O
c1 193 1 1 0 0 0 0 0 1
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2 8 129 1 0 0 0 0 0 0 1
£ & 128 1 0 0 O O 0O O O
2 7€ 126 0 T 1 1 1 1 0
c o127 0 1 LA I B |
£ 7 124 0 1 1 1 1 0
S .
.
.
2 6 0 1 0 0 0 0 1 0 {
43 6 0 1 0o 0 0 0 1 1
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MCM6664A

Advance Information

]

64K-BIT DYNAMIC RAM

The MCMB6664A is a 65,536 bit, high-speed, dynamic Random-
Access Memory. Organized as 65,536 one-bit words and fabricated us-
ing HMOS high-performance N-channel silicon-gate technology, this
new breed of 5-volt only dynamic RAM combines high performance
with low cost and improved reliability.

By multiplexing,row- and column-address inputs, the MCM6664A re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCMB6664A incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, the
refresh control function available on pin 1 provides two additional
modes of refresh, automatic and self refresh.

@® Organized as 65,536 Words of 1 Bit
@ Single 5 Volt Operation (+ 10%)
® Maximum Access Time: MCM6664A-12= 120 ns
MCMB6664A-15= 150 ns
MCMB6664A-20= 200 ns
® Low Power Dissipation
302.5 mW Maximum (Active) (MCM6664A-15)
22 mW Maximum (Standby)
@® Three-State Data Output
® Early-Write Common |1/0 Capability
® 16K Compatible 128-Cycle, 2 ms Refresh
® Control on Pin 1 for Automatic or Self Refresh
® RAS-only Refresh Mode
@ CAS Controlled Output
@ Fast Page Mode Cycle Time
® Low Soft Error Rate <0.1% per 1000 Hours
(See Soft Error Testing)
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PIN ASSIGNMENT

*If pin is not used, it should be connected to
V¢ through a 10 k resistor.

PIN NAMES
................... Refresh
................. Address Input
............. Datain
........... Data Out
Read/Write Input
RAS.. . Row Address Strobe
CTAS........... Column Address Strobe
Vee - Power (+5V)
VSS o Ground

This device contains circuitry to pro-
tect the inputs against damage due to
high static voltages or electric fields;
however, it is advised that normal
precautions be taken to avoid applica-
tion of any voltage higher than max-
imum rated voltages to this high-
impedance circuit.

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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MCM6664A

ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vgg
(except V) Vin Vout| =2t +7 v 5708
Voltage on Ve Supply Relative to Vgg Vee —11t0 +7 \ Q
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —65to +150 °C | L
Power Dissipation Pp 1.0 W 100 pF* S12ka
Data Out Current (Short Circuit) lout 50 mA 1
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING i
CONDITIONS. Exposure to higher than recommended voltages for extended periods -
of time could affect device reliability. *Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min | Typ Max | Unit | Notes
Supply Voltage MCM6664A-12, -15,-20| Ve 45 |5.0 5.5 Vv 1
Vss 0 0 0 % 1
Logic 1 Voltage, All Inputs VIH 24 - [Vee+1]| V 1
Logic O Voltage, All Inputs ViL -10| — 0.8 \" 1,19
DC CHARACTERISTICS [
Characteristic Symbol | Min | Max | Units| Notes
Vcc Power Supply Current (Standby) lcc2 — 40 | mA 5
VccPower Supply Current {
6664A-12, tRc=250 ns - 60 '
6664A-15, trc=270 ns Icct - 55 | mA 4
6664A-20, trc=330 ns — 45
Ve Power Supply Current During RAS only Refresh Cycles {
6664A-12, tRc=250 ns - 50
6664A-15, tgc=270 ns lcc3 - 45 | mA 4
6664A-20, trc =330 ns — 35
Ve Power Supply Current During Page Mode Cycle for tgag = 10 usec -
6664A-12,tpc=trp= 120 ns - 45
6664A-15, tpc=tRp= 145 ns lcca = | 40 | mA 4
6664A-20, tpc=trp =200 ns - | 3
Input Leakage Current (Vgs<Vjn=<Vcc) (Any Input Except REFRESH) lj(L) — 10 | uA —
|REFRESH Input Current (Vss = Vin= Vo) I — | 20 | uA — 1
Output Leakage Current (CAS at logic 1, V§g=<VoutsVce) lo(L) — 10 | pA =
Output Logic 1 Voltage @ lgyt= —4 mA VOoH 24| — \ - .
Output Logic 0 Voltage @ loyt= 4 mA VoL — | 04 \ —
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V Periodically Sampled Rather Than 100% Tested)
Parameter Symbal | Typ | Max | Unit | Notes
Input Capacitance (A0-A7), D Ci1 3 5 pF 7 j
Input Capacitance RAS, CAS, WRITE, REFRESH Ci2 6 8 pF 7
Output Capacitance (Q), (CAS = V| to disable output) Co 5 7 pF 7
NOTES: (

1. All voltages referenced to Vss.

2. V|4 min and V) max are reference levels for measuring timing of input signals. Transition times are measured between V| and V| .

3. An initial pause of 100 gs is required after power-up followed by any 8 RAS cycles before proper device operation guaranteed.

4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.

6. Output is disabled (open-circuit) and RAS and CTAS are both at a logic 1.

6. The transition time specification applies for all inputs signals. In addition to meeting the transition rate specification, all input signals must
transmit between V|H and V| (or between V| and V) in a monotonic manner.

7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/AV

8. The specifications for tgc (min), and tryyc (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C<TA =<70°C) is assured.

9. AC measurements tT=>5.0 ns.

10. Assumes that tRcp=<tRcD (Max).

11. Assumes that tgcp=trcD (Max)

12. Measured with a current load equivalent to 2 TTL (—200 A, +4 mA) loads and 100 pF with the data output trip points set at Vo =2.0V
and Vg =0.8 V.

13. Operation within the tRCD (max) limit ensures that tgac (max) can be met. trcp (max) is specified as a reference point only; if tcp is
greater than the specified tgcp(max) limit, then access time is controlled exclusively by tcac-
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MCM6664A

AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted . See Notes 2, 3, 6, and Figure 1)

6664A-12 | 6664A-15 | 6664A-20
Parameter Symbol | Min | Max | Min | Max | Min | Max | Units |Notes
Random Read or Write Cycle Time tRC 250 | — |20} — 33| - ns |89
Read Write Cycle Time trRwe | 265 { — [ 280 | - 345 — ns |89
Access Time from Row Address Strobe tRAC — 120 | — 150 | — | 200 | ns {10, 12
Access Time from Column Address Strobe tCAC — 60 — 75 — 100 | ns 11,12
Output Buffer and Turn-Off Delay tOFF 0 30 0 30 0 40 ns 18
Row Address Strobe Precharge Time tRP 100 | — 100 | - 120 — ns —
Row Address Strobe Pulse Width tRAS | 120 [10000| 150 {10000} 200 | 10000| ns —
Column Address Strobe Pulse Width tCAS 60 (10000 75 [10000| 100 {10000} ns —
Row to Column Strobe Lead Time tRCD 20 [ 60 [ 25 | 75 | 30 | 100 | ns 13
Row Address Setup Time tASR 0 - 0 - 0 — ns -
Row Address Hold Time tRAH 15 — 20 — 25 — ns -
Column Address Setup Time tASC 0 - 0 - 0 — ns —
Column Address Hold Time tCAH 25 - 35 — 45 - ns -
Column Address Hold Time Referenced to RAS tAR 85 - 95 - 120 | — ns 17
Transition Time (Rise and Fall) 1T 3 50 3 50 3 50 ns 6
Read Command Setup Time tRCS 0 - 0 - 0 - ns -
Read Command Hold Time tRCH 0 — 0 — 0 - ns 14
Read Command Hold Time Referenced to RAS tRRH | O - lo - 0 — [ ns | 14
’ Write Command Hold Time tWCH 25 = 35 — 45 — ns ~
Write Command Hold Time Referenced to RAS twcr | 85 - 95 — 120 | — ns 17
Write Command Pulse Width WP 25 — 35 — 45 — ns —
r Write Command to Row Strobe Lead Time tgwe | 40 — 45 — 55 - ns -
Write Command to Column Strobe Lead Time tcwL | 40 - 45 - 55 — ns -
Data in Setup Time DS 0 — 0 - 0 — ns 15
) ’ Data in Hold Time oH | 5 | - | B | - |45 - |ns | 15
Data in Hold Time Referenced to RAS toHr | 85 | — [ | - |120] - [ ns | 17
Column to Row Strobe Precharge Time tcRp | -10f{ — [=10] = |-10| - ns -
RAS Hold Time tasH | 60 [ — |75 | — |10 - [ns | -
Refresh Period tRFSH | — 20 | — 20 | - 20 | ms -
WRITE Command Setup Time twes | =10 — |=-10} - [=10] - ns 16
'CAS to WRITE Delay tcwp | 40 | — {45 | - |55 ) - | ns | 16
'RAS to WRITE Delay tRwp | 100 | — 120 - |15 | - | ns | 16
] [CAS Hold Time tcsH | 120 | — 1% | — (200} — ns —
'CAS Precharge Time (Page Mode Cycle Only) tcp 50 | - |60 | - |8 | - |ns | -
‘ Page Mode Cycle Time tpC 120 | — 145 | — 200 | - ns —
RAS to REFRESH Delay tgep | -0 - |=10] - [-10] - ns | —
'REFRESH Period (Battery Backup Mode) tegp | 2000 [ — {2000 - [2000] - ns -
REFRESH to RAS Precharge Time (Battery Backup Mode) t)BR | 290 | - [320| - (400 | - ns —
: [REFRESH Cycle Time (Auto Pulse Mode) wc | 250 | - |20 | - [30] - |ns | -
[REFRESH Pulse Period (Auto Period Mode) tFp_| 60 [2000 | 60 | 2000 | 60 [2000 | ns | —
| [REFRESH to RAS Setup Time (Auto Pulse Mode) . tfsp [ -30]| - [-30] - |-30| - [nrs | -
) [REFRESH to RAS Delay Time (Auto Pulse Mode) t]rp | 290 | — 320 — J400 | — | ns | --
REFRESH Inactive Time tF| 60 — 60 = 60 = ns —
[RAS to REFRESH Lead Time bR | 350 | — [370] — fa0 | - [ ns | -
[RAS Inactive Time During REFRESH tFRI 3%0 | — |370 | — 450 | — ns -

14. Either tgRrH or tRCH must be satisfied for a read cycle.

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.

16. twcs. tcwD and tRwpD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if
twcs=twces (minl, the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tcywp=tcwp (min) and trwp =trwp (min), the cycle is read-write cycle and the data out will contain data read from the
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate.

17. Addresses, data-in and WRITE are don’t care. Data-out depends on the state of CAS. If CAS remains low, the previous output will remain
valid. CAS is allowed to make an active to inactive transition during the pin #1 refresh cycle. When CAS is brought high, the output will
assume a high-impedance state.

18. toff (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

19. The device will withstand undershoots to the — 2 volt level with a maximum pulse width of 20 ns at the — 1.5 volt level. This is periodically
sampled rather than 100% tested.
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MCM6664A

READ CYCLE TIMING
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Addresses Agdow s r /ggldur:sr; OW
L= res 7
l&RRH
tmese =>»{ IRCH
_ VIH— v
w viL .
le————1cAC———>|
- {RAC > |Jt0FF
VOH_ y; Valid
Q (Data Out) VoL_ HighZ Data
WRITE CYCLE TIMING
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MCMB6664A

PAGE MODE READ CYCLE
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MCM6664A

RAS-ONLY REFRESH CYCLE
(Data-in and WRITE are Don't Care, CAS is HIGH)

23 tRC >
tRPP>]
7 Vie— v-\: RAS > [E \
ViL— I
le—— tRp ——>
L((—lRAH——b
> &tASR
V) y— N
Addresses, " 'H Row Address
AO-AB Vi —
READ-WRITE/READ-MODIFY-WRITE CYCLE
<t tRWC >
< RAS >
s V- 'N-z—-———'AR———ﬂ j ‘g
ViL— .
| tRSH
< RSH 3| | tRP—3>|
—tcsh —>
[—— &RCD 1CAS € {CRP-3
e ViH= 3 ‘
RSy N\ \ /| /
tASR I
RAH
>ASCP] [«  [<ttCAH
ViH— Row ¥ v Column
l tRWD P> tcwiL
tRcs-ol '(—tCWD-————)' tRWL—3
— VIH—
T KXNXXXAS
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ICAC—>
Q Vo . Valid
{Data Out) vy, | HighZ '8 Data
52 RAC >
DS I DH
D Valid
(Data In) Data
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|
!

REFRESH

|
|

REFRESH

s
)

REFRESH

VIH-
ViL-

ViH—
ViL-

VIH-
ViL—

ViH—
ViL-

ViH—

ViL-

ViL—
ViH—

SELF REFRESH MODE (Battery Backup)®

RFD

r\'

le———traP———> |&——1tFBR—3]

AUTOMATIC PULSE REFRESH CYCLE — SINGLE PULSE*

tFRI
FRI

tFRD

—> |€—trFD

=
©

AUTOMATIC PULSE REFRESH CYCLE — MULTIPLE PULSE*

N\

te—RFD

f——— (FP———3

N

le— tFRL———— 3 F_—_—tFRD__’
———————— IFC——————————

1Fl—3 >

\

IFSR

FSR

* Addresses, data-in and WRITE are don't care, CAS is high.
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MCMG6664A

TYPICAL CHARACTERISTICS

FIGURE 2 — RAS ACCESS TIME versus SUPPLY VOLTAGE
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FIGURE 6 — RAS, W INPUT LEVEL versus SUPPLY VOLTAGE
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tcAC, CAS ACCESS TIME (NORMALIZED)

FIGURE 3 — CAS ACCESS TIME versus SUPPLY VOLTAGE

13
_ N L L] ]
g N 11.0-1cACVCC -5 V. TA-25°C)
B 1.2 AN
=
5 ~ N
A
z N
z
2 N Ta=70°C
290 AN
(=3
<T
z:J ~
< \ 0
509 Ta=25°C

R

0 ~_Ta-0c

’ 4 4.5 5 5.5 6

VGC, SUPPLY VOLTAGE (VOLTS)
FIGURE 5 — CAS ACCESS TIME versus
AMBIENT TEMPERATURE
1.2
1 1 ] _—

(1.0-1CACBVCC-4.5V, TA-25°C)

o

_—

o
w©

o
@

o
Y

0 40 60 80
TA, AMBIENT TEMPERATURE (°C)

FIGURE 7 — CAS, W INPUT LEVEL versus SUPPLY VOLTAGE
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MCM6664A

TYPICAL CHARACTERISTICS (continued)

FIGURE 9 — Icct SUPPLY CURRENT

FIGURE 8 — Icct1 SUPPLY CURRENT versus CYCLE RATE versus SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS (continued)

FIGURE 14 — Icc2 STANDBY CURRENT
versus AMBIENT TEMPERATURE
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FIGURE 16 — ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE
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SOFT ERROR TESTING

The storage cell depletion regions as well as the sense
amplifier and its associated bit lines are susceptible to charge
collection of electrons from an alpha “hit.” However, the
susceptibility of these vulnerable regions varies. Depleted
storage cells are vulnerable at all times, whereas the sense
amplifiers and associated bit lines are susceptible only during
the small portion of the memory cycle just prior to sensing.
Hence, an increase in the frequency of dynamic RAM access
will cause a corresponding increase in the soft error rate.

To take this memory access dependency into account, the
total soft error rate profile includes a cycle time component.
The soft error rate due to bit line hits at the system’'s memory
cycle rate is added to the soft error rate due to storage cell
hits which are not frequency dependent. Figure 18 illustrates
the impact that frequency of access has on the
MCMB664A/ MCMBB65A overall soft error rate.

Under normal operating conditions, the die will be expos-
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac-
celerated soft error testing data is generated from at least
three high-intensity sources having an Alpha Flux Density
range of 1x 105 to 6x 105 (alpha/cm2hr) placed cver un-

FIGURE 15 — Icc3 SUPPLY CURRENT versus CYCLE RATE
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FIGURE 17 — DATA INPUT LEVEL versus SUPPLY VOLTAGE
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coated die. Figure 19 shows the soft error rate for a given
alpha flux density at a cycle rate of 100 kHz. The accelerated
data of Figures 18 and 19 project that the soft error rate for
package level radiation will be less than 0.1% /1000 hours.

SYSTEM LIFE OPERATING TEST CONDITIONS

1) Cycle time: 1 microsecond for read, write and refresh
cycles

Refresh Rate: 1 millisecond

Voltage: 5.0 V

Temperature: 30° C +2° C (ambient temperature inside
enclosure)

Elevation: Approximately 620 feet above mean sea level
Data Patterns: Write the entire memory space sequential-
ly with all “1"’s and then perform continuous sequential
reads for 6 hours. Next, write the entire memory space
with all “0"'s sequentially and then perform continuous
sequential reads for 6 hours. Next, go back to the all “1"'s
pattern and repeat the sequences all over again.

2
3
4

5
6




MCMG6664A

FIGURE 18 — ACCELERATED SOFT ERROR FIGURE 19 — SOFT ERROR RATE versus
versus CYCLE TIME ALPHA FLUX DENSITY
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FIGURE 24 — FUNCTIONAL BLOCK DIAGRAM
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MCMB6664A

DEVICE INITIALIZATION

Since the 64K dynamic RAM is a single supply 5 V only
device, the need for power supply sequencing is no longer
required as was the case in older generation dynamic RAMs.
On power-up an initial pause of 100 microseconds is required
for the internal substrate generator pump to establish the
correct bias voltage. This is to be followed by a minimum of
eight active cycles of the row address strobe (clock) to
initialize the various dynamic nodes internal to the device.
During an extended inactive state of the device (greater than
2 ms with device powered up) the wake up sequence (8
active cycles) will be necessary to assure proper device
operation. See Figures 25 and 26 for power on character-
istics of the RAM for two conditions (clocks active, clocks
inactive).

The row address strobe is the primary ‘‘clock’ that
activates the device and maintains the data when the RAM is
in the standby mode. This is the main feature that distin-
quishes it as a dynamic RAM as opposed to a static RAM. A
dynamic RAM is placed in a low power standby mode when
the device receives a positive-going row address strobe. The
variation in the power dissipation of a dynamic RAM from
the active to the standby state is an order of magnitude or
more for NMOS devices. This feature is used to its fullest ad-
vantage with high density mainframe memory systems,
where only a very small percentage of the devices are in the
active mode at any one time and the rest of the devices are in
the standby mode. Thus, large memory systems can be
assembled that dissipate very low power per bit compared to
a system where all devices are active continuously.

ADDRESSING THE RAM

The eight address pins on the device are time multiplexed
with two separate 8-bit address fields that are strobed at the
beginning of the memory cycle by two clocks (active

negative) called the row address strobe and the column
address strobe. A total of sixteen address bits will decode
one of the 65,536 cell locations in the device. The column
address strobe follows the row address strobe by a specified
minimum and maximum time called “trcp.” which is the
row to column strobe delay. This time interval is also referred
to as the multiplex window which gives flexibility to a system
designer to set up his external addresses into the RAM.
These conditions have to be met for normal read or write
cycles. This initial portion of the cycle accomplishes the nor-
mal addressing of the device. There are, however, two other
variations in addressing the 64K RAM, one is called the page
mode cycle (described later) where an 8-bit column address
field is presented on the input pins and latched by the CAS
clock; and the other is the RAS only refresh cycle (described
later) where a 7-bit row address field is presented on the in-
put pins and latched by the RAS clock. In the latter case, the
most significant bit on Row Address A7 (pin 9) is not re-
quired for refresh. See bit address map for the topology of
the cells and their address selection.

NORMAL READ CYCLE

A read cycle is referred to as normal read cycle to differen-
tiate if from a page-mode-read cycle, a read-while-write
cycle, and read-modify-write cycle which are covered in a
later section.

The memory read cycle begins with the row addresses
valid and the RAS clock transitioning from V|4 to the V)L
level. The CAS clock must also make a transition from V|H to
the V)L level at the specified tRcp timing limits when the
column addresses are latched. Both the RAS and CAS
clocks trigger a sequence of events which are controlled by
several delayed internal clocks. Also, these clocks are linked
in such a manner that the access time of the device is in-
dependent of the address multiplex window. The only
stipulation is that the TAS clock must be active before or at

CURRENT WAVEFORMS

FIGURE 25 — SUPPLY CURRENT versus SUPPLY

VOLTAGE DURING POWER UP, RAS, CAS=Vcc

0.5 us/Div Time (us)
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FIGURE 26 — SUPPLY CURRENT versus

VOLTAGE DURING POWER UP, RAS, CAS=Vgg

0.5 us/Div Time (us)
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the tgcp maximum specification for an access (data valid)
from the RAS clock edge to be guaranteed (tRAC). If the
tRCD maximum condition is not met, the access {tcaAC)
from the CAS clock active transition will determine read ac-
cess time. The external CAS signal is ignored until an inter-
nal RAS signal is available, as noted in the functional block
diagram, Figure 24. This gating feature on the CAS clock will
allow the external CAS signal to become active as soon as
the row address hold time (tRAH) specification has been met
and defines the tgcp minimum specification. The time dif-
ference between tgcp minimum and tgCp maximum can be
used to absorb skew delays in switching the address bus
from row to column addresses and in generating the CAS
clock.

Once the clocks have become active, they must stay active
for the minimum (tRAS) period for the RAS clock and the
minimum (tcAg) period for the TAS clock. The RAS clock
must stay inactive for the minimum (trp) time. The former is
for the completion of the cycle in progress, and the latter is
for the device internal circuitry to be precharged for the next
active cycle.

Data out is not latched and is valid as long as the TAS
clock is active; the output will switch to the three-state mode
when the CAS clock goes inactive. The TAS clock can re-
main active for a maximum of 10 ns (tcRp) into the next
cycle. To perform a read cycle, the write (W) input must be
held at the V| level from the time the CAS clock makes its
active transition (tgcs) to the time when it transitions into
the inactive (tgcH) mode.

WRITE CYCLE

__Awrite cycle is similar to a read cycle except that the Write
{W) clock must go active (V]| level) at or before the TAS
clock goes active at a minimum twcs time. If the above
condition is met, then the cycle in progress is referred to as a
early write cycle. In an early write cycle, the write clock and
the data in is referenced to the active transition of the CAS
clock edge. There are two important parameters with respect
to the write cycle: the column strobe to write lead time
(tcwlL) and the row strobe to write lead time (tgwy[). These
define the minimum time that RAS and CTAS clocks need to
be active after the write operation has started ((W) clock at
VIL level).

It is also pussible to perform a late write cycle. For this
cycle the write clock is activated after the CTAS goes low
which is beyond tyycs minimum time. Thus the parameters
tCWL and tRyw| must be satisfied before terminating this
cycle. The difference between an early write cycle and a late
write cycle is that in a late write cycle the write (W) clock can
occur much later in time with respect to the active transition
of the CAS clock. This time could be as long as 10
microseconds — [tRwL + tRp + 2T¢l.

At the start of a write cycle, the data out is in a three-state
condition and remains inactive throughout the cycle. The
data out remains three-state because of the active transition
of the write (W) clock prevents the CAS clock from enabling
the data-out buffers as noted in Functional Block Diagram.
The three-state condition (high impedence) of the Data Out
Pin during a write cycle can be effectively utilized in systems
that have a common input/output bus. The only stipulation
is that the system use only early write mode operations for all
write cycles to avoid bus contention.
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READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES

As the name implies, both a read and a write cycle is ac-
complished at a selected bit during a single access. The read-
modify-write cycle is similar to the late write cycle discussed
above.

For the read-modify-write cycle a normal read cycle is in-
itiated with the write (W) clock at the V| level until the read
data occurs at the device access time (tRAC). At this time
the write (W) clock is asserted. The data in is setup and held
with respect to the active edge of the write clock. The cycle
described assumes a zero modify time between read and
write.

Another variation of the read-modify-write cycle is the
read-while-write cycle. For this cycle, the following
parameters (tRwWD. tcwD) play an important role. A read-
while-write cycle starts as a normal read cycle with the write
(W) clock being asserted at minimum tRwp or minimum
tcwpD time, depending upon the application. This results in
starting a write operation to the selected cell even before
data out occurs. The minimum specification on trwp and
tcwD assure that data out does occur. In this case, the data
in is set up with respect to write (W) clock active edge.

PAGE-MODE CYCLES

Page mode operation allows faster successive data opera-
tions at the 256 column locations. Page access (tcaC) is
typically half the regular RAS clock access (tRaC) on the
Motorola 64K dynamic RAM. Page mode operatign_c_gnsists
of holding the RAS clock active while cycling the CAS clock
to access the column locations determined by the 8-bit
column address field. There are two controlling factors that
limit the access to all 256 column locations in one RAS clock
active operation. These are the refresh interval of the device
(2 ms/128=15.6 microseconds) and the maximum active
time specification for the RAS clock (10 microseconds).
Since 10 microseconds is the smaller value, the maximum
specification of the RAS clock on time is the limiting factor
of the number of sequential page accesses possible. Ten
microseconds will provide approximately 50 successive page
accesses (10 microseconds + page mode cycle time) for
each row address selected before the RAS clock is reset.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the
column address and CAS clock. From the timing illustrated,
the initial cycle is a normal read or write cycle, that has been
previously described, followed by the shorter CAS cycles
(tpc). The CAS cycle time (tpc) consists of the CAS clock
active time (tCAS), and CAS clock precharge time (tcp) and
two transitions. In addition to read and write cycles, a read-
modify-write cycle can also be performed in a page mode
operation. For a read-modify-write or read-while-write type
cycle, the conditions normal to that mode of operation will
apply in the page mode also. The page mode cycle illustrated
show a series of sequential reads separated by a series of se-
quential writes. This is just one mode of operation. In prac-
tice, any combination of read, write and read-modify-write
cycles can be performed to suit a particular application.

REFRESH CYCLES
The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
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degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least
once every 2 ms. This is accomplished by sequentially cycl-
ing through the 128 row address locations every 2 ms, or at
least one row every 15.6 microseconds. A normal read or
write operation to the RAM will serve to refresh all the bits
(256) associated with that particular row decoded.

RAS Only Refresh — When the memory component is in
standby the RAS only refresh scheme is employed. This
refresh method performs a RAS only cycle on all 128 row
addresses every 2 ms. The row addresses are latched in with
the RAS clock, and the associated internal row locations are
refreshed. As the heading implies, the CAS clock is not re-
quired and should be inactive or at a V|4 level to conserve
power.

Auto Refresh Mode and Self Refresh mode (MCM6664A
only) — With the MCMB6664A, two additional refresh
methods are available to the user. These special functions
are incorporated on pin 1 of the device and have been ap-
proved by JEDEC as an alternative function for that pin on
the 64K dynamic memory. The auto refresh mode is ac-
complished by asserting pin 1 active (V| level) during the
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time interval when there are no memory cycles. In the auto
refresh mode, the REFRESH active pulse (tfp) must be
limited to 2 microseconds or less. The 2 microsecond time is
specified to prevent the device from transitioning into the
self refresh mode. Auto refresh can be performed in a
distributed mode (refresh cycle every 15.6 microseconds)
and in a burst mode where all 128 refresh cycles are done one
after the other until complete. An onboard address counter
generates the internal row address to refresh a particular row
and increments itself at the end of each cycle.

Another variation of refresh is the self refresh mode. This
mode is similar to the auto refresh method except that the
active pulse width (tFgp) must be greater than 2
microseconds or held down active indefinitely. With pin 1in
the self refresh mode, an internal row address is generated
by the internal refresh counter approximately every 15.6
microseconds. This mode of refresh is used for systems re-
quiring battery back-up, and saves additional system power
by not requiring an external refresh address counter and ad-
dress buffers. The power dissipation for either REFRESH
mode is the same.
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Row Addresses

Pin 16

Column Addresses

A2 A0 Dec Hex

A7 A6 A3 A4 A5 Al

MCM6664A BIT ADDRESS MAP

Row Address A7 A6 A5 A4 A3 A2 Al AQ
Column Address’A7 A6 A5 A4 A3 A2 A1 AO

Column Addresses

Row Hox Doc A7 A6 A3 A4 AS A2 A0 Al
FE 254 1 1 1 1 1 1 1 0
FF 255 1 1 1 1 1 1 1 1
FCo22 1 1 1 1 1 1 0 0
FD 253 1 1 1 1 1 1 0 1
FA 250 1 1 1 1 1 0 1 0
FB 251 1 1 1 1 1 0 1 1
F8 248 1 1 1 1 1 0 0 0
F9 249 1 1 1 1 1 0 0 1
.
C 192 1 1 0 0 0 0 0 0
Cl 183 1 1 0 0 0 0 0 1
BF 191 1 0 1 1 1 1 1
BE 190 1 [} 1 1 1 1 1 0
.
8 131 1 0 0 0 0 0 1 1
82 130 1 0 0 0 0 0 1 0
g 122 1 0 0 0 0 0 0 1
B0 18 1 0 0 0 0 0 O O
7€ 126 0 1 1 1 1 1 1 0
7F 127 0 1 1 1 1 1 1
7C 124 0 1 1 1 1 0 0
.
.
.
2 6 0 1 0 0 0 0 1 0
43 6 0 1 0 0 0 0 1 1
40 64 0 1 [} 0 0 0 0 0
41 65 0 1 0 0 0 0 0 1
3F 63 0 0 1 1 1 1 1 1
E 62 0 0 1 IR
3D 61 0 0 1 1 1 0 1
v °css A
=) So5o .
.
4 4 0 00 0 0 1 0 0
3 3 0 0 0 0 0 0 1 1
o=
s §é§§ 2 2 0 00 0 0 0 1 0
38 o0 1 0 0 0 0 0 0 0 1
© 0 0 00 0 0 0 0 0
frafire SIS 885838858
3@ g:.'.‘....m@?\\nﬂ‘(\lm—o
28 RS
o~ o -~ co~-co~-~o
- - — O--~0O0O~e~o0O
- - — O-e-e-e—o00O0O
- -— iali=NeNeNoleNeNeNe)
- — — cooocooO0O0O0
- — - coo0ooO0oO0O00CO
- - - cooococoooco
- o o [=NeNeloNoNeNeNeNe)
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Data Stored=Djn® Agx ® A1y

Column Row

AddAr1ess Adgaess Stored
0 0 True
0 1 Inverted
1 0 Inverted
1 1 True
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MCM6665A

64K BIT DYNAMIC RAM

The MCMB6665A is a 65,5636 bit, high-speed, dynamic Random-
Access Memory. Organized as 65,536 one-bit words-and fabricated
using HMOS high-performance N-channel silicon-gate technology, this
new breed of 5-volt only dynamic RAM combines high performance

MOS

(N-CHANNEL, SILICON-GATE)

65,536-BIT
DYNAMIC RANDOM ACCESS
MEMORY

with low cost and improved reliability.

By multiplexing row- and column-address inputs, the MCMB665A
requires only eight address lines and permits packaging in standard
16-pin dual-in-line packages. Complete address decoding is done on
chip with address latches incorporated.. Data out is controlled by CAS
allowing for greater system flexibility. P SUFFIX

All inputs and outputs, including clocks, are fully TTL compatible. \ PLASTIC PACKAGE
The MCMB665A incorporates a one-transistor cell design and dynamic 16 ! CASE 648
storage techniques.

@ Organized as 65,536 Words of 1 Bit

@ Single +5 V Operation (+10%) e
) @ Full Power Supply Range Capabilities L SUFFIX
® Maximum Access Time 16 CERA"Q'ESZA%%AGE
MCMB665A-12= 120 ns !

r MCMB665A-15= 150 ns
MCMB665A-20= 200 ns
® Low Power Dissipation
302.5 mW Maximum (Active) (MCMB665A-15)
22 mW Maximum (Standby)

Three-State Data Output

Internal Latches for Address and Data Input

Early-Write Common |/0 Capability

16K Compatible 128-Cycle, 2 ms Refresh

RAS-only Refresh Mode

CAS Controlled Output

Upward Pin Compatible from the 16K RAM (MCM4116, MCM4517)
Fast Page Mode Cycle Time

Low Soft Error Rate <0.1% per 1000 Hours (See Soft Error Testing)

Z SUFFIX, CERAMIC PACKAGE
ALSO AVAILABLE — CASE 752A

PIN ASSIGNMENT

) BLOCK DIAGRAM <« Vce PIN NAMES
< Vss AC-A7 ... Address Input
Prechargey b b D Dataln
Clock Memory 5 Memory _ I, Data Out
; > ¢ Array g Array [ N A A Y Read/Write Input
3 A § _ RAS Row Address Strobe
Al > t__f Row Decoder € | Row Decoder z <€ RAS CAS ......... Column Address Strobe
p2> = 3 2 leas vee - Power (+5V)
) Memory o Memory 2 V8S i Ground
A3 > .“g’ Array Array > B [« Wit w
o ° ———
A4 > % Memory Memory »‘g (< REFRESH*
5 .
a5 > S Array -§ Array S | Data In, D This device contains circuitry to protect the
@ ow De o3 Row Decod _g’ inputs against damage due to high static
A6 g ow Decoder 2 ow Decoder E > Output voltages or electric fields; however, it is
3 € g Data, Q advised that normal precautions be taken to
A7 < Memory 2 Memory = avoid application of any voltage higher than
Precharge| Array © Array maximum rated voltages to this high-
Clock impedance circuit.
* Refresh Function Available on MCM6664A
DS-9863/4-82
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ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Rating Symbol Value Unit 5V
Voltage on Any Pin Relative to Vg
(except Vel Vin. Vout -21t0 +7 \ 970Q
Voltage on V¢ Supply Relative to Vsg Vee -1t +7 \ a
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65 to +150 °C
Power Dissipation PD 1.0 W 100 pF* :E 12kQ
Data Out Current lout 50 mA L

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING =
CONDITIONS. Exposure to higher than recommended voltages for extended periods

- S *Incl ig C itance
of time could affect device reliability. Includes Jig Capacitanc

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min | Typ Max Unit | Notes
Supply Voltage MCMB665A-12, -15, -20| Ve 45 |50 5.5 \ 1
Vgg 0 0 0 Y 1
Logic 1 Voitage, All Inputs VIH 2.4 - |Vee+1| Vv 1
Logic 0 Voltage, All Inputs Vi |-10Y - 0.8 \ 1 4

*The device will withstand undershoots to the — 2 volt level with a maximum pulse width of 20 ns at the — 1.5 volt level. This is periodically
sampled rather than 100% tested. '

DC CHARACTERISTICS i

Characteristic Symbol | Min | Max | Units | Notes
V¢ Power Supply Current (Standby) Icc2 - | 40| mA 5 |
Ve Power Supply Current
6665A-12, tgc =250 ns - | 60
6665A-15, trc =270 ns Icct - 55 | mA 4
6665A-20, trc =330 ns - 50
Vce Power Supply Current During RAS only Refresh Cycles
6665A-12, tgc =260 ns - 50
6665A-15, tRc =270 ns lcc3 - 45 | mA 4
6665A-20, trc =330 ns - 40
V¢ Power Supply Current During Page Mode Cycle for tgas =10 usec
8665A-12, tpc =tRp= 120 ns - | s !
6665A-15, tpc=tRp =145 ns Icca - | 40 | mA 4
6665A-20, tpc =tgrp =200 ns - 35 |
Input Leakage Current (Vgg=Vin=Vc() i) - 10 | pA -
Output Leakage Current (CAS at logic 1, Vs =Vgout=Vcc) lo(L) - 10 | pA -
Output Logic 1 Voltage @ lgyt= —4 mA VOoH 24 | - v -
Output Logic 0 Voltage @ loyt= 4 mA VoL - loa] v — :
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V Periodically Sampled Rather Than 100% Tested)
Parameter Symbol | Typ [ Max | Unit | Notes §
Input Capacitance (A0-A7), D Cp1 3 5 pF 7 {
Input Capacitance RAS, CAS, WRITE Clo 6 8 pF 7
Output Capacitance (Q), (CAS= V|y to disable output) Co 5 7 | oF 7

NOTES: 1. All voltages referenced to Vgg.

2. Vi min and V|| max are reference levels for measuring timing of input signals. Transition times are measured between V| and
ViL.

3. An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation is guaranteed.

4. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output
open. .

5. RAS and CAS are both at a logic 1.

6. The transition time specification applies for all inputs signals. Ir addition to meeting the transition rate specification, all input
signals must transmit between V| and V|| (or between V||_and V|4) in a monotonic manner. At

7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C_—A_\T
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AC OPERATING CONDITIONS AND CHARACTERISTICS (Read, Write, and Read-Modify-Write Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted; See Notes 2, 3, 6, and Figure 1)

6665A-12 6665A-15 | 6665A-20

Parameter Symbol | Min | Max [ Min | Max | Min | Max {Units| Notes
Random Read or Write Cycle Time tRe. | 250 — 270 - |30 - ns 8.9
Read Write Cycle Time tRwe | 256 | — 280 | - 345 | - ns 8,9
Access Time from Row Address Strobe tRAC - 120 — 150 | — | 200 | ns [ 10,12
Access Time from Column Address Strobe tCAC - 60 - 75 - 100 | ns | 11,12
Output Buffer and Turn-Off Delay tOFF 0 30 0 30 0 40 ns 18
Row Address Strobe Precharge Time tRp 100 - 100 - 120 | - ns —
Row Address Strobe Pulse Width tRAS | 120 [ 10000 { 150 {10000 | 200 {10000 | ns —
Column Address Strobe Pulse Width tCAS 60 |1C000| 75 }10000 | 100 10000 | ns —
Row to Column Strobe Lead Time tRCD 25 60 30 | 75 35 | 100 | ns 13
Row Address Setup Time tASR 0 - 0 - 0 - ns -
Row Address Hold Time tRAH 15 - 20 - 25 - ns -
Column Address Setup Time tASC 0 - 0 - 0 - ns -
Column Address Hold Time tCAH 25 - 35 - 45 - ns
Column Address Hold Time Referenced to RAS tAR 85 - 95 - 120 | - ns 17
Transition Time (Rise and Fall) T 3 50 3 50 3 50 ns
Read Command Setup Time tRCS 0 - 0 - 0 - ns -~
Read Command Hold Time tRCH 0 - 0 - 0 - ns 14
Read Command Hold Time Referenced to RAS tRRH 0 — 0 — 0 — ns 14
Write Command Hold Time twCH | 25 - 35 — 45 - ns ~
Write Command Hold Time Referenced to RAS twCcRr | 85 - 95 - 120 | - ns 17
Write Command Pulse Width twp 25 - 35 — 45 - ns -~
Write Command to Row Strobe Lead Time tRwL | 40 - 45 - 55 - ns -
Write Command to Column Strobe Lead Time tcweL | 40 — 45 — 56 - ns -
Data in Setup Time tps 0 - 0 - 0 - ns 15
Data in Hold Time tDH 25 — 35 — 45 — ns 15
Data in Hold Time Referenced to RAS tDHR | 85 - 95 - 120 | — ns 17
Column to Row Strobe Precharge Time tcrp | — 10| - —10] - |=10| - ns —
RAS Hold Time tRsH | 60| - 75 | - |100 | - |ns —
Refresh Period tRFSH | — 2.0 — 2.0 - 20 | ms —
WRITE Command Setup Time twes [—10] — -10| = [-10] - ns 16
CAS to WRITE Delay tewp | 40 | - 45 | - |85 | - ns 16
'RAS to WRITE Delay tawp 100 - 120 - |15 § - | ns 16
CAS Hold Time tcsH | 120 — 150 | — [200 | — ns —
CAS Precharge Time (Page Mode Cycle Only) tcp 50 - 60 -~ 80 - ns —
Page Mode Cycle Time tpC 120 | — 145 | — 200 | — ns -

8. The specifications for trc (min), and trwc {min) are used only to indicate cycle time at which proper operation over the full
temperature range (0°C<Ta =<70°C) is assured.

9. AC measurements tT=5.0 ns.

10. Assumes that tRcp=<trcp (max).

11. Assumes that tRcp=tRcD (max).

12. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) ioads and 100 pF with the data output trip points set at
VoH=2.0V and Vo =0.8 V.

13. Operation within the tRCD (max) limit ensures that tRac (max) can be met. trep (max) is specified as a reference point only; if
tRCD is greater than the specified tgp(max) limit, then access time is controlled exclusively by tcAC.

14. Either tRRH or tRCH must be satisfied for a read cycle.

15. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

16. twcs. tcwD and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only; if twes=twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp =tcwp (min) and tRywp = tRwD (min), the cycle is read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at ac-
cess time) is indeterminate.

17. tAR min < tAR = tRCD + tCAH
IDHR Min < tDHR = tRCD + tDH
tWCR min = tWCR = tRCD *+ 'WCH

18. toff {max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
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READ CYCLE TIMING
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< ICAS————
S VIH— \ CAS / i
e X £/
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VOH—
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WRITE CYCLE TIMING
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<% RSH ! |t 1RP——>]
< ICSH >
&——1RCD - ICAS———————3>| je— {CRP—>>
ViH— AL
o \ i¥s
viL— N
tRAH
{ASRT<t > tASC =3 <« CAH
ViH — - R
s\ N S JOOOROOODOOQK_
ViL — C ress 4 | ress 4
tewl >
WCS [&— <€ W C H3]
W
ViL—
ViH —
D‘Da‘al—:) lH m
L=

Vo
Q (Data Out) VoL —

ighz

2-77



MCM6665A

PAGE MODE READ CYCLE
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RAS-ONLY REFRESH CYCLE
(Data-in and Write are Don‘t Care, CAS is HIGH)
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TYPICAL CHARACTERISTICS

FIGURE 2 — RAS ACCESS TIME versus SUPPLY VOLTAGE
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FIGURE 6 — RAS, W INPUT LEVEL versus SUPPLY VOLTAGE
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FIGURE 3 — CAS ACCESS TIME versus SUPPLY VOLTAGE

1.3

1.2

098

tcAC. CAS ACCESS TIME (NORMALIZED)

0.8

tcAC, CAS ACCESS TIME (NORMALIZED)

0.7

AN | [ ]

\x {1.0-1AC@VCC-5 V. TA-25°C)

NG

N A

~

4

N _TA-70°C

.y
~
™~

~—TA-26°C

N~ uzlmc

45 5 5. 6
Ve, SUPPLY VOLTAGE (VOLTS)

FIGURE 56 — CAS ACCESS TIME versus
AMBIENT TEMPERATURE
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TYPICAL CHARACTERISTICS (continued)

FIGURE 9 — Icc1 SUPPLY CURRENT

FIGURE 8 — Icct SUPPLY CURRENT versus CYCLE RATE versus SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS (continued)

FIGURE 14 — Icc2 STANDBY CURRENT
versus AMBIENT TEMPERATURE

T
vee=55V

Igc2, STANDBY SUPPLY CURRENT (mA)
N

20 40 60
TA. AMBIENT TEMPERATURE (°C)

FIGURE 16 — ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE
25

2.0

VIH Min |_—

—
"' VL Max

INPUT LEVEL (VOLTS)

05

Ta=25°C

4 45 5 5.5 6.0
vee, SUPPLY VOLTAGE (VOLTS)

SOFT ERROR TESTING

The storage cell depletion regions as well as the sense
amplifier and its associated bit lines are susceptible to charge
collection of electrons.from an alpha "’hit."” However, the
susceptibility of these vulnerable regions varies. Depleted
storage cells are vulnerable at all times, whereas the sense
amplifiers and associated bit lines are susceptible only during
the small portion of the memory cycle just prior to sensing.
Hence, an increase in the frequency of dynamic RAM access
will cause a corresponding increase in the soft error rate.

To take this memory access dependency into account, the
total soft error rate profile includes a cycle time component.
The soft error rate due to bit line hits at the system’s memory
cycle rate is added to the soft error rate due to storage cell
hits which are not frequency dependent. Figure 18 illustrates
the impact that frequency of access has on the
MCM6664A/MCMBB65A overall soft error rate.

Under normal operating conditions, the die will be expos-
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac-
celerated soft error testing data is generated from at least
three high-intensity sources having an Alpha Flux Density
range of 1x 105 to 6x 105 (alpha/cm2hr) placed over un-

FIGURE 15 — Icc3 SUPPLY CURRENT versus CYCLE RATE
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FIGURE 17 — DATA INPUT LEVEL versus SUPPLY VOLTAGE
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coated die. Figure 19 shows the soft error rate for a given
alpha flux density at a cycle rate of 100 kHz. The accelerated
data of Figures 18 and 19 project that the soft error rate for
package level radiation will be less than 0.1% /1000 hours.

SYSTEM LIFE OPERATING TEST CONDITIONS

—_

Cycle time: 1 microsecond for read, write and refresh

cycles
2) Refresh Rate: 1 millisecond
3) Voltage: 5.0 V
4) Temperature: 30° C +2° C (ambient temperature inside
enclosure)
5) Elevation: Approximately 620 feet above mean sea level
6) Data Patterns: Write the entire memory space sequential-

ly with all “1’s and then perform continuous sequential
reads for 6 hours. Next, write the entire memory space
with all “0"'s sequentially and then perform continuous
sequentia! reads for 6 hours. Next, go back to the all “1"'s
pattern and repeat the sequences all over again.
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FIGURE 18 — ACCELERATED SOFT ERROR FIGURE 19 — SOFT ERROR RATE versus
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CURRENT WAVEFORMS
FIGURE 20 — RAS/CAS CYCLE FIGURE 21 — LONG RAS/CAS CYCLE
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FIGURE 24 — FUNCTIONAL BLOCK DIAGRAM
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DEVICE INITIALIZATION

Since the 64K dynamic RAM is a single supply 5 V only
device, the need for power supply sequencing is no longer
required as was the case in older generation dynamic RAMs.
On power-up an initial pause of 100 microseconds is required
for the internal substrate generator pump to establish the
correct bias voltage. This is to be followed by a minimum of
eight active cycles of the row address strobe (clock) to
initialize the various dynamic nodes internal to the device.
During an extended inactive state of the device (greater than
2 ms with device powered up) the wake up sequence (8
active cycles) will be necessary to assure proper device
operation. See Figures 25, 26 for power on characteristics of
the RAM for two conditions (clocks active, clocks inactive).

The row address strobe is the primary ‘“clock” that
activates the device and maintains the data when the RAM is
in the standby mode. This is the main feature that distin-
quishes it as a dynamic RAM as opposed to a static RAM. A
dynamic RAM is placed in a low power standby mode when
the device receives a positive-going row address strobe. The
variation in the power dissipation of a dynamic RAM from
the active to the standby state is an order of magnitude or
more for NMOS devices. This feature is used to its fullest ad-
vantage with high density mainframe memory systems,
where only a very small percentage of the devices are in the
active mode at any one time and the rest of the devices are in
the standby mode. Thus, large memory systems can be
assembled that dissipate very low power per bit compared to
a system where all devices are active continuously.

ADDRESSING THE RAM

The eight address pins on the device are time multiplexed
with two separate 8-bit address fields that are strobed at the
beginning of the memory cycle by two clocks (active
negative) called the row address strobe and the column

address strobe. A total of sixteen address bits will decode
one of the 65,536 cell locations in the device. The column
address strobe follows the row address strobe by a specified
minimum and maximum time called “‘trcp.”” which is the
row to column strobe delay. This time interval is also referred
to as the multiplex window which gives flexibility to a system
designer to set up his external addresses into the RAM.
These conditions have to be met for normal read or write
cycles. This initial portion of the cycle accomplishes the nor-
mal addressing of the device. There are, however, two other
variations in addressing the 64K RAM: one is called the page
mode cycle (described later) where an 8-bit column address
field is presented on the input pins and latched by the CAS
clock, and the other is the RAS only refresh cycle (described
later) where a 7-bit row address field is presented on the in-
put pins and latched by the RAS clock. In the latter case, the
most significant bit on Row Address A7 (pin 9) is not re-
quired for refresh. See bit address map for the topology of
the cells and their address selection.

NORMAL READ CYCLE

A read cycle is referred to as normal read cycle to differen-
tiate if from a page-mode-read cycle, a read-while-write
cycle, and read-modify-write cycle which are covered in a
later section.

The memory read cycle begins with the row addresses
valid and the RAS clock transitioning from V|H to the V)|
level. The CAS clock must also make a transition from V|4 to
the V)L level at the specified tRcD timing limits when the
column addresses are latched. Both the RAS and CAS
clocks trigger a sequence of events which are controlled by
several delayed internal clocks. Also, these clocks are linked
in such a manner that the access time of the device is in-
dependent of the address muitiplex window. The only
stipulation is that the CAS clock must be active before or at

CURRENT WAVEFORMS

FIGURE 256 — SUPPLY CURRENT versus SUPPLY
VOLTAGE DURING POWER UP, RAS, CAS=V¢cc

0.5 us/Div Time (ps)
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FIGURE 26 — SUPPLY CURRENT versus SUPPLY

VOLTAGE DURING POWER UP, RAS, CAS=Vgg

0.5 ps/Div Time (us)
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the trcp maximum specification for an access (data valid)
from the RAS clock edge to be guaranteed (tRac). If the
tRCD maximum condition is not met, the access (tCAC)
from the CAS clock active transition will determine read ac-
cess time. The external CAS signal is ignored until an inter-
nal RAS signal is available, as noted in the functional block
diagram, Figure 24. This gating feature on the CAS clock will
allow the external TAS signal to become active as soon as
the row address hold time (tRAH) specification has been met
and defines the tRcpD minimum specification. The time dif-
ference between tgcp minimum and tRCp maximum can be
used to absorb skew delays in switching the address bus
from row to column addresses and in generating the CAS
clock.

Once the clocks have become active, they must stay active
for the minimum (tgag) period for the RAS clock and the
minimum (tcas) period for the CAS clock. The RAS clock
must stay inactive for the minimum (tgp) time. The former is
for the completion of the cycle in progress, and the latter is
for the device internal circuitry to be precharged for the next
active cycle. o

Data out is not latched and is valid as long as the CAS
clock is active; the output will switch to the three-state mode
when the CAS clock goes inactive. The CAS clock can re-
main active for a maximum of 10 ns (tcRp) into the next
cycle. To perform a read cycle, the write_(_W) input must be
held at the V| level from the time the CAS clock makes its
active transition (tgcs!) to the time when it transitions into
the inactive (tRcH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (V| level) at or before the CAS
clock goes active at a minimum tyCs time. If the above
condition is met, then the cycle in progress is referred to as a
early write cycle. In an early write cycle, the write clock and
the data in is referenced to the active transition of the CAS
clock edge. There are two important parameters with respect
to the write cycle: the column strobe to write lead time
(tcwL) and the row strobe to write lead time (tgw). These
define the minimum time that RAS and CAS clocks need to
be active after the write operation has started (W clock at
VL level).

It is also possible to perform a late write cycle. For this
cycle the write clock is activated after the CAS goes low
which is beyond tycs minimum time. Thus the parameters
tcwL and tryw must be satisifed before terminating this
cycle. The difference between an early write cycle and a late
write cycle is that in a late write cycle the write (W) clock can
occur much later in time with respect to the active transition
of the CAS clock. This time could be as long as 10
microseconds — [tRwL + tRp + 2Tyl

At the start of a write cycle, the data out is in a three-state
condition and remains inactive throughout the cycle. The
data out remains three-state because the active transition
of the write (W) clock prevents the CAS clock from enabling
the data-out buffers as noted in Functional Block Diagram.
The three-state-condition (high impedance) of the Data Out
Pin during a write cycle can be effectively utilized in a system
that has a common input/output bus. The only stipulation is
that the system use only early write mode operations for all
write cycles to avoid bus contention.
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READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES

As the name implies, both a read and a write cycle is ac-
complished at a selected bit during a single access. The read-
modify-write cycle is similar to the late write cycle discussed
above.

For the read-modify-write cycle a normal read cycle is in-
itiated with the write (W) clock at the V|4 level until the read
data occurs at the device access time (tRaC). At this time
the write (W) clock is asserted. The data in is setup and held
with respect to the active edge of the write clock. The cycle
described assumes a zero modify time between read and
write.

Another variation of the read-modify-write cycle is the
read-while-write cycle. For this cycle, the following
parameters (tR\WD. tCWD) play an important role. A read-
while-write cycle starts as a normal read cycle with the write
(W) clock being asserted at minimum tgywD Or minimum
tcwpD time, depending upon the application. This results in
starting a write operation to the selected cell even before
data out occurs. The minimum specification on tgwp and
tCcwD assures that data out does occur. In this case, the
data in is set up with respect to write (W) clock active edge.

PAGE-MODE CYCLES

Page mode operation allows faster successive data opera-
tions at the 256 column locations. Page access (tCAC! is
typically half the regular RAS clock access (tRaC) on the
Motorola 64K dynamic RAM. Page mode operation consists
of holding the RAS clock active while cycling the TAS clock
to access the column locations determined by the 8-bit
column address field. There are two controlling factors that
limit the access to all 256 column locations in one RAS clock
active operation. These are the refresh interval of the device
(2 ms/128=15.6 microseconds) and the maximum active
time specification for the RAS clock (10 microseconds).
Since 10 microseconds is the smaller value, the maximum
specification of the RAS clock on time is the limiting factor
of the number of sequential page accesses possible. Ten
microseconds will provide approximately (10 micro-
seconds/page mode cycle time) 60 successive page accesses
for every row address selected before the RAS clock is reset.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the
column address and CAS clock. From the timing illustrated,
the initial cycle is a normal read or write cycle, tha_t_h_as been
previously described, followed by the shorter. CAS cycles
(tpc). The CAS cycle time (tpc) consists of the CAS clock
active time (tcas), and CAS clock precharge time (tcp) and
two transitions. In addition to read and write cycles, a read-
modify-write cycle can also be performed in a page mode
operation. For a read-modify-write or read-while-write type
cycle, the conditions normal to that mode of operation will
apply in the page mode also. The page mode cycles il-
lustrated show a series of sequential reads separated by a
series of sequential writes. This is just one mode of opera-
tion. In practice, any combination of read, write and read-
modify-write cycles can be performed to suit a particular
application.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
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degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least
once every 2 ms. This is accomplished by sequentially
cycling through the 128 row address locations every 2 ms, or
at least one row every 15.6 microseconds. A normal read or
write operation to the RAM will serve to refresh all the bits
(256) associated with that particular row decoded.

RAS Only Refresh — When the memory component is in
standby the RAS only refresh scheme is employed. This
refresh method performs a RAS only cycle on all 128 row
addresses every 2 ms. The row addresses are latched in with
the RAS clock, and the associated internal row locations are
refreshed. As the heading implies, the CAS clock is not re-
quired and should be inactive or at a V|4 level to conserve
power.

PIN ASSIGNMENT COMPARISON

MCM4116 MCM4517 MCM6632A
Vss D Vss aeFresn 1@ 16h Vss
CAS j CAS 0(g2 151 CAS
pQ wigs 14pQ
A6 31 A6 RAS [ 4 13 A6
A3 0 A3 A00S 121 A3
A4 p A4 A206 1 A4
A5 1 A5 AQ7 100 A5
vee ] N/C vec s afl A7
P Vss hvsg
1 CAS ) CAS
1 Q b Q
30 A6 b A6
h A3 ] A3
g A4 N A4
] AS [} AS
1 A7 ] A7
PIN VARIATIONS
PIN NUMBER MCM4116 MCM4517 MCM6632A MCMB6663A MCMB6664A MCMB6665A
1 Vggi=5V) N/C REFRESH N/C REFRESH N/C
8 Vppl+12 V) vee vee vee vee vce
Veel+5 V) N/C A7 A7 A7 A7
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MCM6665A BIT ADDRESS MAP

Row Address A7 A6 A5 A4 A3 A2 A1 A0
Column Address A7 A6 AS A4 A3 A2 A1 AO
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MCM6256

Product Preview

256K-BIT DYNAMIC RAM

The MCM6256 is a 262,144 bit, high-speed, dynamic Random Access
Memory. Organized as 262,144 one-bit words and fabricated using
Motorola’s high-performance silicon-gate MOS (HMOS) technology,
this new single +5 volt supply dynamic RAM combines high perfor-
mance with low cost and improved reliability. The MCM6256 has the "

_capability of using laser fuse redundancy and is manufactured using ad-
vanced direct-step on wafer photolithographic equipment.

By multiplexing row and column address inputs, the MCM6256 re-
quires only nine address lines and permits packaging in standard 16-pin
300 mil wide dual-in-line packages. Complete address decoding is done
on-chip with address latches incorporated. Data out (Q) is controlled by
CAS allowing greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM6256 incorporates a one transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, a CAS
before RAS automatic refresh is available. Another special feature of
the MCMB6256 is nibble mode, allowing the user to serially access 4 bits
of data at a high data rate. Nibble mode address is controlled by the ad-
dresses on pin 1 (A8 row and A8 column).

® Organized as 262,144 Words of 1 Bit
@ Single +5 Volt Operation (+ 10%)
® Maximum Access Time:
MCM6256-10= 100 ns
MCM6256-12= 120 ns
MCM6256-15= 150 ns
©® Low Power Dissipation:
70 mA maximum (Active) MCM6256-10
4 mA maximum (Standby)

MOs

(N-CHANNEL, SILICON-GATE)

262,144 BIT
DYNAMIC RANDOM ACCESS
MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 690

PIN ASSIGNMENT

® Three-State Data Output
@ Early-Write Common /0O Capability
® 256 Cycle, 4 ms Refresh
® RAS-Only Refresh Mode
® Automatic (CAS before RAS) Refresh Mode
® Fast Nibble Mode on Read and Write Cycles
20 ns Access Time
40 ns Cycle Time
Spare Bits
— A8
o
1] 2] A(‘) —
A0 § |Memory| |Decoder | | Memory| & g [—RAS
A1 =1 § Array Array _
o ——CAS
A2 =] 2 AB
> . i L Write, W
A3 £ | Decoder Decoder Nibble Write, W
A4 —>] £ Decoder
A5 —» ?) P —Dataln, D
Q [%]
AG —> 3 |Memory | | Decoder | | Memory So [—DstoOu,Q
A7 = < | Aray Array P
<
3}

.................. Read/Write Input
Row Address Strobe

CAS........... Column Address Strobe
VEC- - Power (+5 V)
VS i Ground

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high-impedance circuit.

This document contains information on a product under development. Motorola reserves the

right to change or discontinue this product without notice.
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@ MOTOROLA

MCM2115A
MCM21iL15A
MCNM2125A
MCM21L25A

1024 x 1 STATIC RAM

The MCM2115A and MCM2125A families are high-speed, 1024 words
by one-bit, random-access memories fabricated using HMOS, high-
performance N-channel silicon-gate technology. Both open collector
(MCM2115A) and three-state output (MCM2125A) are available. The
devices use fully static circuitry throughout and require no clocks or
timing strobes. Data out has the same polarity as the input data.

Access times are fully compatible with the industry-produced 1K
Bipolar RAMs, yet offer up to 50% reduction in power over their Bipolar
equivalents.

All inputs and output are directly TTL compatible. The chip select
allows easy selection of an individual device when outputs are OR-tied.
© Organized as 1024 Words of 1 Bit
© Single +5 V Operation
©® Maximum Access Time of 45 ns, 55 ns, and 70 ns available
© Low Operating Power Dissipation
© Pin Compatible to 93415A (2115A) and 93425A (2125A)

O TTL Inputs and Outputs
® Uncommitted Collector (2115A) and Three-State (2125A) Output

MOS

(N-CHANNEL, SILICON-GATE)
1024-BIT STATIC

RANDOM ACCESS
MEMORY

C SUFFIX
FRIT-SEAL
CERAMIC PACKAGE
CASE 620

BLOCK DIAGRAM

PIN ASSIGNMENT

Word 32x32
Driver Array
Sense Amps [ Control
Wri And. Logic a
rite Drivers |ag—
Address Address
Decoder Decoder
A0 A1 A2 A3 A4 A5 A6 A7AB A9 S W oD
PI Al
TRUTH TABLE N NAMES
A Address
Output Output Dt Data Input
Inputs 2115A Family 2125A Family Mode Q.o Data Output
S| W]|D Q Q S.. ... Chip Select
H{ X ([Xx H High Z Not Selected VEC e +5V§UP°'§
- o S e roun
Litt H High Z Write 0 W Write Enable
L{L|H H High Z Write”' 1"
LIH|[X Data Out Data Out Read
DS9819/5-80




MCM2115A°MCM21L15AeMCM2125AsMCM21L25A

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit This device contains circuitry to protect the in-
Temperature Under Bias -10to +80 °C puts against damage due to high static voltages
Voltage on Any Pin With Respect to Vss ~051t0 +7.0 Vdc or electric figlds; however, it is a'dvised'tha.t nor-
DC Output Current 20 A mal precaunqns be taken toAavom application of
P Disioat any voltage higher than maximum rated voltages

ower Dissipation 1.0 Watt to this high-impedance circuit.

Operating Temperature Range Oto +70 °C
Storage Temperature Range —-65to +150 °C

NOTE: Permanent damage may occur if ABSOLUTE MAXIMUM RATINGS
are exceeded. Functional operation should be restricted to RECOM-
MENDED OPERATING CONDITIONS. Exposure to higher than recom-

.~ mended voltages for extended periods of time could affect device
reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max | Unit
Supply Voltage \\gg 4'55 5(')0 5‘55 \
Logic 1 Voltage, All Inputs VIH 2.1 - 6 \4
Logic 0 Voltage, All Inputs VL -03]| - 0.8 Y
DC OPERATING CHARACTERISTICS
Parameter Symbol MCM2115A | MCM21L15A| MCM2125A |[MCM21L25A Unit
Min | Max | Min | Max | Min | Max | Min | Max
Input Low Current (All Input Pins, Vi3 =010 5.5 V) L - -40] - -401 — -401 — —-40 | pA
Input High Current . [T — 40 — 40 — 40 — 40 pA
Output Leakage Current (Vgt=0.5/2.4 V) oL = — - - - 50 — 5 | pA
Output Leakage Current (Voyt=4.5 V) ICEX - {100| — ] 10| — - — — | wA
Power Supply Current (S= V|, Outputs Open TA=25°C) icc - 125 - 75 - {126 — | 75 | mA
Output Low Voltage (Ig| =7.0 mA, 2125A, 16 mA 2115A) VoL — (045 — | 045| — [046| — [045 | V
Output High Voltage (loH= —4.0 mA) VOH = - — - 24 — 2.4 — \2
Current Short Circuit to Ground 108 — — - - — |-100] — }|-100| mA
' -
MCM2115A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
) {TA=01t0 70°C, Vcc=5.0V £5%)
Parameter . Symbol MCM2115A-45 | MCM2115A-56 | MCM2115A-70 Units
- | Min Max | Min Max | Min Max
} Chip Select Low Output Valid tsLQv 5 30 5 35 5 40 ns
) Chip Select High to Output Invalid . tsHQZ — 30 — 35 - 40 ns
Address Valid to Output Valid tAVQV — 45 - 55 — 70 ns
I Address Valid to Output Invalid tAVQX 10 - 10 - 10 - ns
) Write Low to Output Disable tWLQZ - 30 - 35 - 40 ns
Write High to Output Valid . tWHQV 0 30 0 35 0 45 ns
Write Low to Write High (Write Pulse Width) WLWH 30 — 40 — 50 - ns
Data Valid to Write Low . . tDVWL 5 - 5 - 5 — ns
Write High to Data Don’t Care (Data Hold) tWHDX 5 - 5 - 5 - ns
Address Valid to Write Low (Address Setup) tAVWL 5 - 5 - 15 = ns
Write High to Address Don't Care tWHAX 5 - 5 - 5 - ns
Chip Select Low to Write Low tSLWL 5 — 5 - 5 = ns
Write High to Chip Select High TWHSH 5 - 5 - 5 - ns
Address Valid to Address Don’t Care tAVAX - 45 - 55 - 70 ns
Chip Select Low to Chip Select High ISLSH = 45 - 55 - 70 ns
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MCM2115A*MCM21L15A*MCM2125A°MCM21L25A

MCM21L15A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
(TA=01070°C, Ve =5.0 V +5%)

Parameter Symbol MCM21L15A-45| MCM21L15A-70 Units
Min Max | Min Max
Chip Select Low to Output Valid tsLav 5 30 5 30 ns
Chip Select High to Output Invalid tSHQZ - 30 - 30 ns
Address Valid to Output Valid tAVQV - 45 - 70 ns
Address Valid to Output Invalid tAVQX 10 - 10 - ns
Write Low to Output Disable tWLQZ — 25 — 25 ns
Write High to Output Valid tWHQV 0 25 0 25 ns
Write Low to Write High (Write Pulse Width) IWLWH 30 - 30 - ns
Data Valid to Write Low tDVWL 0 - 0 = ns
Write High to Data Don't Care TWHDX 5 - 5 — ns
Address Valid to Write Low (Address Setup) tAVWL 5 - 5 - ns
Write High to Address Don't Care IWHAX 5 - 5 - ns
Chip Select Low to Write Low tSLWL 5 - 5 - ns
Write High to Chip Select High WHSH 5 — 5 - ns
Address Valid to Address Don't Care tAVAX - 45 - 70 ns
Chip Select Low to Chip Select High tSLSH - 45 - 70 ns
MCM2125A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
(TA=01t070°C, Vcc=5.0V +5%)
Parameter Symbol MCM2125A-45 | MCM2125A-55 | MCM2125A-70 Units
Min Max | Min [ Max | Min Max

Chip Select Low to Output Valid tsLQv 5 30 5 35 5 40 ns
Chip Select High to Output High Z tSHQZ - 30 - 35 - 40 ns
Address Valid to Output Valid tAvQV - 45 - 55 - 70 ns
Address Valid to Output Invalid tAVQX 10 - 10 - 10 - ns
Write Low to Output High Z twLQz - 30 - 35 - 40 ns
Write High to Output Valid twHQV 0 30 0 35 0 45 ns
Write Low to Write High (Write Pulse Width) WLWH 30 — 40 - 50 — ns
Data Valid to Write Low tDVWL 5 - 5 - 5 - ns
Write High to Data Don’t Care tWHDX 5 — 5 - 5 - ns
Address Valid to Write Low (Address Setup) TAVWL 5 — 5 — 15 — ns
Write High to Address Don't Care TWHAX 5 = 5 — 5 — ns
Chip Select Low to Write Low tSLWL 5 - 5 - 5 = ns

Write High to Chip Select High tWHSH 5 - 5 - 5 - ns !
Address Valid to Address Don't Care TAVAX — 45 — 55 — 70 ns

Chip Select Low to Chip Select High tSLSH — 45 — 55 - 70 ns |

MCM211L25A FAMILY AC OPERATING CONDITIONS AND CHARACTERISTICS, READ, WRITE CYCLES
(TA=01070°C, Vcc=5.0V £5%) :

Parameter Symbol MCM21125A-45|MCM211.25A-70 Units !

Min | Max | Min | Max '

Chip Select Low to Output Valid tsLqv 5 30 5 30 ns |
Chip Select High to Output High Z tsSHQZ - 30 - 30 ns

Address Valid to Output Valid tAvQy - % = 70 | ns !
Address Valid to Output Invalid tAVQX 10 - 10 - ns
Write Low to Output High Z twLQZ — 25 - 25 ns
Write High to Output Valid tWHQV 0 25 0 25 ns
Write. Low to Write High (Write Pulse Width) TWLWH 30 - 30 - ns
Data Valid to Write Low tDVWL 0 - 0 - ns
Write High to Data Don’t Care tWHDX 5 - 5 - ns
Address Vatid to Write Low (Address Setup) tAVWL 5 — 5 — ns
Write High to Address Don't Care tWHAX 5 - 5 - ns
Chip Select Low to Write Low tSLWL 5 - 5 - ns
Write High to Chip Select High tWHSH 5 - 5 - ns
Address Valid to Address Don’t Care tAVAX - 45 - 70 ns
Chip Select Low to Chip Select High tSLSH - 45 - 70 ns
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MCM2115A*MCM21L15AeMCM21256A¢MCM21L25A

CAPACITANCE (f=1.0 MHz, Tp=25°C, periodically sampled rather than OUTPUT LOAD
100% tested.) Vce
Characteristic Symbol | Max | Unit
Input Capacitance (Vin=0 V) Cin 5 | pF
Output Capacitance (Vour=0 V) Cout | 8 | pF 3000
Capacitance measured with a Boonton Meter or effective capacitance calculated 21154 Q
from the equation: C=1Ay/AV. 30 pF
600 (Including

scope and jig)

2115A FAMILY

R_EAD CYCLE TIMING 1
(S Held Low, W Held High)

tAVAX {
35V
Address &
X ov

re——tAvav
r-tAVQX > Vo
Q (Data Out) Previous Data Valid Data Valid
VoL
READ CYCLE TIMING 2!
(W Held High) 35V
Addressm Address Valid
ov
tSLSH 35V
< \ / E— B
s N /] —ov
[e——tSLQV—> 1SHQz
VOH
Q (Data Out X Data Valid P4 v
— VoL
}
| WARITE CYCLE TIMING
tAVAX { 35V
Address ’
} oV

‘ X 1"
“—!AVWL—" \ttWLWH-"_"tWHAx .
" N

/] —oV

I

DVWL

—> TWHDX

OBODRORXANHIXXXHKD

- S IS
D (Data In) RoXRAOGRAGNER_ Data Valid  JRKKNMIRIAR

Q (Data OutXXX XX D1 Undelined XK

(All Time Measurements Referenced to 1.5 V)
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MCM21156A*MCM21L15A°MCM2125AsMCM21L25A

WAVEFORMS OUTPUT LOAD
Waveform
Symbol Input Output Vee
Must Be Will Be
Valid Valid 510
—m_ Change Will Change 21%A Q
FromHto L FromHto L 30 pF
300 (Including
_m_ Change Will Change Scope and jig)
FromLto H From L to H
Don't Care: Changing =
m Any Change State
Permitted Unknown
> _ High
Impedance

READ CYCLE TIMING 1
(S Held Low, W Held High)

2125A FAMILY

TAVAX ' 26V
Address >\ &
ov
[e——tAvav
F=tAVQX > v
Q (Data Out) Previous Data Valid Data Valid OH
VoL
READ CYCLE TIMING 2
(W Held High) 35V
Addressm Address Valid oy
tSLSH 35V
N -
s N— —ovV
tsLav tSHQZ
—VoH
Q (Data Out) Hi-Z Data Valid Hi-Z — VoL
WRITE CYCLE TIMING | |
TAVAX 35V
Address
ov
{"SLWL—’ tWHSH—>] ;~ a5V
: TN o
t
L—lAVWL—> tWLWH->] WHAX
35V
W N Y
N\ 7 —ov
tDVWL ’-— AWHDX
35V

D (Data In)

v’v.v’v.v
RIS

7

AV AVAT VAV VAT VAV
00’0.0.0.0‘0&.0.0'0’0’%

(OBRXYR LR
RORRIXNXNX

RXOAXAXAXA oV

VoH
VoL

Data Out=Data In

TR ITIXIIIKR)
Q (Data Out) ,.’.t.’.’”.t Data Undefined 2.,‘?‘&!0206

(All time measurements referenced to 1.5 V)
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MCM2115A*MCM21L156AeMCM21256A*MCM21L25A

2115A FAMILY

WRITE ENABLE TO HIGH-Z DELAY PROPAGATION DELAY FROM CHIP SELECT TO HIGH-Z

Write

Chip
Enable Select
tSHQZ
Data ) _—_——————— -
Output ____  J]05V Data - Hi-z
Outpyt ———————~ 1% v
2125A FAMILY
WRITE ENABLE TO HIGH-Z DELAY PROPAGATION DELAY FROM CHIP SELECT TO HIGH-Z
Write .
Chip
Enable Select
1SHQz
Data . Data g Level ‘. Hi-Z
Output “0" Level 0.6V Hi-Z Output eve 05V
1" Level “1" Level
Data . Data 05V Hiz
Output NSV .’ﬂ z Output ===



@ MO TOROLA

MCHM5101
MCM51L01

256 x 4 BIT STATIC RAM

The MCM5101 family of CMOS RAMs offers ultra low power and ful-
ly static operation with a single 5-volt supply. The CMOS 1024-bit
devices are organized in 256 words by 4 bits. Separate data inputs and
data outputs permit maximum flexibility in bus-oriented systems. Data
retention at a power supply as low as 2.0 volts over temperature readily
allows design into applications using battery backup for nonvolatility.
The MCM5101 is fully static and does not require clocking in standby

mode.

The MCM5101 is fabricated using the Motorola advanced ion-
implanted, silicon-gate technology for high performance and high

reliability.

@ Low Standby Power

¢

0O 9 ¢e o€ o

Fast Access Time

Single +5.0 Volt Supply

Fully TTL Compatible — All Inputs and Outputs
Three-State Output

Fully Static Operation

Data Retention to 2.0 Volts

Direct Replacement for:

Intel 5101 Series
AMI S5101 Series
Hitachi HM435101 Series

@ Pin Replacement

for Harris HM6501 Series

CMOS

(COMPLEMENTARY MOS)

1024-BIT STATIC
RANDOM ACCESS MEMORY

C SUFFIX
CERDIP PACKAGE
CASE 736

P SUFFIX
PLASTIC PACKAGE
CASE 708

Typical Current Typical Current Max Access
Type Number @2V (A @5V (uA) ns)
MCM51L01C45, P45 0.14 0.2 450 PIN ASSIGNMENT
MCM51L01C65, P65 0.14 0.2 650
MCM5101C65, P65 0.70 1.0 650 AT @ 22 ]VCC
MCM5101C80, P80 — 10 800 AA2 2 21 [1A4
A3 20 fIR/W
A0[}4 19 [ICE1
BLOCK DIAGRAM 2505 18 flob
4
A0 O———] ||
OSJ—-— | Cell Array A6Q6 v DCEZ
A1 Address Row 32 Rows Vee = Pin 22 A70Q7 16 D04
2 Buffers Decoders .
A2 o—[ . 32 Columns Gnd =Pin 8
1 1 (Enable) GND[j8 15;014
A% | | b Qe 14[1D03
- 10
p ) ‘———3—0001 poif]io 13[pI3
o—H . Column 1/0
CE2 7% i_D— Cireuits I pi2f11 12 Ibo2
CE1 o—1 12
Cs DO2
Era 1 || F
20 (Enable) [ 14
Fg:’;’ 9 Input Column bos
o1z o Comrel . pecoder E 16, 008 | | = TRUTH TABLE
DI3 or——————— CE1|{ CE2{ OD|R/W|Djp, | Output| Mode
Dl4 o H | X | X] X | X | High-Z|Not Selected
(Enable) Baje x| L | x| x| x|Highz|Not Selected
*_r_\ Buffers X | X | H| H | X [ High-Z|Output Disabled
18 L | H|H| L] X]|Highz|Write
]} w—‘ So- L/ 5] 6l )
A5 AAG AJ"7 LIH|L| L|[X]| D [Wwrite
L|{H]|L[{ H]|X| Doyt [Read
DS9828/9-80




MCM5101eMCM51L01

MAXIMUM RATINGS (Voltages referenced to Vgg Pin 8)

Rating Symbol Value Unit
DC Supply Voltage Vee -051t0 +7.0 \"
Voltage on Any Pin Vin -0.3t0Vcc+0.3 \
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstq —65to +150 °C

This device contains circuitry to protect the in-
puts against damage due to high static voltages
or electric fields; however, it is advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum rated voltages
to this high-impedance circuit.

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage xg(s: 4'g5 5(')0 ! 5'025 \Y
Logic 1 Voltage, All Inputs VIH 22 - |Vcc+03 \
Logic 0 Voltage, All Inputs ViL -0.3 — 0.65 \4
DC CHRACTERISTICS
Characteristic Symbol mgm:: Lg:-g MCM5101-65 MCM5101-80 Unit
Min | Typ Max Min Typ“) Max Min Typ“) Max
Input Current Iin'? - | 50 - - | 50 - - | 50 - nA
Input High Voltage VIH 22} - |Vcc+03 22 - |Vcc+03] 22| — |Vcc+0.3 V
Input Low Voltage ViL -03 - 065 |-03] - 065 |[-03 -— 0.65 \
Output High Voltage (loy= —1.0 mA) VoH 24| — — 24| — - 24| — - \
Output Low Voltage (lg| =2.0 mA) VoL - = 0.4 - - 0.4 - — 0.4 \
Output Leakage Current
(CE1=22 . VoL=0V to Vee) N R A
Operating Current
(Vin=Vcc. except CE1=<0.65 V, Icct - | 90 22 - | 90 22 - " 25 mA
outputs open)
Operating Current
(Vin=2.2 V, Except CE1<0.65 V, Icc2 - 13 27 - | 13 27 -] 15 30 | mA
outputs open)
S'(aggg;g.uzrt?t\lin=0 Vor Veg) e - 10 - - 200 - - 500 KA
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V periodically sampled rather than 100% tested)
Ch istil Symbol Typ Max Unit
Input Capacitance (Vi =0 V) Cin 4.0 8.0 pF
Output Capacitance (Vout=0 V) Cout 8.0 12.0 pF
LOW Ve DATA RETENTION CHARACTERISTICS (Excluding MCM5101-80)
P Test Conditions symbol | Min [ Typ{ [ Max [ Unit
Vcc for Data Retention VDR 20 - - Y
MCM51L01-45, -65 Data Retention Current CE2=0.2V VDR=2.0V | ICCDR1 - 0.14 10 A
MCM5101-65 Data Retention Current VDR=20V ICCDR2 - 0.70 200 pA
Chip Deselect to Data Retention Time tCDR 0 — - ns
Operation Recover Time tR IRC(S) — — ns

Notes:

1. Typical values are TA=25°C and nominal supply voltage
2. Current through all inputs and outputs included in Icc. measurement

3. trc=Read Cycle Time
4. Low current state is for CE2=0 only
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MCM5101eMCM51L01

LOW Vcc DATA RETENTION WAVEFORM TYPICAL IccDR vs TEMPERATURE

Data Retention l |
Supply Mode Vge=20V /
Voltage CE2=0.2V
Vee) 0T vip-20v v
=
cDR :1: //
ViH 8
S ~
Chip Enable 0.2v
(CE2) OV /
0.01

0 10 20 .30 40 50 60 70
TEMPERATURE (°C)

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted)

Input Pulse Levels.............ooooviiiiiiiiiiiiieeeenns +0.65V102.2V Output Load.......ccovveiiiiiiiiinns 1 TTL Gate and C| =100 pF
Input Rise and Fall Times..............cocoeviiieinenns. IR, 20 ns Timing Measurement Reference Level.......................ons 1.5V
READ CYCLE
MCM51L01-65
Parameter Symbol | MCM51L01-45 | MCM5101-65 | MCM5101-80 | Unit
Min | Max | Min Max | Min Max
Read Cycle tRC 450 — 650 - 800 - ns
Access Time tA — 450 - 650 — 800 ns
Chip Enable (CET) to Output tco1 - 400 - 600 - 800 ns
Chip Enable (CE2) to Output tco2 - 500 - 700 - 850 ns
Output Disable to Output toD — 250 - 350 - 450 ns
Data Output to High-Z State tDF 0 130 0 150 0 200 ns
Previous Read Data Valid with Respect to Address Change tOH1 0 - 0 - 0 - ns
Previous Read Data Valid with Respect to Chip Enable tOH2 0 - 0 - 0 - ns
WRITE CYCLE f
MCM51L01-65
Parameter Symbol | MCM51L01-45 | MCM5101-65 | MCM5101-80 | Unit
Min | Max Min Max | Min Max {
Write Cycle twc 450 - 650 - 800 - ns
Write Delay AW 130 — 150 - 200 - ns
Chip Enable (CET) to Write tcw1 | 350 — 550 - 650 — ns q
Chip Enable (CE2) to Write tcw2 350 - 550 — 650 - ns \
Data Setup tDW 250 - 400 — 450 — ns |
Data Hold 1DH 50 - 100 - 100 - ns
Write Pulse wp 250 - 400 - 450 — ns !
Write Recovery tWR 50 - 50 - 100 - ns
Output Disable Setup DS 130 - 150 - 200 - ns




MCM5101¢MCM51L01

READ CYCLE TIMING

[—————————— IRC ———————————— >
Address )(
tcor —™ tOH1 et
CET —
tOH2 - ——
CE2 [
tC02 ——
—toD
oD
(Common 1/0)
P tp ———— toF —
Data
Out Data Out Valid

WRITE CYCLE TIMING

twe

Address ‘>( y
!CW1 —
CEl /'

] CE2

tcw2 —————

oD
' (Common 1/0){2) [

I . —» tDS |jw—o tDH —

l Dlar:a )( Data In Stable

- tpy ————

AW —o et~ TWR —]

R/W

/

tWp ——— =

Notes:
1. OD may be tied low for separate 1/0 operation
2. During the write cycle, OD is "high’* for common |/0 and ““don‘t care” for separate 1/0 operation
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@ MOTOROLA

128 x 8-BIT STATIC RANDOM ACCESS MEMORY

The MCM®6810 is a byte-organized memory designed for use in bus-

organized systems. It is

fabricated with N-channel silicon-gate

technology. For ease of use, the device operates from a single power
supply, has compatibility with TTL and DTL, and needs no clocks or
refreshing because of static operation.

The memory is compatible with the M6800 Microcomputer Family,
providing random storage in byte increments. Memory expansion is
provided through multiple Chip Select inputs.
® Organized as 128 Bytes of 8 Bits

Static Operation

TTL Compatible

© © ©6 0 06

Maximum Access Time=

Bidirectional Three-State Data Input/Output
Six Chip Select Inputs (Four Active Low, Two Active High)
Single 5-Volt Power Supply

450 ns — MCM6810
360 ns — MCMB68A10
250 ns — MCM68B10

(N-CHANNEL, SILICON-GATE)

128 x 8-BIT STATIC
RANDOM ACCESS
MEMORY

MCM6810 RANDOM ACCESS MEMORY

BLOCK DIAGRAM

Memory Data Data

Matrix
ff Bus
(128 X 8) Buffers

Selection
and Control

T

Memory Address
and Control

iy
P SUFFIX
PLASTIC PACKAGE
1 CASE 709

3 L SUFFIX
CERAMIC PACKAGE
CASE 716

S SUFFIX
CERDIP PACKAGE
CASE 623

PIN ASSIGNMENT

MC6800 ’_’U—
Micromrocessor M6800 MICROCOMPUTER FAMILY Gndl]1 ® 24 JVCC
processe BLOCK DIAGRAM
pof]2 23{1A0
D103 22f1A1
Read Only
Memory D204 21[1A2
p3fgs 20[1 A3
MRandarm oate 18 f1Ag
Access
Memory 5[ 7 18 [1A5
Interface D68 17 A6
Adapter D7E 9 16 JR/W
csofjio 15 1CS5
Interface p— —
Adapter Modem csign 14[1CSa
J | Ts212 13f]cs3
Address Data
Bus Bus
DS-9487R2/6-81
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MCM6810eMCM68A10eMCM68B10

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee =0.3t0 +7.0 v This device contains circuitry to protect the in-
Input Voltage Vin —031t0 +7.0 v puts against damage due to high static voltages
Operating Temperature Range TLtoTH or electric fields; however, it is advised that nor-
MCM6810, MCM68A10, MCM68B10 TA Oto +70 °C mal precautions be taken to avoid application of
MCM6810C, MCMBBA10C —40 to +85 any voltage higher than maximum rated voltages
Storage Temperature Range Tstg —651to +150 °C to this high impedance circuit. Reliability of
operation is enhanced if unused inputs are tied to
an appropriate logic voltage (e.g., either Vgg or
THERMAL CHARACTERISTICS Vee)
Characteristics Symbol Value Unit
Thermal Resistance
Ceramic 60
Plastic AT 120 °C/W
Cerdip 65

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Pp.6ga) (1
Where:
TaA=Ambient Temperature, °C
64 =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IccXx Ve, Watts — Chip Internal Power
PpORT =Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and Ty (if PPORT is neglected) is:

PD=K+(T +273°C) 2
Solving equations 1 and 2 for K gives:
K =Ppe(Ta+273°C) + 6 a°Pp2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)

for aknown TA. Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2) iteratively for any
value of TA.

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc £5%, V=0, TA=T| to TH unless otherwise noted)

Characteristic Symbol Min Max Unit
Input High Voltage ViH Vgs+2.0 Vee \
Input Low Voltage ViL Vgs—0.3 | Vss+0.8 Vv
Input Current (A, R/W, CSp) (Vin=0105.25 V) lin - 25 Py
Output High Voltage (IlgH= —205 pA) VOH 24 - \"
Output Low Voltage (Ig| = 1.6 mA) Vor — 0.4 v
Output Leakage Current (Three-State) (CS=0.8 V or C5=2.0 V, V;t=0.4 V 10 2.4 V) ITs| - 10 pA
Supply Current 1.0 MHz | - 80 A

(Vee=5.25V, All Other Pins Grounded) 1.5,2.0MHz| 'CC - 100 m

Input Capacitance (Ap, R/W, CSp, CSp) (Vin=0, TA=25°C, f=1.0 MH2) Cin — 7.5 pF
Output Capacitance (Dp) (Vout=0, TA=25°C, f=1.0 MHz, CSO=0) Cout - 12.5 pF
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MCM6810eMCM6E8A10eMCM6E8B10

BLOCK DIAGRAM

j@——e= 2 D0
A0 23 — j&—= 3 D1
Al 22 — je—=> 4 D2
A2 21— Memory 3State [@—5 D3
A3 20— Qadress (raatnx Buffer @& Da
A4 19— * le— 7 D5
A5 18 — je— 8 D6
A6 17 je—9 D7
Css 15
CSa 14
cs3 13 Memory
_ Control
Cs2 12
<3BRT] Vee = Pin 24
Gnd = Pin 1
cso 10 16 Read/Write
AC OPERATING CONDITIONS AND CHARACTERISTICS
READ CYCLE (Vcc=5.0V t5%, Vgg =0, Tp = T to Ty unless otherwise noted.)
MCM6810 MCM68A10 MCM68810
Characteristic Symbol Min Max Min Max Min Max Unit
Read Cycle Time teye(R) 450 - 360 - 250 - ns
Access Time tace - 450 - 360 - 250 ns
Address Setup Time tAS 20 - 20 - 20 — ns
Address Hold Time tAH 0 - 0 - 0 - ns
Data Delay Time (Read) tDDR - 230 - 220 - 180 ns
Read to Select Delay Time tRCS 0 - 0 - o] - ns
Data Hold from Address tDHA 10 - 10 - 10 - ns
Output Hold Time tH 10 - 10 - 10 - ns
Data Hold from Read DHR 10 80 10 60 10 60 ns
Read Hold from Chip Select tRH 0 - 0 - o] - ns

READ CYCLE TIMING

teyc(R)

[ tacc e il

Address

tas

tAH

es /

tRes [@

tppR — 8]

N\,

R/W ///////

Wizzzzzzzz:2t

— tpHaA—]
e——tpHR —

l—— 1y ———

Data Out

NOTES:

1. Voltage levels shown are V| <0.4 V, VH=2.4 V, unless otherwise specified.
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.

3. CS and CS have same timing.

N

X

Data Valid

P
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MCM6810¢MCM68A10eMCM68B 10

WRITE CYCLE (Vcc =5.0V 5%, Vgg = 0, Ta = T to Ty unless otherwise noted.)

MCM6810 MCM68A10 MCM68B10

Characteristic Symbol Min Max Min Max Min Max Unit
Write Cycle Time teyc(w) 450 - 360 - 250 - ns
Address Setup Time tAS 20 - 20 - 20 - ns
Address Hold Time tAH 0 - 0 - 0 - ns
Chip Select Pulse Width tcs 300 - 250 - 210 - ns
Write to Chip Select Delay Time twes 0 - 0 - 0 - ns
Data Setup Time (Write) tDSW 190 - 80 - 60 - ns
Input Hold Time tH 10 - 10 - 10 - ns
Write Hold Time from Chip Select tWH .0 -

WRITE CYCLE TIMING

teye(w)

Address X x
"'AS«DJ g tcs TAH —S|

« W 4 N

| * RO Vi

— ] twes |le— — tWT
' I AN
(————————— {DSW ———————— tH f————————

f o0 LLLLL L0000 R ata n Statle WA
!
) NOTES:

1. Voltage levels shown are V| <0.4 V, V4=2.4 V, unless otherwise specified.

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. m = Don’t Care

3. CS and CS have same timing.
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MCM6810eMCM68A10eMCM68B 10

FIGURE 1 — AC TEST LOAD

50V

MMD6150
or Equiv.

RL=2.5kQ

Test Point

1 F*
%op MMD7000

or Equiv.

*Includes Jig Capacitance

ORDERING INFORMATION

MCMB6E8A10CP

Motorola Integrated Circuit —j_
M6800 Family

Blanks=1.0 MHz
A=15MHz

B=2.0 MHz

Device Designation
In M6800 Family
Temperature Range
Blank=0°— +70°C
C= —40°— +85°C
Package
P = Plastic
S = Cerdip
L= Ceramic

BETTER PROGRAM

Better program processing is available on all types listed. Add
suffix letters to part number.
Level 3 add “DS”

Level 1add “S”  Level 2 add "D"

Level 1 'S =10 Temp Cycles — (—25 to 150°C); |
Hi Temp testing at Tp max.

Level 2 D" =168 Hour Burn-in at 125°C

Level 3 “DS" = Combination of Level 1 and 2.

Speed Device Temperature Range
1o MHz | MCMGBIOP.LS 0to +70°C !
. MCM6810CP,CL,CS —40to +85°C
1.5 MHz MCMB68A10P,L,S 0to +70°C
) MCM68A10CP,CL,CS| —40to +85°C
2.0 MHz MCM68B10P,L,S 0to +70°C
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@ MOTOROLA

MCM2114
MCM21L14

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2114 is a 4096-bit random access memory fabricated with
high density, high reliability N-channel silicon-gate technology. For ease
of use, the device operates from a single power supply, is directly com-
patible with TTL and DTL, and requires no clocks or refreshing because
of fully static operation. Data access is particularly simple, since address
setup times are not required. The output data has the same polarity as
the input data.

The MCM2114 is designed for memory applications where simple in-
terfacing is the design objective. The MCM2114 is assembled in 18-pin
dual-in-line packages with the industry standard pin-out. A separate
chip select (S) lead allows easy selection of an individual package when
the three-state outputs are OR-tied.

The MCM2114 series has a maximum current of 100 mA. Low power
versions (i.e., MCM21L14 series) are available with a maximum current
of only 70 mA.

@ 1024 Words by 4-Bit Organization

@ Industry Standard 18-Pin Configuration

@ Single +5 Volt Supply

@ No Clock or Timing Strobe Required

® Fully Static: Cycle Time= Access Time

© Maximum Access Time
MCM2114-20/MCM21L14-20 200 ns
MCM2114-25/MCM21L14-25 250 ns
MCM2114-30/MCM21L14-30 300 ns
MCM2114-45/MCM21L14-45 450 ns

@ Fully TTL Compatible

® Common Data Input and Output
® Three-State Outputs for OR-Ties
® Low Power Version Available

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 707

L SUFFIX
CERAMIC PACKAGE
CASE 680

PIN ASSIGNMENT

acdie 8 hvee
As5(]2 17f1A7
A4Q3 16 A8
A3Q4 15[1A9
BLOCK DIAGRAM A0s 1ahoas
15 All6 13fiDQ2
AS P amn ] Vee = Pin 18
A4 ’2—/6\—_—- ol Ves = Pin 9 A27 12[1DQ3
s emory Array 11gDQ4
A | mow 64 Row Sge ]_
A6 o Select 64 Columns Vssq9 10AW
T
A8 s —
14
DQ1 Column 1/0 Circuits PIN NAMES
e £ 5 o Bl I RV
paz 12 - Data Column Select i(}AS ........................... Address Input
DQ3 3—— Control Wi Write Enable
11 S Chip Select
D04 1 DQ1-D04. Data Input/Output
vee..... ...Power (+5 V)
_8 VGG ittt Ground
s BJ ) 5| 6|7/ 4
_10 A0 A1 A2 A3
w
DS9800/1-79
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MCM2114eMCM21L14

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit
Temperature Under Bias -10 10 +80 °C
Voltage on Any Pin With Respect to Vgg -05t0 +7.0 \ This device contains circuitry to protect
o z 50 ™y the inputs against damage due to high
DC Output Current . m static voltages or electric fields; however,
Power Dissipation 1.0 Watt it is advised that normal precautions be
Operating Temperature Range 0to +70 °C taken 1o avoid application of any voltage
Storage Temperature Range -651t0 + 150 oC higher than maximum raFed voltages to
- this high-impedance circuit.
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-

ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max |Unit]
Vee | 475 5.0} 525
Supply Voltage Vss 5 5 5 v
Logic 1 Voltage, All Inputs ViH 2.0 - 6.0 \Y
Logic O Voltage, All Inputs ViL -05] - 08 \
DC CHARACTERISTICS
MCM2114 MCM21L14
Paramete Symbol Unit
rameter vm Min] Typ | Max | Min | Typ | Max |
Input Load Current (All Input Pins, Vi;=0105.5V) I - — 10 — — 10 | uA
1/0 Leakage Current (S=2.4V, Vpa=0.4V to Vce) |1Lo] — — 10 — — 10 pA
Power Supply Current (Vin =55V, IpQ=0 mA, Tao=25°C) Icct — 80 95 — — 65 | mA
Power Supply Current (Vin=56.5V, Ipq=0 mA, Tao=0°C) Icc2 — — 100 | - — 70 | mA
Output Low Current Vo =04 V 10L 21] 6.0 — 211 6.0 - mA
Output High Current Vo =2.4 V I0H — | -14[-10] - | -14] -10]mA
NOTE: Duration not to exceed 30 seconds
CAPACITANCE (f=1.0 MHz, Tp = 25°C, periodically sampled rather than 100% tested)
Characteristic Symbol Max Unit
Input Capacitance (V;,=0 V) Cin 5.0 pF |
Input/Output Capacitance (Vpq=0V) Ci/0 5.0 pF
Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=14/AV.
(
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)
Input Pulse Levels.......................................0.8 VoIt t0 2.4 Volts Input and Output Timing Levels...............coooviie. 1.5 Volts \

Input Rise and Fali Times. .10 ns Output Load............... TTL Gate and C_ =100 pF ¢

READ (NOTE 1), WRITE (NOTE 2) CYCLES

MCM2114-20 | MCM2114-25 | MCM2114-30 | MCM2114-45 !
Parameter Symbol | MCM21L14-20 | MCM21L14-25 | MCM21L14-30 | MCM21L14-45 | Unit
Min Max Min Max Min Max Min Max
Address Valid to Address Don't Care tAVAX | 200 - 250 — 300 — 450 — ns
Address Valid to Output Valid tAVQV - 200 — 250 - 300 ~ 450 ns
Chip Select Low to Data Valid tsLav — 70 — 85 — 100 — 120 ns
Chip Select Low to Output Don’t Care 1SLQX 20 - 20 - 20 - 20 — ns
Chip Select High to Output High Z t1SHQZ - 60 - 70 - 80 - 100 ns
Address Don't Care to Qutput High Z TAXQZ 50 — 50 — 50 — 50 — ns
Write Low to Write High twWiLwH | 120 — 135 - 150 — 200 — ns
Write High to Address Don’t Care IWHAX 0 — 0 - 0 - 0 - ns
Write Low to Output High Z WwLQz — 60 — 70 — 80 - 100 ns
Data Valid to Write High IDVWH 120 = 135 — 150 - 200 — ns
Write High to Data Don't WHDX 0 = 0 — 0 - 0 — ns

NOTES: 1. A Read occurs during the overlap of a low S and a high W~
2. A Write occurs during the overlap of a low S and a low W.
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MCM2114eMCM21L14

READ CYCLE TIMING (W HELD HIGH)

Address

3

Address

S

tAVAX

f—————————tAvQy————————>]

X

LAARARARAREANRARANANARARNRNNAN

1SLQV —e

‘SLOX’L
L

1SHQZ

tAXQZ

WRITE CYCLE TIMING (NOTE 3)

S

TAVAX

A

AANNAANRANNRNRNANNN

y. 1A

LU

F——"WHAX

L/

VAVAvAV VvV, v, \V
XREAEKKII KXY

~#=tWHDX|
IDVWH

7

K AOKKXKRXOXXRIXN

3. If the'S low transition occurs simultaneously with the W low transition, the output buffers remain in a high-impedance state.

Waveform
Symbol

AN\
/4

2K
-

WAVEFORMS

Input

MUST BE
VALID

CHANGE
FROMHTO L

CHANGE
FROM L TOH

DON'T CARE
ANY CHANGE
PERMITTED
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Qutput

WILL BE
VALID

WILL CHANGE
FROMHTOL

WILL CHANGE
FROM LTOH

CHANGING
STATE
UNKNOWN

HIGH
IMPEDANCE



MCM2114eMCM21L14

Igc, SUPPLY CURRENT (mA)

IgH. OUTPUT SOURCE CURRENT (mA)

80

75

65

60

OUTPUT SOURCE CURRENT versus OUTPUT VOLTAGE
8.0

6.0

5.0

4.0

3.0

20

SUPPLY CURRENT versus SUPPLY VOLTAGE

TYPICAL CHARACTERISTICS

45

475 ]
Ve, SUPPLY VOLTAGE (VOLTS)

5.25

55

\

\
|
\

\
\
\

20

VgH. OUTPUT VOLTAGE (VOLTS)

5.0

6.0
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Igc. SUPPLY CURRENT (mA)

IgL, OUTPUT SINK CURRENT (mA)

SUPPLY CURRENT versus AMBIENT TEMPERATURE

7%

50

9.0

8.0

70

6.0

4.0

N
20 40 60 80
Ta. AMBIENT TEMPERATURE (°C)
OUTPUT SINK CURRENT versus OUTPUT VOLTAGE
0.1 0.2 03 0.4 05 0.6

Vo, OUTPUT VOLTAGE (VOLTS)




MCM2114eMCM21L14

NORMALIZED ACCESS TIME versus TEMPERATURE TYPICAL ACCESS TIME versus TEMPERATURE

1.0 170 /
Z 0.95 A /
w / _ 160
= < £ /
8 g 7
§ 0.90 7 = /
< Va 2 150
2 u 7
N g5 2 P
= / 7
] = A
S 140
= 0.80
3

0.5 130

0 20 40 50 80 20 40 60 80
T, TEMPERATURE (°C) Ta, TEMPERATURE (°C)
MCNi2114/MCM21L14 BIT MAP
PIN 18
PIN 1 Vce

O O

1023 «€¢—————— 10081023 €————— 1008 | 1023<€————1008 |1023<€¢———— 1008
1007 1007 1007 1007

DQ3 (PIN NO. 12) DQ4 (PIN NO. 11) DQ1 (PIN NO. 14) DQ2 (PIN NO. 13)

15 <& 0j15 <€ 015 - 015 =€ 0

To determine the precise location on the die of a word in memory, reassign address numbers to the address pins as
in the table below. The bit locations can then be determined directly from the bit map.

REASSIGNED REASSIGNED
PIN NUMBER ADDRESS NUMBER PIN NUMBER ADDRESS NUMBER
1 A6 6 A1
2 A5 7 A2
3 Ad 15 A9
4 A3 16 A8
5 A0 17 A7
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@ MOTOROLA

MCM2147

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM2147 is a 4096-bit static random access memory
organized as 4096 words by 1-bit using Motorola’s N-channel silicon-
gate MOS technology. It uses a design approach which provides the
simple timing features associated with fully static memories and
the reduced standby power associated with semi-static and dynamic
memories. This means low standby power without the need for
clocks, nor reduced data rates due to cycle times that exceed access
times.

E controls the power-down feature. It is not a clock but rather
a chip select that affects power consumption. In less than a cycle
time after E goes high, deselect mode, the part automatically reduces
its power requirements and remains in this low-power standby mode
as long as E remains high. This feature results in system power
savings as great as 85% in larger systems, where most devices are
deselected. The automatic power-down feature causes no perfor-
mance degradation.

The MCM2147 is in an 18 pin dual in-line package with the
industry standard pinout. It is TTL compatible in all respects. The
data out has the same polarity as the input data. A data input and
a separate three-state output provide flexibility and allow easy
OR-ties.

o Fully Static Memory — No Clock or Timing Strobe Required
Single +5 V Supply
High Density 18 Pin Package

(N-CHANNEL, SILICON-GATE)

MOS

4096-BIT STATIC
RANDOM ACCESS
MEMORY

C SUFFIX
FRIT-SEAL
CERAMIC PACKAGE
also available

P SUFFIX
PLASTIC PACKAGE
CASE 707

PIN ASSIGNMENT

3-23
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°
© Automatic Power-Down A0Q1® DvVee
© Directly TTL Compatible—All Inputs and Outputs ad2 178 A6
@ Separate Data Input and Output a2l 3 16hA7
© Three-State Output A3l 15has
@ Access Time — MCM2147-55 = 55 ns max
MCM2147-70 = 70 ns max A4Q5 14[1A9
MCM2147-85 = 85 ns max A5ll6 13[1A10
MCM2147-100 = 100 ns max
(oL} 12pAN
wis 1D
Vssl9 100E
BLOCK DIAGRAM Ss fE
2 Vee = Pin 18
A1 T cemmn PIN NAMES
3 o Vgg = Pin 9
A2 }___ Row Memory Array A0-A11 ....Address Input
as 7 t setect | © 64 Row W ..Write Enable
16 ° 64 Columns E... .Chip Enable
A7 3 D.. ..Data Input
A8 15 /6\\___— _‘ Q.. ..Data Output
I Vee. ...Power (+5 V)
1 I\ L 7 VGG Ground
B L Column 1/0 Circuits
Column Select
10 TRUTH TABLE
£ Elw Mode Output Power
8 4 5| 6| 14]|13]12 H X Not Selected High Z Standby
W | | | | | L] L Write High 2 Active
A3 A4 A5 A9 AT0 AT L[ H Read Data Out | Active
DS9821/10-80




MCM2147

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit This device contains circuitry to protect the
Temperature Under Bias -10to +85 °c inputs against damage due to high static voltages
Voltage on Any Pin With Respect to Vg ~0.51t0+7.0 Vdc or electric fields; however, it is advised that
co normal precautions be taken to avoid applica-
D utput Current 20 mA tion of any voltage higher than maximum rated
Power Dissipation 1.0 Watt voltages to this high-impedance circuit.
Operating Temperature Range 0to+70 oc
Storage Temperature Range -65 to +150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted
to RECOMMENDED OPERATING CONDITIONS. Exposure to
higher than recommended voltages for extended periods of time could
affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED OPERATING CONDITIONS
Parameter Symbol | Min | Typ | Max | Unit
Supply Voltage x‘s:(s: 465 560 5(')5 Vv
Logic 1 Voltage, All Inputs VIH 20| — | Vcec| V
Logic 0 Voltage, All Inputs ViL -03] - 0.8 \
DC CHARACTERISTICS
MCM2147-55 MCM 2147-70 MCM2147-85 MCM2147-100
Parameter Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
input Load Current 'R - 0.01 10 - 0.01 10 - 0.01| 10 - 0.01 10 uA
(All Input Pins, Vi, =010 5.5 V)
Output Leakage Current loL - 0.1 50 - 0.1 50 - 0.1 50 - 01 50 | wA
(E=20V, Vot =010 5.5V)
' Power Supply Current Icc1 - 120 | 170 - 100 | 150 - 95 | 130 - 80 | 110 | mA
(E = V||, Outputs Open, T = 25°C)
Power Supply Current lcc2 - - 180 - - 160 | — - 140 | — - 120 | mA
) (E = V|, Outputs Open, T = 0°C)
Standby Current Isg - 15 | 30 - i0 | 20 - 16 | 25 - 10 | 20 | mA
(E=Vy)
R Input Low Voltage ViL -03| — 08 [ -03| - 08 |-03]| - 08 |-03]| — 0.8 \4
. Input High Voltage ViH 20| - | 60| 20 | — 60| 20)] — |60 20| — | 60| V
| Output Low Voltage VoL - - 0.4 — = 04 — — 04 - — 04 v
(loL =8.0 mA)
} Output High Voltage VOH 24 | - - 24 | - - 24 | - - 124 - - Vv
(IgH = -4.0 mA)

Typical values are for Tp = 25°C and Voo = +5.0 V.

FIGURE 1 — OUTPUT LOAD

CAPACITANCE
(f = 1.0 MHz, T = 25°C, periodically sampled rather than 100% tested.) Vee
Characteristic Symbol Max Unit
Input Capacitance (Vi =0 V) Cin 5.0 pF 510
Output Capacitance (Vg =0 V) Cout 10 pF
) Q
Capacitance measured with a Boonton Meter or effective capacitance calculated 30 pF
1A == (Including
from the equation: C = A_\; 300 T scope and jig)
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MCM2147

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted)

Input Pulse Levels ...0 Volt to 3.5 Volts Input and Output Timing LeveIS............ccouuvvveiiiiincainins 1.5 Volts
Input Rise and Fall Times... Ons Output Load .See Figure 1
READ, WRITE CYCLES
Parameter Symbol MCM2147-55 | MCM2147-70 M(.JM2147-85 MC.M2147-100 Unit
Min Max Min Max Min Max | Min Max
Address Vali Ad Don’
(Cydle Trme When Chip Enablo 1 Held Actve) | AVAX | 88 | = | 0 | e |~ w0 |~ | s
Chip Enable Low to Chip Enable High tELEH 56 - 70 — 85 - 100 - ns
Address Valid to Output Valid (Access) tAvQv - 65 - 70 - 85 - 100 ns
Chip Enable Low to Output Valid (Access) ELavit | 5 — 70 - e - 1% i
tELQv2” - 65 — 80 - 95 - 110 ns
Address Valid to Output Invalid tAVQX 10 - 10 - 10 = 10 — ns
Chip Enable Low to Output Invalid tELQX 10 - 10 - 10 - 10 - ns
Chip Enable High to Output High Z tEHQZ 0 40 0 40 0 40 0 40 ns
Chip Selection to Power-Up Time tPU 0 - 0 - 0 - 0 - ns
Chip Deselection to Power-Down Time tPD 0 30 0 30 0 30 0 30 ns
e e we | o - [o|-Jo]-[o]-|=
Chip Enable Low to Write High tELWH 45 — 55 — 70 — 80 — ns
Address Valid to Write High TAVWH 45 - 55 — 70 - 80 - ns
Address Valid to Write Low (Address Setup) TAVWL 0 - 0 - 0 - 0 - ns
Write Low to Write High (Write Pulse Width) tWLWH 35 - 40 - 55 - 65 - ns
Write High to Address Don't Care tWHAX 10 - 15 - 15 - 15 - ns
Data Valid to Write High tDVWH 25 - 30 - 45 - 55 - ns
Write High to Data Don’t Care (Data Hold) tWHDX 10 - 10 - 10 - 10 - ns
Write Low to Output High Z twLQzZ 0 30 0 35 0 45 0 50 ns
Write High to Output Valid tWHQV 0 — 0 — 0 - 0 - ns

*tgLQv1 is access from chip enable when the 2147 is deselected for at least 55 ns prior to this cycle. tg| Qy2 is access from chip enable for
0 ns < deselect time < 55 ns. If deselect time = 0 ns, then tg Qv = tavQv-

TIMING PARAMETER ABBREVIATIONS

tx X X X
signal name from which interval is definediJ
transition direction for first signal
signal name to which interval is defined
transition direction for second signal

The transition definitions used in this data sheet are:

H = transition to high

L = transition to low

V = transition to valid

X = transition to invalid or don’t care
Z = transition to off (high impedance)

TIMING LIMITS

The table of timing values shows either a minimum or
a maximum limit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a maxi-
mum since the device never provides data later than
that time.
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MCM2147

READ CYCLE TIMING 1 TAVAX J
(E Held Low)
ADDRESS )L ViH
Vi
[————tavav
<—tAvox—>|
v
Q (Data out) Previous Data Valid Data Valid OH
VoL
READ CYCLE TIMING 2 [f— TAVEL
ViH
ADDRESS Address Valid
Vio
_ tELEH |
E ——— ViH
N
Vie
teLav tEHQZ
F—1g | ox —]
. - . VoH
Q (Data out) High Z Data Valid | ~ »-High Z
VoL
Py ——I tPD
Vee g -m————— — — — — |
Supply |
Current s

NOTE: W is high for Read Cycles.

WRITE CYCLE TIMING

tAVAX
ADDRESS >( \\//'IH
L
tELWH
_ ViH
SENNNANY 2L,
’ TAVWH o TWHAX
F—— tAvwL — tWLwH " l

_ Vv

| W AN\, v
tDVWH TWHDX

: - Vin
2 D (Data in) Data Valid
Vi

] w LQZj-——.‘ ,ﬁ——l—twnov
] Vo
@ (Data out) TXXXYRXKRX, Bars Drdetimas, QRCARRIIRR)—— High 2 —ﬂé; vor

Data out = Data in

WAVEFORMS
Waveform Input Output
Symbol
_— MUST BE WILL BE
VALID VALID

CHANGE WILL CHANGE
m FROMHTOL  FROMHTOL

CHANGE WILL CHANGE
m FROMLTOH  FROMLTOH

DON'T CARE: CHANGING:
m ANY CHANGE STATE
PERMITTED UNKNOWN

D Eon
IMPEDANCE
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MCM2147

FIGURE 2 — AVERAGE DEVICE DISSIPATION
DEVICE DESCRIPTION versus MEMORY SIZE

The MCM2147 is produced with a high-performance
MOS technology which combines on-chip substrate bias [
generation with device scaling to achieve high speed.
The speed-power product of this process is about four
times better than earlier MOS processes.

This gives the MCM2147 its high speed, low power and
ease-of-use. The low-power standby feature is controlled
with the E input. E is not a clock and does not have to
be cycled. This allows the user to tie E directly to system
addresses and use the line as part of the normal decoding
logic. Whenever the MCM2147 is deseiected, it auto-
matically reduces its power requirements.

SYSTEM AVERAGE DEVICE POWER

SYSTEM POWER SAVINGS 100% Duty Cycle

The automatic power-down feature adds up to signi-
ficant system power savings. Unselected devices draw low
standby power and only the active devices draw active
power. Thus the average power consumed by a device
declines as the system size increases, asymptotically
approaching the standby power level as shown in Figure 2.

The automatic power-down feature is obtained without
any performance degradation, since access time from chip FIGURE 3 — PC LAYOUT
enable is < access time from address valid. Also the fully
static design gives access time equal cycle time so multiple
read or write operations are possible during a single select
period. The resultant data rates are 14.3 MHz and 18 MHz
for the MCM2147-70 and MCM2147-55 respectively.

Isg

L L
4K 8K 16K 32K 64K
MEMORY SIZE IN WORDS

DECOUPLING AND BOARD LAYOUT
CONSIDERATIONS

The power switching characteristic of the MCM2147
requires careful decoupling. It is recommended that a
0.1 uF to 0.3 uF ceramic capacitor be used on every
other device, with a 22 uF to 47 uF bulk electrolytic
decoupler every 16 devices. The actual values to be used
will depend on board layout, trace widths and duty cycle.

Power supply gridding is recommended for PC board
layout. A very satisfactory grid can be deveioped on
a twc-layer board with vertical traces on one side and
horizontal traces on the other, as shown in Figure 3.
If fast drivers are used, terminations are recommended
on input signal lines to the MCM2147 because significant
reflections are possible when driving their high impedance
inputs. Terminations may be required to match the
impedance of the line to the driver.
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MCMe65147

Advance Information J

4096-BIT STATIC RANDOM ACCESS MEMORY

The MCM65147 is a 4096-bit static Random Access Memory organiz-
ed as 4096 words by 1-bit, fabricated using Motorola’s high perfor-
mance CMOS silicon gate technology (HCMOS). It uses a design ap-
proach which provides the simple timing features associated with fully
static memories and the reduced power associated with CMOS
memories. This means low power without the need for clocks, nor
reduced data rates due to cycle times that exceed access times.

Chip enable (E) controls the power-down feature. It is not a clock,
but rather a chip control that affects power consumption. After E goes
high, initiating deselect mode, the part automatically reduces its power
requirements and remains in this low-power standby mode as long as E
remains high.

The MCM65147 is in an 18-pin dual in-line package with the industry
standard pinout. It is TTL compatible in all respects. The data out has
the same polarity as the input data. A data input and a separate three-
state output provide flexibility and allow easy OR-ties.

@ Single +5 V Supply
@ Fully Static Memory — No Clock or Timing Strobe Required
® Maximum Access Time
MCME65147-55="55 ns
MCME65147-70=70 ns
Automatic Power Down
Low Power Dissipation
75 mW Typical (Active)
125 uW Typical (Standby)
® Low Standby Power Version Available
©® Directly TTL Compatible — All Inputs and Output
® Separate Data Input and Three-State Output
® Equal Access and Cycle Time
@ High Density 18-Pin Package

CMOS

(COMPLIMENTARY MOS)

4,096 x 1 BIT
STATIC RANDOM
ACCESS MEMORY

FRIT-SEAL CERAMIC PACKAGE

P SUFFIX
$ . PLASTIC PACKAGE
CASE 707

C SUFFIX

CASE 726

BLOCK DIAGRAM

1
a0 — | -
A 2 t Vce = Pin 18
e
3 L] Vgg = Pin9
Az —— 5 Memory Array
Row
17 Select 64 Row
As e >0~: © 64 Columns
A7 — z
A8 1_5—_|X
] e e e T
n N ’
o Column 1/O Circuits
Column Select
10
8 4| 5| 6| 14]13]12

w T 1T 1T 11
A3 A4 A5 A9 A10A11

PIN ASSIGNMENTS

Aolj1 @ vee
A2 17 A6
A2Q]3 16 [IA7
A3[]a 15 [1A8
A4f]5 14 A9
A5[]6 13 JA10
Qg 12 A1
wis 1o
vssQ9 10[E

PIN NAMES

Motorola reserves the right to make changes to any product
herein to improve reliability, function or design. Motorola
does not assume any liability arising out of the application or
use of any product or circuit described herein; neither does
it convey any license under its patent rights nor the rights of
others.

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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MCM65147

ABSOLUTE MAXIMUM RATINGS(See note)

Rating Value Unit . X . .
T Under Bi 00 65 o This device contains circuitry to protect
emperature Un ?r '_as 0 the inputs against damage due to high
Voltage on Any Pin with Respect to Vcc -05t0 +7.0 v static voltages or electric fields; however,
Power Dissipation 1.0 Watt it is advised that normal precautions be
Operating Temperature Range Oto +70 °oc tgken to avoid ap_plication of any voltage
Storage Temperature Range —65to + 150 °C higher than maximum rated voltages to

this high-impedance circuit.

NOTE:

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposute to higher than recommended voltages for extended
periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range uniess otherwise noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min | Typ |[Max | Urit
Supply Voltage xgg 4(‘)5 560 5(')5 v
Logic 1 Voltage, All Inputs ViH 2.0 - 6.0 \Y
Logic O, Voltage, All Inputs VL -0.3| — 0.8 \
DC CHARACTERISTICS
Paramete Symbol MCM65L147-55 MCM65147-55 MCME5L147-70 MCM65147-70 Unit
arameter d Min | Typ*| Max | Min | Typ* | Max| Min | Typ* [ Max| Min | Typ*| Max
Input Load Current _ _
{All Input Pins, Vin=0 10 5.5 V) L - 1001 | 1.0 — | 001]10 0.01 1 1.0 0.01| 1.0 | pA
Output Leakage Current
= ! — . 1. - 0.1 1.0 - 0.1 1.0 - 0.1 1.0 A
(E=2.0V, Vour=0 to 5.5 V) oL 01|10 *
Power Supply Current _ _ _ _
(E_: VL, Output Open] lcet 15 35 15 35 15 35 15 35 [ mA

Standby Current (E=Vjy) IsB1 - 5 12 | - 5 12| - 5 12| - 5 12 [ mA
Standby Current (E=Vgc—0.2 V)

- - - - 800 | pA
0.2 V=Vin=Voe—-02 V) IsB2 25 | 100 200 | 800 25 | 100 200 B
Input Low Voltage ViL -03| - 08 |-03] — |08|-03f — |08|-03] — | 08 \Y
Input High Voltage ViH 2.0 - 6.0 | 2.0 - 6.0 20 - 6.0 ] 20 - 6.0 \"
Output Low Voltage
- | - . - | - . - | - 4] — | = o4 ]| v
(oL =12.0 mA) VoL 04 04 0 '
Output High Voltage** _ _ _ _ c_ _ 4 _ _ v
(ot = — 8.0 mA) VoH | 24 24 24 2.

*Typical values are for Tp=25°C and Vcc= +5.0 V.
**Also, output voltages are compatible with Motorola's new High-Speed CMOS Logic Family, if the same power supply voltage is used.

CAPACITANCE (f=1.0 MHz, Ta=25°C, periodically sampled rather than 100% tested.)

FIGURE 1 — OUTPUT LOAD .
Characteristic Symbol Max Unit i
Input Capacitance (Vin=0 V) "Cin 5.0 pF Vee
Output Capacitance (Vqoy1=0 V) Cout 7.0 pF t
Capacitance measured with a Boonton Meter or effective capacitance calculated from the
equation: C=1A4/AV. 510
Q
30 pF
== (Including

w
8
Y

scope and jig)
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MCMe65147

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted)

Input Pulse Levels
Input Rise and Fall Times ...

0 Volt to 3.5 Volts Input and Output Timing Levels ......................... 0.8 and 2.0 Volts
....10ns OUPUL LOAd ...t See Figure 1

READ, WRITE CYCLES

MCM65147-55 MCM65147-70 .
Parameter Symbol Min Mox Min Mox Unit
Address Valid to Address Don't Care . t 55 _ 70 _ ns
(Cycle Time when Chip Enable is Held Active) AVAX
Chip Enable Low to Chip Enable High tELEH 55 - 70 - ns
Address Valid to Output Valid (Access) tAVQV - 55 = 70 ns
Chip Enable Low to Output Valid (Access) tELQV - 55 — 70 ns
Address Valid to Output Invalid tAVQX 5 - 5 - ns
Chip Enable Low to Output Invalid tELQX 10 — 10 — ns
Chip Enable High to Output High Z tEHQZ 0 40 0 40 ns
Chip Selection to Power-Up Time tpy 0 — 0 — ns
Chip Deselection to Power-Down Time tPD 0 30 0 30 ns
Address Valid to Chip Enable Low (Address Setup) tAVEL 0 - 0 - ns
Chip Enable Low to Write High tELWH 45 — 55 - ns
Address Valid to Write High tAVWH 45 — 55 - ns
Address Valid to Write Low (Address Setup) TAVWL 0 - 0 — ns
Write Low to Write High (Write Pulse Width) tWLWH 35 - 40 — ns
Write High to Address Don’t Care tWHAX 10 - 15 — ns
Data Valid to Write High tDVWH 25 - 30 = ns
Write High to Data Don’t Care (Data Hold) tWHDX 10 — 10 — ns
Write Low to Output High Z twLQz 0 30 0 35 ns
Write High to Output Valid tWHQV 0 — 0 - ns
TIMING PARAMETER ABBREVIATIONS TIMING LIMITS
tX XXX The table of timing values shows either a minimum or a
signal name from which interval is defined — | maximum limit for each parameter. Input requirements are
transition direction for first signal specified from the external system point of view. Thus, ad-
signal name to which interval is defined dress setup time is shown as a minimum since the system
' transition direction for second signal must supply at least that much time (even though most
devices do not require it). On the other hand, responses from
| The transition definitions used in this data sheet are: the memory are specified from the device point of view.
H = transition to high Thus, the access time is shown as a maximum since the
L = transition to low device never provides data later than that time.

V =transition to valid
| X=transition to invalid or don’t care
Z =transition to off (high impedance)
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MCM65147

Address H
ViL
VOH
Q (Data Out)
VoL
VIH
Add
ddress viL
E VIH
ViL
VoH
Q (Data Out)
VoL
Vee Icc
Supply
Current IsB
Address
E
W
D (Data In)
Q (Data Out)

READ CYCLE TIMING 1
(E Held Low)

tAVAX -]
X X

[————— tAvQVv

[*—— tavax ——|

Previous Data Valid Data Valid

READ CYCLE TIMING 2

[@— TAVEL
Address Valid
Bd tELEH >
N
[————— ELQV ————»] tEHQZ
e— tELQX —=| ]
High Z Data Valid | ) Highz

—¢>‘ Py f —=| o

NOTE: Wis high for Read Cycles

WRITE CYCLE TIMING

tAVAX &
VIH

ViL D( )e |
tELWH .

VH 2

ViL
TAVWH <—’|~ tWHAX [
1

[ tavwL — r tWLWH —]
VIH
AN £ ‘
1

ViL
tDVWH —>,<—>|—~ tWHDX

KRR Do vais___ XQRXXRXRRRKX

wLaz —‘C—UI ’Q———.‘— twHQv

ViL

o K. BT Ry — von2

Data Out=Data In
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MCM6641
MCM66L41

Advance Information

4096-BIT STATIC RANDOM ACCESS MEMORIES

The MCMG6641 series 4096 1-bit Random Access Memory is
fabricated with high density, high reliability N-channel silicon-gate
technology. For ease of use, the device operates from a single 5-volt
power supply, is directly compatible with TTL and DTL, and requires no
clocks or refreshing because of fully static operation. The fully static
operation allows chip selects to be tied low, further simplifying system
timing. Data access is particularly simple, since address setup times are
not required. The output data has the same polarity as the data input.

The MCMB6641 is designed for memory applications where simple in-
terfacing is the design objective, and is assembled in 18-pin dual-in-line

packages with the industry standard pin-outs.
® Single +10% +5V Supply

® Fully Static Operation — No Clock, Timing Strobe, Pre-Charge, or

Refresh Required

Industry Standard 18-Pin Configuration
Fully TTL Compatible

Common Data Input and Output Capability
Three-State Outputs for OR-Tie Capability

MCMB6L41 Less Than 385 mW (Maximum)

©® Plug-In Replacement For TMS4044

Power Dissipation MCM6641 Less Than 550 mW (Maximum)

Standby Power Dissipation Less Than 125 mW (Typical)

MOS

(N-CHANNEL, SILICON-GATE)

4096-BIT STATIC
RANDOM ACCESS MEMORIES

i

; C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 707-01

P SUFFIX
PLASTIC PACKAGE
CASE 707

MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME

PIN ASSIGNMENT

Pvce
A6
A7

3-32

MCM6641-20 MCM6641-30 N A8
MCMB6L41-20 20008 | y1eMB6LAT-30 300 ns
MCMB641-25 250 me | MCMB641-45 50 e A9
MCM66L41-25 MCM66L41-45 ’ 1 A10
1 A11
1D
'S
BLOCK DIAGRAM
AO————w: v PIN NAMES
Al . ss ..Address Input
m D.. ....Data Input
Memory Array |- ———V
Az——m Row erga Row cc Q. AData. Output
A8 5] Select 64 Columns S. ...Chip Select
A7_____m .Power Supply (+5V)
........ Ground
A6—— 5 — .Write Enable
L > L Output
Data Input - 1/O Circuits Control '_':IQ
ata
D I;::: Column Select Buffer Output
_ Control TRUTH TABLE
wW——-y7 = —
= S w D Q Mode
S—l >0
H X X High Z Not Selected
L L L High Z Write ‘0"’
A3 A4 A5A11A10A9 L L H High Z Write 17"
L H X Output data Read
This document contains information on a new product. Specifications and information herein
are subject to change without notice.
ADI475/2-78



MCM6641°MCME6L41

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit This device contains circuitry to protect the
Temperature Under Bias -10 to +80 oc inputs against damage due to high static voltages
Voltage on Any Pin With Respect to Vgg -0.51t0+7.0 Vdc or electric fields; however, it is advised that
DC Output Current r normal precautions be taken to avoid applica-
utp v 20 m tion of any voltage higher than maximum rated
Power Dissipation 1.0 Watt voltages to this high-impedance circuit.
Operating Temperature Range 0to +70 °c
Storage Temperature Range -65 to +150 oc

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted
to RECOMMENDED OPERATING CONDITIONS. Exposure to
higher than recommended voltages for extended periods of time could
affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ | Max | Unit
Vee 45 15601} 65
Supply Voltage Vss 0 0 0 \
Logic 1 Voltage, All Inputs ViH 2.0 - 6.0 \
Logic 0 Voltage, All Inputs ViL -051 — 0.8 \
DC CHARACTERISTICS
MCM6641 MCM66L41
Symbol Unit
Parameter ymbo Min | Typ | Max | Min | Typ | Max
Input Load Current (All Input Pins, Vin=0t0 5.5 V) L1 - - 10 - - 10 pA
Output Leakage Current (CS=2.4V, Vi3=0.4 to VcC) lILol — - 10 - - 10 | pA
Power Supply Current (Vcc=5.5V, loyt=0 mA, TA=0°C) Icc - 80 | 100 | - 55 70 | mA (
Output Low Voltage, Ig| =2.1 mA VoL — 0.5 0.4 - 015 ] 04 \
Output High Voltage, IoH=1.0 mA VOH 24 - — 24 - - Vv
Output Short Circuit Current los* - - 40 - - 40 | mA !
*Duration not to exceed 30 seconds.
[l
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5.0 V, periodically sampled rather than 100% tested) {
Characteristic Symbol | Max | Unit !
Input Capacitance (Vin=0 V) Cin 5.0 | pF .
Output Capacitance (Vgyt=0 V) Cout 10 | pF
Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1A/AV.
STANDBY OPERATION
(Typical Supply Values)
Device Supply Operating Standby Max Standby Power
MCM6641 Vee +5V +24V 225 mW
MCM6B6L41 Vce 5V 24V 150 mW
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MCM6641eMCM66L41

Input Pulse Levels

Input Rise and Fall Times.

AC OPERATING CONDITIONS

AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

..0.8Voltto 2.0 Volts

READ (NOTE 1), WRITE (NOTE 2) CYCLES

Input and Output Timing Levels...
Output Load

.......................... 1.5 Volts
.. 1TTL Gate and C|_= 100 pF

MCM6641-20 MCM6641-25 | MCM6641-30 | MCM6641-45
MCM66L41-20 | MCM66L41-25 | MCM66L.41-30 | MCM66L41-45
Parameter Symbol Min Max Min Max Min Max Min Max Units
Read Cycle Time tRC 200 - 250 - 300 - 450 - ns
Access Time tA - 200 - 250 - 300 - 450 ns
Chip Selection to Output Valid ts0 - 70 - 85 - 100 - 120 ns
Chip Selection to Output Active tgx 10 - 10 - 10 - 10 — ns
Output 3-State From Deselection toTD - 40 - 60 - 80 - 100 ns
Output Hold From Address Change tOHA 50 — 50 - 50 - 50 - ns
Write Cycle Time twe 200 - 250 — 300 - 450 — ns
Write Time W 100 - 125 — 150 — 200 — ns
Write Release Time tWR 0 - 0 - 0 - 0 - ns
Output 3-State From Write tOTW - -40 - 60 - 80 - 100 ns
Data to Write Time Overlap tpw 100 - 125 - 150, - 200 - ns
Data Hold From Write Time tDH 0 - 0 - 0 - 0 - ns
READ CYCLE TIMING
(W HELD HIGH)
tRC —_—
A —— Ao

Address )F

ALRARARRRRARNARRRRNNRY

f8— 'so

<—tsx->1,
L

—

Dout

NOTES:

1. A Read occurs during the overlap of a low §_and a high W.
2. A.Write occurs during the overlap of a low S and a low W.
3. If the S low transition occurs simultaneously with the W low transition, the output buffers remain in a high-impedance state.

Sh

tOHA




MCM6641eMCMESL41

WRITE CYCLE TIMING (Note 3)

N 4
SAMMARNNINS HITITITTIIIITTT7 T,
g A T

77 AR AViV V.V,
B BRI
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Advance Information J
(COMPLEMENTARY MOS)
16K BIT STATIC RANDOM ACCESS MEMORY
2,048 %8 BIT
The MCMB65116 is a 16,384-bit Static Random Access Memory STA'Tlc RANDOM
organized as 2048 words by 8-bits, fabricated using Motorola’'s High-
performance silicon-gate CMOS (HCMOS) technology. It uses a design ACCESS MEMORY
approach which provides the simple timing features associated with ful-
ly static memories and the reduced power associated with CMOS
memories. This means low standby power without the need for clocks,
nor reduced data rates due to cycle times that exceed access time.
Chip Enable (E) controls the power-down feature. It is not a clock but
rather a chip control that affects power consumption. In less than a P SUFFIX
cycle time after chip enable (E) goes high, the part automatically P"ASTLC EP/‘;&;(AGE
reduces its power requirements and remains in this low-power standby CAS
as long as the chip enable (E) remains high. The automatic power-down
feature causes no performance degradation.
The MCM65116 is in a 24-pin dual-in-line package with the industry
standard JEDEC approved pinout and is pinout compatible with the C SUFFIX
industry standard 16K EPROM/ROM. FRIT-SEAL CERAMIC PACKAGE
CASE 623
® Single +5 V Supply
® 2048 Words by 8-Bit Organization
® HCMOS Technology
® Fully Static: No Clock or Timing Strobe Required
® Maximum Access Time: MCM65116-12 — 120 ns
MCM65116-15 — 150 ns PIN ASSIGNMENTS
MCM65116-20 — 200 ns ol \_/ 2ahy
® Power Dissipation: 55 mA Maximum (Active) nsd?2 23 cc
10 mA Maximum (Standby-TTL Levels) A8
2 mA Maximum (Standby) A503 22[1A9
100 pA Maximum (Standby-MCME5LT16) A4[]4 21 AW
©® Low Voltage Data Retention (MCMB65L116 only) 100 yW Maximum asds 200G
)
A2[]6 19 f1A10
| BLOCK DIAGRAM A7 18[1E
Al Pin 24=Vcc AoQs 17 {1DQ7
A2 = . Pin 12=Vss paof9 16 [Ioas
A-: 2 [ Row . Memory Matrix
' Ad— (3= Decoder . 128 128 paiffo 15 [JDQ5
AS— .
, ;; 1 ¢ pazfn 14[JDQ4
! l vss2 13[IpQ3
| 9
gg? :? 3 . Column 1/0 :
DQ2 5+ Input |
gg: (R = Data
DQ;, 151 4 Control Column Decoder PIN NAMES
Das—16 23 AC-A10.. ...Address Input
DQ7 = DQO-DQ7 . ata Input/Output
W.. ....Write Enable
8l 2| 2] i ; G. Output Enable
[ E... ...Chip Enable
A0 OA8 A9 0A10 t vee e Power (+5V)
- V8S iuirimeeieiiiniiie e Ground
]
= 8
% ;o Control
W 21 Logic

This document contains information on a new product. Specifications and information herein
are subject to change without notice.

ADI-911/5-82
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MCM65116

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit
Temperature Under Bias 10t +80 oC This device contains circuitry to protect the
" n inputs against damage due to high static
Voltage on Any Pin With Respect to Vss —1.0t0 +7.0 v voltages or electric fields; however, it is ad-
DC Output Current 20 mA vised that normal precautions be taken to
Power Dissipation 1.2 Watt avoid application of any voltage higher than
Operating Temperature Range Oto +70 °C rnaxnr;um ’?‘eqt voltages to this high-
m ce circuit.
Storage Temperature Range —65to +150 °Cc impedance cired!
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extend-
ed periods of time could affect device reliability.
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature ranges unless otherwise noted.)
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol | Min | Typ | Max| Unit
Vecec |45 |50 [65] V
S ly Vol
upply Voltage Vss | 0 ] 0 ] 0] V
VIH 22 |35 60| V
Input Voltage
nput Vo'tag ViL |-10°] = Jos| v

*The device will withstand undershoots to the — 1.0 volt level with a maximum pulse width of 50 ns at the —0.3 volt level. This is periodically

sampled rather than 100% tested.

RECOMMENDED OPERATING CHARACTERISTICS

Parameter Symbol MCMES116 MCMESL115 Unit
Min | Typ* | Max | Min | Typ* | Max

Input Leakage Current (Vcc=5.5V, Vin=GND to V) (L]} - — 1 - - 1 A
Output Leakage Current (E= V| or G=V|y V|;0=GND to Vcc) ILol - - 1 - - 1| uA
Operating Power Supply Current (E=V)(, Ij;0=0 mA) Icc - 3B | 55 | — 35 | 55 | mA
Average Operating Current Minimum cycle, duty=100% Icc2 - 35 55 - 35 55 | mA
Standby Power|(E=Vy) ISB - 5 10 | - 5 10 | mA
Supply Current (E2Vcc—0.2 V, VinzVec—0.2 V or Vips0.2 V) ISB1 — | 20 [2000| — 4 1100 | uA
Output Low Voltage (Ig =2.1 mA) VoL = - | 04| — — | 04 \
Output High Voltage {loq= —1.0 mA)** VOH 24 - - 24 - - A

*Vee=56V, Tp=26°C

**Also, output voltages are compatible with Motorola’s new high-speed CMOS logic family if the same power supply voltage is used.

CAPACITANCE (f=1.0 MHz, Tp=25°C, periodically sampled rather than 100% tested.)

Characteristic Symbol | Typ | Max| Unit
Input Capacitance except E Cin 3 5 pF
Input/Output Capacitance and E Input Capacitance Ci/0 5 7 pF

MODE SELECTION
Mode E G [ W | Vcc Current DQ

Standby H X X IsB. IsB1 High Z
Read L L H Icc Q
Write Cycle (1) L H L Icc D
Write Cycle (2) L L L Icc D
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MCM65116

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)

....0.8Volt 1o 2.4 Volts Input and Output Timing Levels .
..10ns Output Load ...

.......................... 1.5 Volts
.1 TTL Gateand C = 100 pF

Input Pulse Levels
Input Rise and Fall Times ...

READ CYCLE

MCM65116-12 MCM65116-15 MCM65116-20
Parameter Symbol | MCMB65L116-12 MCM65L116-15 MCMG65L116-20 Unit

Min Max Min Max Min Max
Address Valid to Address Don't Care
(Cycle Time when Chip Enable is Held Active) tAVAX 120 - 150 — 200 = ns
Chip Enable Low to Chip Enable High tELEH 120 - 150 - 200 — ns
Address Valid to Output Valid (Access) tAvQV — 120 — 150 — 200 ns
Chip Enable Low to Output Valid (Access) tELQV - 120 - 150 - 200 ns
Address Valid to Output Invalid tAVQX 10 - 15 - 15 — ns
Chip Enable Low to Output Invalid tELQX 10 - 15 - 15 — ns
Chip Enable High to Output High Z tEHQZ 0 40 0 50 0 60 ns
Output Enable to Output Valid teLav - 80 - 100 - 120 ns
Output Enable to Output Invalid tGLOX 10 — 15 - 15 = ns
Output Enable to Output High Z tGLQZ 0 40 0 50 0 60 ns
Address Invalid to Output Invalid tAXQX 10 - 15 — 15 — ns
Address Valid to Chip Enable Low (Address Setup) tAVEL 0 - 0 — 0 — ns
Chip Enable to Power-Up Time tpy 0 - 0 - 0 = ns
Chip Disable to Power-Down Time tPD - 30 - 30 - 30 ns
WRITE CYCLE
MCM65116-12 MCM65116-15 MCM65116-20
Parameter Symbol [ MCM65L116-12 MCMB65L116-15 MCM65L116-20 Unit
Min Max Min Max Min Max
Chip Enable Low to Write High tELWH 70 - 90 - 120 - ns
Address Valid to Write High tAVWH 105 - 120 - 140 - ns
Address Valid to Write Low (Address Setup) tAVWL 20 - 20 - 20 - ns
Write Low to Write High (Write Pulse Width) tWLWH 70 - 90 - 120 - ns
Write High to Address Don’t Care tWHAX 5 - 10 - 10 - ns
Data Valid to Write High tDVWH 35 - 40 - 60 — ns
Wirite High to Data Don’t Care (Data Hold) tWHDX 5 - 10 . 10 - ns
\ Write Low to Output High Z twLQz 0 50 0 60 0 60 ns
Write High to Output Valid twHQV 5 - 10 - 10 - ns
) Output Disable to Output High Z tGHQZ 0 40 0 50 0 60 ns
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READ CYCLE TIMING 1 (NOTES 1 AND 2)

TAVAX >

A (Address) ><
< tavaQv —>
tAVaX >
G (Output Enable) \\ \\\\\\\‘ 79 Z; ; : :J
¢ {GLOV—— le-taxax-»

o T\ e—tGLOX—> (//Z//
E (Chip Enable) N / /

[€—1GHQz —>
[€—1tEHQZ >

Q (Data Out) High Z K Data Valid >OOF

READ CYCLE TIMING 2
E=VL, G=V_ (NOTES 1, 2)

- tELav >

<t tAVAX

A (Address) ’(
<t tavayv
F———tAVOX > tAXQX—>

(XXXRK X

READ CYCLE TIMING 3
G=V|_(NOTES 1, 2, 3)

tAVEL-2

A (Address) 4X

_ <t tELEH——————— 3 [-—
E (Chip Enable) ‘ 7 .
[&—1ELQV l€—tEHQZ
[ELELQX: .
Q (Data Out) Data Valid .
{
tPU— [t |
Vee Icc ——— — — - ——— —
Supply
Current Isg
NOTES:

1. Write Enable (W) is High for Read Cycle.
2. When Chip Enable (E) is Low, the address input must not be in the high impedance state.
3. Address Valid prior to or coincident with Chip Enable (E) transition Low.
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MCM65116

WRITE CYCLE TIMING 1 (NOTE 4)

< tAVAX
A (Address) %
G (Output Enable) 4 \ \\ l\\

| A

TWHAXI5]

tamene - NNNNNNNNKo——— 47777777,
< tAVWH
‘W (Write Enable) vl \\\\\\\‘ 7(
[€—tGHQz(7]
Q (Data Out) ANANAVAVANAVAN e
LL L L L L L

l€—tDVWH—3€—tWHDX—>

D (Data In) ‘O< Data Valid )( XXX

WRITE CYCLE TIMING 2
G=V|_ (NOTE 4

A (Address) 3(
TN ARRRRR & HITTT7777

tAVAX >

Y
y

[€E——tELWH

tQVWH
<—‘WLWH[8]——>(
W i n 3 \
W (Write Enable) AL ‘&\\\ i J AXQX
>-twLQz(7] l€c——twHQV .
[9) (101
Q (Data Out) ANANVAVA VAV VAV A Y
(L L L L

tDVWHe—twHDX 3 [11]

_owvas X XXXXX

NOTES:

4. Write Enable (W) must be high during all address transitions.

5. twHAX is measured from the earlier of Chip Enable (E) or Write Enable (W) going high to the end of write cycle.

6. If the Chip Enable (E) low transition occurs simultaneously with the Write Enable (W) low transitions or after the Write Enable (W) transi-
tion, the output remains in a high impedance state.

7. During this period, DQ pins are in the output state so that the input signals of opposite phase to the outputs must not be applied.

8. A write occurs during the overlap of a low Chip Enable (E) and a low Write Enable (W).

9. Q (Data Out) is the same phase as write data of this write cycle.

0

1

. Q (Data Out) is the read of the next address.

. If Chip Enable (E) is low during this period, DQ pins are in the output state. Then the data input signals of opposite phase to the outputs
must not be applied to them.

- =
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MCM65116

LOW Vcc DATA RETENTION CHARACTERISTICS (TA=0 to +70°C) (MCM65L116 Only)

Parameter Conditions Symbol Min Typ | Max | Unit
. Ex=Vcc-02V
V¢ for Data Retention szVCECZ_ O'CZCV or Vins0.2V VDR 2.0 - - \"
Data Retention Current V?,/',(;C;Bae c\,lrvE.:sZ:sz ICCDR - - 50 | pA
Chip Disable to Data Retention Time See Retention Waveform tCDR 0 - - ns
Operation Recovery Time trec | "tAVAX| — - ns
“tAVAX = Read Cycle Time.
LOW V¢ DATA RETENTION WAVEFORM
lee————— Data Retention Mode
v 4.5V 45V
ce \ Vprz2.0V
{CDR— trec

Ex=VpRr-0.2V /.

E 22V Z.ZV*: : : :\
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@ MOTOROLA MCM2708
MCH27A08

1024 X 8 ERASABLE PROM

MOS

The MCM2708/27A08 is an 8192-bit Erasable and Electrically
Reprogrammable PROM designed for system debug usage and

similar applications requiring nonvolatile memory that could be (N-CHANNEL, SILICON-GATE)
reprogrammed periodically. The transparent window on the package

allows the memory content to be erased with ultraviolet light. 1024 X 8-BIT
Pin-for-pin mask-programmable ROMs are available for large volume UV ERASABLE PROM

production runs of systems initially using the MCM2708/27A08.

© OQOrganized as 1024 Bytes of 8 Bits

© Static Operation
© Standard Power Supplies of +12 V, +56 V and -5 V

0 Maximum Access Time = 300 ns — MCM27A08
450 ns — MCM2708

© Low Power Dissipation C SUFFIX

@ Chip-Select Input for Memory Expansion 1 FR‘T-SEALSESQQ;?APACKAGE

o TTL Compatible

© Three-State Outputs |

©

Pin Equivalent to the 2708

Pin-for-Pin Compatible to MCM65308, MCM68308 or 2308
Mask-Programmable ROMs

L SUFFIX
CERAMIC PACKAGE
CASE 716

PIN CONNECTION DURING READ OR PROGRAM

Pin Number
Mode
9-11,13-17 12 18 19 20 21 24 PIN ASSIGNMENT
Read Dout Vss Vss VpD ViL Ves Vce
Program Din Vss Pulsed Vpp | ViHw Vgs Vece
ViHP wiie 7 u fvce
A602 2311 A8
ABSOLUTE MAXIMUM RATINGS (1) A5[] 3 219
Rating Value Unit A4|: 4 27 ]VBB \
Operating Temperature 0to+70 °c — !
A3[¢ 20
Storage Temperature 6510 +125 oc Os [1CS/WE l
Vpp with Respect to Vgg +20 to -0.3 Vde A2[06 19fvpp
Ve and Vgg with Respect to Vgp +15t0 -0.3 Vde Al 7 18 [IPROGR.
All Input or Output Voltages with Respect to Vgg during Read +15 to -0.3 Vdc A0[ 8 17307
CS/WE Input with Respect to Vgg during Programming +20t0-0.3 Vdc pofo 16 106
Program Input with Respect to Vgg +35 to -0.3 Vdc
10
Power Dissipation 18 Watts D1l 15 {105
n 14104
Note 1: b2l po
Permanent device damage may occur if Vssli2 13[103
ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should
be restricted to RECOMMENDED OP-
ERATING CONDITIONS. Exposure to
higher than recommended voltages for
extended periods of time could affect
device reliability.
DS9440 R2/1-79



MCM2708°*MCM27A08

BLOCK DIAGRAM

Data Output
D0-D7

(ETEEEER

Program
cszol Output Buffers
CS/We o— “09'¢
4
1
o— Y .
Decoder| ¢ Y Gating
o]
° .
A0-A9 <
O - ——
’ .
°
O—J x . Memory
. Matrix
.
Decoder : (64 x 128)
C .
.
.
o—
|
Ot

DC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC READ OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit

Supply Voltage Vee 4.75 5.0 5.25 Vdc
Vpp 11.4 12 12.6 vde

Vs -5.25 -5.0 -4.75 Vdc

Input High Voltage VIH 3.0 - Vee+1.0 Vdc
Input Low Voltage ViL Vss - 0.65 Vdc

READ OPERATION DC CHARACTERISTICS

Characteristic Condition Symbol Min Typ Max Unit
Address and CS Input Sink Current Vin =5.25 Vor Vi, =V lin - 1 10 HA
Output Leakage Current Vout =525V, CS/WE =5V Lo - 1 10 uA
Vpp-Supply Current Worst-Case Supply Currents IpD - 50 65 mA
Ve Supply Current (Note 2) All Inputs High lec — 6 10 mA
Vgg Supply Current CS/WE=5.0V, T =0°C BB - 30 45 mA
Output Low Voltage loL=16mA VoL - - 0.45 \
Output High Voltage IoH = -100 A VoRr1 3.7 - = v
Output High Voltage 10H =-1.0mA Vo2 24 ~ - \%
Power Dissipation (Note 2) Ta = 70°C Pp - 800 mwW

Note 2:
The total power dissipation is specified at 800 mW. It is not calculable by summing the various current (Ipp, Icc, and Igg) multiplied by

their respective voltages, since current paths exist between the various power supplies and Vgs. The Ipp, Icc, and Igg currents should be
used to determine power supply capacity only.

Vgp must be applied prior to Vg and Vpp. Vgg must also be the last power supply switched off.
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MCM2708MCM27A08

AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

(All timing with t, = t§ =20 ns, Load per Note 3)

MCM27A08 MCM2708
Characteristic Symbol Min Typ Max Min Typ Max Unit
Address to Output Delay tAQ - 220 300 - 280 450 ns
Chip Select to Qutput Delay tco - 60 120 - 60 120 ns
Data Hold from Address tDHA 0 - - o - - ns
Data Hold from Deselection tDHD 0 - 120 o - 120 ns
CAPACITANCE (periodically sampled rather than 100% tested.)
Characteristic Condition Symbol Typ Max Unit
Input Capacitance Vin =0V, Ta = 25°C Cin 4.0 6.0 pF
(f = 1.0 MHz)
Output Capacitance Vout =0V, Ta =25°C Cout 8.0 12 pF
(f = 1.0 MHz)
Note 3:
Output Load = 1 TTL Gate and C_ = 100 pF (Includes Jig Capacitance)
Timing Measurement Reference Levels: Inputs: 08 Vand28V
Outputs: 0.8 Vand 24 V
AC TEST LOAD
50V
R =22k
Test Point O——4
MMD6150
i . or Equiv
100 pF * 7N 37k**
MMD7000
or Equiv
1 L
*Includes Jig Capacitance
**For Von1
READ OPERATION TIMING DIAGRAM
4
Address
N\
lo——t DHA ——
Ts/wEe
tgo ———*]
tDHD™]
tao
7 LS 3 ) VR4
Output Invalid Output Valid Output Invalid
Data Out
(High Impedance) (Low Impedance) (High Impedance)
% 0 < o

45




MCM2708°MCM27A08

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range uniess otherwise noted.)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit

Supply Volitage Vee 4.75 5.0 5.25 Vdc
Vpp 1.4 12 126 Vdc

\:I:) -5.26 -5.0 -4.75 Vdc

Input High Voltage for All Addresses and Data ViH 3.0 - Vec+10 Vdc
Input Low Voltage (except Program) ViL Vss — 0.65 Vdc
CS/WE Input High Voltage (Note 4) VIHW 114 12 126 Vdc
Program Pulse Input High Voltage (Note 4) VIHP 25 - 27 Vdc
Program Pulse input Low Voltage (Note 5) ViLe Vss - 10 Vdc

Note 4: Referenced to Vgg.
Note5: Viyp —VLp = 26V min.

PROGRAMMING OPERATION DC CHARACTERISTICS

| Characteristic Condition Symbol Min Typ Max Unit
> Address and CS/WE Input Sink Current | Vi3 =525V IK] - - 10 unAdc
Program Pulse Source Current hipL - - 3.0 mAdc
g Program Pulse Sink Current l1pPH — - 20 mAdc
Vpp Supply Current Worst-Case Supply Currents op - 50 65 mAdc
V¢ Supply Current All Inputs High lec — 6 10 mAdc
Vgg Supply current CS/WE=5V,Tp =0°C 8B - 30 45 mAdc

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)

Characteristic Symbol Min Max Unit
Address Setup Time tAS 10 - Hs
CS/WE Setup Time tcss 10 - us
Data Setup Time tps 10 - us
Address Hold Time tAH 1.0 — HS
CS/WE Hold Time tCH 05 - s
Data Hold Time tDH 1.0 - Hs
Chip Deselect to Output Float Delay tDF 0 120 ns
Program to Read Delay tDPR - 10 us
Program Pulse Width tpwW 0.1 1.0 ms
Program Pulse Rise Time tPR 0.5 2.0 I
Program Pulse Fall Time tPF 0.5 2.0 Hs




MCM2708eMCM27A08

PROGRAMMING OPERATION TIMING DIAGRAM

1 of N Program Loops P READ —
{- (After N
ViHW _L .7 Program
Loops)
TS/WE
ViL
tcH
[—1tcss —* Note 6
ViH ir N §
Address x Address 1 ...1023 Address 0
ViL L 5
< tAS — ™ tAH tAH
A0
.. (Read)
c
ViH ) 5 ' S
Data Data Qut Data Out
¢ \ Invalid Valid
=¥ T8
re——1tpg— tDH DH
tPR tpw I tpF <+ 'DPR—>]
(¢
)
Vinp
Program

Pulse

L

Note 6: The CS/WE transition must occur after the Program Pulse transition and before the Address Transition.
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MCM2708°sMCM27A08

PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every
bit in the device is in the “1" state (represented by
Qutput High). Data are entered by programming zeros
(Output Low) into the required bits. The words are
addressed the same way as in the READ operation. A
programmed ‘0"’ can only be changed to a 1" by ultra-
violet light erasure.

To set the memory up for programming mode, the
CS/WE input (Pin 20) should be raised to +12 V. Pro-
gramming data is entered in 8-bit words through the
data output terminals (DO to D7).

Logic levels for the data lines and addresses and the
supply voltages (Vcc, Vpp. Vgg) are the same as for the
READ operation.

After address and data setup one program pulse per
address is applied to the program input (Pin 18). A pro-
gram loop is a full pass through all addresses. Total
programming time, Tpyotal = N x tpy = 100 ms. The
required number of program loops (N) is a function of the
program pulse width (tpy), where: 0.1 ms < tpy <
1.0 ms; correspondingly N is: 100 < N <.1000. There
must be N successive loops through all 1024 addresses. It
is not permitted to apply more than one program pulse in
succession to the same address (i.e., N program pulses to
an address and then change to the next address to be pro-
grammed). At the end of a program sequence the CS/WE
falling edge transition must occur before the first address
transition, when changing from a PROGRAM to a READ
cycle. The program pin (Pin 18) should be pulled down
to Vj_p with an active device, because this pin sources a
small amount of current (I)p|) when CS/WE is at V|y
(12 V) and the program pulse is at V| _p.

EXAMPLES FOR PROGRAMMING

Always use the Tpyota|= Nx tpyy = 100 ms relationship.

48

1. All 8192 bits should be programmed with a 0.2 ms
program pulse width.

The minimum number of program loops:

TPtotal _ 100 ms
= —tW “02ms - 500 . One program loop

consists of words 0 to 1023.

2. Words 0 to 200 and 300 to 700 are to be pro-
grammed. All other bits are ‘“don’t care”. The
program pulse width is 0.5 ms. The minimum

number of program loops, N = % = 200. .One

program loop consists of words 0 to 1023. The
data entered into the ‘‘don‘t care’” bits should be
all 1s.

3. Same requirements as example 2, but the EPROM is
now to be updated to include data for words 850
to 880. The minimum number of program loops is
the same as in the previous example, N = 200. One
program loop consists of words 0 to 1023. The data
entered into the ‘“don’t care’’ bits should be all 1s.
Addresses 0 to 200 and 300 to 700 must be re-
programmed with their original data pattern.

ERASING INSTRUCTIONS

The MCM2708/27A08 can be erased by exposure to
high intensity shortwave ultraviclet light, with a wave-
length of 2537 A. The recommended integrated dose (i.e.,
UV-intensity x exposure time) is 12.5 Ws/ecm2. As an
example, using the "“Model 30-000" UV-Eraser (Turner
Designs, Mountain View, CA94043) the ERASE-time is
30 minutes. The lamps should be used without shortwave
filters and the MCM2708/27A08 should be positioned
about one inch away from the UV-tubes.



“ MOTOROLA

TMS2716
TMS27A16

2048 X 8 ERASABLE PROM

The TMS2716 and TMS27A16 are 16,384-bit Erasable and
Electrically Reprogrammable PROMs designed for system debug
usage and similar applications requiring nonvolatile memory that
could be reprogrammed periodically. The transparent window on the
package allows the memory content to be erased with ultraviolet
light. The TMS2716 is pin compatible with 2708 EPROM:s, allowing
easy memory size doubling.

© Organized as 2048 Bytes of 8 Bits

o Fully Static Operation (No Clocks, No Refresh)

© Standard Power Supplies of +12 V, +5 V, and -5 V
o

Maximum Access Time = 300 ns — TMS27A16
450 ns — TMS2716

Chip-Select Input for Memory Expansion
TTL Compatible — No Pull-up Resistors Required
Three-State Outputs for OR-Tie Capability

The TMS2716 is Pin Compatible to MCM2708 and
MCM68708 EPROMs

c © © o

MOS

(N-CHANNEL, SILICON-GATE)

2048 X 8-BIT
UV ERASABLE PROM

C SUFFIX
FRIT-SEAL PACKAGE
CASE 623A

L SUFFIX
CERAMIC PACKAGE
CASE 716

BLOCK DIAGRAM

Data Input/Qutput

DQo-DQ7
/\
IT N\
§ (Progn) Control
N }—-‘ Input/Output Buffers
Program Enable (E) O—— Logic
( o—] |
o0— v M
Decoder . Y Gating
o— .
[
O—
AO0-A10 -
o— |
°
0 .
X : Memory Matrix
.
0—{Decoder| ¢ (128 X 128)
.
o— .
.
O——4
1
(o

PIN ASSIGNMENT

S Chip Select

A7 @ / 24 1VcclE)
A6[2 23[1A8
As[3 22[1A9
A4]4 21{1VeB
A3ll5 20[A10
A2(]6 19fAVbD
A7 18 [I'S (Progr)
Aol}s 17 1DQ7
paol}e 16 {IDQ6
pai1fjio 15 [IDQ5
pa2fn 14 [IDQ4
VssQ12 13[1DQ3
PIN NAMES
AO-AT0......coieiiiienins Address Inputs
DQO-DQ7........... Data Input (Program or

Output (Read)
..Program Enable

..Program Pulse
.—5V Power Supply
.+5V Power Supply
..+ 12V Power Supply
Ground

DS9518 R1/1-79




TMS2716eTMS27A16

ABSOLUTE MAXIMUM RATINGS (1)

Rating Value Unit PIN CONNECTION DURING
READ OR PROGRAM
Operating Temperature 0to+70 °c
Storage Temperature ~-65to +125 oc Pin Number
Vpp with Respect to Vgg +20 10 -0.3 \ 9-11,
Ve and Vgg with Respect to Vg 1510 -03 v Mode 13-17 | 18 24
Al Input or Output Voltage with Respect to Vg During Read | +15 to —0.3 v Read [ Dout V\'/L or | Vec
(E) Input with Respect to Vgg During Programming +20 to -0.3 \ IH
" Program Din Pulsed ViHw
Program Input with Respect to Vgg +351t0 -0.3 \% Vimp
Power Dissipation 18 Watts
NOTE 1: Permanent device damage may occur it ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voitages for
extended periods of time could affect device reliability.
DC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)
RECOMMENDED DC READ OPERATING CONDITIONS
Parameter Symbol Min Nom Max Unit
Supply Voltage TMS2716 Vce 4.75 50 5.26 \2
Vpp 14 12 126 \
VBB -5.256 -5.0 -4.75 Vv
TMS27A16 Vece 4.5 5.0 55 \
Vpb 108 12 13.2 v
\7:1:) -55 ~5.0 -45 \2
Input High Voltage ViH 2.2 - Vec+1.0 \
Input Low Voltage ViL Vss - 0.65 A
READ OPERATING DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address Input Sink Current Vin =Vggmax or Viq = V| lin - 1 10 A
Output Leakage Current Vout = Vocmax and S =5V ILo - 1 10 kA
Vpp Supply Current Worst-Case Supply Currents DD - - 65 mA
Vg Supply Current All Inputs High Icc — — 12 mA
Vg Supply Current (E)=5.0V,Ta =0°C 8B - - 45 mA
Output Low Voltage oL =1.6 mA VoL = — 0.45 \
Output High Voltage loH = -100 pA VOoH1 3.7 - - \%
Output High Voltage IoH =-10mA VoH2 24 - - v
Vg must be applied prior to Vcc and Vpp. Vg must also be the last power supply switched off.
CAPACITANCE (periodically sampled rather than 100% tested)
Characteristic Condition Symbol Typ Max Unit
Input Capacitance Vin =0V, Ta =25°C Cin 4.0 6.0 pF
(f = 1.0 MHz)
Output Capacitance Vout =0V, Ta = 25°C Cout 8.0 12 pF
(f = 1.0 MHz)
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TMS2716eTMS27A16

AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)
(All timing with t; = tf = 20 ns, Load per Note 2)

TMS2716 TMS27A16
Characteristic Symbol Min Max Min Max Unit
Address to Output Delay tAVQV — 450 — 300 ns
Chip Select to Qutput Delay tsLav - 120 - 120 ns
Data Hold from Address tAXQZ 10 — 10 - ns
Data Hold from Deselection tSHQZ 10 120 10 120 ns
NOTE 2: Output Load = 1 TTL Gate and C|_ = 100 pF (Incluces Jig Capacitance)
Timing Measurement Reference Levels — Inputs: 0.8 V and 2.8 V ACTEST LOAD
Qutputs: 0.8 Vand 24 V 50V
R =22k
Test Point
MMD6150
of Equiv
100 pF * 37 k**
MMD7000
or Equv
. |;u:|udes Jig Capacir‘ance
**For Von

TIMING PARAMETER ABBREVIATIONS

tx X X X
signal name from which interval is defined:]——J
transition direction for first signal
signal name to which interval is defined
transition direction for second signal

The transition definitions used in this data sheet are:

H = transition to high
L = transition to low
V = transition to valid
X = transition to invalid or don't care
Z = transition to off (high impedance)

TIMING LIMITS

The table of timing values shows either a minimum or
a maximum limit for each parameter. Input requirements
are specified from the external system point of view.
Thus, address setup time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a maxi-
mum since the device never provides data later than
that time.

READ OPERATION TIMING DIAGRAM

TRRRRRIRIRS
SRXERAKS

B Q
Address Valid 0. 9.0.0.0:9%
0 0.0.0.0:99
SRR

Chip Select, §

tsLav —

tavav

Data Out, Q High Z

—*T" 'sHaQz

_‘; High 2

Output Valid
(Low Impedance)




TMS2716eTMS27A16

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit

Supply Voltage — TMS2716 and TMS27A16 Vee 4.75 5.0 5.25 Vdc
Vbp 11.4 12 12.6 Vde

VB -5.25 -5.0 -4.75 Vdc

Input High Voltage for Data VIHD 3.8 - Vec+1 Vdc
Input Low Voltage for Data ViLD Vss - 0.65 Vde
Input High Voltage for Addresses ViHA 3.8 - Vee +1 Vdc
Input Low Voltage for Addresses ViLA Vss = 0.4 Vdc
Program Enable (E) Input High Voltage (Note 3) ViHwW 1.4 12 12.6 Vdc
Program Enable (E) Input Low Voltage (Note 3) Viw=Vee 4.75 5.0 5.25 Vde
Program Pulse Input High Voitage (Note 3) ViHP 25 - 27 Vdc
Program Pulse Input Low Voltage {Note 4) ViLP Vss - 1.0 Vdc

NOTE 3: Referenced to Vgs.
NOTE 4: Vyyp = V|LP =25 V min.

b
- PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min Typ Max Unit
Address Input Sink Current Vin =525V I - - 10 uAdc
Program Pulse Source Current heL - - 3.0 mAdc
) Program Pulse Sink Current hPH - - 20 mAdc
VpD Supply Current Worst-Case Supply Currents IpD - - 65 mAdc
Ve Supply Current All Inputs High Icc - - 15 mAdc
Vgg Supply current (E)=5V,Tp =0 g - - 45 mAdc

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature unless otherwise noted)

Characteristic Symbol Min Max Unit

Address Setup Time TAVPH 10 - us

' (E) Setup Time tEHPH 10 - us
) Data Setup Time tDVPH 10 - Hs
Address Hold Time TPLAX 10 — HS

| (E) Hold Time tPLEL 0.5 — us
Data Hold Time tpLDX 1.0 - us

Program to Read Delay tELQV - 10 Hs

Program Pulse Width tPHPL 0.1 1.0 ms

Program Pulse Rise Time 1PR 0.5 2.0 Hs

Program Pulse Fall Time tpF 0.5 2.0 us
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TMS2716eTMS27A16

PROGRAMMING OPERATION TIMING DIAGRAM

1 of N Program Loops READ —
{ (After N
ViHw _l Program
Loops)
Program
Enable, (E)
Vee=Viuw
tPLEL
fe— tEHPH —* Note 5
—
—{ ¢ 4
ViHa I ¥ \ 5 n'l
Address, A 9 Address 0 Address 1. ..2047 K Address 0
T { ¢ pa +
ViLa ) 5
“_'AV"H_T tPLAX PLAX tavay
{
. (Read)
¢
ViHbp ) p J
Data In, D Data Out Data Out
Data Out, Q B Invalid % Valid
¢ ¢
ViLbp P B J i
la— tpvpH —= tPLDX tPLDX f
tPR tPHPL - tPE re—— tELQV
—( ¢
ViHp [ 37
Program
Pulse, P
VlLP_—J L‘ (
(

NOTE 5: This Program Enable tranistion must occur after the Program Pulse transition and before the Address Transition.

WAVEFORM DEFINITIONS
Waveform input Output Waveform Input Output
Symbol Symbol
MUST BE wiLL 8E DON'T CARE:  CHANGING
VALID VALID M ANY CHANGE STATE
PERMITTED UNKNOWN
—m— CHANGE WILL CHANGE
FROMHTOL  FROMHTOL — HIGH
IMPEDANCE
m CHANGE WILL CHANGE
FROMLTOH  FROMLTOH
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TMS2716eTMS27A16

PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every bit
in the device is in the /1" state (represented by Output
High). Data are entered by programming zeros (Out-
put Low) into the required bits. The words are addressed
the same way as in the READ operation. A programmed
“0" can only be changed to a 1’ by ultraviolet light
erasure.

To set the memory up for programming mode, the
Vcel(E) input (Pin 24) should be raised to +12 V. Pro-
gramming data is entered in 8-bit words through the data
output terminals (DQO to DQ7).

The Vpp and VR supply voltages are the same as for
the READ operation.

After address and data setup, one program pulse per
address is applied to the program input. A program {oop is
a full pass through all addresses. Total programming time/
address, Tptotal = N X tpHPL = 100 ms. The required
number of program loops (N) is a function of the program
pulse width (tpHpL) where: 0.1 ms < tpHpL < 1.0 ms;
correspondingly, N is: 100 < N < 1000. There must be
N successive loops through all 2048 addresses. It is not
permitted to apply more than one program pulse in
succession to the same address (i.e., N program pulses to
an address and then change to the next address to be
programmed). At the end of a program sequence the
Program Enable (E) falling edge transition must occur
before the first address transition, when changing from
a PROGRAM to a READ cycle. The program pin should
be pulled down to V| p with an active device, because
this pin sources a small amount of current (ljp|) when
(E) is at V4w (12 V) and the program pulse is at V|p.

4-14

EXAMPLE FOR PROGRAMMING
Always use the Tptotal = N X tpHpL = 100 ms
relationship.
1. All 16,384 bits should be programmed with a 0.2 ms
program pulse width.
The minimum number of program loops:

N = [Ptotal _ 100 ms _ 500.
tpHPL 0.2 ms

One program loop consists of words O to 2047.

2. Words O to 200 and 300 to 700 are to be pro-
grammed. All other bits are “don’t care”. The program
pulse width is 0.5 ms. The minimum number of program
loops, N = 100/0.5 = 200. One program loop consists of
words 0 to 2047. The data entered into the “don’t care”
bits should be all 1s.

3. Same requirements as example 2, but the EPROM is
now to be updated to include data for words 850 to 880.
The minimum number of program loops is the same as in
the previous example, N = 200. One program loop consists
of words 0 to 2047. The data entered into the ‘‘don’t
care’ bits should be all 1s, Addresses 0 to 200 and
300 to 700 must be reprogrammed with their original
data pattern.

ERASING INSTRUCTIONS

The TMS2716/27A16 can be erased by exposure to
high intensity shortwave ultraviolet light, with a wave-
length of 2537 A. The recommended integrated dose (i.e.,
UV-intensity X exposure time) is 12.5 Ws/cm2. As an
example, using the “Model 30-000” UV-Eraser (Turner
Designs, Mountain View, CA 94043) the ERASE-time is
30 minutes. The lamps should be used without shortwave
filters and the TMS2716/27A16 should be positioned
about one inch away from the UV-tubes.



@ MOTOROLA MCM2716

2048 x 8-BIT UV ERASABLE PROM

mMOos

(N-CHANNEL, SILICON-GATE)

The MCM2716 is a 16,384-bit Erasable and Electrically Reprogram- .
mable PROM designed for system debug usage and similar applications 2048 x 8-BIT
requiring-nonvolatile memory that could be reprogrammed periodically. UV ERASABLE PROM
The transparent lid on the package allows the memory content to be
erased with ultraviolet light.

For ease of use, the device operates from a single power supply and
has a static power-down mode. Pin-for-pin mask programmable ROMs
are available for large volume production runs of systems initially using
the MCM2716.

@ Single 5 V Power Supply C SUFFIX

@ Automatic Power-down Mode (Standby) ] FRIT-SEAL CERAMIC PACKAGE
® Organized as 2048 Bytes of 8 Bits CASE 623A {
® TTL Compatible During Read and Program
® Maximum Access Time=450 ns MCM2716
® Pin Equivalent to Intel's 2716

© Pin Compatible to MCMB8A316E |
© Output Enable Active Level is User Selectable

L SUFFIX CERAMIC PACKAGE
ALSO AVAILABLE — CASE 716

PIN ASSIGNMENT d
0 e ' [IVce
A6[]2 23{1A8
A5[]3 22{1A9
A4[]4 21fIVpp
MOTOROLA'S PIN.-COMPATIBLE EPROM FAMILY A3ls w08
32K A2[]6 19 f1A10
AlQ}7 18 {1E/Progr
Aofjs 17{1oa7
DQOQ9 16 [1DQ6
paiffio 15 [J0Qs !
pa2fjn 14{]DQ4 {
vss2 13fjoQ3 \
*Pin Names
A . ... Address
_Da.... Data Input/Output
E/Progr . . . . Chip Enable/Program
G . ... Output Enable

*New industry standard nomenclature

INDUSTRY STANDARD PINOUTS

DS-9518R1/1-79
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MCM2716

ABSOLUTE MAXIMUM RATINGS

Rating Value Unit This device contains circuitry to protect the inputs
Temperature Under Bias (Vpp=5 V) —10to +80 °Cc against damage due to high static voltages or elec-
Operating Temperature Range Oto +70 °C tric fields; however, it is advised that normal precau-
Storage Temperature —65to +125 oC tions be taken to avoid application of any voltage
- higher than maximum rated voltages to this high-
All Input or Output Voltages with Respect to Vg +6to —0.3 \ impedance circuit.
Vpp Supply Voltage with Respect to Vgs +281t0 -0.3 \ '

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

MODE SELECTION
Pin Number

-1,
Mode w7 | 2 | 18 2 2 | 2
DQ Vss E/Progr G* Vpp vce
Read Data Out Vss ViL ViL Vee* vce
Output Disable High Z Vss Don't Care VIH vce*® vce
Standby High Z Vss ViH Don’t Care vce vce

Pulsed

Program Data In Vss VIL 10 ViH VIH VPPH vce
Program Verify Data Out Vss ViL VIL VPPH vce
] Program Inhibit High Z Vss ViL VIH VPPH vee

*In the Read Mode if Vpp=V|H, then G (active low)
Vpp=V|L, then G (active high)

BLOCK DIAGRAM

Data Input/Output DQO-DQ7
FIGURE 1 — AC TEST LOAD

Vep
_ I ARRERE 50V
E/Progr ::l C |
g l?:g‘irg Input/Output Buffers AL=22k
4 l r { | | l | Test Point
o—]
oenser| ; *100 pF 6k
Y Gating MMD6150
o—{Decoder| ¢ or Equiy
- MMD7000
| = or Equiv.
o—
, Ao-a10< |
o— o Memory *Includes Jig Capacitance =
o— X . Matrix
ol Decoder| (128 128)
o—|
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MCM2716

CAPACITANCE (f=1.0 MHz, Ta =25°C, periodically sampled rather than 100% tested)

Ch Symbol | Typ [ Max | Unit
Input Capacitance (Vin=0 V) Cin 40| 6.0 | pF
QOutput Capacitance (Vout=0 V) Cout 80| 12 | pF
Capacitance measured with a Boonton Meter or effective capacitance calculated from the'equation: C = ﬁ
AV.
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)
RECOMMENDED DC READ OPERATING CONDITIONS
Parameter Symbol Min Nom Max Unit
. MCM2716 vee 4.75 5.0 5.25
Supply Voltage Vep 475 50 595 \
Input High Voltage ViH 20 - Vee+1.0 "
Input Low Voltage ViL -0.1- - 0.8 \
RECOMMENDED DC OPERATING CHARACTERISTICS
MCM2716
. . " Uniits
Characteristic Condition Symbo Min | Typ | Max nit
Address, G and E/Progr Input Sink Current Vin=5.25 V lin - | - 10 | pA
Output Leakage Current Vour=525V Lo - | -1 10 WA
G=5.0V
Ve Supply Current (Standby) 2716 E/Pé():g:/:“.vm Icct - - 25 | mA
Vcc Supply Current (Active) 2716 (Outputs Open) G= E(/T[Ogr: e 1 — ] 100! ma
Vpp Supply Current® Vpp=5.26V IpP1 - - 50| mA
Output Low Voltage loL=2.1 mA VoL - — | 045 V
Output High Voltage loH=—400 uA | VOH 24 | — - Vv

*Vcc must be applied simultaneously or prior to Vpp. VCC must also be switched off simultaneously with or after Vpp. With Vpp connected
directly to Vc during the read operation, the supply current would then be the sum of Ippq and Icc.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

InputPulselevels.................. 0.8 Voltand 2.2 Volts Input and Output Timing Levels .......... 2.0and 0.8 Volts
Input Riseand Fall Times . ...........cooveiunan.. 20ns Outputload ............ccviviiiiiiiiiinn., See Figure 1
Characteristic Condition Symbol M.CM2716 Units
Min | Max

Address Valid to Output Valid E/Progr=G=V)__| tavav | — | 450

E/Progr to Output Valid (Note 2) teLQv | — | 4%0

Output Enable to Output Valid E/Progr= V) Glav | - | 180 ] o

E/Progr to High Z Output - tEHQZ | O 100

Output Disable to High Z Output E/Progr=Vy_ 1GHoz | O | 100

Data Hold from Address E/Progr=G=Vj_ | taxpx | O -
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MCM2716

READ MODE TIMING DIAGRAMS (E/Progr= Vi

A (Address) X
—» tAXQX (e

G (Output Enable)
? fe—teLav—> <—tGHQz
fe———— tAVQV—-———D

LSEESS LTI T TR, osom v SsSH,

STANDBY MODE (Output Enable=Vy; )
Standby Mode (E/Progr= V)

A (Address)

E/Progr Standby Mode \ Active Mode /

H—tEHQZ r€<—tgL Qv (Note 2)

y NOTE 2: tg qv is referenced to E/Progr or stable address, whichever occurs last.

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(TA=25°C+5°C)
RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min | Nom Max Unit
Supply Voltage Vce,VepL| 4.75 | 5.0 5.25 v
VpPPH 24 | 2% 26
Input High Voltage for Data VIH 2.2 - |Vcc + 1 \
Input Low Voltege for Data ViL -0.1| — 0.8 \]
PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min | Typ Max Unit
Address, G and E/Progr Input Sink Current Vin=5.25 V/0.45V [N - - 10 A
Vpp Programming Pulse Supply Current (Vpp=26V+1 V) ’E'/Progr=V|H lpp2 - - 30 mA
} Ve Supply Current (Outputs Open) - icc - - 160 mA
) AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
Ch istic Symbol | Min Max Unit
) Address Setup Time tAVEH | 2.0 = IS
Output Enable High to Program Pulse tGHEH | 2.0 - S
Data Setup Time tDVEH | 2.0 - s
Address Hold Time teLAX | 2.0 — us
Output Enable Hold Time teLGL | 20 - ™
Data Hold Time teLQz | 20 - ]
Vpp Setup Time tPHEH 0 - ns
Vpp to Enable Low Time tELPL 0 - ns
Output Disable to High Z Output tGHQZ 0 150 ns
Output Enable to Valid Data (E/Progr=V)_) wGLav | - 150 ns
Program Pulse Width tEHEL 1° 55 ms
Program Pulse Rise Time tPR 5 - ns
Program Pulse Fall Time tPF 5 - ns

*1f shorter than 45 ms (min) pulses are used, the same number of pulses should be applied after the specific data has been verified to ensure that
good programming levels have been written.
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MCM2716

PROGRAMMING OPERATION TIMING DIAGRAM

le————————Program P let- Program Verify ——— 3|
VIH= 3 L
A (Address) >< Address | N Valid K
ViL - 3
—> <E—!AVEH < tELAX
G (Output VIH— A \
Enable) viL = o
tGLQv—> (e [€—tGHQz
VOH/VIH— 777 INA 777
D or Q (Data) Data In High z Data Out High Z
VoL/ViL- Z LLL
ELQZ [
<<—!'DVEH
(GHEH —>] —ELGL—>>
E/Progr -
ViL= -~
[<—1PR [<—1tpF
—>| = tPHEH —> ELPL
V o 1 T
VppL=—

PROGRAMMING INSTRUCTIONS

Before programming, the memory should be submitted to
a full ERASE operation to ensure every bit in the device is in
the 1" state (represented by Output High). Data are entered
by programming zeros (Output Low) into the required bits.
The words are addressed the same way as in the READ
operation. A programmed "“0" can only be changed to a 1"
by ultraviolet light erasure.

To set the memory up for Program Mode, the Vpp input
(Pin 21) should be raised to + 25 V. The V¢ supply voltage
is the same as for the Read operation and G is at V|H. Pro-
gramming data is entered in 8-bit words through the data out
(DQ) terminals. Only “0s" will be programmed when “0's”
and 1" are entered in the 8-bit data word.

After address and data setup, a program pulse (V|_ to
V|H) is applied to the E/Progr input. A program pulse is ap-
plied to each address location to be programmed. To
minimize programming time, a 2 ms pulse width is recom-
mended. The maximum program pulse width is 55 ms;
therefore, programming must not be attempted with a dc
signal applied to the E/Progr input.

Multiple MCM2716s may be programmed in parallel by
connecting together like inputs and applying the program
pulse to the E/Progr inputs. Different data may be program-
med into multiple MCM2716s connected in parallel by using
the PROGRAM INHIBIT mode. Except for the E/Progr pin,
all like inputs (including Output Enable) may be common.

The PROGRAM VERIFY mode with Vpp at 25 V is used to
determine that all programmed bits were correctly program-
med.
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READ OPERATION

After access time, data is valid at the outputs in the READ
mode. With stable system addresses, effectively faster ac-
cess time can be obtained by gating the data onto the bus
with Output Enable.

The Standby mode is available to reduce active power
dissipation. The outputs are in the high impedance state
when the E/Progr input pin is high (V|H) independent of the
Output Enable input.

ERASING INSTRUCTIONS

The MCM2716 can be erased by exposure to high intensity
shortwave ultraviolet light, with a wavelength of 2537
angstroms. The recommended integrated dose (i.e., UV-
intensity X exposure time) is 15 Ws/cm#4. As an example, us-
ing the “"Model 30-000" UV-Eraser (Turner Designs, Moun-
tain View, CA 94043) the ERASE-time is 36 minutes. The
lamps should be used without shortwave filters and the
MCM2716 should be positioned about one inch away from
the UV-tubes.

RECOMMENDED OPERATING PROCEDURES
After erasure and reprogramming of the EPROM, it is
recommended that the quartz window be covered with an
opaque self-adhesive cover. It is important that the self-
adhesive cover not leave any residue on the quartz if it is
removed to allow another erasure.




MCM2716

TIMING PARAMETER ABBREVIATIONS TIMING LIMITS

X X X The table of timing values shows either a minimum or a

t X
signal name from which interval is defined — I maximum limit for each parameter. Input requirements are
transition direction for first signal specified from the external system point of view. Thus, ad-

signal name to which interval is defined dress setup time is shown as a minimum since the system

transition direction for second signal must supply at least that much time (even though most
devices do not require it). On the other hand, responses from
The transition definitions used in this data sheet are: the memory are specified from the device point of view.
H = transition to high Thus, the access time is shown as a maximum since the

L = transition to low device never provides data later than that time.

V = transition to valid
X = transition to invalid or don't care
Z = transition to off (high impedance)

WAVEFORMS
Waveform Input Output
Symbol
Must Be Will Be
Valid Valid

_m Change Will Change
FromHto L FromHto L
! —m Change Will Change
From L to H From L to H
Don't Care: Changing:

m Any Change State
l Permitted Unknown

‘ High
b Impedance
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@ MOTOROLA MCM2532

4096 x 8-BIT UV ERASABLE PROM Mos
(N-CHANNEL, SILICON-GATE)

The MCM2532 is a 32,768-bit Erasable and Electrically Reprogram-
mable PROM designed for system debug usage and similar applications 4096 x 8-BIT
requiring nonvolatile memory that could be reprogrammed periodically. UV ERASABLE PROM
The transparent window in the package allows the memory content to
be erased with ultraviolet light.

For ease of use, the device operates from a single power supply and
has static power-down mode. Pin-for-pin compatible mask program-
mable ROMs are available for large volume production runs of systems
initially using the MCM2532.

Single +5 V Power Supply
Organized as 4096 Bytes of 8 Bits

Automatic Power-Down Mode (Standby) ! FR'T'SEACLACSEERQ::_:O;ACKAGE
Fully Static Operation (No Clocks) q
TTL Compatible During Both Read and Program

Maximum Access Time =450 ns MCM2532

Pin Compatible with MCM68A332 Mask Programmable ROMs
Power MCM2532 ‘

Active — 150 mA Max PIN ASSIGNMENT i
Standby — 256 mA Max |

C SUFFIX

© 0000206066

AT ® U 24 JVCC G
A6[2 23[1A8
A5[]13 221A9
A4[l4 21[JVpp
A3[s 20 [1E/Progr
MOTOROLA’S PIN-COMPATIBLE EPROM FAMILY A26 19 f1A10
32K Al 7 18 1A
Ao[l8 17 1bQ7
DOOI; 9 16 [1IDQ6
DO1q10 15 [JDQ5
pazn 14 [1DQ4
Vssl]i2 13{1DQ3 {
{
{
*PIN NAMES
A Address
Da.... .... DatalInput/Output
E/Progr.......... Dual Function Enable
(Power-Down/Program Pulse)

*New Industry standard nomenclature

MCMBBA318E

INDUSTRY STANDARD PINOUTS

DS-9816/4-80
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MCM2532

ABSOLUTE MAXIMUM RATINGS

Rating Value Unit
Temperature Under Bias (Vpp=5 V) -10to +80 | °C - - e -
p—— A 0 70 oC This device contains circuitry to protect the inputs
Operating Temperature Range o+ against damage due to high static voltages or elec-
Storage Temperature -65t0 +125| °C tric fields; however, it is advised that normal precau-

tions be taken to avoid application of any voltage
higher than maximum rated voltages to this high-
impedance circuit.

All Input/Output Voltages with
Respect to Vsg

Vpp Supply Voltage with Respect to Vsg +28t0 -03}| V

+61t -0.3 \Y

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

MODE SELECTION
Pin Number
Mode 511, | 2 20 21 2
7 ves | E/R v v
pa SS rogr PP cc
Read Data Out | Vgsg ViL 5V Vece
Output Disable HighZ |Vss ViH 51025 V| Vce
Standby High Z |Vss VIH 5V Vce
Pulsed
iP Program DataIn |Vgs ViH 1o ViL VPPH vce
Program Verify Data Out | Vgg Vi 5V Vce
Program Inhibit High Z |Vss VIH VepH | Vce
BLOCK DIAGRAM
Data Input/Output DQO-DQ7 FIGURE 1 — AC TEST LOAD
iy I RAREE
rogr °-—l Control R =22k
Logic }— Input/Output Buffers
I I ] I [ | I I Test Point
o—
o— . *100 pF 6 k MMD6150
) o [Decoder| * Y Gating or Equiv.
MMD7000
) T = or Equiv.
acand ]
} .
Lo *Includes Jig Capacitance =
°— . Memory
o— X : Matrix
o Decoder (256 % 128)
o—
o—
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MCM2532

CAPACITANCE (f=1.0 MHz, Ta=25°C, periodically sampled rather than 100% tested.)

Characteristic Symbol | Typ | Max | Unit
Input Capacitance (Vin =0 V) Cin 40| 6.0 | pF
Output Capacitance (Voy1=0 V) Cout 80| 12 | pF

Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=1A;/AV.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Fully operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol | Min | Typ Max Unit
Supply Voltage* MCM2532| Vce 475 | 5.0 5.25 v
Vpp |4.75 | 5.0 5.25
Input High Voltage VIH 22 | — | Vec+1.0| v
Input Low Voltage ViL -0.1| — 0.65 \

RECOMMENDED DC OPERATING CHARACTERISTICS

Characteristic Condition Symbol | Min | Max | Unit
Address and E Input Sink Current Vin=56.26 V lin - 10 | pA
Output Leakage Current Vout=5.25 V 1LO - 10 | pA
Ve Supply Current® (Standby) MCM2532 E=ViH Icct - 25 | mA
Ve Supply Current*® (Active) MCM2532 E=V|L lcc2 - 150 | mA
Vpp Supply Current® Vpp=5.25V | Ipp1 - 50 [ mA
Output Low Voltage loL=2.1 mA VoL — | 045 | V
Output High Voltage lop=—400pA | VOH 2.4 - \

*Vcc must be applied simultaneously or prior to VPp. VCC must also be switched off simultaneously with or after Vpp. With Vpp connected
directly to V¢ during the read operation, the supply current would be the sum of Ipp1 and IcC.

AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Input Pulse Levels....................... 0.65 Voltand 2.2 Volts Input and Output Timing Levels. ................ 0.8and 2.0 Volts
Input Riseand Fall Times. ..o .. 20ns OutputLoad. . ... See Figure 1
Characteristic Symbol | Min | Max | Unit
Address Valid to Output Valid (E/Progr =V} ) tavav | — | 450 | ns
E to Output Valid oy | — | 480 | ns
E to High Z Output teHaz | O | 100 | ns
Data Hold from Address (E= V) ) taxax | O - | ns
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MCM2532

READ MODE TIMING DIAGRAMS (E=V))

A (Address) Address Valid

< tavav > tAXQX—3]

QXXX XXX XXIOXKND ;
oo R s JERRE
STANDBY MODE
A (Address) Address Valid | New Address Valid

1EHQZ teLQv fE—

\ Q (Data Out)

€/ Progn) Standby Mode Active Mode /

Output Valid ' High Z < Output Valid

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(TA=25°C+5°C)
| RECOMMENDED PROGRAMMING OPERATION CONDITIONS

! Parameter Symbol Min | Nom | Max Unit
Vce. VepL | 475 | 5.0 5.26 v
b Supply Voltage VppH 24 25 %
Input High Voltage for Data ViH 2.2 — |Vcc+1 \
Input Low Voltage for Data VIL -0.1 - 0.65 \

*Vee must be applied simultaneously or prior to Vpp. Vcc must also be switched off simultaneously with or after Vpp. The
device must not be inserted into or removed from a board with Vpp at +25 V. Vpp must not exceed the +26 V maximum
specifications.

PROGRAMMING OPERATION DC CHARACTERISTICS

Characteristic Condition Symbol | Min | Typ | Max | Unit

Address and E/Progr Input Sink Current Vin=5.26 V/0.45 V I - - 10 | uwA
Vpp Programming Pulse Supply Current (Vpp=25V +1 V) E/Progr= VL lpp2 - — 30 | mA
Ve Supply Current — MCM25632 — Icc - — 160 | mA

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS

Characteristic Symbol Min | Max | Unit

J Address Setup Time tAVEL 20 | — | us
Vpp Setup Time tPHEL 0 - ns
Data Setup Time tDVEL 2.0 = S
Address Hold Time tEHAX 2.0 — us
Vpp to Enable Low Time tPLEL 0 - ns
Data Hold Time tEHQZ 20 - s
Vpp Hold Time tEHPL 0 - ns
Enable (Program) Active Time tELEH 1° 55 | ms
Enable (E/Progr) Pulse Transition Time tT(PE) 5 - ns
Vpp Rise and Fall Time from 5 to 25 V tR. tF 0.5 2 ps

*1f shorter than 45 ms (min) pulses are used, the same number of pulses should be applied after the specific data has been verified. To ensure
that good programming levels have been written, see special programming.
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MCM2532

PROGRAMMING OPERATION TIMING DIAGRAM

é——————Program——»’d—Program Verify—)»'

ViH '
A (Address) y
ViL 1

Address N Valid

<——tAVE|_———>’

i
|<_——_‘EHAX

VOH/VIH
D or Q (Data) Hi-Z

<' Data In Valid

—{ Qutput Valid

Vou/Vic

L
E/Progr
ViL

< B>tELQV

E—tPLEL

H
SRR RRTF

Vpp
VP KEXXRKRRRX

PROGRAMMING INSTRUCTIONS

Before programming, the memory should be submitted to
a full ERASE operation to ensure every bit in the device is in
the "'1"" state (represented by Output High). Data are entered
by programming zeros (Output Low) into the required bits.
The words are addressed the same way as in the READ
operation. A programmed 0"’ can only be changed to a "'1"
by ultraviolet light erasure.

To set the memory up for PROGRAM mode, the VPP in-
put (pin 21) should be raised to +25 V. The V¢ supply
voltage is the same as for the READ operation. Programming
data is entered in 8-bit words through the data out (DQ) ter-
minals while E/Progr is high. Only “0's"" will be programmed
when “0's” and "“1's"”" are entered in the data word.

After address and data setup, a 50 ms program pulse (Vi
to VL) is applied to the E/Progr input. A program pulse is
applied to each address location to be programmed. The
maximum program pulse width is 55 ms; therefore, program-
ming must not be attempted with a dc signal applied to the
E/Progr input.

Muiltiple MCM2532s may be programmed in parallel with
the same data by connecting together like inputs and apply-
ing the program pulse to the E/Progr inputs. Different data
may be programmed into multiple MCM2532s connected in
parallel by using the PROGRAM INHIBIT mode. Except for
the E/Progr pin, all like inputs may be common.

PROGRAM VERIFY for the MCM2532 is the read opera-
tion.

SPECIAL PROGRAMMING
The MCM2532 can be programmed with pulses as short as
2 milliseconds to minimize programming time. This can
represent considerable cost savings when programming a
large number of devices.
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To take full advantage of the shorter programming pulses,
an iterative algorithm is recommended. Actual programming
algorithms can be varied provided the following conditions
are met: 1) Program pulses will be applied one to each se-
quential location (no multiple pulses at one location); and 2)
after the part programs successfully, five additional 2
millisecond pulses should be applied at each location.

Using this iterative method, the programming time per
location becomes 12 milliseconds minimum to 50
milliseconds maximum.

READ OPERATION

After access time, data is valid at the outputs in the READ
mode.

ERASING INSTRUCTIONS

The MCM2532 can be erased by exposure to high intensity
shortwave ultraviolet light, with a wave-length of 2537
angstroms. The recommended integrated does fi.e., UV-
intensity X exposure time) is 15 Ws/cm2. As an example, us-
ing the "Model 30-000" UV-Eraser Turner Designs, Moun-
tain View, CA 94043) the ERASE-time is 36 minutes. The
lamps should be used without shortwave filters and the
MCM2532 should be positioned about one inch away from
the UV-tubes.

RECOMMENDED OPERATING PROCEDURES

After erasure and reprogramming of the EPROM, it is
recommended that the quartz window be covered with an
opaque self-adhesive cover. It is important that the self-
adhesive cover not leave any residue on the quartz if it is
removed to allow another erasure.
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MCM2532

TIMING PARAMETER ABBREVIATIONS TIMING LIMITS
t X X X X The table of timing values shows either a minimum or a
signal name from which interval is defined — maximum limit for each parameter. Input requirements are
transition direction for first signal specified from the external system point of view. Thus, ad-
signal name to which interval is defined dress setup time is shown as a minimum since the system
transition direction for second signal must supply at least that much time (even though most
devices do not require it). On the other hand, responses from
The transition definitions used in this data sheet are: the memory are specified from the device point of view.
H = transition to high Thus, the access time is shown as a maximum since the
L = transition to low device never provides data later than that time.
V = transition to valid
X = transition to invalid or don’t care
Z = transition to off (high impedance)
WAVEFORMS
Waveform Input Output
Symbol -
Must Be Will Be
Valid Valid

m Change Will Change
B FromH to L FromH to L
ﬂ Change Will Change

From L to H From L to H

Don’t Care: Changing:
m Any Change State
{ Permitted Unknown

E High
> Impedance
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@ MOTOROLA MCM68764

64K-BIT UV ERASABLE PROM MOS

The MCM68764 is a 65,536-bit Erasable and Electrically Reprogram- (N-CHANNEL, SILICON-GATE)

mable PROM designed for system debug usage and similar applications 8192x 8-BIT
requiring nonvolatile memory that could be reprogrammed periodically, UV ERASABLE

or for replacing 64K ROMSs for fast turnaround time. The transparent PROGRAMMABLE READ
window on the package allows the memory content to be erased with ONLY MEMORY

ultraviolet light.

For ease of use, the device operates from a single power supply and
has a static power-down mode. Pin-for-pin mask programmable ROMs
are available for large volume production runs of systems initially using
the MCM68764.
® Single +5 V Power Supply
@ Automatic Power-down Mode (Standby) with Chip Enable
® Organized as 8192 Bytes of 8 Bits
® Power Dissipation

120 mA Active Maximum

i C SUFFIX
FRIT-SEAL CERAMIC PACKAGE

25 mA Standby Maximum ) CASE 623A
® Fully TTL Compatible
® Maximum Access Time =450 ns MCM68764 L SUFFIX CERAMIC PACKAGE

350 ns MCM68764-35 ALSO AVAILABLE — CASE 716

@ Standard 24-Pin DIP for EPROM Upgradability
® Pin Compatible to MCM68A364 Mask Programmable ROM

MOTOROLA’S PIN-COMPATIBLE EPROM FAMILY
PIN ASSIGNMENT

32K
Al @ N\ 241Vee
A6[]2 23[] A8
As5[]3 22[1A9
Ad4fl4 21[gA12
A3lls 20[E/Vpp
A2[l6 191 A10
A7 8 AN
MCMes764 Aol]s 17[10Q7
paof] 9 16 [ DQ6 ‘
poifio 15 1005 {
MOTOROLA’S PIN-COMPATIBLE ROM FAMILY Daz2f]11 14 ] DQ4
Vssli2 131003
Pin Names
A . ... Address
MCM68364 MCM68332 MCME68316E _ DQ. ... Data Input/Output
E/Vpp . . . . Chip Enable/Program

INDUSTRY STANDARD PINOUTS ARD0090-2

DS-9815R2/4-82
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MCM68764

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Value Unit This device contains circuitry to protect the inputs
Temperature Under Bias —~10to +80 °Cc against damage due to high static voltages or elec-
Operating Temperature Range Oto +70 °C tric fields; however, it is advised that normal precau-
Storage Temperature —65to0 +125 oC tions be taken to avoid application of any voltage
- higher than maximum rated voltages to this high-
All Input or Output Voltages with Respect to Vgg +6to —-0.3 Y impedance circuit.
Vpp Supply Voltage with Respect to Vgg +28t0 —0.3 \

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

MODE SELECTION
Pin Number
911
; 12 20 24
Mode 1317, =
° pa | Vss| Evep | vec
Read Data out | Vgg ViL vce
Output Disable High-Z | Vss ViH Vee
B Standby High-Z | Vsg VIH Vee
. Pulsed
P Datain | V \
rogram L SS VILP to VIHP cc
BLOCK DIAGRAM
Vee —»
Vss > Data Input/Output  DQO-DQ7

T T Y T T T T t FIGURE 1 — AC TEST LOAD

E/V,
Fr | Cfon;g ' | ‘_1 Input/ Output Buffers 50V
I HERERE fL-22k
Ol
b . Test Point
A0-Ad4 L O—Decoder . Y Gating ]
= 100 pF g 6k MMD6150
] or Equiv.
- ] *MMD7000
:j = or Equiv.
)
7 X . Memory
p A5—A12 :Deco der| o Matrix “Includes Jig Capacitance L
) o1
o—
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MCM68764

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature. range unless otherwise noted)

CAPACITANCE (f=1.0 MHz, Tp=25°C, Vcc=5 V periodically sampled rather than 100% tested)

Ch Symbol | Typ | Max | Unit
Input Capacitance (Vin =0 V) Except E/Vpp Cin 40 | 6.0 | pF
Input Capacitance E/Vpp Cin 60 | 100 [ pF
Output Capacitance (Vgyp=0 V) Cout 80 | 12 pF
Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=14A¢/AV.
RECOMMENDED DC OPERATING CONDITIONS
Parameter Symbol Min Nom Max Unit
Supply Voltage MCMB8764, MCM68764-35| Ve 4.75 5.0 5.256 \Y
Input High Voltage ViH 2.0 - vVce+1.0 \
Input Low Voltage ViL -0.1 - 0.8 \%
RECOMMENDED DC OPERATING CHARACTERISTICS
MCM68764
. iti Units
Characteristic Condition Symbol Min | Ty | Max nit
Address Input Sink Current Vin=5.25V lin — - 10 | pA
Output Leakage Current Vout=5.25 V Lo - — 10 | pA
E/Vpp Input Sink Current E/Vpp=0.4 IEL - — [ 100 ] pA
E/Vpp=2.4 [lgn=lp | = | = [ 400 | uA
Vcc Supply Current (Standby) MCM68764 E/Vpp=VIH 'cct - — 25 | mA j
Ve Supply Current (Standby) MCM68764-35 E/Vpp=ViH Icct - - 25 | mA
Ve Supply Current (Active) MCM68764 (Outputs Open) E/Vpp=V|L Icc2 - - 120 | mA
Ve Supply Current (Active) MCM68764-35 (Outputs Open) E/Vpp=V|_ lcc2 — - 160 | mA
Output Low Voltage loL=2.1mA VoL - - |045] V
Output High Voltage loH= —400 pA| VOH 2.4 - - \% {
|
AC OPERATING CONDITIONS AND CHARACTERISTICS ((]
(Full operating voltage and temperature range unless otherwise noted)
Input Pulse Levels ..0.8Voltand 2.2 Volts
Input Rise and Fall Times ...20ns Output Timing Levels. .0.8 Voltand 2 Volts
Input Timing Levels ..1.0and 2 Volts QOutput Load See Figure 1
25 MCM68764
Characteristic Condition | Symbol Min | Max | Vin T Max Units!
Address Valid to Output Valid E=V|_ tavay _ 350 _ 450 | ns
Chip Enable to Output Valid - terQv) — |30 | — | 450 | ns
Chip Enable to Output High Z - tEHQZ 100 0 100 | ns
Data Hold from Address E=ViL [taxpx| © - 0 - ns

READ MODE TIMING DIAGRAM l

>< d

A (Address) Address Valid

tavav —4

E Vep

lEHQZ
tELQV —=|

High-Z High-Z

Q (Output) Data Valid
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MCM68764

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS

(TA=25+ 5°C)
RECOMMENDED PROGRAMMING OPERATING CONDITIONS
Parameter Symbol Min | Nom Max Unit
Supply Voltage Vee 4.75 | 5.0 5.25 \
Input High Voltage for All Addresses and Data ViH 2.2 - |Vcec + 1 \Y
Input Low Voltage for All Addresses and Data ViL -0.1] — 0.8 \
Program Pulse Input High Voltage ViHP 24 25 26 \
Program Pulse Input Low Voltage ViLp 2.0 |Vce 6.0 \
PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol Min | Typ Max Unit
Address Input Sink Current Vin = 526 V L1 — - 10 pA
Vpp Program Pulse Supply Current (VPp = 256V +1V) — IPH - — 30 mA
Vpp Supply Current (Vpp = 2.4 V) - IpL=IEH| — - 400 HA
Vcc Supply Current (Vpp=5.0 V) - Icc - — 160 mA
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
Characteristic Symbol | Min | Max | Unit
Address Setup Time X tAVPH | 2.0 — us
Data Setup Time tDVPH | 2.0 - us
! Chip Enable to Valid Data teLQy | 450 | — ns
Chip Disable to Data In teHDv | 2.0 - us
i Program Pulse Width tpHPL | 1.9 | 2.1 [ ms
Program Pulse Rise Time tPR 05 | 20 us
Program Pulse Fall Time tPE 05 | 2.0 | ps
Cumulative Programming Time Per Word* tcp 12 50 ms

* Block mode programming must be used. Block mode programming is defined as one program pulse applied to each of the 8,192 address loca-
tions in sequence. Multiple blocks are used to accumulate programming time (tcp). If less than 25 two millisecond pulses are required to verify
programming, then 5 additional 2 millisecond pulses are required to ensure proper operating margins (i.e., 2 ms+5x 2 ms= 12 ms minimum
tcp).

PROGRAMMING OPERATION TIMING DIAGRAM

A (Address) ){ Address 0 X Address 1...8,191 >< Address 0

—
D or Q (Data) m Lata In X Data In >——-< Data Out
- -

! PHPL
3 tEHDV

= L—\
E/Vpp /

tAVPH 1PR — r—‘PF tELQv
tDVPH
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MCM68764

PROGRAMMING INSTRUCTIONS

Before programming, the memory should be submitted to
a full erase operation to ensure that every bit is in the 1"

‘state (represented by Output High). Data is entered by pro-
gramming zeros (Output Low) into the required bits. The
words are addressed the same way as in the READ opera-
tion. A programmed ‘0" can only be changed to a "1 by
ultraviolet erasure.

To set the memory up for Program Mode, the E/Vpp input
(Pin 20) should be between +2.0 and +6.0 V, which will
three-state the outputs and allow data to be setup on the DQ
terminals. The Ve voltage is the same as for the Read
operation. Only ““0's” will be programmed when "0's" and
"1's" are entered in the 8-bit data word.

After address and data setup, 25-volt programming pulse
(VIH to V|Hp) is applied to the E/Vpp input. The program
pulse width is 2 ms and the maximum program pulse
amplitude is 26 V.

Multiple MCM68764s may be programmed in parallel by
connecting like inputs and applying the program pulse to the
E/Vpp inputs. Different data may be programmed into multi-
ple MCMB68764s connected in parallel by selectively applying
the programming pulse only to the MCM68764s to be pro-
grammed.

READ OPERATION

After access time, data is valid at the outputs in the Read
mode. A single input (E/Vpp) enables the outputs and puts
the chip in active or standby mode. With E/Vpp="0" the
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outputs are enabled and the chip is in active mode; with
E/Vpp="1" the outputs are three-stated and the chip is in
standby mode. During standby mode, the power dissipation
is reduced.

Multiple MCM®68764s may share a common data bus with
like outputs OR-tied together. In this configuration, only one
‘E/Vpp input should be low and no other device outputs
should be active on the same bus. This will prevent data con-
tention on the bus.

ERASING INSRUCTIONS

The MCM68764 can be erased by exposure to high intensi-
ty shortwave ultraviolet light, with a wavelength of 2537
angstroms. The recommended integrated dose (i.e., UV-
intensity X exposure time) is 15 Ws/cmZ2. As an example, us-
ing the ""Model 30-000"" UV-Eraser (Turner Designs, Moun-
tain View, CA 94043) the ERASE-time is 36 minutes. The
lamps should be used without shortwave filters and the
MCM68764 should be positioned about one inch away from
the UV-tubes.

RECOMMENDED OPERATING PROCEDURES

After erasure and reprogramming of the EPROM, it is
recommended that the quartz window he covered with an
opaque self-adhesive cover. It is important that the self-
adhesive cover not leave any residue on the quartz if it is
removed to allow another erasure.




@ MOTOROLA

MCM68766

L Advance Information

or for replacing 64K ROMs for fast turnaround time.

ultraviolet light.

® Single +5 V Power Supply
@ Organized as 8192 Bytes of 8 Bits
® Fully TTL Compatible

® Maximum Access Time =450 ns MCM68766
350 ns MCM68766-35
® Standard 24-Pin DIP for EPROM Upgradability

©® Power Dissipation — 160 mA Maximum

8192 x 8-BIT UV ERASABLE PROM

The MCM®68766 is a 65,536-bit Erasable and Electrically Reprogram-
mable PROM designed for system debug usage and similar applications
requiring nonvolatile memory that could be reprogrammed periodically,

The transparent

window on the package allows the memory content to be erased with

For ease of use, the device operates from a single power supply that
has an output enable control and is pin-for-pin compatible with the
MCM68366 mask programmable ROMs, which are available for large
volume production runs of systems initially using the MCM68766.

® Pin Compatible to MCM68366 Mask Programmable ROM

(N-CHANNEL, SILICON-GATE)

UV ERASABLE
PROGRAMMABLE READ ONLY

8

MOS

192 x 8-BIT

MEMORY

L SUFFIX CERAMIC PACKAGE
ALSO AVAILABLE — CASE 716

e
'

C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 623A

MOTOROLA'S PIN-COMPATIBLE EPROM

INDUSTRY STANDARD PINOUTS

FAMILY

MCMB8A316E

AASO-1A

ATl ® Y 24f1Vce
A6[]2 23[1A8
A5 3 22[1A9
Adfla 21[JA12
A3ls 20[1G/Vpp
A206 191 A10
AlQ}7 18] Al
AoQ)s 17 30Q7
paol}s 16 [] DQ6
paifio 15 [JDQ5
pazfn 141 DQ4
vss2 13{1DQ3

PIN ASSIGNMENT

*Pin Names

.Data Input/Output
Output Enable/ Program

Address

*New industry standard nomenclature

This document contains information on a new product. Specifications and information herein

are subject to change without notice.
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MCM68766

ABSOLUTE MAXIMUM RATINGS

Rating Value Unit - - — "

- 0 0 oC This device contains circuitry to protect the inputs
Temperalure Under Bias 10to + against damage due to high static voltages or elec-
Operating Temperature Range Oto +70 °Cc tric fields; however, it is advised that normal precau-
Storage Temperature —65t0 +1256| °C || tions be taken to avoid application of any voltage
All Input or Output Voltages with Respect to Vg5 +6t0 —0.3 | Vdc hlgh(—z than fna)gltmum rated voltages to this high-
Vpp Supply Voltage with Respect to Vss +28t0 —0.3| Vdc impedance cireuit

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device reliability.

MODE SELECTION
Pin Number
Mode AN 20 2
pa | Vss| G/vpp | Vce
Read Data Out| Vsg ViL Vce
Output Disable High-Z | Vss ViH Vee
Program DataIn | Vss V||_:utl<§e\?|Hp Vce
BLOCK DIAGRAM
Vee —>
Vss > Data Input/Output  DQO-DQ7
IARRRRRA FIGURE 1 — AC TEST LOAD
G/Vpp o—l
cl?c:‘g‘irng Input/Output Buffers sov
[TTTTTT] RL=22k
oO—
o— v —." Test Point
AQ-A4 o—Decoder| * Y Gating
b ° *100 pF 6k MMDB150
| or Equiv.
MMD7000
°— = or Equiv.
o—|
o— x . Memory
AS—A12{ o= er| o Matrix *Includes Jig Capacitance =
o—1
o—
o—
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MCM68766

CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=5 V periodically sampled rather than 100% tested)

Ch Symbol | Typ | Max | Unit
Input Capacitance (Vjn =0 V) Except G/Vpp Cn |40] 60] pF
Input Capacitance (G/Vpp) Cin 60 | 100 [ pF
Output Capacitance (Vgoy1=0 V) Cout 80 | 12 | pF

Capacitance measured with a Boonton Meter or effective capacitance calculated from the, equation: C=1A¢/AV.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voitage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol|{ Min |[Nom| Max | Unit
Supply Voltage = MCM68766 and MCM68766-35 Vee | 475 | 5.0 5.256 Vv
Input High Voltage ViH 2.0 — |Vec+1.0f V
Input Low Voltage ViL -01| — 0.8 Vv
DC OPERATING CHARACTERISTICS
Characteristic Condition Symbol | Min | Typ |Max| Units
Address Input Sink Current Vin=56.26V lin - - 10 | uA
Output Leakage Current Vout=5.25V ILo — — 10 | uA
G/Vpp Input Sink Current G/Vpp=04V]| gL — — |100] pA
G/Vpp=24V|IGH=lp| — — J400] xA
Ve Supply Current (Outputs Open) G/Vpp=V|L lcc — — |160| mA
Output Low Voltage loL=2.1mA VoL - — ]o45} V
Output High Voltage loH= —400 kA] VOH 24 - - \"

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)
...... 1.0 Volt and 2 Volts

0.8 Volt and 2 Volts
See Figure 1

Input Timing Levels
Output Timing Levels
Output Load

Input Pulse Levels...............c.euurunmnnnnn. ..0.8 Volt and 2.2 Voits
Input Rise and Fall Times

MCMISTE6- | Mcmeeres
Characteristic Condition | Symbol Min 1 Max | Min T Max Units
Address Valid to Output Valid G=vy_ tavavl — |30 | = |40 | ns
G to Output Valid - wav| - [ 10 ] - | 18| ns
G to Hi-Z Output - tgHaz|] O [ 100 [0 [ 100 | ns
Data Hold from Address G= v [taxpx} 0 - 0 - ns

READ MODE TIMING DIAGRAM

A (Address) Address Valid ><

tavav—=e

E/Vpp

tGHQz
1GLQV—

High-Z High-Z
Q (Output) Data Valid




MCM68766

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(TA=25% 5°C)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

F Symbol Min | Nom Max Unit
Supply Voltage Vee 475 | 5.0 5.25 \
Input High Voltage for All Addresses and Data VIH 2.2 — (Ve + 1 \
Input Low Voltage for All Addresses and Data ViL -0.1] - 0.8 \
Program Pulse Input High Voltage ViHP 24 25 26 \
Program Pulse Input Low Voltage ViLp 20 | Vce 6.0 \
PROGRAMMING OPERATION DC CHARACTERISTICS .
Ch i Condition Symbol Min | Typ Max Unit
Address Input Sink Current Vin = 526V Ll - - 10 A
Vpp Program Pulse Supply Current (Vpp = 25V +1V) - IPH - - 30 mA
Vpp Supply Current (Vpp=2.4 V) - lpL = IgH| - - 400 pA
Vce Supply Current (Vpp=5 V) - Icc - - 160 mA
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
Ch istil Symbol | Min | Max | Unit
Address Setup Time tAVPH | 2.0 - §s
Data Setup Time tpvPH | 2.0 - S B
Output Enable to Valid Data tgLav | 190 | - ns
Output Disable to Data In GHDV | 20 | — | as i
Program Pulse Width tpHpPL | 19| 21 | ms '
Program Pulse Rise Time tPR 05| 20 | ps
Program Pulse Fall Time tPF 05| 20 | ps
Cumulative Programming Time Per Word* tcp 12 | 50 | ms
*Block mode programming must be used. Block mode programming is defined as one program pulse applied to each of the 8,192 address loca-

tions in sequence. Multiple blocks are used to accumulate programming time (tcp).

J

PROGRAMMING OPERATION TIMING DIAGRAM

A (Address) x Address 0 X Address 1...8,191 X Address 0

i R —
>< d
D or Q (Data) >—< Data In Data In Data Out
3 / L
tPHPL {
tGHDV q
\ <
s L—\
G/Vpp / T
tAVPH tPR le— —>» |« tPF 1GLQV
tDVPH
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MCM68766

PROGRAMMING INSTRUCTIONS

After the completion of an ERASE operation, every bit in
the device is in the 1" state (represented by Output High).
Data are entered by programming zeros (Output Low) into
the required bits. The words are addressed the same way as
in the READ operation. A programmed ““0" can only be
changed to a 1" by ultraviolet light erasure. _

To set the memory up for Program Mode, the G/Vpp in-
put (Pin 20) should be between + 2.0 and + 6.0V, which will
three-state the outputs and allow data to be set up on the
DQ terminals. The V¢ voltage is the same as for the Read
operation. Only ““0's"" will be programmed when ““0's" and
1's" are entered in the 8-bit data word.

After address and data setup, 25-volt programming pulse
(VIH to V|HP) is applied to the G/Vpp input. The program
pulse width is 2 ms and the maximum program pulse
amplitude is 26 V.

Multiple MCM68766s may be programmed in parallel by
connecting like inputs and applying the program pulse to the
G/Vpp inputs. Different data may be programmed into
multiple MCM68766s connected in parallel by selectively ap-
plying the programming pulse only to the MCM68766s to be
programmed.

READ OPERATION

After access time, data is valid at the outputs in the Read
mode. With G/Vpp="0" the outputs are enabled; with
G/Vpp="1" the outputs are three-stated.

Multiple MCM68766s may share a common data bus with
like outputs OR-tied together. In this configuration only one
G/Vpp input should be low and no other device outputs
should be active on the same bus. This will prevent data con-
tention on the bus.

ERASING INSRUCTIONS

The MCM68766 can be erased by exposure to high intensi-
ty shortwave ultraviolet light, with a wavelength of 25637
angstroms. The recommended integrated dose (i.e., UV-
intensity X exposure time) is 15 Ws/cm2. As an example, us-
ing the “Model 30-000"" UV Eraser (Turner Designs, Moun-
tain View, CA 94043) the ERASE-time is 36 minutes. The
lamps should be used without shortwave filters and the
MCM®68766 should be positioned about one inch away from
the UV-tubes.

RECOMMENDED OPERATING PROCEDURES

After erasure and reprogramming of the EPROM, it is
recommended that the quartz window be covered wrth an
opaque self-adhesive cover. It is important that the self-
adhesive cover not leave any residue on the quartz if it is
removed to allow another erasure.
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% MOTOROLA MCM2801

[ Advance Informatiom J
MOS
16x 16-BIT SERIAL ELECTRICALLY ERASABLE PROM (N-CHANNEL, SILICON GATE)
The MCM2801 is a 256-bit serial Electrically Erasable PROM designed 16> 16 BIT
for handling small amounts of data in applications requiring both non- ELECTRICALLY ERASABLE
volatile memory and in-system information updates. PROGRAMMABLE READ
The MCM2801 offers in-system erase and reprogram capability. it has ONLY MEMORY

external control of timing functions and serial format for data and ad-
dress. The MCM2801 is fabricated in floating gate technology for high
reliability and producibility.

O Single +5 V Power Supply

© Organized as 16 Words of 16 Bits

O MPU Bus Compatible

O Single +25 V Power Supply for Erase and Program

O In-System Program/Erase Capability

O Both Word and Whole Array Erasable

- PLASTIC PACKAGE
CASE 646-05

BLOCK DIAGRAM

Block Erase
| BE }

PIN ASSIGNMENT

2 =
Vpp £ 3
Control 3 g
< 3 Memory
= @ Array
3 g 16x 16
= 3
o <
<+

1

CTR: Control

*For normal operation, these inputs should
be hardwired to Vggs.

Vpp PIN NAMES
ADQ.....ooveviiiinninininns Multiplexed Address/
” Test vee Data-In/Data-Out
Inputs V. C.... .
PVC.

CTR1,2,3. 2O
..Block Erase o o
S e Chip Select
FIGURE 1 — Vpp CONTROL ll?est Pins o &
Vpp /—— Vep ‘wl
—1 Vec
Vss This device contains circuitry to protect the
inputs against damage due to high static
y PVC voltages or electric fields; however, it is ad-
A7kQ £ vised that normal precautions be taken to
avoid application of any voitage higher than
maximum rated voltages to this high-
10 k@2 impedance circuit.

This document contains information on a new product. Specifications and information herein
are subject to change without notice.

ADI-841R1/3-81
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MCM2801

MODE SELECTION
Pin Number
Mode 1 6 7 1 12 13 14
Vpp S Vss CTR3 CTR2 | CTR1 vece
Standby Vss or Vee ViH Vss ViH ViH ViH Vee
Word Erase Vpp ViL Vss VIH ViL ViL vce
Write Vpp ViL Vss ViL ViH ViL vee
Serial Data Out Vgs or Ve ViL Vss VIH VIH ViL vce
Serial Address In Vss or Vce ViL Vss ViL ViL VIH Vee
Serial Data In Vss orVee VL Vss ViH ViL VIH Ve
Read VssorVec | ViL Vss Vi ViH ViH Vee
Standby Vss or Vce VIH Vss ViL ViL ViL Vce
ABSOLUTE MAXIMUM RATINGS (1)
Rating Value Unit
Temperature Under Bias —40to +85 °C
Operating Temperature Range Oto +70 °C
Storage Temperature -5510 +150 °C
All Input or Output Voltages with Respect to Vgg (Except PVC) +8t0 -05 \2
Vpp Supply Voltage with Respect to Vsg +28to -0.5 v
PVC Voltage with Respect to Vgg +28to —0.5 R
NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should
be restricted to RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for ex-
tended periods of time could affect device reliability.
RECOMMENDED DC OPERATING CONDITIONS(Full operating voltage and temperature range unless otherwise noted.)
Parameter Symbol Min Nom Max Unit
Supply Voltage i//gg 24 450 52é) 25650 \"
Input High Voltage VIH 24 - Vee+1.0 \'2
Input Low Voltage ViL -0.1 - 0.8 \
OPERATING DC CHARACTERISTICS
Ch istic Condition Symbol Min | Typ | Max | Units
Input Sink Current 0<Vjn<Vce lin - — 10 pA
Vce Supply Current Vee=565V Icc — — 30 mA
Vpp Supply Current Vpp=26.0 V Ipp - - 4.0 mA
Output Low Voltage loL=1.0mA VoL - - 0.5 "
Output High Voltage loH=-0.1 mA VOH 2.4 - - \
PVC Current (Write or Word Erase) PVCL=1V PVCoN 200 | — = pA
PVC Leakage PVCH=26 V PVCOFF — — 5 A

FIGURE 2 — OUTPUT LOAD
Vee
5 k1

CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc=+5V,
periodically sampled rather than 100% tested.}

Characteristic Symbol | Typ | Max | Unit
Input Capacitance (Vin =0 V) Cin — 6.0 | pF
Output Capacitance (Vgy1=0 V) Cout — 12 pF

Capacitance measured with a Boonton Meter or effective capacitance
calculated from the equation: C=I1A¢/AV.

54

100 pF
(Including
Scope and

Jig)

>
S 24k



MCM2801

AC OPERATING CONDITIONS AND CHARACTERISTICS

Input Pulse Levels ..0.65 Volts and 2.6 Volts Output Timing Levels.........ccooeeeveeerieiiiiieennn, 1.0 Voltand 2 Volts

Input Rise and Fall Times .. ....20ns OUPUL Lo ... See Figure 2
Input Timing Levels oltand 3.8 Volts
Characteristic Symbol Min Max | Unit
Erase Time tERASE 100 - ms
Write Time TWRITE 10 — ms
Clock High Level Hold Time tCHCL 4 10 us
Clock Low Level Hold Time tCLCH 4 - 'S
Clock Rise Time tCr 5 1000 ns
Clock Fall Time tcf 5 1000 ns
Chip Select Setup tSLCH 1 - us
Chip Select Hold tCLSH 1 - us
Data Out Delay tcHQV - 1 us
Address In Setup tAVCL 1 - us
Data In Setup tDVCL 1 - #s
Control Setup Time tCtrVCH 1 - us
Control Hold Time tCtrX 50 - ns
Data-Off Time (from the Clock) tCHQZ - 3.0 s ;
Chip Select Low to Output Active Time tsLQx - 2.0 us !
Data-Off Time (from Chip Select) tSHQZ - 20 us

TIMING DIAGRAMS
Clock Cycle Detail

_ s [}
S Chip Select \ j j
{
1 (
tSLCH ‘Q——D—I‘CLSH
<3 tCHCL £ f@——— tCLCH——> Vin
C Clock \
_— ~—+ —— —ViL
[a—tCr — [@-tct —> tcr
la-tcHQV-] 'sHazae
ISLQX 130>
) / 7777 ) I
Q (ADQ) = High Z= /Invalid Data Out Valid —=High Z e= —
LL
ka~tDVCL- !

O T,

All times defined at 10% or 90% points.

Serial Address In

¢ /N

1CtrVCH

CTR1, CTR2, Serial Address In
CTR3 (4 Clocks)

t
—>l  fa-teyx le—tavcL Ctrx—+

. i A Address
A (ADQ) Address Bit 0 Address Bit 1 Address Bit 2 Bit 3
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READ AND SERIAL DATA OUT

S N 2 N N2 N2 VA N A N
i tCtrvVCH > tCtrVCH
CTR1, Nr
CTR?, READ SERIAL DATA OUT (16 Clocks) X
CTR3 k\‘
> |e-tcux - |etoux
' ™ —s e—tcHav —® [¢-icHoz

Data Bit 15

Qe — — — — - HighZ~ — =— — — —< Data Bit 0 x Data Bit 1 ><
(ADQ)

SERIAL DATA IN

‘CtrVC}-'i

N
l\[

NIVZ2n NNV 2N 2N

CTR1, CTR2,
CTR3

T
SERIAL DATA IN (16 Clocks)

X

tCtrX — e

tbvCL

D (ADQ)

Data Bit 0 >< Data Bit 1...14

Data Bit 15 >(

LOSZWNOW



MCM2801

ERASE-WRITE SEQUENCE
[e——————tERASE tWRITE ———————
,,---—% —\ Falaiat S
(o] _/ \ /7 \ 7 \\
—— L AN ya
—® re-tcyveH
— - ___
CTR1, CTR2, WORD ERASE i WRITE
CTR3 L B o
tcux tCurx
—» |e-tcuven

NOTE: One clock pulse is sufficient to load a new control code.

FUNCTIONAL DESCRIPTION

The memory stores sixteen words, each of sixteen bits. All
functions are selected by a 3-bit parallel control code. The
clock line is used to strobe these codes and to serially shift
data and addresses.

Read-Out

1. The 4-bit serial address is shifted on the ADQ line
while the SERIAL ADDRESS-IN code is applied on the
three control pins.

2. The READ instruction is strobed with one clock pulse.
This reads the word from the new address in the
memory array and parallel loads it into the data
register.

3. While the SERIAL DATA-OUT code is being applied,
data is shifted out on the ADQ pin with 16 clock
pulses. In this mode, the ADQ pin output buffer is ac-
tive.

Writing

1. The address is changed, if necessary, in the same
manner as in the readout.

2. While the SERIAL DATA-IN code is being applied,
data is shifted in on the ADQ pin with 16 clock pulses.
If the data to be written has already been shifted into
the data register, it is not necessary to re-enter the 16
bits, so this step may be omitted.

3. The WORD ERASE code is strobed in with one clock
pulse. After the specified ERASE time, the addressed
word is erased.

4. The WRITE code is strobed in with one clock pulse.
After the specified WRITE time, a STANDBY code
can be strobed in to stop writing. Data will be pro-
grammed at the specified address.

It is also possible to change the sequence by erasing a
memory location before starting a write sequence.

Standby

Either of the two STANDBY codes, when strobed in with
a clock pulse, puts the memory in a quiescent state. The out-
put is then in the high-impedance state and the absence or
presence of the clock will not affect the device.

Pin Description

The active high clock signal (C) is used for. shifting ad-
dresses and data into or out of the chip. It is also used for
strobing control codes.

The 1/0 pin (ADQ) is used for entering addresses and
data-in. Itis in the output state only for shifting output data.

The active low Chip Select pin (S) is only used to block the
clock and put the ADQ buffer into the high-impedance
mode. It has no influence on the operating status of the
device and does not force a standby condition.

The programming voltage control pin (PVC) is an open-
drain output that is active when a WORD ERASE or WRITE
control code is strobed in. As shown in Figure 1, it can be
used to control the Vpp supply applied to the circuit. The
BLOCK ERASE (BE) pin can be used to clear the whole ar-
ray. As the PVC output is not active in this state, the pro-
gramming voltage should be directly applied to the Vpp pin
for the specified erase time.

The Test inputs (TEST1 and TEST2) are provided for
testing purpose only and should be connected to Vgs in any
application.

Data Protection

When Vpp is turned off, data stored in the array is pro-
tected. The programming voltage should not be applied to
the Vpp pin if Vcc is not present. Therefore, use of the PVC
control output, which is controlled by the ‘Vcc supply is
recommended. Using this feature, Vpp and V¢ can be
turned on or off in any sequence without disturbing data in
the array. However, to avoid spurious control codes being
strobed into the device, all inputs should be stable when Vpp
is on.

General Comments

The erased state corresponds to a logical zero at the ADQ
output.

WRITE (for any address) must be preceded by an ERASE
at the same address.

Vpp is necessary for WRITE, WORD ERASE or BLOCK
ERASE. In all other cases, it can be switched to high im-
pedance, Vcc or VSS.

=
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L Advance Information l
(N-CHANNEL, SILICON GATE)
1K-BIT SERIAL ELECTRICALLY ERASABLE PROM 32x 32 BIT ELECTRICALLY
ERASABLE PROGRAMMABLE
The MCM2802 is a 1K-bit serial Electrically Erasable PROM designed READ ONLY MEMORY
for applications requiring both nonvolatile memory and in-system infor-
mation updates.
The MCM2802 offers in-system erase and reprogram capability. In
digital tuning systems, it provides storage for up to 32 channels. It has
external control of timing functions and serial format for data and ad-
dress. The MCM2802 is fabricated in floating gate technology for high
reliability and producibility. \
\
® Single +5 V Power Supply in Read Mode
® Organized as 32 Bytes of 32 Bits “ \
® MPU Bus Compatible
® 0-100 kHz Clock Rate AT ot
® +25V Power Supply for Erase and Program CASE 646
® In-system Program/Erase Capability
® Both Word and Array Erasable
} ® Expandable to 16K-bit Systems
BLOCK DIAGRAM
e 182 3 54 T2 PIN ASSIGNMENTS
¥ pvedT ahvee
aoode sz
' T1*°03 12 BRESET
'—D_::] OB Code {1 Address | | Chip Select J Vppl] 4 1 pE
[- oulozloa A0[A1]A2[A3|Ad <:1|c2 c3fca sals 10bs1
che 9fps2
{ Decoder g " VssQ7 8[1S3
g 2 Memory
g S oy *For Normal Operation, Hardwire to Vg§
3 2
<
Uﬂ PIN NAMES
readout LI o NS ] |PVC Program Voltage Control
Reset Word Erase - | Multiplexed Address/Data-In/
PVC +Vpp Block Erase l Bit Drivers T Data-Out
8ESET Writs
REseTo Contra < T1 T2 Test Pins
~......Chip Select
—1 D
ADQ cLu 9
Pin 14=Vce
S

This document contains information on a new product. Specifications and information herein
are subject to change without notice.

ADI-908/5-82
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@ MOTOROLA MCM2816

Advance Informatiomn MOS

(N-CHANNEL, SILICON GATE)

2048 x 8-BIT ELECTRICALLY ERASABLE PROM 2048x 8-BIT

The MCM2816 is a 16,384-bit Electrically Erasable Progra bl ELECTRICALLY ERASABLE
, it Electrically Erasable Programmable

Read Only-Memory designed for handling data in applications requiring PROGRAMMABLE READ

both nonvolatile memory and in-system reprogramming. The industry ONLY MEMORY

standard pinout in a 24-pin dual-in-line package makes the MCM2816

EEPROM compatible with the popular MCM2716 EPROM.

The MCM2816 saves time and money because of the in-system erase
and reprogram capability. While Vpp isat 25V and G is at V|, a 100 ms
active high TTL erase pulse applied to the E/Progr pin allows the entire
memory to be erased to the *1”" state. In addition to in-system program-
mability, this new-generation PROM is programmable on the standard
EPROM programmer.

C SUFFIX

For ease of use, the device operates in the read mode from a single FRIT-SEAL CERAMIC J
power supply and has a static power-down mode. The MCM2816 is l PACKAGE
fabricated in floating gate technology for high reliaiblity and producibili- CASE 62305 .

ty.
L SUFFIX CERAMIC PACKAGE
© Single +5 V Power Supply ALSO AVAILABLE — CASE 716-08

© Automatic Power-Down Mode (Standby)

© Single + 25 V Power Supply for Erase and Program
© Organized as 2048 Bytes of 8 Bits

©® Maximum Access Time =450 ns MCM2816

® Pin Compatible to MCM68316E and MCM2716

PIN ASSIGNMENT

® In-System Program/Erase Capability arth @ \/ 2% EIVCC
® Chip Erase Time of 10 ms aetl2 23fA8
As[]3 22[1A9
A4fla 21vep
A3l5 200G
PINOUT A2[l6 19 1A10
COMPARISON
2816 AND 2716 All}7 18 [1E/Progr
A0[]8 17 40Q7
paof}o 16 1DQ6
paifio 15 [IDQS
paz2fn 14 {1004
Vssl]i12 13{JDQ3
arfi o ~~  2fivee
As]2 23[1A8
Asf]3 2189
nsfl4 21{Ivep
A3ls 20[1T
a2ll6 19 f1A10
A7 18 [IE/Progr *Pin Names
MCM2816 aofs 17 loa?
poofy 16 [10Q6 bio/P £
oarffro 15 foas p Enable/Program-Erase
pazgn whoos | ] LS Output Enable
VssQi2 13poas *New industry standard nomenclature
MCM2716

This document contains information on a new product. Specifications and information herein
are subject to change without notice.

ADI-862/5-82



MCM2816

ABSOLUTE MAXIMUM RATINGS (See Note)

This device contains circuitry to protect the

- Rating Value limt inputs against damage due to high static
Temperature Under Bias —10to +80 C voltages or electric fields; however, it is ad-
Operating Temperature Range 0to +70 °C vised that normal precautions be taken to
Storage Temperature —65t0 +125 °C avoid application of any voltage higher than
All Input or Output Voltages with Respect to Vgg +610 —0.3 v T"“"e‘:'“"" rgteqt voltages to this high-
Vpp Supply Voltage with Respect to Vgg +28to —0.3 \ impedance circuit.

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voitages for extended

periods of time could affect device reliability.

MODE SELECTION

Pin Number
9-11,
Mode 1317 12 _ 18 20 21 24
DQ Vss E/Progr G Vpp vece
Read Data Out Vss ViL ViL vee®* vce
Output Disable High Z Vss Don’t Care VIH vee®* vce
Standby High Z Vss VIH Don't Care vee** vce
Pulsed
Program Data In Vss VL to ViH VIH ViHP vce
Program Verify Data Out Vss ViL ViL ViHP vee
Program Inhibit High Z Vss ViL ViH VIHP Vee
. . Pulsed
Erase High Z Vss ViL to VIH ViL ViHP Vee
*Outputs momentarily active before going to High Z at E=V).
**or Vss
BLOCK DIAGRAM
Data Input/Output DQO-DQ7
/ \
I T T T T ]’ T T FIGURE 1 — AC TEST LOAD
E/Progr o—
Cont'r ol > Input/Output Buffers 5v
Go—— Logic
HEREEA
~
o
o Y ° Test Point 0——¢
o Decoder L] Y Gating
. L MMD6150
o 100 pF* A 6k or Equiv.
o ] | 1 MMD7000
< = or Equiv.
§< o— = o
o .
o
o] X . N::mgry *Includes Jig Capacitance =
o— 3 atrix
Decoder | (128x 128)
[ S— . ADO0G4
o——| °
L]
o
N

ADO0S3
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MCM2816

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Voltage MCM2816-45 Vee 4.75 5.0 5.25 v
Vpp Vss 5.0 Vce+0.6
Input High Voltage ViH 2.0 - vee+1.0 \
Input Low Voltage ViL -0.1 - 0.8 \

RECOMMENDED DC OPERATING CHARACTERISTICS

Ch Condition Symbol Min Typ " Max Units

Address, G and E/Progr Input Sink Current Vin=5.26 V lin - - 10 A
Vout=56.25V
Qut - —
Output Leakage Current =50V ILo 10 pA
Ve Supply Current {Standby) (Outputs Open) E/Pg):g:/TLV'H Icct - - 25 mA
Ve Supply Current (Active) (Outputs Open) G=E/Progr=V)_ Icc2 — - 100 mA
Vpp Supply Current® Vpp=5.26V IpP1 — 1.0 5.0 mA
Output Low Voltage loL=2.1mA VoL - = 0.45 \
Output High Voltage IoH= —400 pA VOH 24 - - \
*Vcc must be applied simultaneously or prior to Vpp. V¢ must also be switched off simultaneously with or after Vpp. With Vpp connected 1
directly to V¢ during the read operation, the supply current would then be the sum of Ipp1 and Icc. Typical values are for TA=25°C and

nominal supply voltages.

CAPACITANCE (f=1.0 MHz, TA=25°C,Vcc=5 V, periodically sampled rather than 100% tested)

Characteristic Symbol Typ Max Unit

Input Capacitance (Vi =0 V) Cin 4.0 6.0 pF

Output Capacitance (Vout=0V) Cout 8.0 12 pF
Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=151/AV.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

Input Pulse Levels.............ccoooiviinnn 0.8 Volt and 2.2 Volts Output Timing Levels.............c....... ..2.0and 0.8 Volts
Input Rise and Fall Times.... Output Load See Figure 1
Input Timing leVel........ccoiviiiiiiiiiieiici e 1.0and 2.0V
Characteristic Condition Symbol Min | Max | Unit |
Address Valid to Output Valid E/Progr=G=V)_ tAVQV — | 450
E/Progr to Output Valid (Note 2) tELQV — | 480
gutput Enable to Output Valid E/Progr=V|_ tGLQV - 120 ns !
E/Progr to High Z Output — tEHQZ 0 100
Output Disable to High Z Output E/Progr= V). tGHQZ 0 100
Data Hold from Address E/Progr=G=V)_ | taxax 0 -

READ MODE TIMING DIAGRAMS (E/Progr=V)( )

-
A (Address) ><
N
tAXQX >

G (Output Enable) \ /
K

[E——1GLQV ————— >
tavav

S sss /////>% ouavas /15
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MCM2816

STANDBY MODE (Output Enable= V)
Standby Mode (E/Progr=V|H)

A (Address) ><
.

E/Progr / Standby Mode '\

Active Mode

tEHQZ

teLqv (Note 2)

—

7777
Q (Data Out) Output Valid // /;h?hlz /// /

L—
Output

-

Valid

Vi

Note 2: tg| Qv is referenced to E/Progr or stable address, whichever occurs last.

DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

F Symbol | Min | Nom | Max | Unit
Supply Voltage MCM2816-45f Vcc (4.75( 5.0 5.25 v
Vpp 24 25 26
Input High Voltage for Data VIH 22 — |Vect+l] V
Input Low Voltage for Data ViL -0 - 0.8 \'
PROGRAMMING OPERATION DC CHARACTERISTICS
Characteristic Condition Symbol | Min | Typ |Max | Unit
Address, G and E/Progr Input Sink Current Vin=5.25 V/0.45 V| 11 - - 110 A
Vpp Supply Current (Vpp=25V+1V) E/Progr= V|| IPP1 — - 10 mA
Vpp Programming Pulse Supply Current (Vpp=25V+1V) E/Progr=V|H Ipp2 - - 10 mA
Vcc Supply Current - Icc - - 100 mA
AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
Characteristic Symbol | Min | Max | Unit
Address Setup Time tAVEH | 20| - S
Output Enable High to Program Pulse tGHEH | 2.0 = pS
Data Setup Time tDVEH | 2.0 - s
Address Hold Time teLAX | 2.0 - S
Output Enable Hold Time teLGL | 2.0 - S
Data Hold Time tepz | 20| - s
Vpp Setup Time tPHEH | 20 | — us
Vpp to Enable Low Time teLPL | 2.0 - #S
Qutput Disable to High Z Output tgHaz | O 150 | ns
Output Enable to Valid Data (E/Progr=V|) tgLQv | — | 150 | ns
Progam Pulse Width tEHEL 1 10 | ms
Vpp Rise Time tPr 50 - ns
Vpp Fall Time tpf 50 - ns
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MCM2816

PROGRAMMING OPERATING TIMING DIAGRAM

f<¢—— Program————3»t&———————Program Verify —————3»¢
A (Address) Address N Valid
[E—————tE AX — >
FE-tAVEH>
G E S
(Output Enable) / \
—3 |<tgLQV €-tGHQZ

DorQ x. Data In th,Z Data Out High 7
(Data_In/Output) 7 Ll L

tDVEH->] ¢—  tg Dz

TEHEL: PELGL
FE——tGHEH— 3> o
E/Progr \
tPHEH q
~
Vpp
P<E—tpr

ERASE OPERATION
(Full operating voltage and temperature range unless otherwise noted)

DC ERASING CHARACTERISTICS

Parameter Symbol Conditions Min | Typ Max Unit
Input Current (for any input) I Vin=56.5V - - 10 A
Vcc Supply Current (Outputs Open) Icc VPP-=E§5V\|/:1 v - - 50 mA
Vpp Supply Current Ipp VPPEiS\IYHi1 V- 5 10 mA
Input Low Level ViL — -01| — 0.8 \ '
Input High Level VIH - 20| — |Vec+1]| V

AC ERASING CHARACTERISTICS

Parameter Symbol | Min | Typ | Max | Unit
G Setup Time tGLEH | 2 - — | us
E/Progr to Output Delay teLQH | 2 — — us
Erase Pulse Width tEW 1 10 | 100 | ms
Erase Pulse Rise Time tEr 5 - — ns
Erase Pulse Fall Time tEf 5 - - ns
Vpp Rise Time tpr 50 - - ns
Vpp Fall Time tpf 50 — — ns
Vpp Setup Time tPHEH 2 - - ps
Vpp to Enable Low Time tELPL 2 - - s
Output Enable to Invalid Data (E/Progr=V|y) tGLax | — — [ 180 | ns
Output Disable to High Z Output tgHaz | © — | 180 ] ns
Data Hold Time tEHQZ 2 - - 'S




MCM2816

ERASING WAVEFORMS
[ €——— Erase < Erase Verify —————————p»lq—— Program —
_—— = ——
Address Don't Care Ad%ress A%SS >< Address N
tPHEH PTELPL
+25
Vep
+5
tPr. l— €—tPf
€——tEW—>1
E/Progr / \ /
[€—tGLEH—
tgr —> |€— —> |t
(] N\
—> tEHQZ -« P-ELQH ‘aHaz
< GLAX
High Z Data High Z High Z
Outputs Invalid I
FUNCTIONAL DESCRIPTION

All inputs for the operating modes are TTL levels. The
power supplies are a +5 Vcc and a Vpp. The Vpp power
supply must be at +25 V during Program, Verify, Program
Inhibit and Erase, and must be at 0 or +5 V during Read and
Deselect.

READ MODE
Data is available at the outputs in the read mode 450 ns

(tavay) from valid addresses with G low or 120 ns (tGLQV)
from G with addresses stable.

DESELECT MODE

The outputs of two or more EEPROMs may be OR-tied to
the same data bus. Only one EEPROM should have its out-
puts selected (G low) to prevent data bus contention be-
tween two devices in this configuration. The outputs of
other EEPROMS should be deselected with the G input at a
high TTL level.

PROGRAMMING

After each erasure, all bits of the EEPROM are in the 1"
state. Data is introduced by selectively programming '0's"
into the desired bit locations. Although only “0's” will be
programmed, both ““1’s”" and "0's" can be presented in the
data word. The only way to change a "’0" toa ’1"" is by elec-
trical erasure.

The EEPROM is in the programming mode when the Vpp
power supply is at 25 V and G is at V|H4. The data to be pro-
grammed is applied 8 bits in parallel to the data output pins.

When the addresses and data are stable, a 10 ms, active
high, TTL Program pulse is applied to the E/Progr pin. A
program pulse must be applied at each address location to
be programmed. The program pulse has a maximum width
of 10 ms. The EEPROM must not be programmed with a DC
signal applied to the Progr input.

PROGRAM INHIBIT

Programming of multiple EEPROMSs in parallel is easily ac-
complished. Except for E/Progr, all like inputs of the parallel
devices may be common. A low level on the E/Progr input
inhibits the EEPROM from being programmed.

VERIFY

A verify should be performed on the programmed bits to
determine that they were correctly programmed. This is ac-
complished by performing a read cycle with Vpp at 26 V and
E/Progr at V).

ERASE

The EEPROM is electrically erased in nearly the same man-
ner as itis programmed. The Vppisat25V and Gisat ViL. A
100 ms active high, TTL erase pulse is applied to the E/Progr
pin and the entire memory is erased to the ‘1" state.

5-14
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@ MOTOROLA MCM6670
MCM6674

MOS

128¢c X 7 X 5 CHARACTER GENERATOR (N-CHANNEL, SILICON GATE)
The MCM6670 is a mask-programmable horizontal-scan (row
select) character generator containing 128 characters in a 5 X 7 128cx7 x5
matrix. A 7-bit address code is used to select one of the 128 available HORIZONTAL-SCAN
characters, and a 3-bit row select code chooses the appropriate row CHARACTER GENERATOR

to appear at the outputs. The rows are sequentially displayed,
providing a 7-word sequence of 5 parallel bits per word for each
character selected by the address inputs.

The MCM6674 is a preprogrammed version of the MCM6670. L SUFFIX
The complete pattern of this device is contained in this data sheet. CERAMIC PACKAGE

Fully Static Operation

TTL Compatibility

Single £10% +5 Volt Power Supply
18-Pin Package

Diagonal Corner Power Supply Pins
Fast Access Time, 350 ns (max)

0 0 06 ©0 © ©

ABSOLUTE MAXIMUM RATINGS (see Note 1)

Rating Symbol Value Unit
P SUFFIX
Supply Voltage Vee -0.3t0 +7.0 Vdc PLASTIC PACKAGE
Input Voltage Vin -0.31t0 +7.0 vde CASE 707
Operating Temperature Range Ta 0 to +70 oc
Storage Temperature Range Tstg —65 to +150 °c
NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- PIN ASSIGNMENT

ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of time could affect device reliability.

€
BLOCK DIAGRAM
A0 7 O —012 DO
A1 6 O— | 013 D1
A2 5 O
o Address Memory Row Output o
A3 4 Decode Matrix Decode Buffers 14 D2
A4 3 O—
A5 2 O— —O 15 D3
A8 1 y$ —O 16 D4
11 10 8 Chip ) ] -
RS1 RS2 RS3 Select This device contains circuitry to protect the
Vcg =Pin 18 inputs against damage due to high static volt-
Gnd =Pin 9 O ages or electric fields; however, it is advised that
17 normal precautions be taken to avoid applica-
cs tion of any voltage higher than maximum rated
voltages to this high impedance circuit.

DS9459/12-77
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MCM6670eMCM6674

DC OPERATING CONDITIONS AND CHARACTERISITCS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 45 5.0 5.5 Vdc
Input High Voltage VIH 2.0 - 5.5 Vdc
Input Low Voltage ViL -0.3 - 08 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Input Current lin - - 25 rAdc
(Vin=01t05.5V) .
Output High Voltage VOH 24 - Vee Vdc
(loH = -205 nA)
Output Low Voltage VoL - - 04 Vdc
(loL=16mA)
Output Leakage Current (Three-State) ILo - - 10 #Adc
(CS=2.0VorCS=08V,Voyut =04V to 2.4 V)
Supply Current Icc - - 130 mAdc
(Vec =5.5V, Ta=0°C)

CAPACITANCE (Tp = 25°C, f = 1.0 MHz)

Characteristic Symbol Typ Unit
Input Capacitance Cin 5.0 pF
Output Capacitance Cout 5.0 pF




MCM6670eMCM6674

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

AC TEST LOAD

5.0 vV
AC TEST CONDITIONS RL=2:5k
Condition Value Test Point MMD6150
Input Pulse Levels 0.8Vto20V or Equiv
Input Rise and Fall Times 20 ns 30 pF 1.7k
Output Load 1 TTL Gate and C|_ = 30 pF MMD7000
or Equiv
%
AC CHARACTERISTICS
Characteristic Symbol Min Max Unit
Cycle Time teye 350 - ns
Address Access Time tacc(A) - 350 ns
Row Select Access Time tacc(RS) - 350 ns
Chip Select to Output Delay tco - 150,

TIMING DIAGRAM

"‘ |

teye -
-t tacc(A)
Address 2%V 7
- tacc(RS) -
RS ARy X
2.0 V

cs

Data Out

R

TS
REEELRIRKK

Don’t Care

Data Valid

KRR
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MCM6670eMCM6674

CUSTOM PROGRAMMING FOR MCM6670

By the programming of a single photomask, the cus-
tomer may specify the content of the MCM6670. En-
coding of the photomask is done with the aid of a com-
puter to provide quick, efficient implementation of the
custom bit pattern while reducing the cost of implemen-
tation.

Information for the custom memory content may be
sent to Motorola in the following forms, in order of
preference:

1. Hexadecimal coding using IBM Punch Cards (Fig-

ures 3 and 4).
2. Hexadecimal coding using ASCI| Paper Tape Punch
(Figure 5).

Programming of the MCM6670 can be achieved by
using the following sequence:

1. Create the 128 characters in a 5 x 7 font using
the format shown in Figure 1. Note that information at
output D4 appears in column one, D3 in column two,
thru DO information in column five. The dots filled in
and programmed as a logic ‘1" will appear at the outputs

as VOH; the dots left blank will be at VoL. RO is always
programmed to be blank (VQL ). (Blank formats appear at
the end of this data sheet for your convenience; they are
not to be submitted to Motorola, however.)

2. Convert the characters to hexadecimal coding treat-
ing dots as ones and blanks as zeros, and enter this infor-
mation in the blocks to the right of the character font
format. The information for D4 must be a hex one or
zero, and is entered in the left block. The information for
D3 thru DO is entered in the right block, with D3 the
most significant bit for the hex coding, and DO the
least significant.

3. Transfer the hexadecimal figures either to punched
cards (Figure 3) or to paper tape (Figure 5).

4, Transmit this data to Motorola, along with the
customer name, customer part number and revision, and
an indication that the source device is the MCM6670.

5. Information should be submitted on an organiza-
tional data form such as that shown in Figure 2.

FIGURE 1 — CHARACTER FORMAT

Character Numbe(LUSTOMER (WPUTD Character Number(wjﬂ”?g /”PW
ROW SELECT
TRUTH TABLE MSB LSB HEX MSB LSB HEX
RS3 | RS2 | RS1 | OUTPUT ro OO0O0O0 [0]o ro JO0O0O0C [o]o
o[ o o RO rOOROO [0 |4 M RIRRRA [/ |F
0 o 1 R1 re ORORO o (A R2RO0O0O0 |/ [o
of 1o r OO0 [7]/ r 0000 [/]o
B re RODOR [/ ]/ e RIREOO [7]C
1] o] 1 RS e QIKKIRIR [/ |F rs®¥OO0D0 |/ |0
T 1] o R6 re IOODOR [/ |/ re ROOOO |/ o
L A il A ROODOR [/]/ A RRRRRA |/ F
p4lp3 Do palp3 DO
FIGURE 2 — FORMAT FOR PROGRAMMING GENERAL OPTIONS
ORGANIZATIONAL DATA
MCM6670 MOS READ ONLY MEMORY
Customer:
Motorola Use Only:
Company
Quote:
Part No.
Part No.:
Originator
Specif. No.:
Phone No.
Chip-Select Options: Active High Active Low No-Connect
1 0
cs UJ OJ U]
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MCM6670°MCME674

FIGURE 3 — CARD PUNCH FORMAT

Columns Column 10 on the first card contains either a zero or

1-9  Blank a one to program D4 of row RO for the first character.
10-25 Hex coding for first character Column 11 contains the hex character for D3 thru DO.
26 Slash (/) Columns 12 and 13 contain the information to program
27-42 Hex coding for second character R1. The entire first character is coded in columns 10 thru
43 Slash (/) 25. Each card contains the coding for four characters;
44-59 Hex coding for third character 32 cards are required to program the entire 128 characters.
60 Slash (/) The characters must be programmed in sequence from
61-76 Hex coding for fourth character the first character to the last in order to establish proper
77-78 Blank addressing for the part. Figure 3 provides an illustration of
79-80 Card number (starting 01; thru 32) the correct format.

FIGURE 4 — EXAMPLE OF CARD PUNCH FORMAT
(First 12 Characters of MCM6670P4)

000000000[o0000000000000fA000focRoRoofopABANoNoPoRodofooofARAoAcHoNoBoR000c00
123456 78 91000120316 1506 1018192020 222324 252627 282330 31 3233 34 3535 37 3 39 40 41 42 4344 4545 47 484950 51 5253 54 5556 57 S0 5960 6162 6364 656667663V N NN MU TS TT MMM 80
IRRRRRRRRERY R LN ELREL LI R RRL R R AL R R R Rl RRREERRRRRERERT: R ERRL AL R R1:RY:RL: I ERRRY]
22222222222222222222222222222222222222222222222222222222222222222222222222222222

33333333333333333333333333333333333333333333333333333333333333333333333333333333

8V11v0-38010

SvIIva-368019

AA444444444444404444444404444444444244404444440402D40404B44444444444404444444444
55555555555555555555555555555555555555555555555555555555555555555555555555555555

S$vV11v0-38070

66666666666606666666666606666H6666666666666666666666666666066666666666666660666.6
1171771171710101990071171171717117171171191117177177777171711797197997771711171171171111117171111
88888888888888888888686888888888888888888888688888888888888858888888888888888888

59959998989 99 9995985998999899999999959989939999999999995499999 E‘ 99 99999999 “
2345678 300N0W rm V192020222324 232627 282930 31 3233 4 35 36 97 38 39 40 4124344 4346 47 434950 T 5282 SR S SE SIS L 1D 16 L €T RN NS T TS 00
GLoBE it STANDARD FORM 4

FIGURE 5 — PAPER TAPE FORMAT

Frames
Leader Blank Tape start of data entry. (Note that the tape cannot begin with
1toM Allowed for customer use (M <64) a CR and/or LF, or the customer identification will be
M+1,M+2 CR; LF (Carriage Return; Line Feed)  assumed to be programming data.)
M +3toM+66 First line of pattern information Frame M + 3 contains a zero or a one to program D4
(64 hex figures per line) of row RO for the first character. Frame M + 4 contains
M+67,M+68 CR;LF the hex character for D3 thru DO, completing the pro-
M + 69 to Remaining 31 lines of hex figures, gramming information for RO. Frames M + 5 and M + 6
M+ 2114 each line followed by a Carriage Re-  contain the information to program R1. The entire first
turn and Line Feed character is coded in Frames M + 3 thru M + 18. Four
Blank Tape complete characters are programmed with each line. A
Frames 1 to M are left to the customer for internal  total of 32 lines program all 128 characters (32 x 4).
identification, where M<<64. Any combination of alpha-  The characters must be programmed in sequence from the
numerics may be used. This information is terminated  first character to the last in order to establish proper
with a Carriage Return and Line Feed, delineating the addressing for the part.
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MCM6670eMCM6674

The formats below are given for your convenience in preparing character information for MCM667Q programming. THESE
FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom Pro-
gramming instructions for detailed procedures.

Character Number Character Number

Character Number _ Character Number

 MSB LSB HEX MSB LSB HEX MSB LSB HEX MSB LSB HEX

roOO0O00 [o]o ro OOODO0O [o]o roeOO0O0O [o]o ro OOO0O0O [o]o

r 00000 s O0O000 r Q0000 r OO0O00O

2000000 200000 R2 00000 2 00000

R 0000 rRODO0O0 R J0O00O0O rs OOODOO

F"‘Dil.“.lDDl:l re 0ODOODO rReODODOODO rRe OOOOO

rs 00000 rsDO0O0O rRs DIOOODO rs DOOOO

re OO0 rO0OOO0O re 0OOOO re QO OO0

00000 00O0D0ag r00000d = 00000
D4|D3 Do D4iD3 Do D4lD3 DO D4alD3 DO

Character Number

MSB LSB HEX MSB LSB HEX MSB LSB HEX MSB LSB HEX
000000 [o]o ro O00ODO [o]o ro OlOODOO [6]0 o 00000 [0]0
00000 ~0O0000 00000 00000
00000 R0 000 00000 00000
rROO0000 R OO00O0 R OOD00O0O rO0000O
k 00000 00000 e 00DO0 e ODOOD
00000 rs 00000 s 00000 R OOO0O0
R 0OO0O0 00000 00000 e OOOOO
~ 00000 ~OO00a ~ 00000 ~ 00000
D4lD3 Do D4lp3 DO D41D3 DO D4ID3 Do

Character Number

— Character Number

) MSB LSB HEX MSB LSB HEX MSB LSB HEX MSB LSB HEX
re0OOD0O0O [o]o ro JOODOD0O [o]o roOO0O00 (9]0 ro JOOD0O [o]o

, = 00000 rO0OD000 R OO000 r OO0D04d
200000 200000 r2Q0O0O0O0 r2 00000
rs 00000 rO0O00O0 00003 r: 00O0O0O0O
reJDOOOO rRe JOOODO re OODOOD R OODODO

' rs0O0O00O rs0OO00 rsDO0O00O rs JOODOO

l re 0OIOO0O re JOOOO re 0OOO0O re OO ODO
00000 00000 00003 = 00000

) D4iD3 Do D4lD3 Do D41D3 Do D4lp3 Do

Character Number

Character Number Character Number ..

MSB LSB HEX MSB LSB HEX MSB  LSB HEX MSB  LSB HEX
olo ro OO0 00O (o]0 reJO0O0O0O [o]o ro OOODO [o]o

00000 s OO000 s O0OO00O0O

20000 200000 r2 00000

r:0O00O0 re0O0O0O0A0 rs 00O00O0

R JODOODO R OO0OOD0O re OJODODO

re 0O0O0OD0O rs 00000 rs JOODOO

re 0000 re 00O OO re QO OO0

00000 200000 = 0000
paloa oo palos oo palos 0o
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1111
. DO

0De0000o | 00es0Oos | ooRaaano | oo0o0ooe | 000oOReE0 n_n_!u-n_nn_
0O0R0CO0 | CEQOA0O00 | N800000m | 0000000e | Do0R0OOw
0o00en0ao | gegooens | Osooooos
00c00ano | capoonoa

FIGURE 6 — MCM6674 PATTERN

6-9

OOse0=e0 | 00000000 | 00000000 | coOesaaa

DO|Da

oassnesn | popoooooo [ oo falal- 111 Ts]
0a0oa | 00000000 | oeo! os0ooooa
0scoa0os | 00000000 ( g@ooegoas | Oso0soes

MCM6670eMCM6674

0000

3 00000080 | cOanNcos0 GODoncoR
3 oooooooo | 0ogos00o | oseewans | 000R00CO | ODOOREED
of © O0OWOmO0 | 00D0E000 | 00R0O00CC | 000e0000
= gomcocEo  0ogEO0OO | gEO0G00 | 000RGODD
p=4 I sl alalslalsl ] oom0000a
3 00000000 0OORCO00 Oom00000
8 falalal Tol TalaB WaT T T-TT.T.T} Walolelalelslalafl etafalal T 1 | M ulsTalalula]s]a}
s| @ 00080800 | 0OBODO0O | QEEANANE | O0ORCOCO | OGOOROOD
el 000@enod | owooooos oosEoEA0
=l 4 Omoo0oo0s osooo0os
3 88080800 00000000 00000000
3 oooooooo nopoooeo oooooooo
al © oapoooom ogoooeog 00000000
e 0ooos0oo casopogsn
1 < [lela Jalaluls] 00000000
3 0000RO00 oos00000 00000000
8 0ooooooo Jefareraratatera) 0ooooooo
~| © 0s500g omo0o00s
S - onossnEE0
2] o FEH 0000000
o 0o0oooos Dn!n-!ln DDDDDDDD 0oooooog
3 oosaoooo [afslalelelsfela Nal TTTT Y Tul coosooos
el @ O0s000000 [sfelsl-T Js[el]
sl ¢
3 00000080
-| 8 00o0ooog
S . os
-l < o] (=lalalalsl"] 0Bs00000s
3 00000000 ooobooog
8 0oooooog a L]
S omooooos o [s[=}
8 : ooeocoag ] 000m00o0
= [sla[at T-1-Tsfa) o oggomoon
3 00000000 o
8 ooooooon o
= ° Ggoogoog a 0oo0o0oE0
= . 0eco0oo00s | cooooe0O
S| o ©m000008 | QooDooRG
3 OOB@AasO | Oseaooes Gocomas0
3 ooosanog
el © 0oooesno ooooooad
= ogoooons 0oooooos
ol « DDDD.!DD ooooooeg
p:3 oocaesod
3 ocoooeoma
a| - Qoooooos
2 ooooooos
°l = fstataatalafsy ]
o al
)
ooeaooeng | O
gl © O0BOOCOUE | O
et omooooom | O
Sl 4 cumomesas | O
o
-8 8
HE g
3 o
)
of © m
g| 8
3| ooooocos 00000000 o
8| omoooooo 00000000 | oonooooo | coossasa | O
5| ©|owoooooo 90000000 | 0o0000OE | GuBOOEOG | O
b3 OmOo00ooo Oosomsaaoon omocoeoo | g
o Gooooooo u [sfs]-Tals]"[sfa] m
o
o
0
a
a
)
o«

oeOgoeonos | 00000000 | cepoooana | oB0canos
M 2B0R00 | 00000000 | Oosmra@aen0 | CO0O0ABO
=] o ~|o
kS g HE g - &g B
N <
/< ] 3 2 b ] s e =
< N t5 © 2= =} - - s -
<
<




@ MOTOROLA

8192-BIT READ ONLY MEMORIES
ROW SELECT CHARACTER GENERATORS

The MCM66700 is a mask-programmable 8192-bit horizontal-scan
(row select) character generator. It contains 128 characters in
a 7 X 9 matrix, and has the capability of shifting certain characters
that normally extend below the baseline such as j, y, g, p, and
q. Circuitry is supplied internally to effectively lower the whole
matrix for this type of character—a feature previously requiring
external circuitry.

A seven-bit address code is used to select one of the 128 available
characters. Each character is defined as a specific combination of
logic 1s and Os stored in a 7 X 9 matrix. When a specific four-bit
binary row select code is applied, a word of seven'parallel bits appears
at' the output. The rows can be sequentially selected, providing
a nine-word sequence of seven parallel bits per word for each
character selected by the address inputs. As the row select inputs
are sequentially addressed, the devices will automatically place
the 7 X 9 character in one of two preprogrammed positions on
the 16-row matrix, with the positions defined by the four row
select inputs. Rows that are not part of the character are
automatically blanked.

The devices listed are preprogrammed versions of the MCM66700.
They contain various sets of characters to meet the requirements
of diverse applications. The complete patterns of these devices
are contained in this data sheet.

® Fully Static Operation
® Fully TTL Compatible with Three-State Outputs
® CMOS and MPU Compatible, Single +10% 5 Volt Supply
® Shifted Character Capability

(Except MCM66720, MCM66730, and MCM66734)
Maximum Access Time = 350 ns
4 Programmable Chip Selects (0, 1, or X)
©® Pin-for-Pin Replacement for the MCM6570,

Including All Standard Patterns

MCM66700 MCM66710
MCM66714 MCM66720
MCM66730 MCM66734
MCM66740 MCM66750
MCM66751 MCM66760
MCM66770 MCM66780
MCM66790

MOS

(N-CHANNEL, SILICON-GATE)

8K READ ONLY MEMORIES

HORIZONTAL-SCAN
CHARACTER GENERATORS
WITH SHIFTED CHARACTERS

C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 623

P SUFFIX
PLASTIC PACKAGE
1 CASE 709

24

PIN ASSIGNMENT
xBvee B ou I o I o O it v
A1 16 | o5 os cs3f @ 241RS3
A2 120— Address Memory Row output Veel2 23[IRS2
ii 1;2: Decode (8064) Decode Buffers [~O19 D4 cs4l3 2[Irs1
A5 80— —o6 D3 A4 21 fIRSO
A8 40— 1 T — | 018 D2 D505 20[106
T 1 l o7 o1 D306 19[I0a
Blanking 17 DO DI 7 18 {ID2
Csmtn ' Matrix | | astls 17hoo
ontro
Matrix 11 l adflo 16 A1
BLOCK (128) Matrix 1 D3 b0 e csido s hao
DIAGRAM prifie AT o o
218228 23244 Vcc=fin2 azth2 13fivss
RSO RS1 RS2 RS3 Vgg = Pin 13
DS9516/8-78
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MCMG66700 Series

ABSOLUTE MAXIMUM RATINGS (See Note 1, Voltages Referenced to Vgs)

Rating Symbol Value Unit
Supply Voltages Vee -0.3t07.0 Vdc
Input Voltage Vin -0.3t0 7.0 Vdc
Operating Temperature Range Ta 0to+70 oc
Storage Temperature Range Tstg -55t0 +125 oc

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are

exceeded. Functional

operation

should be

restricted to RECOMMENDED

OPERATING CONDITIONS. Exposure to higher-than-recommended voitages for
extended periods of time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgg)

Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 45 5.0 5.5 Vdc
Input Logic “1" Voltage VIH 20 - Vee Vdc
Input Logic 0" Voltage ViL -0.3 - 0.8 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Input Leakage Current WH - - 25 pAde
(Vi = 5.5 Vdc, V¢ = 4.5 Vdc)
Qutput Low Voltage (Blank) VoL h] - 0.4 Vdc
(loL = 1.6 mAdc)
Output High Voltage (Dot) VOoH 2.4 - - Vdc
(lpH = -205 pAdc)
Power Supply Current Icc - - 80 mAdc
Power Dissipation Pp - 200 440 mW
CAPACITANCE (Periodically sampled rather than 100% tested)
Input Capacitance Cin - 4.0 7.0 pF
(f=1.0 MHz2)
Output Capacitance Cout - 4.0 7.0 pF
(f=1.0 MHz)

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit.

]
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‘MCM66700 Series

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

AC TEST LOAD

50V
R =25k
Test Point MMDE150
or Equiv
AC TEST CONDITIONS
o 130 pF 1.7k
Condition Value MMD7000
Input Pulse Levels 08V t020V or Equiv
Input Rise and Fall Times 20 ns —
Output Load 1 TTL Gate and C|_= 130 pF
AC CHARACTERISTICS
Characteristic Symbol Typ Max Unit
Address Access Time tacc(A) 250 350 ns
Row Select Access Time tacc(RS) 250 350 ns
Chip Select to Output Delay tco 100 150 ns
b
TIMING DIAGRAM
tacc(A) -
20V
Address ><L0-8 v K
1 °F
' tacc(RS)
20V N
RS >< 0.8V

2.0V
s N4
/ . 0.8V
) .
tco -
s 20V
cs % 08V /5/

Data Out m{ 24V Data Valid V
K 0.4 V
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MCM66700 Series

MEMORY OPERATION (Using Positive Logic)
Most positive level = 1, most negative level = 0.

Address
To select one of the 128 characters, apply the appro-
priate binary code to the Address inputs (AO through A6).

Row Select

To select one of the rows of the addressed character
to appear at the seven output lines, apply the appropriate
binary code to the Row Select inputs (RSO through RS3).

Shifted Characters

These devices have the capability of displaying charac-
ters that descend below the bottom line (such as lowercase
letters j, y, g, p, and q). Internal circuitry effectively drops
the whole matrix for this type of character. Any character

can be programmed to occupy either of the two positions
in a 7 X 16 matrix. (Shifted characters are not available
on MCM66720, MCM66730, or MCM66734.)

Output
For these devices, an output dot is defined as a logic 1
level, and an output blank is defined as a logic O level.

Programmable Chip Select

The MCM66700 has four Chip Select inputs that can
be programmed with a 1, 0, or don’t care (not connected).
A don’t care must always be the highest chip select pin or
pins. All standard patterns have Don’t Care Chip Select—
except MCM66751.

DISPLAY FORMAT

Figure 1 shows the relationship between the logic
levels at the row select inputs and the character row at
the outputs. The MCM66700 allows the user to locate the
basic 7 X 9 font anywhere in the 7 X 16 array. In addition,
a shifted font can be placed anywhere in the same 7 X 16
array. For example, the basic MCM66710 font is
established in rows R14 through R6. All other rows are
automatically blanked. The shifted font is established in
rows R11 through R3, with all other rows blanked. Thus,
while any one character is contained in a 7 X 9 array, the
MCM66710 requires a 7 X 12 array on the CRT screen to
contain both normal and descending characters. Other

uses of the shift option may require as much as the ful!
7 X 16 array, or as little as the basic 7 X 9 array (when
no shifting occurs, as in the MCM66720).

The MCM66700 can be programmed to be scanned
either from bottom to top or from top to bottom. This is
achieved through the option of assigning row numbers in
ascending or descending count, as long as both the basic
font and the shifted font are the same. For example, an
up counter will scan the MCM66710 from bottom to top,
whereas an up counter will scan the MCM66714 from top
to bottom (see Figures 7 and 8 for row designation).

FIGURE 1 — ROW SELECT INPUT CODE AND SAMPLE CHARACTERS FOR MCM66710 AND MCM66720

ROW SELECT
TRUTH TABLE MCM66710 MCM66720
RS3 | RS2 | RS1 | RSO | OUTPUT
ROW ROW
o (4] o 1] RO NO. NO.
o o o 1 R1
o | o |1 0 R2 0000000 s1s 0O0DOOOD EES8E80 ro 00DOODO
ol o | 1 p R3 BEBEEEO r14 0000000 BO000OE R EOREB00
E00000\8 r13 0000000 BOO0CO0E 2 BEO00@0
o 1 o [0 R4 BE00000m r12 0000000 @00000& r3 MOOOCOBA
o I o | RS ®00000W r11 EOBEE0OO EEEEEED R4 ENOO0ONO
o | 1 1 o R6 BEEEESE0 R0 REO00OW0 #000000 rRs ROBBE0O0
0 |1 1 1 R7 E000000 re BOODCEO B000000 re MOOO0O00O
1 o | o 1 o A8 BmO00000 rs @OOCO0EO 000000 =7 @000000
1 o |l o | 1 RO B000000 -7 EROOORBO @#000000 rs ®O00000O0
1 o | 1 o R10 E000000 re MON@BOO 06 0o D6 Do
0000000 s MOODOO0OO0
1 o1 R11 0000000 R4 BOOODOOD
1 1 o [ o R12 DO000000 =3 @O00O00O0
1 1 4} 1 R13 0000000 r2 0000000
1 1 1 ) R14 0000000 r1 ODOODOOO
1 1 1 1 R15 0000000 o O0OOO0O0ODO
D6 DO D6 DO
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MCM66700 Series

CUSTOM PROGRAMMING FOR MCM66700

By the programming of a single photomask, the custom-
er may specify the content of the MCM66700. Encoding
of the photomask is done with the aid of a computer to
provide quick, efficient implementation of the custom bit
pattern while reducing the cost of implementation.

Information for the custom memory content may
be sent to Motorola in the following forms, in order
of preference:*

1. Hexadecimal coding using IBM Punch Cards

(Figures 3 and 4)
2. Hexadecimal coding using ASCI| Paper Tape Punch
(Figure 5)

Programming of the MCM66700 can be achieved by
using the follow sequence:

1. Create the 128 characters in a 7 X 9 font using the
format shown in Figure 2. Note that information at
output D6 appears in column one, D5 in column two,
through DO information in column seven. The dots filled
in and programmed as a logic 1 will appear at the outputs
as VOH; the dots left blank will be at VQL. (Blank formats
appear at the end of this data sheet for your convenience;

FIGURE 2 — CHARACTER FORMAT

they are not to be submitted to Motorola, however.)

2. Indicate which characters are shifted by filling
in the extra square (dot) in the top row, at the left
(column S).

3. Convert the characters to hexadecimal coding
treating dots as 1s and blanks as Os, and enter this infor-
mation in the blocks to the right of the character font
format. High order bits are at the left, in columns S and
D3. For the bottom eight rows, the bit in Column S must
be 0, so these locations have been omitted. For the top
row, the bit in Column S will be O for an unshifted
character, and 1 for a shifted character.

4. Transfer the hexadecimal figures either to punched
cards (Figure 3) or to paper tape (Figure 5).

5. Assign row numbers to the unshifted font. These
must be nine sequential numbers (values 0 through 15)
assigned consecutively to the rows. The shifted font is
similarly placed in any position in the 16 rows.

6. Provide, in writing, the information indicated in
Figure 6 (a copy of Figure 10 may be used for this pur-
pose). Submit this information to Motorola together
with the punched cards or paper tape.

FIGURE 3 — CARD PUNCH FORMAT

Character Number ‘CQS{OM& h’br)] Columns

MsB LSB HEX 1-10 Blank

=i 0000|0000([e]0 " Asterisk (')
§ RI3 oaoloooaolele 12 — 29 Hex coding for first character
RI2 0ooaojogoaolejo 30 Slash (/)
& Rl OD0o|{0000{elo 31 — 48 Hex coding for second character
X R0 ORR OO0 (3 [/ 49 Stash (/)
ED Rq ROD|ROR0O 4|4 50 — 67 Hex coding for third character
Rg RODIOROO0 |4+ 68 Slash (/)
§ R7 ROORORO |#[a 69 — 76 Blank
R 6 ORRIDOOR |3/ 77 — 78 Card number (starting 01; through 43)

S D6 D4 D3 oo 79 —80 Blank

Column 12 on the first card contains the hexadecimal
equivalent of column S and D6 through D4 for the top row of the

Character Number&z oMER INM)

mMsB LSB HEX
- X ORRexROoO(s[c first character. Column 13 contains D3 through DO. Columns 14
Q R®© OxROOaoxRO(z]z and 15 contain the information for the next row. The entire first
y R9 OXRRVOO(3]|c character is coded in columns 12 through 29. Each card contains
h Re Oox0O|00 D 202 the coding for three characters. 43 cards are required to program the
s R7 ora ggg 212 entire 128 characters, the last card containing only two characters.
:: ng oooo 2 : The characters must be programmed in sequence from the first
R oRgo0ooozfe character to the last in order to establish proper addressing for the
RS ®O0OIOO0O0[4[e part. As an example, the first nine characters of the MCM66710

are correctly coded and punched in Figure 4.

*NOTE: Motorola can accept magnetic tape and truth table formats. For further information contact your local Motorola sales representative.
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MCM66700 Series

FIGURE 4 — EXAMPLE OF CARD PUNCH FORMAT
(First 9 Characters of MCM66710)

ElooooooooooBoooocoocoooooBoBoBBoBoosoonooofoBoBoBBooonooooBooo
AN 20T QNGO IS I 20 10 0000 0200 2605 N6 30 DAY A0 A1 AT €D A4 €5 45 40 40 49 SR 5D A2 5D L4 59 36 51 SH 89 60 61 62 §) 0k 65 66 4 nEraeswnNaan
IRRRRERRERRY 51 RRRY }1 | ARRRARRSEARSRRRRERE IRRY | RN AN AN INRRAREY SRRRRERER] RN
222222222222222222222222222222 020022 0000220282222222228222222222222222%: 22222222

333333333333333333383333333833383300333308033333333333333333330303033532333333333

000000000
IEREERERE]
IRRRRRRRE]

Aa4aaaasaaBenaasaaaaaBelBRessaaaaa0a4a00040004Basa400000000004008400800488004828

55555555555555555555555555555555555555555555555555555555555555555555555555555555§

6666666666666666666666666666666666666666666566666666066666656666666666666666666R66
177117171111 1100071200011710701107100001717111711000771117171171717711717111111171711117117171717 77 {
ssssss8sssllassssssssssssssssasssssssasesssasassssfsassssaalacosessesssssssssssss #
999999999999999939999999999999 999999999939999999999999£9399999999999 /
BuanusRn BRREY » HNHHE N RO B pranunanie g

R R R R IR R Ry L T TR R R R R T R R R TR T R TR RS RV R YR} “
STANDARD FCRM 5081

-w
~w
-w
-w
5 - w
- -
-
-w
-w

FIGURE 5 — PAPER TAPE FORMAT

(64 hex figures per line)

M+67, M+68 CR; LF

M+69toM+2378  Remaining 35 lines of hex figures,
each line followed by a Carriage
Return and Line Feed

Blank Tape
Frames 1 to M are left to the customer for internal
identification, where M < 64. Any combination of alpha-

numerics may be used. This information is terminated
with a Carriage Return and Line Feed, delineating the

character. Frame M + 4 contains D3 thru DO. Frames
M + 5 and M + 6 program the second row of the first
character. Frames M + 3 to M + 66 comprise the first line
of the printout. The line is terminated with a CR and
LF.

The remaining 35 lines of data are punched in sequence
using the same format, each line terminated with a CR
and LF. The total 36 lines of data contain 36 x 64 or
2304 hex figures. Since 18 hex figures are required to
program each 7 x 9 character, the full 128 (2304 + 18)
characters are programmed.

Frames . d
start of data entry. (Note that the tape cannot begin
Leader Blank Tape with a CR and/or LF, or the customer identification will !
TtoM Allowed for customer use (M <64) be assumed to be programming data.)
M+1,M+2 CR; LF (Carriage Return; Line Frame M + 3 contains the hexadecimal equivalent of
F?‘Ed) A . X column S and D6 thru D4 for the top row of the first
M+3toM+66 First line of pattern information

FIGURE 6 — FORMAT FOR ORGANIZATIONAL DATA

ORGANIZATIONAL DATA
MCM66700 MOS READ ONLY MEMORY

Customer

Customer Part No. Rev.

Row Number for top row of non-shifted font

Row Number for bottom row of non-shifted font

Row Number for top row of shifted font

Programmable Chip Select information: 1 = Active High 0 = Active Low X = Don’t Care (Not Connected)

Cs1___ CS2_ CS3___ Cs4____




FIGURE 7 — MCM66710 PATTERN

MCM66700 Series
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7 = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom.
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.
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MCM66734 PATTERN*

0110

o8

co

FIGURES —

0101

o6

000!

cocom | 8oog

o
og;
ac;

QCLILILT

FIGURE 10 — MCM66720 PATTERN**
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o0

1

os

JHstel
ouc

000080080
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0000000
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80000

828

0
0

0001

238!

00000
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101

10
A3..A0

“Shifted characters are not used,

AB..A4

MCM66700 Series
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FIGURE 11 — MCM66730 PATTERN®**
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X, and CS4

o0

o110

0110
o6

0,Cs3

FIGURE 13 — MCM66750 PATTERN

00

00

0101
0101

o6

FIGURE 14 — MCM66760 PATTERN

0,Cs2

0100

0100

1

1
1

6

o

0
00

i

o6

0001
o800

0001
oo

o6

Same as MCM66750 except CS1
o0

0000

o8

0000

o6

Ad..A0
.. A0

A3
A4

7 = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom.

001

AS.. A4
MCM66751 —
6.

MCM66700 Series
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0000 | gegnoac | aano:
5000 | 0000000 | 59

©O0m00008
00000000

7 = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom.




FIGURE 15 — MCM66770 PATTERN

MCM66700 Series
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MCM66700 Series

FIGURE 17 — MCM66790 PATTERN
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7 = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom.
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MCM6570 Series MCM66700 Equivalent Description
MCM6E571 MCM66710 ASCII, shifted
MCM6571A MCM66714 ASCIt, shifted
MCM6572 MCM66720 ASClI
MCM6573 MCM66730 Japanese
MCM6573A MCM66734 Japanese
MCM6574 MCM66740 Math Symbols
MCM6E575 MCM66750 Alphanumeric Control
MCM6576 MCM66760 British, shifted
MCM6577 MCM66770 German, shifted
MCM6578 MCM66780 French, shifted
MCM6579 MCM66790 European, shifted

MCM66700 Series MCM6E570 Series

Pin Assignment Pin Assignment
1 cs3 Rs3[ 24 1 vEs Rs3[24
2 ] Vee RS2 23 20 vee RS2 [D23
3 ] csa RS1[ 22 3C] Voo RS 322
aaAs RSO [ 21 4 a6 RSO [ 21
s ] D5 06 [ 20 s os 06 [220
6 ] 03 Da 219 6] 03 o419
7] o1 02318 7 o1 02[318
8 As oo 17 8] As DObn
9] As AT 16 9] Aa A1[3d1e
10 ] cs1 A0[ 15 1wwCNC A0[D15
1 A3 cs2f314 a3 N.C.[D14
12 o A2 Vgs 13 120 A2 Vssf13

APPLICATIONS INFORMATION

One important application for the MCM66700 series is
in CRT display systems (Figure 18). A set of buffer shift
registers or random access memories applies a 7-bit
character code to the input of the character generator,
which then supplies one row of the character according
to the count at the four row select inputs. As each row
is available, it is put into the TTL MC7495 shift registers.
The parallel information in these shift registers is clocked

serially out to the Z-axis where it modulates the raster
to form the character.

The MCM66700 series require one power supply of
+5.0 volts. When powering this device from laboratory
or system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure
can result. Sorne power supplies exhibit spikes or glitches
on their outputs when the ac power is switched on and off.

FIGURE 18 — CRT DISPLAY APPLICATION USING MCM66710

MC7495
1 13
o—s Ds Qot—o
— S Y [o]
9
2] 1
b a1Po
———o——c2
2
©o——DPro 11
o—31Dpy az
15 17
o—— A0 DO ——20p,
16 7 [ 5 10
o——— A1 D1 p—o0- o—— Dp3 Q3
1
o2 a7 2|0 |
Character 1 A3 D3 5 o MC7495
Code 9 19 1 13
o—— A4 D4 f—o——— Dg Qo—o
o—2las ps |2 o—me
20
o—21 a6 o6 2% o —o—21ca Joy] LEIN
RSO RS1RS2RS3 b o Slco
21[ 22] 23[ 24 1 2
0—"3 Dpo az i
0——0Op1
4
—o—1°r2 10
o—2] AN i
Dp3 a3 ZI Axis
) nput
Preset
Control c1
Counters c2
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MCM66700 Series

The formats below are given for your convenience in preparing character information for MCM66700 programming.

THESE FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom

Programming instructions for detailed procedures.

Character Number

Character Number

Character Number

LSB HEX

00o00o000oos
oooooonoao
aoooooonn
oo000o0gas
O000o0ooogos
goooooooa
OO00o0ooocaos
O 0

MmsB

[+ N S S R N O S o

LSB HEX

DO00000oos
oopooooon
oooooooono
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oOoonoooooos
goooooaoao
Oo00ooooaos
O ”

mss

[+ s N S S N S R N

LSB HEX

DOO00000oos
oopoooaooo
oooooooon

ooo00onans
oOoaoooooos

000ooaooos

msB
O

[+ N O O Y S S o

Character Number

Character Number

Character Number

LSB HEX

MSB

LSB HEX

msB

LSB HEX
Ooooopooo

MSB

opooooaoos
oaopooaooo
ooooooooo
gooooopnans

oooooooogs

ooooooooa
000o0oaooaos
] 0

[+ S S Y R O S S

ooocood

aoooooooogs3

oooooocooag
00O0oooooons
m]

12

(o S S S R O S A o

0o
ao
ao
oooooooos
oo
oo
oo

p0o0oooos
ooooaa

gooaoo
Ooo0oooos

(2]

[+ G ¢ N R O S Y

Character Number

Character Number

Character Number

LSB HEX

0000

0ooao

msB

[+ S S S G S 4

LSB HEX

DODo00oOooas
ooooooooo
ooooogoooo

oooooooos
ooooooooo?s
gOooooocooag
00o0oooooos
0O «

MSB

[ S S < S R N S

LSB HEX

DO0000O000s
0ooo0ooog
oooonoaon
0000000008
oooooooogs:
gooooooooao
_ 000000000
mu s

[ S S O S R S S
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@ MOTOROLA

MCM6SA30A
MCM68B30A

1024 X 8-BIT READ ONLY MEMORY

The MCM68A30A/MCM68B30A are mask-programmable byte-
organized memories designed for use in bus-organized systems.
They are fabricated with N-channel silicon-gate technology. For
ease of use, the device operates from a single power supply, has
compatibility with TTL and DTL, and needs no clocks or
refreshing because of static operation.

The memory is compatible with the M6800 Microcomputer
Family, providing read only storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs. The
active level of the Chip Select inputs and the memory content are
defined by the customer.

® Organized as 1024 Bytes of 8 Bits

Static Operation

Three-State Data Output

Four Chip Select Inputs (Programmable)
Single £10% 5-Volt Power Supply

TTL Compatible

Maximum Access Time = 350 ns — MCM68A30A
250 ns — MCM68B30A

MOS

(N-CHANNEL, SILICON-GATE)

1024 X 8-BIT
READ ONLY MEMORY

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Rating Symbol Value Unit
Supply Voltage Vee -0.3to +7.0 Vdc
Input Voltage Vin -0.3t0 +7.0 Vdc
Operating Temperature Range Ta 0to +70 oc
Storage Temperature Range Tstg ~-65 to +150 °oc

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device reliability.

| C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 623

P SUFFIX
PLASTIC PACKAGE
CASE 708

PIN ASSIGNMENT

GND[}1 @ J 24 1A0
poQ2 23[1A1
D103 22[1A2
D204 21JA3
D305 20[1A4
D46 19 1A5
D50 7 18 [1A6
D68 17[0A7
D709 16 [1A8

csijiwo 15 [1A9

csz[;n 14[1Cs4

Veeli2 13flcs3

MC6800
Microprocessor

M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM

MCME8A30A
MCME8B30A
Read Only
Memory

Random
Access
Memory

Interface
Adapter

Interface

Adapter Modem

ty

Yoy

Address Data
Bus Bus

MCM68A30A/MCME8B30A READ ONLY
MEMORY BLOCK DIAGRAM

Memory Dat.
Matrix Bufafa |—= Data Bus
(1024 x 8) ers
Selection
and Control

Memory Address
and Control
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MCM68A30AsMCM68B30A

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol! Min Nom Max Unit
Supply Voltage Vee 4.5 50 5.5 . Vdc
Input High Voltage ViH 2.0 - 55 Vdc
Input Low Voltage ViL -0.3 - 0.8 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Input Current lin — - 2.5 urAdc
(Vin=01t05.5V)
Qutput High Voltage VoH 24 - - Vdc
(loH = -205uA)
Output Low Voitage VoL - - 0.4 Vdc
(gL = 1.6 mA)
Output Leakage Current (Three-State) Lo - - 10 uAdc
(CS=0.8VorCS=2.0V,Vy;1=04Vt024V)
Supply Current Icc - - 130 mAdc
(Ve =55V, Ta =0°C) 4

CAPACITANCE (f = 1.0 MHz, T 5 = 26°C, periodically sampled

rather than 100% tested.) This device contains circuitry to protect the
inputs against damage due to high static voltages
or electric fields; however, it is advised that
normal precautions be taken to avoid application
Input Capacitance Cin 7.5 pF of any voltage higher than maximum rated voit-

Output Capacitance Cout 12,5 oF ages to this high-impedance circuit.

Characteristic Symbol Max Unit

BLOCK DIAGRAM

2? gg l— &2 Do
A2 22— | &3 D1

Memory 3-State [—— 5 D3

A4 20— Address Matrix Buff 6 Da
utter e
A5 19— Decode (1024 x 8)

Ve = Pin 12
* Active level defined by the customer. Gnd = Pin 1
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MCM68A30A°*MCM6E8B30A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)
(All timing with t, = tf = 20 ns, Load of Figure 1)

MCM68A30AL MCM68B30AL
Characteristic Symbol Min Max Min Max Unit
Cycle Time teye 350 - 250 - ns
Access Time tace - 350 - 250 ns
Chip Select to Output Delay tco - 150 - 125 ns
Data Hold from Address tDHA 10 - 10 = ns
Data Hold from Deselection tDHD 10 150 10 125 ns
FIGURE 1 — AC TEST LOAD
5.0V
RL=25k"
Test Point MMD6150
or Equiv
130 pF* 1.7k
MMD7000
} or Equiv
*Includes Jig Capacitance

TIMING DIAGRAM

teye

>§L 20V
A
ddress 08V A

=tDHD
[=tDHA

Data Out
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MCM68A30A°*MCM68B30A

CUSTOM PROGRAMMING

By the programming of a single photomask for the FIGURE 2 — BINARY TO HEXADECIMAL CONVERSION
MCM68A30A/MCM6E8B30A, the customer may specify Binary Hexadecimal
the content of the memory and the method of enabling Data Character
the outputs. o o o o o
o o o 1 1
Information on the general options of the o [ 1 [ 2
MCM68A30A/MCME8B30A should be submitted on o o 1 1 3
an Organizational Data form such as that shown in Figure o 1 o ° 4
3. (“No Connect”” must always be the highest order Chip g : ? ; z
Select pin(s).) o f 1 , 7
Information for custom memory content may be sent ! o ° ° 8
to Motorola in one of four forms (shown in order of : g ? ; i
preference): 1 ° 1 1 B (
1. Paper tape output of the Motorola M6800 Software. 1 1 o 0 c
2. Hexadecimal coding using IBM Punch Cards. ! : N . c
3. EPROM (MCM2708, MCM27A08, or MCM68708). 1 1 1 1 F
4. Hand-punched paper tape (Figure 3).
PAPER TAPE
IBM PUNCH CARDS
Included in the software packages developed for the The hexadecimal equivalent (from Figure 2) may be A
M6800 Microcomputer Family is the ability to produce placed on 80 column IBM punch cards as follows:

a paper tape output for computerized mask generation. Step Column §
The assembler directives are used to control allocation 1 12 Byte “0" Hexadecimal equivalent for

of memory, to assign values for stored data, and for outputs D7 thru D4 (D7 = M.S.B.)

controlling the assembly process. The paper tape must

R 2 13 Byte 0" Hexadecimal equivalent for
specify the full 1024 bytes. othuts D3 theo DO (D3 = ;‘A.S'B')
3 14-75  Alternate steps 1 and 2 for consecutive
bytes.

4 77-80  Card number (starting 0001) |
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MCM68A30A°*MCM68B30A

FIGURE 3 — HAND-PUNCHED PAPER TAPE FORMAT

Frames

Leader Blank Tape

1toM Allowed for customer use (M < 64)

M+1,M+2 CR; LF (Carriage Return; Line
Feed)

M+3toM+66 First line of pattern information
(64 hex figures per line)

M+67,M+68 CR; LF

M+69toM+ 2112  Remaining 31 lines of hex figures,
each line followed by a Carriage
Return and Line Feed

Blank Tape

Frames 1 to M are left to the customer for internal
identification, where M < 64. Any combination of alpha-
numerics may be used. This information is terminated
with a Carriage Return and Line Feed, delineating the
start of data entry. (Note that the tape cannot begin
with a CR and/or LF, or the customer identification will
be assumed to be programming data.)

Option A (1024 x 8)
Frame M + 3 contains the hexadecimal equivalent of

bits D7 thru D4 of byte 0. Frame M + 4 contains bits
D3 thru DO. These two hex figures together program byte
0. Likewise, frames M + 5 and M + 6 program byte 1,
while M + 7 and M + 8 program byte 2. Frames M + 3 to
M + 66 comprise the first line of the printout and program,
in sequence, the first 32 bytes of storage. The line is
terminated with a CR and LF.

Option B (2048 x 4)

Frame M + 3 contains the hexadecimal equivalent
of byte 0, bits D3 thru DO. Frame M + 4 contains byte 1,
frame M + 5 byte 2, and so on. Frames M + 3 to M + 66
sequentially program bytes 0 to 31 (the first 32 bytes).
The line is terminated with a CR and LF.
Both Options

The remaining 31 lines of data are punched in sequence
using the same format, each line terminated with a CR
and LF. The total 32 lines of data contain 32 x 64 or
2048 characters. Since each character programs 4 bits of
information, a full 8192 bits are programmed.

As an example, a printout of the punched tape for
Figure 13 would read as shown in Figure 10 (a CR and
LF is implicit at the end of each line).

FIGURE 4 — FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM68A30A/68B30A MOS READ ONLY MEMORY

Customer: Motorola Use Only:
Company Quote:
Part No. Part No.:
Originator Specif. No.:
Phone No.
Chip Select Options: Active No Connect
Low “Don’t Care”

Cs1
CSs2
Cs3
Cs4

OOoogd
o4




@ MOTOROLA

MCM68A308
MCM63B308

1024 X 8-BIT READ ONLY MEMORY

The MCM68A308/MCM68B308 is a mask-programmable byte-
organized memory designed for use in bus-organized systems. It is
fabricated with N-channel silicon-gate technology. For ease of use,
the device operates from a single power supply, has compatibility
with TTL and DTL, and needs no clocks or refreshing because
of static operation.

The memory is compatible with the M6800 Microcomputer
Family, providing read only storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs. The
active level of the Chip Select inputs and the memory content
are defined by the customer.
© Organized as 1024 Bytes of 8 Bits
© Static Operation
© Three-State Data Output
© Mask-Programmable Chip Selects for

Simplified Memory Expansion
Single £10% 5-Volt Power Supply
TTL Compatible
O Maximum Access Time = 3560 ns — MCM68A308

250 ns — MCM68B308
© 350 mW Typical Power Dissipation

© 0

MOS

(N-CHANNEL, SILICON-GATE)

1024 X 8-BIT
READ ONLY MEMORY

€ SUFFIX
t FRIT-SEAL CERAMIC PACKAGE
1 CASE 623

P SUFFIX
PLASTIC PACKAGE
CASE 703

MOTOROLA’S PIN-COMPATIBLE EFROM FAMILY

INDUSTRY STANDARD PINOUTS

PIN ASSIGNMENT

a7l © S u IVee
A6[2 23{]A8
AsQ}3 22[1A9
A4ll4 2111s3
A3f]5 20{Is1
A2[le 19 fIs4
1N 18 {1s2
Aolj8 170a7
of}9 16 (106
aifio 15 [Jas
fov1n [} 14104
vgsli2 13fa3
PIN NAMES
AO0-A9 . .. .Address inputs
S1-S4 . . . .Chip Selects
Q0-Q7 ... .DataOutput
Veg - - --+5V Power Supply
Vgg - . . .Ground
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MCM68A308eMCM68B308

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 45 5.0 55 Vdc
Input High Voltage VIH 2.0 - 55 Vdc
Input Low Voltage ViL -03 - 0.8 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit
Input Current lin - 25 uAdc
(Vin=0t0'55 V)
Output High Voltage VOH 24 - Vdc
(loH = -205 uA)
Qutput Low Voltage VoL - 04 Vdc
(loL = 1.6 mA)
Output Leakage Current (Three-State) Lo - 10 uAdc
(§=08VorS=20V,Vg,1=04Vt024V)
Supply Current icc - 130 mAdc
(Vee =55V, Tp=0°C)
ABSOLUTE MAXIMUM RATINGS (See Note 1)
Rating Symbol Value Unit
Supply Voltage Vee -03t0+7.0 Vde
Input Voltage Vin -03t0+7.0 Vdc
Operating Temperature Range TA Oto +70 oc
Storage Temperature Range Tstg -65 to +150 °c
NOTE 1: Permanent device damage may occur
if ABSOLUTE MAXIMUM RATINGS are M6800 MICROCOMPUTER FAMILY
exceeded. Functional operation should be BLOCK DIAGRAM
restricted to RECOMMENDED OPERATING
CONDITIONS. Exposure to higher than recom- ~Mc6800
mended voltages for extended periods of time Microprocessor
could affect device reliability. J
MCM68A316E]|
Read Only
‘F Memory
Random
Access
‘P"— Memory
Interface
o—- Adapter
Interface Modem
- Adapter
J \
Address Data
Bus Bus
a0 8 l—=e9 o
A1l 7 — —e10 01
A2 ? - —e11 Q2
A3 8 Memory 3State | —o=13 Q3
BLOCK A4 4 ——| Address Matrix Output | 14 Qg
DIAGRAM A5 3-—— Decode (1024 x 8) Buffers | o 15 o8
e 2 | —16 a6
’———-517 7
A8 23 — @
A9 22 —
S1* 20 —-J \
s2* 18 —
S3* 21—
sa* 19 —~| Ve = Pin 24
. Vgg = Pin 12

Active level defined by the user.
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MCM68A308°MCME8B308

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.
All timing with t; = tf = 20 ns, Load of Figure 1)

MCM68A308 MCM68B308
Characteristic Symbol Min Max Min Max Unit
Cycle Time teye 350 - 250 - ns
Access Time tace - 350 - 250 ns
Chip Select to Output Delay 150 - 150 — 150 ns
Data Hold from Address tDHA 10 - 10 - ns
Data Hold from Deselection tDHD 10 150 10 150 ns
CAPACITANCE This device contains circuitry to protect
(f=20MHz, Tp = 25°¢, periodically sampled rather than 100% tested) the inputs against damage due to high static
Characteristic Symbol Max Onit voltlages or electric fields; I’Towever, it is
Tnput Capacitance i 75 oF advnseq that njor@al precautions be t?ken
to avoid application of any voltage higher
Output Capacitance Cout 125 pF than maximum rated voltages to this (

high-impedance circuit.

FIGURE 1 — AC TEST LOAD

5:0 V

RL =25k

Test Point MMD6150
or Equiv

130 pF* 1.7 k {
MMD7000

or Equiv

*Includes Jig Capacitance

TIMING DIAGRAM {

teye {

Addr: 2.0 v ">< (
= Aoy ]

4

so

s R 00 v

[ tD H D

[ tD H Aty

[=]
&b
<<
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MCM68A308*MCM68B308

CUSTOM PROGRAMMING

By the programming of a single photomask for the
MCM68A308/MCM68B308, the customer may specify
the content of the memory and the method of enabling
the outputs. (A ‘‘no-connect” must always be the highest
order chip-select(s).)

Information on the general options of the
MCM68A308/MCM68B308 should be submitted on an
Organizational Data form such as that shown in Figure 4.

Information for customer memory content may be
sent to Motorola in one of four forms (shown in order
of preference):

1. Paper tape output of the Motorola M6800 Software.
2. Hexadecimal coding using IBM Punch Cards.

3. EPROM one MCM68A708 or equivalent.

4. Hand punched paper tape (Figure 3).

PAPER TAPE

Included in the software packages developed for the
M6800 Microcomputer Family is the ability to produce
a paper tape output for computerized mask generation.
The assembler directives are used to control allocation
of memory, to assign values for stored data, and for
controlling the assembly process. The paper tape must
specify the full 1024 bytes.

FIGURE 2 —~ BINARY TO HEXADECIMAL CONVERSION

Binary Hexadecimal
Data Character

o ] ] ) 4]

1] o o 1 1

o ] 1 0 2

o] o 1 1 3

o] 1 o o] 4

o] 1 o] 1 5

o 1 1 1] 6

o 1 1 1 7

1 o o] o] 8

1 [+] o 1 9

1 0 1 o A

1 [} 1 1 B

1 1 o o o}

1 1 [} 1 o]

1 1 1 [¢] E

1 1 1 1 F

IBM PUNCH CARDS

The hexadecimal equivalent (from Figure 2) may be
placed on 80 column IBM punch cards as follows:

Step Column

1 12 Byte ‘0" Hexadecimal equivalent for
outputs Q7 thru Q4 (Q7 = M.S.B.)

2 13 Byte ‘0" Hexadecimal equivalent for
outputs Q3 thru Q0 (03 = M.S.B.)

3 14-75 Alternate steps 1 and 2 for consecutive
bytes.

4 77-80 Card number (starting 0001)

Frames

Leader Blank Tape

TtoM Allowed for customer use (M <64)

M+1,M+2 CR; LF (Carriage Return; Line
Feed)

M+3toM+66 First line of pattern information
(64 hex figures per line)

M+67,M+68 CR; LF

M+69toM+ 2112 Remaining 31 lines of hex figures,
each line followed by a Carriage
Return and Line Feed

Blank Tape

Frames 1 to M are left to the customer for internal
identification, where M < 64. Any combination of alpha-
numerics may be used. This information is terminated
with a Carriage Return and Line Feed, delineating the
start of data entry. (Note that the tape cannot begin

FIGURE 3 — HAND-PUNCHED PAPER TAPE FORMAT

with a CR and/or LF, or the customer identification will
be assumed to be programming data.)

Frame M + 3 contains the hexadecimal equivalent of
bits Q7 thru Q4 of byte 0. Frame M + 4 contains bits
Q3 thru Q0. These two hex figures together program byte
0. Likewise, frames M + 5 and M + 6 program byte 1,
while M + 7 and M + 8 program byte 2. Frames M + 3 to
M + 66 comprise the first line of the printout and program,
in sequence, the first 32 bytes of storage. The line is
terminated with a CR and LF.

The remaining 31 lines of data are punched in sequence
using the same format, each line terminated with a CR
and LF. The total 32 lines of data contain 32 x 64 or
2048 characters. Since each character programs 4 bits of
information, a full 8192 bits are programmed.
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MCM68A308°MCM68B308

FIGURE 4 — FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM68308 MOS READ ONLY MEMORY

Customer: Motorola Use Only:

Company Quote:

Part No. Part No.:

Originator Specif. No.:

Phone No.
Chip Select: Active Active No
High Low Connect

51 (] (] OJ
s2 L] L] (]
s3 [ ] L
s4 J ] J
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(M) mororoLa MCM6BA316E

2048 X 8 BIT READ ONLY MEMORY
(N-CHANNEL, SILICON-GATE)
The MCM68BA316E is a mask-programmable byte-organized
memory designed for use in bus-organized systems. It is fabricated
with N-channel silicon-gate technology. For ease of use, the device 2048 X 8 BIT
operates from asingle power supply, has compatibility with TTL and READ ONLY MEMORY
DTL, and needs no clocks or refeshing because of static operation.
The memory is compatible with the M6800 Microcomputer
Family, providing read only storage in byte increments. Memory ¢ SUFFIX
ex;?ansmn is provided ‘through rvultiple Chip Select inputs. The FRIT-SEAL CERAMIC PACKAGE
active level of the Chip Select inputs and the memory content CASE 623
are defined by the user.
® Fully Static Operation
® Three-State Data Output
® Mask-Programmable Chip Selects for
Simplified Memory Expansion
® Single £10% 5-Volt Power Supply
® TTL Compatible
‘ ® Maximum Access Time = 350 ns
p ® Plug-in Compatible with 2316E
y ® Pin Compatible with 2708 and TMS2716 EPROMs P SUFFIX
PLASTIC PACKAGE
CASE 708
PIN ASSIGNMENT
MOTOROLA’S PIN-COMPATIBLE ROM FAMILY
. 54K Al @ u 24 vee
5 23 [1n8
A7§3 o\ 2abVee oo rsls -
» A602 230A8 —  —
A503 2201A9 gg Exgc 16K nall4 211s3
A4l4 21pA12 22hA9 \2a}Vce 8K A3fls 20fIs1
A3ls 20pE 2ihs 2351A8 sahvee rf]6 19 [1A10
A206 1901A10 220A9
A1g7 180A11 208 21hs 2301A8 a7 18 [1s2
A8 178Q7 ::u::(: 2008 'L:: ‘8\9 aof]8 17 {17
| atdio Tohas 17paz e 208 oopye 16 o
180
Q2011 140Qa 160Q6 170Q7 19pS o1q 10 15 flas
Q3 :iggi 16ha6 180S azfin 14 [Jos
MCM68364 13hQ3 15pQ5 7par Vss[j12 13f]a3
Y 14pQa 16pQ6
MCM68A332 13003 150Q5
140Q4
MCM68A316E PIN NAMES
AD~A10 . . .. Address Inputs
MCM68A308 S1-83 . . . . Chip Selects
AAB9-1 Q0-Q7 . ... DataOutput
INDUSTRY STANDARD PINOUTS Veg - - - - 8V Power Supply
Vgg . . . . Ground
DS9500/6-78
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MCM68A316E

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 45 50 55 Vdc
Input High Voltage VIH 2.0 - 55 Vdc
Input Low Voltage ViL -0.3 - 08 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit
Input Current tin - 25 pAdc
(Vi =010 55 V)
Output High Voltage VoH 24 - Vdc
(loHy = =205 uA)
Output Low Voitage VoL - 04 Vdc
(loL=1.6mA)
Output Leakage Current (Three-State) Lo - 10 uAdc
(§=08VorS=20V,Vgout=04Vto24V)
Supply Current Icc - 130 mAdc
(Vg =55V, Ta=0°C)
ABSOLUTE MAXIMUM RATINGS (See Note 1) |
Rating Symbol Value Unit
Supply Voltage Vece -03t0+70 Vdc
Input Voltage Vin -0.31t0+7.0 Vdc
Operating Temperature Range TA 0to +70 oc
Storage Temperature Range Tstg -65 to +150 °c

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages q

for extended periods of time could affect device reliability. —_——
MC6800 X
Microprocessor {
CAPACITANCE °
f=20MH =250 iodi % L
( 0 2, Tp = 25°C, periodically sampled rather than 100% tested) MCM68A316E
Characteristic Symbol Max Unit & R“:aeig)‘fy;y
Input Capacitance Cin 7.5 pF
Output Capacitance Cout 125 pF Random
Access
¢ Memory
(
Interface
@— Adapter
1
M6800 MICROCOMPUTER FAMILY \ Interface
BLOCK DIAGRAM &— Adapter |a—| Modem
Yoy |
Address Data
Bus Bus
A —
A‘: ‘; L =9 ao !
a2 6 =10 Q1
A3 5 —— —=11 Q2
Memory 3-Srate  |——»13 Q3
BLOCK A4 4 —— Address Matrix Output =14 Qq
DIAGRAM A5 3 —— Decode (2048 x 8) Buffers |15 o5
A6 2 —
—e=16 Q6
A7 11—
A8 23 —==17 Q7
A9 22
A10 19
s1*
s3*
Ve = Pin 24
* Active level defined by the user. Gnd = Pin 12
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MCMG68A316E

FIGURE 1-AC TEST LOAD
sov AC OPERATING CONDITIONS AND CHARACTERISTICS

RL ~25k (Full operating voltage and temperature unless otherwise noted.
All timing with t, = t{ = 20 ns, Load of Figure 1)

Test Point MMD6150

Characteristic Symbol Min Max Unit
or Equiv
Cycle Time teye 350 - ns
130 pF* 1.7k Access Time tacc - 350 ns
MMD7000 "
or Equiv Chip Select to Output Delay S0 — 150 ns
Data Hold from Address tDHA 10 - ns
= = Data Hold from Deselection tH 10 150 ns

*Includes Jig Capacitance

TIMING DIAGRAM
This device contains circuitry to

protect the inputs against damage teye
due to high static voltages or elec- t
. . . . N acc
tric fields; however, it is advised
that normal precautions be taken Address 2.0V
to avoid application of any vol- >< 88V x
tage higher than maximum rated
voltages to this high-impedance
ircuit. ORI 2.0 V XX KK XKL RY R
circuit S RRRRIXLKIES 0.8 v RIRAERRIHRARE,
tso
— 2.0V
s R 0.8 v R RRRRs
' = T ]
R la!DHAW]
GRS RREIRERIRIRRR
Data Out (X R RIS
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MCM6E8A316E

CUSTOM PROGRAMMING

By the programming of a single photomask for the FIGURE 2 — BINARY TO HEXADECIMAL CONVERSION

MCM68A316E, the customer may specify the content of Binary Hexadecimal
the memory and the method of enabling the outputs. Data Character
o ) o 0 o
0 0 o 1 1
Information on the general options of the g g : ? §
MCM68A316E should be submitted on an Organizational o X o ° 3
Data form such as that shown in Figure 3. (“No-Connect”’ ° T o , 5
must always be the highest order Chip Select(s).) 0 f 1 0 6
0 1 1 1 7
Information for custom memory content may be sent ! o o o 8
. X 1 0 0 1 9
to Motorola in one of three forms (shown in order of ’ 0 ’ o A
preference): ’ o h , 8
1 1 o o c
1. Paper tape output of the Motorola M6800 Software. 1 1 o 1 D
2. Hexadecimal coding using IBM Punch Cards. 1 1 1 o E
3. EPROM (TMS2716 or MCM2716). ! ! ! ! F |

IBM PUNCH CARDS

The hexadecimal equivalent (from Figure 2) may be
placed on 80 column: IBM punch cards as follows:

PAPER TAPE
Included in the software packages developed for the
M6800 Microcomputer Family is the ability to produce a

paper tape output for computerized mask generation. The Step  Column

assembler directives are used to control allocation of 1 12 Byte "0 Hexadecimal equivalent for
memory, to assign values for stored data, and for control- outputs Q7 thru Q4 (Q7 = M.S.B.)
ling the assembly process. The paper tape must specify the 2 13 Byte ‘0’ Hexadecimal equivalent for
full 2048 bytes. outputs Q3 thru Q0 (Q3 = M.S.B.) '\
3 14-75 Alternate steps 1 and 2 for consecutive 4
bytes.

4 77-80  Card number (starting 0001)
Total number of cards (64)

FIGURE 3 - FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM68A316E MOS READ ONLY MEMORY ¢
Customer: |
Motorola Use Only:
Company
Quote: .
Part No.
Part No.:
Originator
Specif. No.: !
Phone No.
Chip Select: Active Active No
High Low Connect

s1 ]
s2 O
s3 |

000
Him
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@ MOTOROLA

MCM65516

2048 x 8 BIT READ ONLY MEMORY

The MCMB65516 is a complementary MOS mask programmable byte
organized read only memory (ROM). The MCM65516 is organized as
2048 bytes of 8 bits, designed for use in multiplex bus systems. It is
fabricated using Motorola’s high performance silicon gate CMOS
technology, which offers low-power operation from a single 5.0 volt
supply.

The memory is compatible with CMOS microprocessors that share
address and data lines. Compatibility is enhanced by pins 13, 14, 16,
and 17 which give the user the versatility of selecting the active levels of
each. Pin 17 allows the user to choose active high, active low, or a third
option of programming which is termed the "MOTEL" mode. If this
mode is selected by the user, it provides direct compatibility with either
the Motorola MC146805E2 or Intel 8085 type microprocessor series. In
the MOTEL operation the ROM can accept either polarity signal on the
data strobe input as long as the signal toggles during the cycle. This
unique operational feature makes the ROM an extremely versatile
device.

® 2K x8 CMOS ROM
® 3 to 6 Volt Supply
® Access Time
430 ns (5 V) MCM65516-43
550 ns (5 V) MCM65516-55
® Low Power Dissipation
15 mA Maximum (Active)
30 pA Maximum (Standby)
® Multiplex Bus Directly Compatible With CMOS Microprocessors
(MC146805€E2, NSC800)
® Pins 13, 14, 16, and 17 are Mask Programmable
® MOTEL Mask Option Also Insures Direct Compatibility with NMOS
Microprocessors Like MC6803, MC6801, 8085, and 8086
® Standard 18 Pin Package

CMOS

(COMPLEMENTARY MOS)

2048 x 8 BIT
MULTIPLEXED BUS
READ ONLY MEMORY

L SUFFIX
CERAMIC PACKAGE
CASE 680

P SUFFIX
PLASTIC PACKAGE
CASE 707

BLOCK DIAGRAM

PIN ASSIGNMENTS

PIN NAMES
AQO-AQ7 ..Address/Data Output
AB-A10.....cooiiiiii Address

M.. Multiplex Address Strobe
E. ...Chip Enable
S ...Chip Select
Guovrveeeeas Data Strobe (Output Enable)

AQO-AQ7
JYYYYYYY)
YYYVYYVLYY A8, A9, A10
L34444434
E
S_p| Control »| Output Buffers Address
E— Logic and Latch
G— [ Sense Amps o
— o Tl Y ‘J
Y-Gating * |Decode!
'S Disables [ <
Output Buffers .
. E, E-lelt ] ROM Array . D X
ower Dissipation (128 128) : |Pecode Precharge
: Circuit
. f Y
E

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high-impedance circuit.
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MCM65516

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Supply Voltage Vee -03t0 +7.0| V
Input Voltage Vin -03t0+70| V
Operating Temperature Range TA 0t +70 °C
Storage Temperature Range Tﬁg -65t0 +150 | °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af-

fect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Nom | Max | Unit

Supply Voltage

(Ve must be applied at least 100 us before proper device operation is achieved) Vee 45 50 |85 v
Input High Voltage ViH Vec-20] - |Vee| V
Input Low Voltage ViL -03 - 0.8 \

RECOMMENDED OPERATING CHARACTERISTICS
MCM65516-43 MCM65516-55
haracteristi | d Unit Test diti
Characteristic Symbol Min Viox Min Mox n est Condition

Output High Voltage Von |Vec-04v _ Vee-04V _ v

Source Current — 1.6 mA
Output Low Voltage VoL _ 04 _ 04 v

Sink Current +1.6 mA

. CL=130pF, Vih=V|H to V|
Supply Current (Operating) lcct - 15 - 15 mA toyc=1.0 ps
Supply Current (DC Active) lcc2 - 100 - 100 pA Vin=VcC to GND
Standby Current lisB - 30 - 50 pA Vin=Vcc to GND
Input Leakage lin -10 +10 -10 +10 | pA
Output Leakage loL -10 +10 -10 +10 | pA
CAPACITANCE (f=1.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested.)
Characteristic Symbol | Max | Unit

Input Capacitance

Cin 5 pF

QOutput Capacitance

Cout | 125] pF

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.)

READ CYCLE
CL=130 pF
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol MCME5516-43 M9M65516'55 Unit
Min Max | Min Max |*
Address Strobe Access Time tMLDV - 430 - 550 ns
Read Cycle Time tMHMH - 750 - 1000 ns
Multiplex Address Strobe High to Multiplex Address Strobe Low (Pulse Width) tMHML | 150 - 175 - ns
Data Strobe Low to Multiplex Address Strobe Low tGLML 50 — 50 = ns
Multiplex Address Strobe Low to Data Strobe High tMLGH | 100 - 160 - ns
Address Valid to Multiplex Address Strobe Low tAVML 50 - 50 - ns
[ Chip Select Low to Multiplex Address Strobe Low tSLML 50 - 50 - ns
Multiplex Address Strobe Low to Chip Select High tMLSH 50 - 80 - ns
i Hi ; t 50 - 50 -
Chip Enable Low/High to Multiplex Address Strobe Low t;_';mh 50 _ 50 _ ns
Multiplex Address Strobe Low to Address Don't Care TMLAX 50 - 80 - ns
Data Strobe High to Data Valid tGHDV 175 - 200 - ns
Data Strobe Low to High Z tGLDZ — 160 - 160 ns
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MCME65516

READ CYCLE TIMING

- tMHML —S>

VIH
M —/
ViL
VIH \
ViL L_

ol

tMHMH (Read Cycle Time)

t ~

I— MLGH

ViH

EandE Deselect Mode ><
ViL

Select Mode ><

ViH IMLSH
\/ v’v.v.v’v.v.v NC v.v.v.v
S LK Bon't Care XRKKKR Don't Care
9, .0‘0 0
ViL GuO. . VoV aVa Vo Vada
tAVML < TMLAX
VI H SR R e e R R Y
TR IITITIRD Address
SO - e R
VIL P00 0. OO VoV Vu V.V 0. 0. 0.0.9.9,,
tAVML [ tMLAX [—— IGHDV———> tGLDZ
VIH STLRRTRIL IS High Z
0202030000, Address K Data ig
Don't Care S5 . iy
AQO to AQ7 " Am.&:,:,:,:,o valid Y N Valid

FUNCTIONAL DESCRIPTION

The 2K x 8 bit CMOS ROM (MCM®65516) shares address
and data lines and, therefore, is compatible with the majority
of CMOS microprocessors in the industry. The package size
is reduced from 24 pins for standard NMOS ROMs to 18 pins
due to the multiclexed bus approach. The savings in
package size and external bus lines adds up to tighter board
packing density which is handy for battery powered hand
carried CMOS systems. This ROM is designed with the in-
tention of having very low active as well as standby currents.
The active power dissipation of 150 mW (at Vcc=5 V
freq=1 MHz) and standby power of 2560 uW (at Vcc=5V}
add up to luw power for battery operation. The typical ac-
cess time of the ROM is 280 ns making it acceptable for
operation with today’s existing CMOS microprocessors.

An example of this operation is shown in Figure 1. Shown
is a typical connection with either the Motorola MC146805E2
CMOS microprocessor (M6800 series) or the National
NSC800 which is an 8085 or Z80 based system. The main dif-
ference between the systems is that the data strobe (DS) on
the MC146805E2 and the read bar (RD) on the 8085 both
control the output of data from the ROM but are of opposite
polarity. The Motorola 2K x 8 ROM can accept either polarity
signal on the data strobe input as long as the signal toggles
during the cycle. This is termed the MOTEL mode of opera-
tion. This unique operational feature makes the ROM an ex-
tremely versatile part. Further operational features are ex-
plained in the following section.

Operational Features

In order to operate in a muitiplexed bus sytem the ROM
latches, for one cycle, the address and chip select input in-
formation on the trailing edge of address strobe (M) so the
address signals can be taken off the bus.

Since they are latched, the address and chip select signals
have a setup and hold time referenced to the negative edge

IMLDV

of address strobe. Address strobe has a minimum pulse
width requirement since the circuit is internally precharged
during this time and is setup for the next cycle on the trailing
edge of address strobe. Access time is measured from the
negative edge of address strobe.

The part is equipped with a data strobe input (G) which
controls the output of data onto the bus lines after the ad-
dresses are off the bus. The data strobe has three potential
modes of operation which are programmable ~ith the ROM
array. The first mode is termed the MOTEL mode of opera-
tion. In this mode, the circuit can. work with either the
Motorola or Intel type microprocessor series. The difference
between the two series for a ROM peripheral is only the
polarity of the data strobe signal. Therefore, in the MOTEL
mode the ROM recognizes the state of the data strobe signal
at the trailing edge of address strobe (requires a setup and
hold time), latches the state into the circuit after.address
strobe, and turns on the data outputs when an opposite
polarity signal appears on the data strobe input. In this man-
ner the data strobe input can work with either polarity signal
but that signal must toggle during a cycle to output data on
the bus lines. If the data strobe remains at a d.c. level the
outputs will remain off. The data strobe input has two other
programmable modes of operation and those are the stan-
dard static select modes (high or low) where a d.c. input not
synchronous with the address strobe will turn the outputs on
or off.

The chip enable and chip select inputs are all program-
mable with the ROM array to either a high or low select. The
chip select acts as an additional address and is latched on the
address strobe trailing edge. On deselect the chip select
merely turns off the output drivers acting as an output
disable. It does not power down the chip. The chip enablein- -
puts, however, do put the chip in a power down standby
mode but they are not latched with address strobe and must
be maintained in a d.c. state for a full cycle.
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MCM®65516

TYPICAL MINIMUM SYSTEM — MOTOROLA

Vppj——
—»{RST 0sCi
—»{iRQ
Microprocessor [
@—— Ll MC146805E2
DS osc2
RW
AS TIMER ja——
G—piPA7 PBO [a—»
<@—8»{PAG PB1j—be
<@—e{PAS PB2ja—a> Vecit—
—PA4 Pe3a—a 2Kx8ROM G
@—0mPA3 PB4 jat—» MCMes516 M
@—{PA2 PB5 f—a»

@—{PA1 PB6 j— 5
<@—{PAO PB7 j@—5> E
AB-A12 B0-B7[{ Addr/Data Mux Bus J AQ0-AQ7

AB-A10|
—84Vgg —#|Vss
High Order Address Bus (5)
Bus Control Signals (3)

INTRODUCTION

CBUGO5 is a debug monitor program written for the
MC146805E2 Microprocessor Unit and contained in the
MCM6B5516 2K x8 CMOS ROM. CBUGO5 allows for rapid
development and evaluation of hardware and M6805 Family
type software, using memory and register examine/change
commands as well as breakpoint and single instruction trace
commands. CBUGO5 also includes software to set and
display time, using an optional MC146818 Real-Time Clock
(RTC), and routines to punch and load an optional cassette

interface. Figure 2 shows a minimum system which only re-
quires the MPU, ROM, keypad inputs and display output in-
terfaces. Port A of the MC146805E2 MPU is required for the
1/0; however, Port B and all other MC146805E2 MPU
features remain available to the user. A possible expanded
system is shown in Figure 3. If additional information is re-
quired, please refer to Application Note AN-823 — *“CBUG05
Debug Monitor Program for MC146806E2 Microprocessor
Unit.”

FIGURE 2 — MINIMUM CBUGO05 SYSTEM

MC146806€2 s MCMG5516
B0-87 v ADO-AD7
5
AB-A12 a AB-A12
AS, 08, AT L——#£2 4w, o, c
3 MC14028 Qi 6 6x4
PA4-PAB A—>{a.8,C o / Rows <evpad
6
Columns
4
PAQ-PA3 /’ |
) MC145000 ,
/ Data N /
PAB-PAT 7 o BP " R
FP 7 FP

e TN




cr-9

MC146805€2
MPU

PBO-PB7

FIGURE 3 — EXPANDED CBUGO05 SYSTEM
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MCM65516

CUSTOM PROGRAMMING

By the programming of a single phoiomask for the
MCM65516 the customer may specify the content of the
memory and the method of enabling the outputs, or selec-
tion of the "MOTEL" option (Pin 17).

Information on the general options of the MCM65516
should be submitted on an Organizational Data form such as
that shown in the below figure.

Information for custom memory content may be sent-to
Motorola in one of two forms (shown in order of preference):
1. Magnetic Tape
9 track, 800 bpi, odd parity written in EBCDIC charac-
ter code. Motorola’s R.O.M.S. format.
2. EPROMs
One 16K (MCM2716, or TMS2716).

FORMAT FOR PROGRAMMING GENERAL OPTIONS

Customer:

Company

Part No.

Originator

Phone No.

Prograrnmable Pin Options:

Active 14
High 0O [n]
Active
Low o o

16

ORGANIZATIONAL DATA MOS READ ONLY MEMORY

Motorola Use Only

Quote:

Part No.:

Specif. No.:

W7
[n]

o
MOTELO

6-43




@ MOTOROLA

MCM68A332

4096 X 8-BIT READ ONLY MEMORY

The MCM68A332 is a mask-programmable byte-organized
memory designed for use in bus-organized systems. It is fabricated
with N-channel silicon-gate technology. For ease of use, the device
operates from a single power supply, has compatibility with TTL and
DTL, and needs no clocks or refreshing because of static operation.

The memory is compatible with the M6800 Microcomputer
Family, providing read only storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs. The
active level of the Chip Select inputs and the memory content
are defined by the user.

o Fully Static Operation

® Three-State Data Output for OR-Ties

® Mask-Programmable Chip Selects for Simplified Memory
Expansion

Single £10% 5-Volt Power Supply

Fully TTL Compatible

Maximum Access Time = 350 ns

Directly Compatible with 4732

Pin Compatible with 2708 and 2716 EPROMs
Preprogrammed MCM68A332-2 Available

MOS

(N-CHANNEL, SILICON-GATE)

4096 X 8-BIT
READ ONLY MEMORY

C SUFFIX
FRIT-SEAL CERAMIC PACKAGE
CASE 623

P SUFFIX
PLASTIC PACKAGE
CASE 709

MOTOROLA'S PIN-COMPATIBLE ROM FAMILY

PIN ASSIGNMENT

¢

A7[ 24flvee
A6[2 23{1A8
AsQ3 22[1A9
2ahVee  ex Aaf]a 21[1s2
gg ::g \_/ 2a}Vce 8K A3l]s 200187
23)1A8 A2l6 19[1A10
21fiS 2ahVce
2008 22[1A9 23fiAs A7 181A11
190A10 22(1) :g 2201A9 AoQlR 17[Q7
18A11 21pS Qof}9 16 [1Q6
17pQ7 19PA10 2008
184S Qi 15105
16pQ6 19pS
15005 17pQ7 18hs Qfn 14104
140Q4 16pQ6 17ha7 vssfiz 13103
MCM68364 13Q3 15pQ5 16has
14pQ4 Q
MCM68A332 13pQ3 15 oi PIN NAMES
MCM58A316E 14 AO-A11-. . . .Address Inputs
S ... .Programmable
MCM68A308 Chip Selects
A8 Q0-Q7 . . . .Data Output
INDUSTRY STANDARD PINOUTS Vee - - - -+5 V Power Supply
Vgs . . . .Ground
©MOTOROLA INC., 1978 DS 9519
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MCM68A332

A0 8 —
Al 7 — —==9 Q0
p— —e=10 Q1
:g g 11 Q2
Memory 3-State |——@=13 Q3
Add
IBLg::M ns ; —— Dec;‘;s: Matrix Output 14 Q4
DIA 2: 3 (4096 X 8) Buffers o 15 Q5
A7 7 — 16 Q6
A8 23 17 Q7
e
A10 19
Al 18 ——
s1* 20
s2* 21
Ve = Pin 24
Vgs = Pin 12
* Active level defined by the user.
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)
RECOMMENDED DC OPERATING CONDITIONS
Parameter Symbol Min Typ Max Unit
Supply Voltage (Voo must be applied at least 100 u's before proper device operation is achieved.) Vee 45 5.0 55 Vdc
Input High Voltage VIH 20 - 55 Vdc
Input Low Voltage ViL -03 - 0.8 Vdc
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit
Input Current lin - 25 pAdc
(Vin=0t055V)
Output High Voltage VoH 24 - Vdc
(IoH = -205 uA)
Output Low Voltage VoL - 04 Vdc
(gL = 1.6 mA)
Output Leakage Current (Three-State) ILo - 10 uAdc
(S=08VorS=20V, Vg, =04V 1024V)
Supply Current Icc - 80 mAdc
(Vcc =55V, Ta =0°C)
ABSOLUTE MAXIMUM RATINGS (See Note 1)
Rating Symbol Value Unit This devige containsvc:rcui(ry to
protect the inputs against damage
Supply Voltage Vce -0.31t0+7.0 Vdc due to high static voltages or elec-
Input Voltage Vin -0.3t0+7.0 Vdc tric fields; however, it is advised
Operating Temperature Range TA 0to +70 oc that normal precautions be taken
5 to avoid application of any vol-
Storage Temperature Range Tstg -65 to +150 C tage higher than maximum rated

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
restricted to RECOMMENDED
OPERATING CONDITIONS. Exposure to higher than recommended voltages
for extended periods of time could affect device reliability.

exceeded. Functional

CAPACITANCE

operation should be

(f=10MHz, Tp = 25°C, periodically sampled rather than 100% tested)

Characteristic Symbol Typ Max Unit
Input Capacitance Cin 5.0 75 pF
Output Capacitance Cout 9.0 12.5 pF

M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM

voltages to this high-impedance
circuit.

MC6800
Microprocessor

MCM68A332

Read Only
Memory

Random

Access
Memory

Interface
(P—— Adapter

/

Interface

¢ Adapter  |eg—| Modem

v

Address Data

Bus

Bus
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MCM68A332

FIGURE 1-AC TEST LOAD 5.0V
’ AC OPERATING CONDITIONS AND CHARACTERISTICS

R =25k (Full operating voltage and temperature unless otherwise noted.
All timing with t; = tf = 20 ns, Load of Figure 1)

MMD615
Test Point G. 0 Characteristic Symbol Min Max Unit
or equivalent
Cycle Time teye 350 - ns
130 pF* 11.7k Access Time tacc — 350 ns
MMD7000 -
or equivalent Chip Select to Output Delay tsO - 150 ns
Data Hold from Address tDHA 10 - ns
= = Data Hold from Deselection tH 10 150 ns

*Includes jig capacitance

TIMING DIAGRAM

tey
‘acc
30V RIS
Address, A mF 29V RS
. DRI 2.0 V
Chip Select, S X XXIRRRRKLY
tso
- tH
latDHA

Output, Q 82 v
Waveform Waveform Waveform
Symbol Input Output Symbol Input Output Symbol Input Output

MUST BE WILL BE m DON'T CARE CHANGING: :>_ - HIGH
VALID VALID ANY CHANGE STATE IMPEDANCE

] PERMITTED UNKNOWN
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MCM68A332

MCM68A332 CUSTOM PROGRAMMING

By the programming of a single photomask for the
MCME8A332, the customer may specify the content of the
memory and the method of enabling the outputs.

Information on the general options of the MCMG68A332
should be submitted on an Organizational Data form such as that
shown in Figure 3. (A ““No-Connect’” or “Don’t Care’’ must always
be the highest order Chip Select(s).)

Information for custom memory content may be sent to
Motorola in one of four forms (shown in order of preference):

1. IBM Punch Cards:

A. Hexadecimal Format
B. Intel Format
C. Binary Negative-Postive Format

2. EPROMs—two 16K (MCM2716 or TMS2716) or four

8K (MCM2708)

3. Paper tape output of the Motorola M6800 software

4. Hand punched paper tape

PAPER TAPE

Included in the software packages developed for the M6800
Microcomputer Family is the ability to produce a paper tape
output for computerized mask generation. The assembler direc-
tives are used to control allocation of memory, to assign values for
stored data, and for controlling the assembly process. The paper
tape must specify the full 4096 bytes.

IBM PUNCH CARDS, HEXADECIMAL FORMAT
The hexadecimal equivalent (from Figure 2) may be placed on
80 column IBM punch cards as follows:

Step Column

1 12 Byte “0” Hexadecimal equivalent for outputs
Q7 through Q4 (Q7 = M.S.B.)
2 13 Byte “0" Hexadecimal equivalent for outputs

Q3 through Q0 (Q3 = M.S.B.)
3 14-75  Alternate steps 1 and 2 for consecutive bytes.
4 77-79  Card number (starting 001).
5 Total number of cards must equal 128.

FIGURE 2 — BINARY TO HEXADECIMAL CONVERSION

Hexadecimal

Binary Data Character

H A M AHaaaaa0000000O0
4 4 420000422 20000
420022002 =200==200
-~ 0-0-20-20-20=20=0-=0
TMOOWPOONOODWN=0

PRE-PROGRAMMED MCM68A332P2, MCM68A332C2

The -2 standard ROM pattern contains sine-lookup and arctan-
lookup tables.

Locations 0000 through 2001 contain the sine values. The
sine’s first quadrant is divided into 1000 parts with sine values
corresponding to these angles stored in the ROM. Sin /2 is
included and is rounded to 0.9999.

The arctan values contain angles in radians corresponding to
the arc tangents of O through 1 in steps of 0.001 and are contained
in locations 2048 through 4049.

Locations 2002 through 2047 and 4050 through 4095 are
zero filled.

All values are represented in absolute decimal format with four
digit precision. They are stored in BCD format with the two most
significant digits in the lower byte and the two least significant
digits in the upper byte. The decimal point is assumed to be to
the left of the most significant digit.

SSin(— )= ;
Example: Sin (1000 2) 0.0016 decimal
Address Contents

0002 0000 0000
0003 0001 0110

FIGURE 3 — FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM68A332 MOS READ ONLY MEMORY

Customer:
Motorola Use Only
Company
Quote
Part No.
Part No.
Originator
Specif. No.
Phone No.
Chip Select Options: Active High Active Low No-Connect

s1 O O O
s2 O (] Od
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@ MOTOROLA

MCM68364

64K-BIT READ ONLY MEMORY

The MCM68364 is a mask-programmable byte-organized memory
designed for use in bus-organized systems. It is fabricated with
N-channel silicon-gate technology. For ease of use, the device operates
from a single power supply, and is TTL compatible. The addresses are
latched with the Chip Enable input — no external latches required.

The memory is compatible with the M6800 Microcomputer Family,
providing read only storage in byte increments. The Chip Enable input
deselects the output and puts the chip in a power-down mode.

@ Single +10% 5-Volt Power Supply
® Automatic Power Down
® Low Power Dissipation
150 mW active (typical)
35 mW standby (typical)
©® High Output Drive Capability (2 TTL Loads)
@ Three-State Data Output for OR-Ties
® TTL Compatible
® Maximum Access Time
200 ns — MCM68364-20
250 ns — MCM68364-25
300 ns — MCM68364-30
® Pin Compatible with 8K — MCM68A308, 16K — MCMG8A316E,
and 32K — MCMB68A332 Mask-Programmable ROMs
® Pin Compatible with 24-pin 64K EPROM MCM68764

MOS

(N-CHANNEL, SILICON-GATE)

8192 X 8-BIT -
READ ONLY MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 709

L SUFFIX
CERAMIC PACKAGE
CASE 716

1

C SUFFIX FRIT-SEAL CERAMIC PACKAGE
ALSO AVAILABLE — CASE 623

PIN COMPATIBLE ROM FAMILY
(INDUSTRY STANDARD PIN-OUTS)

MCM68364
MCM68A332
MCMG68A316E

MCM68A308

AABS-1

PIN ASSIGNMENT

arti @ N 2ahvee
A6 []2 2301 A8
A5[]3 221 A9
A4T]4 211 A12
A3fls 2000 E
A2 06 190 A10
A7 181 A1
Ao[ls 170 Q7
aof}e 161 Q6
Qifjio 151 a5
Q20N 14]] Q4
Vss 12 1311 a3
PIN NAMES
AO-A12. ... ... ... Address
E oo Chip Enable
Q0-Q7 ... Data Output
Vee - .. +5V Power Supply
VSS .o Ground

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum rated voltages to
this high-impedance circuit.

DS-9805R1/5-82



MCM68364

A0 8 —
D
Al 7 — - —> 9 20
J— > l— 3 10 D1
AZ 6 11 02
A3 5 — Memory o >
BLOCK Aa 4 — Address ) »| 3Stute L3 13 D3
Decode Matrix Output | 3 14 D4
DIAGRAM A5 3 — eco (8192 X 8)
A6 > Butfers > 15 D5
] 5 » 16 D
A7 1 = - 13 D?
A8 23 — > >
A9 22 —
A10 19 —
A11 18 ——
A12 21 —
E 20 I Vg = Pin 24
Vgsg = Pin 12
ABSOLUTE MAXIMUM RATINGS (See note)
Rating Symbol Value Unit
Supply Voltage Vee -05t0 +7.0| Vdc
Input Voltage Vin —-051t0 +7.0| Vdc
Operating Temperature Range TA 0t +70 °C |
Storage Temperature Range Ts‘g -65t0 +150| °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could
affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS q
Parameter Symbol Min Nom Max Unit {

Supply Voltage Vce 45 5.0 5.5 \%
(Vce must be applied at least 100 us before proper device

operation is achieved, E=V|y)
Input High Voltage ViIH 2.0 — Vee \Y
Input Low Voltage ViL -0.3 — 0.8 \Y%

RECOMMENDED OPERATING CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit .
Input Current (Vin =0 t0 5.5 V) lin -10 — 10 LA
Output High Voltage (IO0H = -220 pA) VOH 24 — — v
Output Low Voltage (oL = 3.2 mA) VoL — — 0.4 \J l
OuLput Leakage Current (Three-State) ILo -10 — 10 LA
(E=2.0V,Vout=0V1t055V)
Supply Current — Active* Icc — 25 40 mA !
{Minimum Cycle Rate)
Supply Current — Standby Iss — 7 10 mA

(E = VIH)
*Current is proportional to cycle rate.

CAPACITANCE (f=1.0 MHz, Tp=25°C, periodically sampled rather than 100% tested)

Characteristic Symbol { Max | Unit
Input Capacitance Cin 8 pF
Output Capacitance Cout 15 pF
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MCM68364

AC OPERATING CONDITIONS AND CHARACTERISTICS
Read Cycle

RECOMMENDED AC OPERATING CONDITIONS

(TA=01t0 70°C, Vcc=5.0 V +£10%. All timing with t;=tf=20 ns, loads of Figure 1)

Parameter 1 | MCM68364-20 MCM68364-25 MCM68364-30 Unit
7 Min Max Min Max Min Max
Chip Enable Low to Chip Enable Low of Next Cycle _ _ _
(Cycle Time) tELEL | 300 875 450 ns
Chip Enable Low to Chip Enable High tELEH 200 - 250 - 300 - ns
Chip Enable Low to Output Valid (Access) tELQv - 200 - 250 — 300 ns
Chip Enable High to Output High Z (Off Time) tEHQZ 10 60 - 60 - 75 ns
Chip Enable Low to Address Don‘t Care (Hoid) tELAX 60 - 60 - 75 - ns
Address Valid to Chip Enable Low (Address Setup) tAVEL 0 - 0 = 0 - ns
Chip Enable Precharge Time tEHEL 100 - 126 - 150 - ns
TIMING DIAGRAM
tELEL ]
_ ViH— \
CHIP ENABLE, E x
ViL— K
tELEH ] tEHEL
tAVEL e—tELAX lotEHoz—l
ViH—
ADDRESS, A VALID
ViL—
teLav >
VOH—
DATA OUTPUT, Q High VALID High Z
VoL— /
FIGURE 1 — AC TEST LOAD
WAVEFORMS
Waveform Input Output
50V Symbol
MUST BE WILL BE
RL=12k VALID VALID
CHANGE WILL CHANGE
Test Point MMDG1.50 m FROMH TO L FROMH TO L
or Equiv
CHANGE WILL CHANGE
100 pF* 109 k _M FROMLTOH  FROMLTOH
MMD?7000 DON'T CARE GING
or Equiv ANYCHANGE  TATE
L L m PERMITTED UNKNOWN
: GH
*Includes Jig Capacitance IMP:LANCE
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MCM68364

PRODUCT DESCRIPTION

This Motorola MOS Read Only Memory (ROM), the
MCME68364, is a clocked or edge enabled device. It makes
use of virtual ground ROM cells and clocked peripheral cir-
cuitry, allowing a better speed-power product.

The MCMB68364 has a period during which the non-static
periphery must undergo a precharge. Therefore, the cycle
time is slightly longer than the access time. It is essential that
the precharge requirements are met to ensure proper address
latching and avoid invalid output data. Once the address
hold time has been met, new address information can be
supplied in preparation for the next cycle.

CUSTOM PROGRAMMING

By the programming of a single photomask for the
MCM68364, the customer may specify the contents of the
memory. .

Information for custom memory content may be sent tc
Motorola in one of two forms (shown in order of preference):

1. EPROMs — one 64K (MCMB8764), two 32K

(MCM2532), four 16K (MCM2716 or TMS2716), or
eight 8K (MCM2708).

2. Magnetic Tape — 9 Track, 800 bpi, odd parity written

in EBCDIC character code. Motorola's R.0.M.S. for-

PRE-PROGRAMMED MCM68364P25-3

The — 3 standard ROM pattern contains log (base 10) and
antilog (base 10) lookup tables for the 64K ROM.

Locations 0000 through 3599 contain log base 10 values.
The arguments for the log table range from 1.00 through
9.99 incrementing in steps of 1/100. Each log value is
represented by an eight-digit decimal number with decimal
point assumed to be to the left of the most significant digit.

Antilog (base 10) are stored in locations 4096 through
8095. The arguments range from .000 through .999 in-
crementing in steps of 1/1000. Each antilog value is
represented by an eight-digit decimal number with decimal
point assumed to be to the right of the most significant digit.

Locations 3600 through 4095 and 8096 through 8191 are
zero filled.

All values are represented in absolute decimal format with
eight digit precision. They are stored in BCD format with the
two most significant digits in the lower byte and the remain-
ing six digits in the three consecutive locations.

mat.
M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM
~Mcesoo READ ONLY MEMORY
Microprocessor BLOCK DIAGRAM
MCM68364
Read Only
Memory
Memory Data
Matrix o1 Buffer
Random (8192x8) —> Data Bus
Access
Memory
Interface
Adapter
Selection
interface and Control
Adapter Modem
Y 4
AdBdreSS Data Memory Address
us  Bus and Control
Example:

log1g (1.01) =.00432137 decimal

Address Contents
4 0000 0000
5 0100 0011
6 0010 0001
7 0011 0111
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@ MOTOROLA MCM68365

64K BIT READ ONLY MEMORY

MOS

The MCM68365 is a mask-programmable byte-organized memory
designed for use in bus-organized systems. It is fabricated with

N-channel silicon-gate technology. For ease of use, the device operates (N-CHANNEL, SILICON-GATE)
from a single power supply, has compatibility with TTL, and needs no
clocks or refreshing due to its static operation. . 8192 x 8-BIT

The memory is compatible with the M6800 Microcomputer Family, READ ONLY MEMORY

providing read only storage in byte increments. The active level of the
Chip Enable input and the memory content are defined by the user. The
Chip Enable input deselects the output and puts the chip in a power-
down mode.

® Fully Static Operation L SUFFIX
@ Automatic Power Down CERA(’;”/;%:’;%KAGE
® Low Power Dissipation — 1256 mW Active (Typical)
’ 25 mW Standby (Typical
@ Single +10% 5-Volt Power Supply P SUFFIX
® High Output Drive Capability (2 TTL Loads) PLASTIC PACKAGE
@ Three-State Data Output for OR-Ties CASE 709
® Mask Programmable Chip Enable
® TTL Compatible
® Maximum Access Time — 250 ns — MCM®68365-25 C SUFFIX FRIT-SEAL CERAMIC PACKAGE
350 ns — MCM68365-35 ALSO AVAILABLE - CASE 623
z ® Pin Compatible with 8K — MCM68308, 16K — MCMB68316E,
and 32K — MCM68332, 64K — MCM68364, MCMB8366 Mask-
l Programmable ROMs PIN ASSIGNMENT
A7)
As(]
MOTOROLA’S PIN-COMPATIBLE EPROM FAMILY A5
16K Al
A3(]
’ A2l
A
n Ao}
Qof]

a1
Q2g]
Vss(

MCMe8764

] MOTOROLA’S PIN-COMPATIBLE ROM FAMILY

PIN NAMES
...... Address
E......Chip Enable
...... Data Output
...... +5 V Power Supply|
...... Ground

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high im-
pedance circuit.

INDUSTRY STANDARD PINOUTS AND0001

DS-9862/5-82
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MCiVi68365

BLOCK DIAGRAM

A0 8 — . | 5 9 oo
Al T — > L 10 D1
A2 6 > —»11 D2
A3 5 — Address Memory > 3-State |——3»13 D3
A% 2 1 Decode Matrix > output }—314 D4
A5 3 — (8192 X 8) | suffers | 515 D5
A6 2 — > 3,16 D6
A7 1 — 3> - 317 D7
A8 23 —
A9 22 — A
A10 19 —
A11 18 —
A12 21 —
E20 Vec="Pin 24
Vgs=Pin 12
*Active level defined by the user.
ABSOLUTE MAXIMUM RATINGS (See Note) '
Rating Symbol Value Unit
Supply Voltage Vee -1.0t0+7.0 \Y
Input Voltage Vin -10t0+7.0 \
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65to +150 °C

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af-
fect device reliability

DC OPERATING CONDITIONS AND CHARACTERISTICS 3

(Full operating voltage and temperature range unless otherwise noted) |

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol| Min [Nom| Max |[Unit] Notes
Supply Voltage
(F\’/Fz:\(/: mustg be applied at least 100 us before proper device operation is achieved) Vee 45 150 55 v B
Input High Voltage ViH 20 | - 5.5
Tnput Low Voltage VL |-056[ - | 08 Vil -
4
RECOMMENDED OPERATING CHARACTERISTICS
Characteristic Symbol| Min |Typ | Max |Unit| Notes .
Input Current (Vin=0to 5.5 V) lin -10 | - 10 |uA 1
Output High Voltage (lgH= —205 pA) VoH 24 | - — \ -
Output Low Voltage (Ig =3.2 mA) VoL - - 104 |V —
Output Leakage Current (Three-State) (E=2.0 V, Voyt=0.4 V t0 2.4 V) ILo -10 | - 10 |pA 2 !
Supply Current — Active (Vcc=5.5V) lce — 20 | 60 fmA] ,3
Supply Current — Standby (Vcc=0.5 V) . Isg - 4 15 |mA 4
(
CAPACITANCE (f=1.0 MHz, Tpo=25°C, periodically sampled rather than 100% tested)
Characterlstic Symbol | Max Unit
Input Capacitance Cin 76 pF
utput Capacitance Cout 12.6 pF

NOTES: 1. Measured a) forcing Ve on one input pin at a time while all others are grounded, and
b) maintaining 0.0 V on one pin at a time while all others are at Vcc=4.5V and 6.5 V.
2. Measured a) with A0-A12=Vgg and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and
b) with A0-A12=Vgg and force 2.4 on one output at a time while all others are held at 0.4 V (Vcc=4.5V and 5.5 V).
3. Measured with the Chip Enable (E= VL) addresses cycling, and the outputs unloaded.
4. Measured with the Chip Disabled (E= V) and the outputs unloaded.
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MCM68365

AC OPERATING CONDITIONS AND CHARACTERISTICS
Read Cycle

RECOMMENDED OPERATING CONDITIONS (See Notes 5, 6)
(TA=0 1o 70°C, Vcc=5.0 V +£10%. All timing with t;=tf=10 ns, load of Figure 1)

MCM68365-25 MCM68365-35
. . Parameter Symbol Min Max Min Max Units
| Address Valid to Address Don't Care

(Cycle Time when Chip Enable is held Active) tAVAX | 250 - 350 - ns
Chip Enable Low to Chip Enable High tELEH 250 - 350 - ns
Address Valid to Output Valid (Access) tavayv - 250 — 350 ns
Chip Enable Low to Output Valid (Access) tELQV - 250 - 350 ns
Address Valid to Output Invalid tavax 20 - 20 - ns
Chip Enable Low to Output Invalid tELQX 10 - 10 - ns
Chip Enable High to Output High-Z tEHQZ 10 80 10 80 ns
Chip Selection to Power Up Time tpy 0 — 0 - ns
Chip Deselection to Power Down Time tPD - 100 - 120 ns

5. E is represented by active low for illustrative purposes.
6. AC Test Conditions
) All times are guaranteed with worst case dc levels.
‘ Inputs: Vy=2.0V or55V
ViL=08Vor -05V
Measurement Levels: Input 1.5 V
Output Low=0.4 V

High=2.4 V
READ CYCLE TIMING 1 » X
(E Held Low) - AVAX
v
A (Address) N p.3 "
L ViL
- tavav
, e——tavax—>]
Q (Data Out) Previous Data Valid ! Data Valid 238[‘

READ CYCLE TIMING 2

- ViH
Ataddress  YOOXXKK Address Valid

ViL

» tELEH >

I e y—— Vin
E (Chip Enable) ~ w,

» ViL
le———— ELQY —————>] —>| teHQZ |
le—teLax—>]

, Q (Data Out) High Z——OOOOOOL Data Valid | Hi-Z

—> U |e— ——»l tPD I(——-
VCC g mmmm e = m
» Supply | I 3|<_
Current 'SB

FIGURE 1 — AC TEST LOAD

50V
R =12k
Test Point MMD6150
or Equiv.
130 pf* 1.7k
MMD7000
or Equiv.
*Includes Jig Capacitance

6-64



MCM68365

FIGURE 2 — ADDRESS ACCESS TIME
VERSUS TEMPERATURE
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PRE-PROGRAMMED MCM68365P35-3/C35-3,
MCM68365P25-3/C25-3

The —3 standard ROM pattern contains log (base 10) and
antilog (base 10) lookup tables for the 64K ROM.

Locations 0000 through 3599 contain log base 10 values.
The arguments for the log table range from 1.00 through
9.99 incrementing in steps of 1/100. Each log value is
represented by an eight-digit decimal number with decimal
point assumed to be to the left of the most-significant digit.

Antilog (base 10) are stored in locations 4096 through
8095. The arguments range from .000 through .999 in-
crementing in steps of 1/1000. Each antilog value is
represented by an eight-digit decimal number with decimal
point assumed to be to the right of the most-significant digit.

Locations 3600 through 4095 and 8096 through 8191 are
zero filled.

All values are represented in absolute decimal format with
eight digit precision. They are stored in BCD format with the
two most significant digits in the lower byte and the remain-
ing six digits in the three consecutive locations.

Example: log10(1.01) =0.00432137 decimal

Address | Contents
4 0000 0000
5 0100 0011
6 0010 0001
7 0011 0111
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MCM68365

CUSTOM PROGRAMMING

By the programming of a single photomask for the
MCM®68365, the customer may specify the content of the
memory and the method of enabling the outputs.

Information on the general options of the MCM68365
should be submitted on an Organizational Data form such as
that shown in Figure 2.

Information for custom memory content may be sent to
Motorola in one of two forms (shown in order of preference):

1. EPROMs — One 64K (MCM68764, MCMB68766), two
32K (MCM2532), four 16K (MCM2716 or TMS2716), or
eight 8K (MCM2708).

2. Magnetic Tape
9 track, 800 bpi, odd parity written in EBCDIC charac-
ter code. Motorola R.0.M.S. format.

FIGURE 2 — FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM68365 MOS READ ONLY MEMORY

Phone No

Customer:
Company Motorola Use Only:
Part No Quote:
Originator Part No:
Specif. No:

Enable Options:

Active High Active Low

Chip Enable [:I D
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@ MOTOROLA

MCME8366

64K BIT READ ONLY MEMORY

The MCM68366 is a mask-programmable byte-organized memory
designed for use in bus-organized systems. It is fabricated with
N-channel silicon-gate technology. For ease of use, the device operates
from a single power supply, has compatibility with TTL and needs no
clocks or refreshing due to its static operation.

The memory is compatible with the M6800 Microcomputer Family,
providing read only storage in byte increments. The active level of the
Output Enable input and the memory content is defined by the user.
The Output Enable input deselects the output.
©® Fully Static Operation
©® Fast Data Valid Time for High Speed Microprocessors
© Low Power Dissipation — 125 mW Active (Typical)

O Single +10% 5-Volt Power Supply
© High Output Drive Capability {2 TTL Loads)
O Three-State Data Output for OR-Ties
® Mask Programmable Output Enable
O TTL Compatible
@ Maximum Access Time — 120 ns from Output Enable
250 ns from Address — MCM68366-25
350 ns from Address — MCM68366-35
O Pin Compatible with 8K, 16K, and 32K — Mask-Programmable ROMs
@ Pin Compatible with MCM68766 64K EPROM

Mos

(N-CHANNEL, SILICON-GATE)

8192x 8-BIT
READ ONLY MEMORY

S L SUFFIX
ST CERAMIC PACKAGE
ol CASE 716

P SUFFIX
PLASTIC PACKAGE
CASE 709

C SUFFIX FRIT-SEAL CERAMIC PACKAGE
ALSO AVAILABLE — CASE 623

MOTOROLA’S PIN-COMPATIBLE EPROM FAMILY
32K

MOTOROLA’S PIN-COMPATIBLE ROM FAMILY
64K 32K 16K

INDUSTRY STANDARD PINOUTS Asoaow0-1

PIN ASSIGNMENT

A0 © N Vee
A6[2 23[1A8
A3 22[1 A9
asll4 21[1A12
A3ls 201G
A2l 6 19 [1A10
Al 7 18 [JA1
Aolls 17 a7
ol e 16 [1a6
aigwo 15 [105
a2 14104

Vssi2 13fa3

PIN NAMES

AO-A12...... Address
G..... Output Enable
Qo0-Q7...... Data Output
veg...... +5 V Power Supply
Vss...... Ground

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high im-
pedance circuit.

6-b67
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MCM68366

BLOCK DIAGRAM

:? &7: — > | » 9 Do
A2 —-3>10 D1
6 —3>»11 D2
" > Address Memory el 3-State —>»13 D3
A4 4 Decode Matrix > output f——» 14 D4
A5 3 —— (8192 X 8) »| Buffers | 315 D5
23 ? — > 316 D6
A8 23 — | > ——>17 07
A9 22 — A
A0 19 —
A1l 18 —
A12 21 — ]
G2 Vee=Pin 24
Vss=Pin 12
*Active Level Defined by the User
ABSOLUTE MAXIMUM RATINGS (See Note 1)

] Rating Symbol Value Unit
Supply Voltage ’ Vce |-10t0+7.0 v
Input Voltage Vin -1.0to +7.0 \
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —65to + 150 °C

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to

RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could af-
fect device reliability.

p DC OPERATING CONDITIONS AND CHARACTERISTICS
! (Full operating voltage and temperature range unless otherwise noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Min |Nom| Max | Unit | Notes
Supply Voltage
(Ve must be applied at least 100 us before proper device operation is achieved) Vee 45150155 v B
Input High Voltage ViH 20 { — | 65 v
Input Low Voltage ViL -05| - | 08
' RECOMMENDED OPERATING CHARACTERISTICS
Characteristic Symbol | Min | Typ | Max | Unit | Notes
' Input Current (Vjp=0 t0 5.5 V) lin -10| — 10 | wA 1
Output High Voltage (Ipy= —205 pA) VOH 24 | — - \ -
Output Low Voltage (g =3.2 mA) VoL — - 04|V -
) Output Leakage Current (Three-State) (G=2.0 V, Vo 1=0.4 V t0 2.4 V) ILo -10{ - 10 | pA 2
Supply Current (Vcc=5.5 V) Icc — 20 60 | mA 3
) CAPACITANCE (f=1.0 MHz, Ta=25°C, periodically sampled rather than 100% tested)
Characteristic Symbol Max Unit
Input Capacitance Cin 7.5 pF
Output Capacitance ) Cout 12,5 pF

NOTES: 1. Measured a) forcing Ve on one input pin at a time, while all others are grounded (Vgg), and
b) maintaining 0.0 V (Vgg) on one pin at a time, while all others are at Vcc=4.5V and5.5 V.
2 Measured a) with A0-A12=Vgg and forcing 0.4 V on one output at a time while all others are held at 2.4 V, and
b) with A0-A12=Vgg and forcing 2.4 V on one output at a time while all others are held at 0.4 V(Vcc=4.5V and 5.5 V).
3. Measured with the Output Enabled (G= V)| ), addresses cycling and the outputs unloaded.
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MCM68366

AC OPERATING CONDITIONS AND CHARACTERISTICS
Read Cycle

RECOMMENDED OPERATING CONDITIONS (See Notes 4, 5)
(TA=0 t0 70°C, Vcc=5.0 V +10%. All timing with t,=tf=10 ns, load of Figure 1)

MCM68366-25 MCM68366-35
Parameter Symbol Min Max Min Max Unit
Address Valid to Address Don't Care
{Cycle Time when Output Enable is Held Active) tAVAX 20 B 350 B ns
Address Valid to Output Valid (Access) taAvaQv - 250 - 350 ns
Output Enable Low to Output Valid (Access) tgLQv - 120 - 120 ns
Address Valid to Output Invalid TAVQX 10 - 10 - ns
Output Enable Low to Output Invalid tGLAX 10 - 10 ns
Output Enable High to Output High Z tGHQZ 0 80 0 80 ns
Address Valid to Output Enable Low (Note 6) tAVGL 130 — 230 - ns
4. G represented as active low for illustrative purposes.
5. AC Test Conditions
All times are guaranteed with worst case dc levels.
Inputs: V|y=2.0V or55V
ViL=08Vor -05V
Measurement Levels: Input 1.5 V
Output Low=0.4 V
High=2.4 V
6. A faster minimum time is allowed, but the timing must then be referenced to tayQy and tavQx.
READ CYCLE TIMING 1 _ .
(G Held Low) AVAX
ViH
A (Address) X X v
IL
[E—————AVQV —————>
<—lAvox—->1
Q (Data Out) Previous Data Valid Data Valid :xg[‘
READ CYCLE TIMING 2 le—tAVGL
ViH
A (Address) Address Valid
ViL
_ —— ViH
G (Output Enable) e
ViL
1GLav > 1GHaz l<—
[ teLax—>
Q (Data Out) HighZ Data Valid l )—-Hith
FIGURE 1 — AC TEST LOAD
50V
R =12k
Test Point MMDE150
or Equiv.
130 pF* 1.7k
MMD7000
or Equiv.
*Includes Jig Capacitance

6-59




MCM68366

FIGURE 2 — ADDRESS ACCESS TIME
VERSUS TEMPERATURE
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PRE-PROGRAMMED MCM68366P35-3/C35-3,

MCMB68366P25-3/C25-3

The —3 standard ROM pattern contains log (base 10) and
antilog (base 10) lookup tables for the 64K ROM.

Locations 0000 through 3599 contain log base 10 values.
The arguments for the log table range from 1.00 through
9.99 incrementing in steps of 1/100. Each log value is
represented by an eight-digit decimal number with decimal
point assumed to be to the left of the most-significant digit.

Antilog (base 10) are stored in locatioris 4096 through
8095. The arguments range from 0.000 through 0.999 in-
crementing in steps of 1/1000. Each antilog value is
represented by an eight-digit decimal number with decimal
point assumed to be to the right of the most-significant digit.

Locations 3600 through 4095 and 8096 through 8191 are
zero filled.

All values are represented in absolute decimal format with
eight digit precision. They are stored in BCD format with the
two most significant digits in the lower byte and the remain-
ing six digits in the three consecutive locations.

Example: log1p (1.01) =.00432137 decimal

Address | Contents
4 0000 0000

5 0100 0011
6 0010 0001
7 0011 0111



MCM68366

CUSTOM PROGRAMMING

By the programming of a single photomask for the Information for custom memory content may be sent to
MCMB68366, the customer may specify the content of the Motorola in one of two forms (shown in order of preference):

memory and the method of enabling the outputs. 1. EPROMs — cne 64K (MCM68764, MCM68T766), two

32K (MCM2532), four 16K (MCM2716, or TMS2716),
or eight 8K (MCM2708).

Information on the general options of the MCM68366 2. Magnetic Tape
should be submitted on an Organizational Data form such as 9 track, 800 bpi, odd parity written in EBCDIC charac-
that shown in Figure 3. ter Code. Motorola’s R.0.M.S. format.

FIGURE 3 — FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM68366 MOS READ ONLY MEMORY

Customer:
Company Motorola Use Only:
Part No Quote:
Originator Part No:
Specif. No:
Phone No

Enable Options:

Active High Active Low

Output Enable D I:]

{
q
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MCM63256

Product Preview

256K BIT READ ONLY MEMORY

The MCM63256 is a MOS mask programmable byte-organized Read
Only Memory (ROM). The MCM63256 is organized as 32,768 bytes of 8
bits and is fabricated using Motorola’s high performance N-channel
silicon gate technology (HMOS). This device is designed to provide
maximum circuit density and reliability with highest possible perfor-
mance while maintaining low power dissipation and wide operating
margins and remaining fully compatible with TTL inputs and outputs.

The active level of the Chip Enable and the Output Enable, along with
the memory contents, are defined by the user. The Chip Enable input
deselects the output and puts the chip in a power-down mode.
® Single +10% +5 Volt Power Supply
© Fully Static Periphery — No Clocking Required on Chip Enable
© Automatic Power Down
® Power Dissipation

100 mA Active (Maximum) (Unloaded)
15 mA Standby (Maximum)

® Current Surge Suppression When Powering Up Device

® Program Layer Late in Process for Quick Turnaround Time
® 150 ns Maximum Access from Address and Chip Enable

© 28-Pin JEDEC Standard Package and Pinout

ADDITIONAL FEATURE
© Address (A14) is User Selectable for Either Pin 27 or Pin 1

HMOS

(N-CHANNEL, SILICON GATE)

32,768 x 8 BIT
READ ONLY MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 710

PIN ASSIGNMENT

wvere ~  asfvee
A12[j2 270A4
A7[]3 26 [A13
A6 []4 25[1A8
AS5[]5 A9
BLOCK DIAGRAM g 241
A4]6 23[AN
ey 220G
A0 10— —>> —>>11 Q0
Al 9 — > 3 s see 212 Q1 A2[8 21[3A10
el -State -
A28 — Mot 2] Oupur [>13 Q2 A1l 20 fE
A3 7 — ress —>>1 > 156 Q3
a4 5 — Decode (32,768 x 8) Buffers 6 Q4 aofo 19 007
A5 5 — — —> —>17 Q5 Qo 18106
A6 4 — —3> —>18 Q6
A7 3 — —> —>19 Q7 aif2 1708
A8 26— \ a3 16 Qs
A9 24—
A10 21 —— VssQji4 15 003
A1l 23 —
A12 2 ——
A13 26 — PIN NAMES
A4 27 —
- AQ-A14 . Address
E 20 E Chip Enable
G 2 Ve =Pin 28 G .. Output Enable
Vgg="Pin 14 Qo-Q7 . Data Output
Vee +5V Power Supply
G d
*Active level defined by the user. Vss roun
This document contains information on a product under development. Motorola reserves the
right to change or discontinue this product without notice.
NP-350/5-82
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MCM65256

Product Preview

256K BIT READ ONLY MEMORY

The MCM65256 is a complementary MOS mask programmable byte-
organized Read Only Memory (ROM). The MCM65256 is organized as
32,768 bytes of 8 bits and is fabricated using Motorola’s high perfor-
mance silicon gate CMOS technology (HCMOS). This device is de-
signed to provide maximum circuit density and reliability with highest
possible performance while maintaining low power dissipation and wide
operating margins. The MCM65256 offers low-power operation from a
single +5 Volt supply and is fully TTL compatible on all inputs and out-

uts.
i The active level of the Chip Enable and the Output Enable, along with
the memory contents, are defined by the user. The Chip Enable input
deselects the output and puts the chip in a power-down mode.
© Single +10% +5 Volt Power Supply
@ Fully Static Periphery — No Clocking Required on Chip Enable
© 250 ns Maximum Access from Address and Chip Enable
© Automatic Power Down
© Active Current 50 mA Maximum (Unloaded at a 250 ns Cycle

Time) — Decreases with Increasing Cycle Time
@ D.C. Active Current 10 mA Maximum
© Standby Current 50 pA Maximum (Full Rail Inputs)
© Standby Current 3.0 mA Maximum (TTL Inputs)
® Mask Programmable Chip Enable and Output Enable
© Program Layer Late in Process for Quick Turnaround Time
@ 28-Pin JEDEC Standard Package and Pinout
© Address (A14) is User Selectable for Either Pin 27 or Pin 1

HCMOS

(COMPLEMENTARY MOS)

32,768 x 8 BIT
READ ONLY MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 710

BLOCK DIAGRAM

A0 10— L] > 11 Q0
Al 8§ — —>> — —12 Q1
M 3-Stat

A2 8 — a1 Out‘r?uf —>13 @

A3 7 —| Address (32,768 x 81| Buffers [> 15

A4 6 —— Decode —3>1 —>16 Q4

A5 & -— > > 17 a5

A6 4 — —>>1 —>18 QG

A7 3 — > 19 a7

A8 25—

A9 24—

A10 21 —

A1 23 —

A122 —

A13 26 ——

A4 27 —

E 20

‘G 2 Ve = Pin 28
Vgg=Pin 14

*Active level defined by the user.

PIN ASSIGNMENT

N/cd1 o AN 28 Vcee
A12([] 2 270A14
A7(]3 26 D A13
A6l 4 25[1A8
A5(]5 24 1A9
A4f]6 23A1
A3f]7 220G
A2(] 8 210A10
Ao 20 PE
A0 19 107
Qfn 18106
Q1] 170005
OZd 13 16104
Vss[]a 15 03
PIN NAMES
éO»AM PPN Address

Chip Enable
.................... Output Enable

................... Data Output
... +5V Power Supply
....................... Ground

This document contains information on a product under development. Motorola reserves the

right to change or discontinue this product without notice.
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@ MOTOROLA

MCM93412
MCM93422

L Advance Information

1024-BIT RANDOM ACCESS MEMORY

The MCM93412/422 is a 1024-bit Read/Write RAM, organized
256 words by 4 bits.

The MCM93412/422 is designed for high performance main
memory and control storage applications and has a typical address
time of 30 ns.

The MCM93412/422 has full decoding on-chip, separate data
input and data output lines, an active low-output enable, write
enable, and two chip selects, one active high, one active low. The
device is fully compatible with standard DTL and TTL logic families.
A three-state output is provided on the MCM93422 to drive bus-
organized systems and/or highly capacitive loads. An uncommitted
collector output is provided on the MCM93412 for ease of memory
expansion.

@ Three-State Output or Uncommitted Collector Output
® TTL Inputs and Output
@ Non-inverting Data Output
@ Full 16 mA Outputs Drive 30 pF Loads
© High Speed —
Access Time — 30 ns Typical
Chip Select — 15 ns Typical
© Power Dissipation — 0.5 mW/Bit Typical
O Standard 22-Pin Package
@ Power Dissipation Decreases with Increasing Temperature
@ Organized 256 Words x 4 Bits
® Two Chip Select Lines for Memory Expansion

TTL
256 x 4-BIT
RANDOM ACCESS MEMORY

MCMS93412 — OPEN COLLECTOR
MCMS93422 — THREE-STATE

BLOCK DIAGRAM

01020304 '8 58
17
T10T12 14]16 cs2
010— 19 =51
D2 o——| Sense Amp
11 and
o—1 20
03 13| Write Drivers WE
D40——

v

Word o 32x32
Drivers Array
Ve = Pin 22
Gng =Pin8
1-o0f-32 1-of-8
Decoder Decoder

bl Bl

A3 A4 A5 A6 A7 AQ A1 A2

F SUFFIX
CERAMIC PACKAGE
CASE 652

D SUFFIX
CERAMIC PACKAGE
CASE 738

Plastic package to be announced.

PIN ASSIGNMENT

—
1 Al Vee =22
2 A2 A0 [ 21
3 A3 WE 220
4 A4 CST1 /19
5 A5 OEf—o18
6 A6 Ccs2 (317
7c3 A7 04316
8 ] Gnd D4 15
g D1 03914
10 o1 D3 213
11 D2 02 12

Pin Description

cS Chip Select
AO-A7 Address Inputs
OE Output Enable
WE Write Enable
Dpn Data Input

Op Data Output
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MCM93412 ® MCM93422

FUNCTIONAL DESCRIPTION

The MCM93412 and the MCM83422 are fully decoded
1024-bit Random Access Memories organized 2566 words by
4 bits. Word selection is achieved by means of an 8-bit address,
AO0-AT7.

The Chip Select{CS1 and CS2)inputs provide for memory array
expansion, For large memories, the fast chip select time permits
the decoding of chip select from the address without increasing
address access time.

The read and write operations are controlled by the state of the
active low Write Enable (WE, Pin 20). With WE and CS1 held low
andthe CS2 held high, the data at D is written into the addressed
location. To read, WE and CS2 are held in high and CS1 is held
low. Data in the specified location is presented at Op and is
non-inverted.

The three-state output of the MCM93422 provides drive capa-
bility for higher speeds with capacitive load systems. The third
state (high impedance) allows bus-organized systems where
multiple outputs are connected to a common bus.

During writing, the output is held in the high-impedance state.

Uncommitted collector outputs of the MCM93412 are provided
to allow wired-OR applications. In any application an external
pull-up resistor of R value must be used to provide a high at the
output when it is off. Any R value within the range specified
below may be used.

Vecl(Min) <RL< Vee(Min) - Vou
loL-FO(1.6) n(icgx)+ FO(0.04)
RL is-in k)

n = number of wired-OR outputs tied together

FO = number of TTL Unit Loads (UL) driven

Icex = Memory Output Leakage Current

VoH = Required Output High Level at Output Node

loL = Output Low Current.

The minimum R\ value is limited by output current sinking
ability. The minimum R|_value is determined by the output and
input leakage current which must be supplied to hold the output
at VoH. One Unit Load = 40 uA High/1.6 mA Low.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Storage Temperature

Ceramic Package (D and F Suffix) -55°C to +165°C

Plastic Package (P Suffix) -55°C to +125°C
Operating Junction Temperature, T

Ceramic Package (D and F Suffix) <165°C

Plastic Package (P Suffix) <125°C
Ve Pin Potential to Ground Pin -0.5Vto+7.0V
Input Voltage (dc) -0.56Vto+55V
Voltage Applied to Outputs (Output High) -0.5 Vto +5.5 V.
Output Current (dc) (Output Low) +20 mA
Input Current (dc) -12 mAto +6.0 mA

NOTE 1: Device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded.

GUARANTEED OPERATING RANGES (Note 2)

Supply Voltage (Vo) A
Part N A t T
art Number in Nom Mox mbient Temperature (Ta)
MCM934XXDC,PC | 475V | 5.0V | 5625V 0°C to +75°C
MCM934XXFM,DM | 450V | 50V | 550V -55°C to +125°C

DC OPERATING CONDITONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted)

Symbol Characteristi Limits Conditi
i
ymbo aracteristic Vin Wow Units onditions
VoL Output Low Voltage 0.45 Vdc Vec = Min, IgL = 16 mA
VIH Input High Voltage 21 Vdc Guaranteed Input High Voltage for all Inputs
ViL Input Low Voltage 0.8 Vdc Guaranteed Input Low Voltage for all Inputs
L Input Low Current -400 pAdc | Vec = Max, Vih =04V
I Input High Current 40 pAdc | Voo =Max, Vip=45V
1.0 mAdc | Vee=Max, Vin=5.25V
loff Output Current (High Z) (MCM93422 only) 50 wuAdc | Voo =Max, Voyt=24V
-50 Vee = Max, Vout =05V
los Output Current Short Circuit to Ground -100 mAdc | Ve = Max
(MCM93422 only)
VoH Output High Voltage | MCM83422DC, PC 2.4 Vdc | loH=-10.3 mA, VYcc=5.0V +5%
MCM93422FM, DM 24 Vdc | IgH=-5.2 mA, Vgc=5.0V £10%
Veo Input Diode Clamp Voltage -1.5 Vde Vec = Max, ljnp=-10 mA
Icc Power Supply Current 130 mAdc | Ta = Max
155 | mAdc| Ta=0°C Veg = Max,
All Inputs Grounded
170 mAdc | Ta = Min
Icex Output Leakage Current (MCM93412 only) 100 wAdc | Vec = Max, Voyup=4.5V
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TRUTH TABLE
Inputs Output
OE | €51] CS2 | WE | D, On Mode
X H X X X High Z (H) Not Selected
X X L X X High Z (H) Not Selected
X L H L L High Z (H) Write “0”*
X L H L H High Z (H) Write 1"
H X X X X High Z(H) | Output Disabled
L L H H | x On Read

H = High Voltage Level!
L = Low Voltage Level

X = Don't Care (High or Low)

{H) Output of Open Collector
Device is High.

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted)
AC TEST LOAD AND WAVEFORMS

Loading Conditions

MCM83412
MCM93422

Dout %

Input Pulses

All Input Pulses

Vce
gsoo 0
<
600 _L MCM93422 L
a T 30 pF Only Dout %1 kQ 71~ 30 pF

(Capacitance

Load A Includes Load B
Scope and Jig)
MCM93412DC, PC MCMS3412D0M
Symbol ch istic (N 2.4 MCM93422DC. PC | MCM93422DM, FM Uni Conditi
ymbol aracteristic (Notes 2, 4) Nin Mo Min Mo nits onditions

READ MODE DELAY TIMES ns
tACS Chip Select Time 30 45 See Test Circuit
tzrcsS. [tRcs] | Chip Select to High Z 30 45 and Waveforms

[Chip Select Disable Time]
tAOS Output Enable Time 30 45
tZROS. [tROS]| Output Enable to High Z 30 45

{Output Disable Time]
tAA Address Access Time 45 60
WRITE MODE | DELAY TIMES ns
tzws. [tws] Write Disable to High Z 35 45 See Test Circuit

[Write Disable Time] and Waveforms
tWR Write Recovery Time 40 50

INPUT TIMING REQUIREMENTS ns

tw Write Pulse Width (to guarantee write) 30 40 See Test Circuit
twsD Date Setup Time Prior to Write 5 5 and Waveforms
WHD Data Hold Time After Write 5 5
tWSA Address Setup Time (at tyy = Min) 10 10
WHA Address Hold Time 5 1C
twscs Chip Select Setup Time 5 5
tWHCS Chip Select Hold Time 5 5

{ 10pen Collector parameters for MCM93412 only.

7-5
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READ OPERATION TIMING DIAGRAM

(All Time M Refi dto1.5V)
Propagation Delay from Chip Select Propagation Delay from Address Inputs
cs2 _ N
cs1 5( / AO—A7 ><
Chip Select Address Inputs |
On —— — = i
Data Output HighZ I
3-State CL)"r:"dA tacs —> I
. (o] !
tput HighZ n
Eg;% (B)u PS4 Data Output : X
|
1
o
Open n e tAA —’|
Collector Data Output
Load A
TACS —* | tRCS
P
Propagation Delay from Output Enable
OE
Output Enable __S
N A
On
Data Output  HighZ
- dA
’ 3-State %)°na tAOS —*
, Data Output  HighZ
| LoadB =~ ——— — —
Open g" o
Collect ata Output
ollector " A
tAOS | tROS

WRITE CYCLE TIMING

Chip Select \ ]

AO—A7
J Address

Dn
b Data Input

WE
Write Enable
WSD — tWHD
—twSA TWHA-*
re——twscs tWHCS
on Load A HighZ

Data Output
Load B High Z

(All above measurements reference to 1.5 V.)

7-6
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WRITE ENABLE TO HIGHZ DELAY (MCM93422 only)

5V WE

On Write Enable

Data 7500 15V

Output

i On zws o e ___
mcmeda22 g o ’Ls ] Data Output 0" Lovel ¥ o5y HIINZ
Only T°° o “1" Level
n — N 05V
1 Data Output M ___ _HighZ
LoadC
Propagation Delay from Chip Select to High Z Propagation Delay from Output Enable to High Z
CSs2
Chip Select Ot
_ 15V Output Enable jﬁ.s v
CS1
t
Chip Select 15V On ZROS s
0" - 1
o, tzRCS y= Data Output 0 LevelI — o5V ]
- 1" L
Data Output ~ “0" Level - o5y Hian z On eve 05V {
“1" Level Data Output L_.___ngh z

On — 5v 2
Data Output \_ ____Hish

(All tzxxx parameters are measured at a delta of 0.5 V from the logic level and using Load C.)

NOTE 2: DCand AC specifications limits guaranteed with 500 linear feet per minute blown air. Contact y our Motorola sales representative
if extended temperature or modified operating conditions are desired.

NOTE 3: Output short circuit conditions must not exceed 1 second duration.

NOTE 4: The maximum address access time is guaranteed to be the worst-case bit in the memory.

6 Junction to Ambient
Packag JA (uncti ad mhlan) 6JA (Junction to Case)
Blown Still

D Suffix 50°C/W 85°C/W 15°C/W [
F Suffix 55°C/W 90°C/W 15°C/W

P Suffix 50°C/W 85°C/W 16°C/W

4
PIN ASSIGNMENT

I s Y] P

2 A0 e ——— 23

3 ———————jA3 WE ——————— 2>

Py ———— Y €S

5 C————A5 OF p—— ™20

§ E———————] A6 CS2 fm—————o—319

] —— LV} 04 ————318

g E——————""xGnd D4 =017

[ ————PL1 03 ————16

10 o1 03 ———15

1 D2 02 m————————mx14

12 Ne NC f———"13
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MCM93415

1024-BIT RANDOM ACCESS MEMORY

The MCM93415 is a 1024-bit Read/Write RAM organized 1024
words by 1 bit.

The MCM93415 is designed for buffer control storage and high
performance main memory applications, and has a typical access
time of 35 ns.

The MCM93415 has full decoding on-chip, separate data
input and data output lines, and an active low chip select. The
device is fully compatible with standard DTL and TTL logic
families and features an uncommitted collector output for ease
of memory expansion.

Uncommitted Collector Output
TTL Inputs and Output
Non-Inverting Data Output
High Speed —
Access Time — 35 ns Typical
Chip Select — 15 ns Typical
® Power Dissipation Decreases with Increasing Temperature
® Power Dissipation 0.5 mW/Bit Typical
©® Organized 1024 Words X 1 Bit

e F R R

AO0 A1 A2A3 A4 A5 A6A7TA8 A9

BLOCK DIAGRAM

Sense Amp 7
and Dout
Write Drivers
Word o 32X32 K‘
Drivers Array 14
E
L
C:
15
o
1 0f 32 1 of 32
Decoder Decoder

Vce = Pin 16
Gnd = Pin 8

TTL
1024 X 1 BIT
RANDOM ACCESS MEMORY
F SUFFIX
CERAMIC PACKAGE
CASE 650
16
1
D SUFFIX
CERAMIC PACKAGE
CASE 620
16
1
P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN ASSIGNMENT

S
1§ cs Vee 218
2c A0 Dinf 15
3 a1 WE D14
4c]A2 A9 13
5 CJ A3 A8 312
=Y} A7E11
7 3 Doyt A6 10
8 E3Gnd ASFD 9

Pin Designation

Cs Chip Select
AQ~— A9 Address inputs
WE Write Enable
Din Data Input
Dout Data Output
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FUNCTIONAL DESCRIPTION

=
The MCMQ3415 is a fully decoded 1024-bit Random Access VeeiMin) VeelMin)-VoH é
Memory organized 1024 words by one bit. Bit selection is <RL< F0(0.04)
achieved by means of a 10-bit address, AQ to A9. loL - Fol1.6) nllcex) + . - |
The Chip Select input provides for memory array expansion. R isin kQ P_
For large memories, the fast chip select access time permits the n = number of wired-OR outputs tied together l—
decoding of Chip Select (CS) from the address without affecting FO = number of TTL Unit Loads (UL) driven
system performance. Icex = Memory Output Leakage Current
The read and write operations are controlled by the state of VQoH = Required Qutput High Level at Output Node
the active low Write Enable (WE, Pin 14). With WE held low and loL = Output Low Current
the chip selected, the data at Dj, is written into the addressed
location. To read, WE is held high and the chip selected. Data in The minimum R value is limited by output current sinking
the specified location is presented at Dgyy and is non-inverted. ability. The maximum R_value is determined by the output and

input leakage current which must be supplied to hold the output

Uncommitted collector outputs are provided to allow wired-
at VoH. One Unit Load = 40 pA High/1.6 mA Low.

OR applications. In any application an external pull-up resistor of
R value must be used to provide a high at the output when it is
off. Any R|_ value within the range specified below may be used.

ABSOLUTE MAXIMUM RATINGS (Note 1) TRUTH TABLE
Storage Temperature Inputs Output !
Ceramic Package (D and F Suffix) -55°C to +165°C Open
Plastic Package (P Suffix) -55°C to +125°C cs WE Din Collector Mode
Operating Junction Temperature, T j H X X H Not Selected
Ceramic Package (D and F Suffix) <165°C L L L H Write 0"
Plastic Package (P Suffix) <125°C L L H H Write 1"
Vg Pin Potential to Ground Pin -05Vto+7.0V L H x Dout Read
Input Voltage (dc) -05V to+55V
Voltage Applied to Outputs (Qutput High) -0.5Vto+5.5V H = High Voltage Level ‘1
Output Current (dc) (Output Low) +20 mA ;‘( : 'E’zv:,l\/g:rzg(:‘?::e;r Low)
Input Current (dc) -12 mA to +5.0 mA 1
NOTE 1: Device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
GUARANTEED OPERATING RANGES (Note 2)
Supply Voltage (Vcc)
Part Number Min Nom Max Ambient Temperature (T )
MCM93415DC, PC 4.75V 50V 5.25V 0°C to +75°C ‘
MCM93415FM, DM 450V 5.0V 5.50 V -55°C to +125°C
i
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted) |
Limits
Symbol Characteristic Min Max 