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NOTES FOR CMOS DEVICES

(D PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipate it once, when it has occurred. Environmental control must
be adequate. When it is dry, humidifier should be used. itis recommended
to avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools
including work bench and floor should be grounded. The operator should
be grounded using wrist strap. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

(@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to Voo or GND with a
resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

(® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Produc-
tion process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/0 settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.
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Part Number

Dual Port Graphics Buffer

uPD43

NEC CMOS

Application Specific Memory

48

|

Device code

1 : Graphics RAM

5 : Line Buffer
8 : Rambus DRAM

Capacity
2 : 2M bits
4 : 4M bits

Words organization

3:x 8 bits
4:x 16 bits

Function

4 : Fast page mode
5 : Hyper page mode

Package

LE :SOJ
GW : Shrink SOP
G5 : TSOP (I)

™—Vce
No Letter: 5.0V = 10%
L-A :33V 03V

RAS access time

60 : 60ns
70 : 70ns
80 : 80ns



Synchronous GRAM

HPD48 1850

— -

| 1

1
i
1

NEC CMOS ——
Application Specific Memory

Device code

: Dual Port rapcs Buffer
5 : Line Buffer
8 : Rambus DRAM

Capacity
8 : 8M bits

Word organization
5 : % 32 bits

Function

Package
GF : QFP

VCC

A:33V £ 03V

| =

Cycle time

10 : 10ns
12: 12ns
15: 15ns



Rambus DRAM

uPD488 170 L VN - A50- 9

NEC CMOS
Application Specific Memory

Device code

1 : Graphics RAM
2 : Dual Port Graphics Buffer
5 : Line Buffer

Capacity
170 : 18M bits (1M words X 9 bits X 2 banks)
130 : 16M bits (1M words X 8 bits X 2 banks)
031 : 8M bits (1M words X 9 bits X 1 bank)
Operating voltage
L:33V X015V
Package
VN : 32 pin plastic SVP (11 x 25)
G6 : 72/36 pin plastic SSOP type
Clock frequency
AS50: 250 MHz
A45: 225 MHz
SVP lead
9 : 0.65 mm (pitch)




Line Buffer

1PD48 5 506 G5 - 25

NEC CMOS
Application Specific Memory

Device code
1 : Graphics RAM
: phics Buffer

8 : Rambus DRAM

Function

505 : 5K x 8 bits
506 : 5K x 16bits/10K x 8 bits

Package

G :SOP
G5 : TSOP (II)

Read/Write cycle time
25 : 25ns (Read cycle), 25ns (Write cycle)

27 : 27ns (Read cycle), 25ns (Write cycle)
35 : 35ns (Read cycle), 35ns (Write cycle)




Field RAM

1PD48 7000 GC - 30

NEC CMOS
Application Specific Memory

4.75 M bits Field RAM

Package
GC : 100-pin plastic QFP (0.5 mm pitch) ((J14 mm)
Serial cycle time

30:30ns
40 : 40 ns
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DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT
1PD482444, 482445

4M-Bit Dual Port Graphics Buffer
256K-WORD BY 16-BIT

Description

The uPD482444 and uPD482445 have a random access port and a serial access port. The random access port
has a 4M-bit (262, 144 words x 16 bits) memory cell array structure. The serial access port can perform clock
operations of up to 50 MHz from the 8K-bit data register (512 words x 16 bits).

To simplify the graphics system design, the split data transfer function and binary boundary jump function have
been adopted so that the number of split data registers can be programmed with the software during serial read/write
operations.

The pPD482445 is provided with the hyper page mode, an improved version of the fast page mode of the
uPD482444. The random access port can input and output data by CAS clock operations of up to 33 MHz. The power
supply voltage is either 5 V + 10 % (uPD482444, 482445) or 3.3 V £ 0.3 V (uPD482445L).

Features
Dual port structure (Random access port, Serial access port)
® Random access port (262, 144-word x 16-bit structure)

1PD482444
1PD482444-60 uPDA482444-70
RAS access time 60 ns(MAX.) 70 ns(MAX.)
Fast page mode cycle time 35 ns(MIN.) 40 ns(MIN.)
uPD482445
uPDA482445-70
HPD4B244560 | oDagoadsL-ATO
RAS access time 60 ns(MAX.) 70 ns(MAX.)
Hyper page mode cycle time 30 ns(MIN.) 35 ns(MIN.)

« Block write function (8 columns) (Write-per-bit can be specified.)
» Mask write (Write-per-bit function)

* 512 refresh cycles /8 ms

+ CAS before RAS refresh, RAS only refresh, Hidden refresh

The infor ion in this d t is subject to ch ith notice.

Document No. M11097EJ2VODSU1
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@ Serial access port (512 words x 16 bits organization)
+ Serial read/write cycle time

1PD482444-60
1PD482445-60

1PDA482444-70

uPDA482445-70, 482445L-A70

20 ns(MIN.)

22 ns(MIN.)

« Serial data read/write

« Split buffer data transfer
+ Binary boundary jump function

Ordering Information

Part Number RASn:ic::)s(")l'ime Package Pow\;i::::ply Page Mode
uPD482444GW-60 60 64-pin plastic shrink 5V+10% Fast page mode
1PDA482444GW-70 70 SOP (525 mil)
uPD482445GW-60 60 64-pin plastic shrink 5V+10% Hyper page mode
uPD482445GW-70 70 SOP (525 mil)
uPD482445LGW-A70 70 33V+03V
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Pin Configurations (Marking Side)

64-Pin Plastic Shrink SOP (525 mil)

Vec O—
DT/OE 0—
GND 0—
SI00 O=—->
WO/IO0 O=—
SIO1 O=—>
W1/I01 O=—
Vec O—
S102 O~——>1
W2/I02 O=—>
SI03 0=
W3/I03 O=—>1
GNDO— 13
SI040~—+] 14
W4/I04 O=—= 15
SIO50=—+ 16
W5/I05 O=—=1 17
Vec O— 18
SI06 O=—=1 19
W6/106 20
Slo7 21
W7/I107 O=—-= 22
GNDO—— 23
(WEo——+] 24
UWE o—={ 25
RASO—=| 26
A8 O—=] 27
A70—={ 28

A6 O—=1 29
A50—=1 30
A40—=1 31
VeccO—— 32

0N O A WN =

- ©
N = O

U 64 ~—0SC

O 63 [~—OSE
62 ——OGND

61 |~—0SIO15

60 |=—=0OW15/1015

59 slo14

58 W14/1014

57 —OVce

56 =—=051013

55 l~—=0W13/1013

54 f~—=08i012

53 |=—=0W12/i012

52 ——OGND

51 f~—=0SI011

50 f~—=0W11/1011

49 }~—=051010

48 }=—=0W10/1010

47 ——O0Vec

46 }+—=05109

45 [=—=0 W9/109

44 |+—=0SI08

43 |0 W8/I08

42 ——OGND

41 f~—oDSF

40 —onNc

39 =—o0CAS

38 |—=oQsF

37 ~—o0n0

36 ~—o0A1
O 35 [=—OA2

34 =—OA3

33 —OGND

MOSPPesrad?

MOYPPesyadr

MOIsvbesradr

A0 to A8 :
WO to W15/100 to 1015 :
SIO0 to SIO15
RAS

CAS

DT/OE

UWE, LWE
SE

SC

QSF

DSF

Vce

GND

NCNote

: Address inputs

Mask data selects/Data inputs and outputs

: Serial data inputs and outputs
: Row address strobe

: Column address strobe

: Data transfer/Output enable

. Write-per-bit/Write enable

: Serial data input/Output enable
: Serial clock

: Special function output

: Special function enable

: Power supply voltage

: Ground

: No connection

Note Some signals can be applied because this pin is not connected to the inside of the chip.

11
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Block Diagram

AAS —]
CAS —
DT/OE —
OWE —
TWE —

DSF —

Vee
GND——

Timing Generator

Refresh
Counter

Address Buffer

A6 —=

A7——T
A8 ———1

WO0/100 W15/1015

Color Register
(16 bits)

Common /O Buffer

Mask Register
(16 bits)

Column Decoder

I

Sense Amp

r—————————- 512 columns x 16

Memory Cell Array
(512 x 512 x 16)

l«————— 512 Rows

i

|
Transf?r Gate

STOP

i
| 17 11

Data Register (512 words x 16 bits)
| ] ]

10 e 1T
l 255 L256 L

Tor]

;!
Serial Address
sc Pointer 0 ‘
SE
QSF SI00

SIO15

13
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1. Pin Functions

and WO to W15/100 to 1015, SIO0 to SIO15 input/output pins.
(1/3)

Input/

Pin Name Function
Output
RAS Input | This signal latches the row addresses (A0 to A8), selects the corresponding
(Row address strobe) word line, and activates the sense amplifier. It also refreshes the memory
cell array of the one line (8,192 bits) selected from the row addresses (A0
to A8).
It also serves as the signal which selects the following operations.
» Write-per-bit + Split data transfer
» CAS before RAS refresh
CAS This signal latches the column addresses (A0 to A8), selects the digit line
(Column address connecting the sense amplifier, and activates the output circuit which
strobe) outputs data to the random access port.
It also serves as the signal which selects the following operations.
» Read/write + Block write
» Color register set « Mask register set
A0 to A8 These are the address input pins, TAP register input pins, and STOP
(Address inputs) register input pins.

Address input

This is a 9-bit address bus. It inputs a total of 18 bits of the address signal,
starting from the upper 9 bits (row address) and then followed by the lower
9 bits (column bits) (address multiplex method). Using these, one word
memory cells (16 bits) are selected from the 262,144 words x 16 bits
memory cell array.

During use, specify the row address, activate the RAS signal, latch the row
address, switch to the column address, and activate the CAS signal. After
activating the RAS and CAS signals, each address signal is taken into the
device. For this reason, the address input setup time (tasr, tasc) and hold
time (tran, tcan) are specified for activating the RAS and CAS signals.

TAP Register Input

Inthe data transfer cycle, this TAP register input pin functions as the address
input pin which selects the memory cell for transferring (9 bits are latched
at the falling edge of RAS) and the TAP register data input pin which
specifies the start addresses of the serial read/write operation after data
transfer (9 bits are latched at the falling edge of the CAS).

STOP Register Input
This pin functions as the STOP register input pin when the STOP register
is set (STOP register data (9 bits) are latched at the falling edge of the RAS.)
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(2/3)

Pin Name

Input/
Output

Function

DT/OE
(Data transfer/
output enable)

UWE, LWE
(Write enable)

DSF
(Special function
enable)

Input

These are the data transfer control signal and read operation control signal
respectively. They have different functions in the data transfer cycle and
read cycle.

Data transfer control signal (In data transfer cycle)
The data transfer cycle is initiated when a low level is input to this pin at the
falling edge of RAS.

Read operations control signal (In read cycle)

Read operation is performed when this signal, and the RAS and CAS signals
are activated. The input/output pin is high impedance when this signal is
not activated. When the UWE and LWE signals are activated while the DT/
OE signals are activated, the DT/OE signals are invalid in the memory and
read operations cannot be performed.

These are the write operation control signal and mask write cycle (write-per-
bit function) mask data input control signal, respectively.
UWE controls the upper bytes (W8 to W15/108 to 1015) and LWE controls
the lower bytes (W0 to W7/100 to 107) of the input/output pins.
When this signal, RAS and CAS signals are activated, write operations or
mask write can be performed. These mode are determined by the level of
UWE and LWE at the falling edge of RAS.

« High level ....... 8 or 16-bit write cycle

* Low level........ Mask write cycle (Write-per-bit)

This signal controls the selection of functions.
The selection of functions is determined by the level of this signal at the
falling edge of the RAS and CAS. The functions will change as follows when
this signal is high level.

» The data transfer cycle changes to a split data transfer cycle.

+ The write cycle of each CAS clock changes to the block write cycle.

WO to W15/100 to 1015
(Mask data selects/
Data inputs, outputs)

Input/
Output

These are normally 16-bit data bus and are used for inputting and outputting
data. (l00 to 1015).

Function as the mask data input pins (WO to W15) in the mask write cycle
(write-per-bit function).

Write operations can be performed only for W0 to W15 that are input with
a high level at the falling edge of RAS (new mask data).

Functions as the column selection data input pin in the block write cycle.

15
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(Special function
output)

(3/3)
Pin Name Input/ Function
Output
SC Input | This pin inputs the clock which controls the serial access port operation.
(Serial clock)
Serial Read
The data of the data register which is synchronized with the rising edge of
the SC are output from the SIO0 to SIO15 pins and kept until the next SC
rising edge.
Serial Write
The data from the SIO0 to SIO15 pins are latched at the rising edge of the
SC and written in the data register.
SE This is a control pin for the serial access port input/output buffer.
(Serial data input/ It controls data output during serial reading and controls data input during
output enable) serial writing.
By inputting the serial clock, the serial pointer will operate even if SE has
not been activated (high level input).
8100 to SI015 Input/ | These are the serial data input and output pins of the serial access port.
(Serial data inputs/ Output
outputs)
QSF Output | This is a position discrimination pin of the serial pointer (upper side or lower

side).
Which side is being serial accessed (upper side or lower side) can be
discriminated according to the output of this pin.

+ High level ....... Upper side (Addresses 256 to 511)

* Low level........ Lower side (Addresses 0 to 255)
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2. Random Access Port Operations

The operation mode is determined by the CAS, DT/OE, UWE, LWE, and DSF level at the falling edge of RAS
and DSF level at the falling edge of CAS.

Table 2-1. Operation Mode

RAS Falling Edge .CAS
Falling Edge Operation Mode
CAS| DT/OE |[UWE|LWE|DSF|  DSF
H H H L L Read/Write cycle
H H H H L H Block write cycle
H H L{L|[L L Mask write cycleNote 1
H H L|HI|L L i Upper byte mask write cycleNote 1
H H H|lL]|L L g Lower byte mask write cycleNote 1
H H L|{L|L H g Block mask write cycleNote 1
H H L{H]|L H 3 Upper byte block mask write cycleNote 1
H H H|lL]|L H Lower byte block mask write cycleNote !
H H H H H H Color register set cycle
H H H H H L Write mask register set cycle
H L H H L X §. Single read data transfer cycle
H L H H | H X E Split read data transfer cycle
H L L|L|L x ,_‘S'f Single write data transfer cycleNote 1
H L L|L|H x § Split write data transfer cycleNote 1
L x x | x| L x 2 CAS before RAS refresh cycle (Option reset)Note 1, 2
Y —
L X H H | H x O | CAS before RAS refresh cycle (No reset)
L L{LI|H X g CAS before RAS refresh cycle (STOP register set)Note 2
H H x | x | x x E:’ RAS only refresh cycle

Notes 1. Observe the following conditions when using the new mask data or old mask data in these cycles.
(1) Old mask data
Can be used after setting the mask data using the write mask register set cycle.
(2) New mask data
Can be used after setting the mask data using the CAS before RAS refresh cycle (Option reset
cycle).
2. The STOP register is set to “FFH (11111111)” by the optional reset cycle.

Remark H : High level, L : Low level, x : High level or low level

17
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2.1 Random Read Cycle

This product has a common 16-bit input/output pin. To output data, specify the address using the RAS and
CAS clocks and then set DT/OE to low level.

The data output will be kept until one of the following conditions is set.

(1) Set RAS and CAS to high level
(2) Set DT/OE to high level
(3) Set UWE and LWE to low level (UWE controls the upper bytes, LWE controls the lower bytes)

The read cycle and data transfer cycle are differentiated according to the level of DT/OE at the falling edge of
the RAS clock. If DT/OE is set to low level at the falling edge of the RAS clock, data transfer cycle operations will
be initiated. Therefore, to set the read cycle, input a high level above toxH (MIN.) to DT/OE from the falling edge
of the RAS clock, and then input a low level.

Caution Set the DSF to low level at the falling edge of RAS. If set to high level, the memory cell data
cannot be output.

2.1.1 Extended Read Data Output (uPD482445, 482445L)

The uPD482445 and uPD482445L adopt the hyper page mode cycle which is a faster read/write cycle than the
fast page mode of the uPD482444 (Hyper page mode cycle time: 30 ns (MIN.)). :

With this cycle, the read data output can be kept until the next CAS cycle, and because the output is extended,
the minimum cycle can easily be used. For example, by fixing DT/OE at low level after dropping RAS and executing
the hyper page read cycle, each time the column address is latched at the falling edge of CAS, the data output will
be updated and kept until the next falling edge of CAS. As a result, the output will be extended only during CAS
precharge time (tcp) as compared to the normal fast page mode.

Figure 2-1. Extended Data Output of Hyper Page Mode

RAS (Input) \ /

top tcp

CAS (input) \ / \

AO to A8 (Input) D@ZZX_
DT/OE (Input) /

Note 1 Note 2 Note 1 Note 2 Note 1 Note 2

Notes 1. Time during which the output data is kept in the fast page read cycle.
2. Time during which the output data is kept in the hyper page read cycle
output).

W/IO (Output)  ==========n= (
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2.2 Random Write Cycle (Early Write, Late Write)

There are three types of random write cycles-the early write and late write. To use these cycles, activate the
RAS and CAS clocks and set UWE and LWE to low level. In addition, as this product has two write enables, data
input can be controlled for every 8 bits (upper byte and lower byte). UWE controls the upper bytes (W8 to W15/
108 to 1015) while LWE controls the lower bytes (W0 to W7/I00 to 107). Byte write cycle can therefore be performed
by controlling UWE and LWE.

The random write cycle, regardless of the word/byte write cycle, latches the word data (16 bits) input to the data
bus. By inputting a low level to UWE (or LWE) during the byte write cycle, the latched word (16 bits) data will be
written only in the upper byte (or lower byte) and the data of the unselected lower byte (or upper byte) will be ignored.
In the same write cycle, by inputting a low level to LWE (or UWE) later, the ignored lower byte (or upper byte) data
can be written. By controlling the UWE and LWE pins, the word data (16 bits) in the same cycle can be written
in one byte (8 bits).

The UWE and LWE also control the mask data for the write-per-bit function (mask write cycle). Therefore, when
performing the normal write cycle which does not use the write-per-bit function, set these pins to high level at the
falling edge of the RAS clock.

2.2.1 Early Write Cycle

The early write cycle controls data writing according to the CAS clock.

To execute this cycle, set UNE and LWE to low level earlier than the CAS clock. The write data is taken into
the device at the falling edge of the CAS clock.

2.2.2 Late Write Cycle

The late write cycle controls data writing according to the WE clock.

To execute this cycle, set UWE and LWE to low level later than the CAS clock. The write data is taken into the
device at the falling edge of UNE and LWE. To set the output to high impedance at this time, keep DT/OE at high
level until UWE and LWE are input.

2.3 Read Modify Write Cycle

The read modify write cycle performs data reading and writing in one RAS and CAS cycle.

To execute this cycle, delay UWE and LWE from the late write cycle by tawo (MIN.), tcwo (MIN.), and tawp (MIN.).
Follow the toez and toep specifications so that the output data and input data do not clash in the data bus. The data
after modification can be input after more than toeo (MIN.) from the rising edge of DT/CE.

2.4 Fast Page Mode Cycle (uPD482444)

The uPD482444 adopt the fast page mode. This mode accesses memory cells in the same row array in about
1/3 of the time taken by the normal random read/write cycle. This fast page mode cycle is executed by repeating
the CAS clock cycle more than two times while the RAS clock is being activated. In this mode read, write and read
modify write cycles are available for each of the consecutive CAS cycles within the same RAS cycle.

2.5 Hyper Page Mode Cycle (uPD482445, 482445L)

The uPD482445 and uPD482445L adopt a hyper page mode cycle which is a faster read/write cycle than the
fast page mode of the uPD482444 (Hyper page mode cycle time: 30 ns (MIN.)).

In this cycle, because the read data output is kept until the following CAS cycle and as a result, the output is
extended, the minimum cycle can easily be used. The output is extended compared to the normal fast page mode
of uPD482444. Refer to 2.1.1 Extended Read Data Output.

19
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2.6 Block Write Cycle

This cycle writes the color register data in 128-bit or 64-bit memory cell in one cycle. The memory cell range
in which data can be written in one block write cycle is eight continuous columns on one row address (8-column
x 16 - 10 = 128 bits or 8-column x 8 - IO = 64 bits).

Any column of the eight columns can be selected and writing prohibited. Determine whether to write or prohibit
writing according to the data selected for column.

2.6.1 Free Column Selection

Determine which column to select according to the W/IO pin to which the data selected for the column is to be
input.

The eight columns (1st to 8th) correspond to W0 to W15/100 to 1015 to which the data selected for column will
be input (The following table shows the 1st to 8th columns specified by A0, A1, and A2 and the corresponding W/
IO pins to which the data selected will be input.). k

2.6.2 Column Select Data
Input column select data for every eight columns at the upper 64 bits and lower 64 bits (a total of 16 columns).
The data will be written if the column select data is “1”. Writing will be prohibited if the column select data is “0”.
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2.6.3 Execution of Block Write Cycle

At the falling edge of the slowest signal (CAS, UWE, or LWE), input the “1” column select data or “0” column
select data to WO to W15/100 to 1015 corresponding to columns 1st to 8th.

By using the write-per-bit (new mask data/old mask data) function, only the required W/IO can be selected and

written.

Table 2-2. 1/0 Pins Input with Column Select Data Corresponding to Columns 1st to 8th
Column Select Data of Lower Byte (100 to 107) Column Select Data of Upper Byte (108 to 1015)
setoteq s |and Corosponding | Column | 11| and Ganespanding | Column |

Columns W/IO Pin S;:-tz;t Writing Columns W/IO Pin sl:?:;:t Writing
A2 (A1|AO| IO A2 |A1|AO| 10O
1stcolumn |0 | 0| O | IO0 1 Yes istcolumn [0 [0 | O | IO8 1 Yes
0 No 0 No
2ndcolumn [0 [0 | 1| 101 1 Yes 2ndcolumn |0 | O |1 | 109 1 Yes
0 No 0 No
3rdcolumn |0 | 1] 0] I02 1 Yes 3rdcolumn |0 | 1|0 [lO10 1 Yes
0 No 0 No
4thcolumn | O [ 1] 1] 103 1 Yes 4thcolumn |0 | 1|1 [IO11 1 Yes
0 No 0 No
5th column 110]|0] 04 1 Yes 5th column 1100 }lO12 1 Yes
0 No 0 No
6thcolumn |1 [0 | 1] 105 1 Yes 6th column |1 }10]1|1013 1 Yes
0 No 0 No
7thcolumn |1 ] 1[0 | 106 1 Yes 7thcolumn |1 ]1]0|l014 1 Yes
0 No 0 No
8thcolumn (1 (11107 1 Yes 8thcolumn |1 |1 [ 1]1015 1 Yes
0 No 0 No
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Figure 2-2. Memory Cell Range That Can be Written in Block Write Cycle

A""""/
LoZ Z 7 7 7 7 7 7,
16 WO ‘ Upper 64 bits /%5 ()
A o S bt 2 L L L 2 2 /V Wsiosto WisI015
s b 7 7 7 7 7 7 7
’ 2. L
511 < £l £ L 8in Cotumn (W1s/1015)
gl 7, L 7th Column (W14/1014)
o a 6th Column (W13/013)
. ; L 5thColumn (W12/1012)
512 Rows 8 Columns A 4th Column (W11/1011)
3rd Column (W10/1010)
2nd Column (W9/109)
Lower 64 bits 1st Column (W8/108)
0
0 512 Columns 511 /
’
’
,
; WO/100 to W7/107

L sth Column (W7/107)
7th Column (W6/106)
6th Column (W6/105)
5th Column (W4/104)
4th Column (W3/103)
3rd Column (W2/102)
2nd Column (W1/101)
1st Column (WO0/I00)

Remarks 1. | | is the memory cell range that can be written in one block write cycle.
2. () is the W/IO pin input with the column select data.

2.7 Register Set Cycle (Color Register, Write Mask Register)

This cycle writes data in the color register and write mask register. To execute the register set cycle, set CAS,
DT/OE, UWE, LWE and DSF to high level at the falling edge of RAS. Determine which register to select according
to the DSF level at the falling edge of CAS.

The register set cycle also serves as the RAS only refresh cycle.

Table 2-3. Register Selection

DSF level at CAS falling edge

Selected register

High level

Color register

Low level

Write mask register

Caution After selecting the write mask register and writing the mask data, the write-per-bit function in
the mask write cycle will be set for the old mask register. Refer to 2.8.1 Write-Per-Bit Function.
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2.8 Mask Write Cycle

Cycles that use the write-per-bit function during the random write cycle, flash write cycle, block write cycle, write
data transfer cycle, are called mask write cycles. In the fast page/hyper page mode write cycle, the mask data cannot
be changed during the CAS cycle.

2.8.1 Write-Per-Bit Function
The write-per-bit function writes data using the mask data only in the required 10-pin. It writes when the mask

data is “1” and prohibits writing when the data is “0”.

Table 2-4. Mask Data Selection

W Pin Mask Data Writing
WO to W15 1 Yes
0 No

2.8.2 Selecting Mask Data

There are two ways of selecting mask data. One is the new mask data method and the other is the old mask
data method.

With the new mask data method, new mask data is set in the cycle writing. With the old mask data, mask data
set in the write mask register is used.

(1) New Mask Data Method
To switch to the mode using new mask data, set the DSF to low level at the falling edge of CAS in the CAS
before RAS refresh cycle.

As a result, the write-per-bit function can be used using the new mask data from the next mask write cycle.

(2) Old Mask Data Method
To switch to the mode using old mask data, set the DSF to low level at the falling edge of CAS in the write
mask register set cycle, and write the mask data in the write mask register.
As a result, the write-per-bit function can be used using the old mask data from the next mask write cycle.

2.8.3 Execution of Mask Write Cycle

To execute the write-per-bit function, select the new mask data method or old mask data method, and set UWE
and LWE to low level at the falling edge of RAS of each write cycle (UWE controls the upper byte (W8 to W15/108
to 1015) and LWE controls the lower byte (WO to W7/100 to 107).). At this time, input the mask data to the W pin
in the write cycle using the new mask data. In the write cycle using the old mask data, as the mask data set to
the write mask register will be used, there is no need to input the mask data to the W pin.

This function is valid only at the falling edge of RAS. In the fast page/hyper page mode write cycle, the mask
data determined in the first RAS cycle for moving onto the next fast page/hyper page mode will be valid while the
fast page/hyper page mode write cycle continues.
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2.9 Refresh Cycle

The refresh cycle of this product consists of the CAS before RAS refresh cycle and refresh cycle using external
address inputs (RAS only refresh and read/write refresh). The refresh period is the same as the 2M-bit dual port
graphics buffer (x 8), 512 cycles/8 ms.

2.9.1 Refresh Cycle Using External Address Input (RAS Only Refresh and Read/Write Refresh)

By specifying the row address using the 9 bits between A0 to A8 at the falling edge of RAS, setting CAS to high
level, and keeping CAS at high level while RAS is low level, the memory cells on the specified row address (512
x 16 bits) can be refreshed. Atthis time, refresh is executed, W0 to W15/100to 1015 pins are kept at high impedance,
and information such as memory contents, register data, function settings, etc. are all also kept.

At the falling edge of RAS, all cycles whose CAS are high level input the external address. Therefore, in addi-
tion to the read/write cycle operations, etc. refresh operations similar to the RAS only refresh operations will be
performed. For this reason, in systems in which addresses in the memory are always increased or decreased, it
may not be necessary to perform refresh again.

When several devices exist on one bus, data will clash in the bus during the above read/write operations unless
each device is equipped with a buffer. Consequently, as it is necessary to set the /O line to high impedance
beforehand during refresh, normally the RAS only refresh operation is used.

2.9.2 CAS Before RAS Refresh Cycle (Including Hidden Refresh)

When CAS is set to low level at the falling edge of RAS, the refresh address is supplied from the internal refresh
address counter. The internal refresh address counter is increased automatically each time this refresh cycle is
executed.

During this refresh cycle, functions of random access port and serial access port are selected as follows according
to the DSF, U_VVE, and LWE levels at the falling edge of RAS.

(1) When DSF is low level: Optional reset
All STOP register data become “1” and the mask write cycle switches to the new mask data method.

(2) When DSF is high level and UWE, LWE are low level: STOP register set
The STOP register data is input from the A0 to A8 pins at the falling edge of RAS.

(3) When DSF, UWE, and LWE are high level: No reset
Only refresh operations are performed and the function selection state is kept.

In all cases, the W/IO pin is kept at high impedance. When CAS and DT/OE are kept low level while the mode
is changed to the CAS before RAS refresh cycle following the read cycle, and RAS is activated, the hidden refresh
cycle will be initiated. In this cycle, the W/IO pin does not become high impedance and the data read in the former
read cycle will be kept as it is.

Because internal memory operations are equivalent to CAS before RAS refresh, no external addresses are
required.

Like CAS before RAS refresh, in the hidden cycle, functions will be selected according to the level of DSF, UWE,
and LWE at the falling edge of RAS. Operations are guaranteed when DSF is low level and when DSF, UWE, and
LWE are high level.
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3. Serial Access Port Operations

There are two types of data transfer cycles-data transfer from the random access port to the serial access port
(read data transfer) and data transfer from the serial access port to the random access port (write data transfer).

There are also two types of data transfer methods-single data transfer and split data transfer.

To set the data transfer cycle, input high level to CAS and input low level to DT/OE at the falling edge of RAS.
The data transfer type differs according to the input levels of UWE, LWE, and DSF at the falling edge of RAS.

Table 3-1. Serial Access Port Operation Mode

At RAS Falling Edge Transfer Direction
CAS | DT/OE | UWE, LWE |DSF Data Transfer Type Transfer Source Tra.nsft.er
Destination
H L H L | Single read data transfer Random access | Serial access
H L H H | Split read data transfer port port
H L L L | Single mask write data transferNote Serial access Random access
H L L H | Split mask write data transferNote port port

Note Write-per-bit function can be specified.

Remark H: High level, L: Low level
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3.1 Single Data Transfer Method
With this method, 512 words x 16 bits (whole memory range of serial access port) data is transferred at one time.
This method can be used in both write data transfer and read data transfer.

3.1.1 Single Read Data Transfer Cycle
This cycle transfers the 8K-bit (612 words x 16 bits) data of the random access port to the serial access port
in one cycle.

(a) Setting of Single Read Data Transfer Cycle
To set the data transfer cycle, input a high level to CAS, UWE, and LWE and low level to DT/OE and DSF
at the falling edge of RAS.
Using the row address input to A0 to A8 at the falling edge of RAS, the memory cells (512 words x 16 bits)
of the transfer source of the random access port can be selected. The address data input to AO to A8 at
the falling edge of CAS will be latched as the TAP register data. Refer to 3.4 TAP Register.

®

~

Execution of Single Read Data Transfer Cycle

To execute the data transfer cycle, set the single read data transfer cycle and then input a high level to DT/
OE and RAS.

When SC is active (edge control), data transfer will be executed at the rising edge of DT/OE. When SC
is inactive (self control), it will be executed at the rising edge of RAS. At the same time, the serial address
pointer jumps to the start column (TAP) of the next serial read cycle, and the TAP register will be set the
empty state.

After the transfer is completed, the new serial access port data is output after tsca following the rise of the
SC clock that occurs after tson if the SC is active, and after tspur if SC is inactive.

Caution When the single read data transfer cycle is executed while the serial access port is
performing serial write operations, the serial access port will start serial read operations
at the rising edge of RAS. Refer to 4. Electrical Characteristics Read Data Transfer Cycle
(Serial Write — Serial Read Switching) Timings.
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3.1.2 Single Mask Write Data Transfer Cycle

This cycle transfers 8K-bit (512 word x 16 bits) data of the serial access port to the random access port in one
cycle. Because UWE and LWE are low level at the falling edge of RAS, the write-per-bit function always functions
in this transfer cycle. Refer to 2.8 Mask Write Cycle.

(a)

(b)

Random Access Port Random Access Port

Serial Access Port

Setting of Single Mask Write Data Transfer Cycle

To set this cycle, latch the data to be transferred to the serial access port, and then input a high level to
CAS and low level to DT/OE, UWE, LWE, and DSF at the falling edge of RAS. Because the write-per-bit
function functions in this transfer operation, for the new mask data method, the mask data must be supplied
to WO to W15 at the falling edge of RAS, and for the old mask data method, there is no need to control the
mask data.

The memory cells (512 words x 16 bits) of the transfer destination of the random access port are selected
using the row address input to AO to A8 at the falling edge of RAS. The address data input to AO to A8 at
the falling edge of CASis input as the TAP register data. Refer to 3.4 TAP Register.

Execution of Single Mask Write Data Transfer Cycle

To execute this cycle, set the single write data transfer cycle and then input high level to RAS. Data will
be transferred at the rising edge of RAS. At the same time, the serial address pointer jumps to the start
column (TAP) of the next serial write cycle, and the TAP register will be set the empty state.

After the transfer is completed, the new serial access port data is latched at the rising edge of the SC clock
that occurs after tspHr.

Caution 1. When the single mask write data transfer cycle is executed while the serial access port
is performing serial read operations, the serial access port will start serial write
operations at the rising edge of RAS. Refer to 4. Electrical Characteristics Write Data
Transfer Cycle (Serial Read — Serial Write Switching) Timings.

2. Always make CAS low level in the write data transfer cycle and latch TAP. If write data
transfer is performed without setting TAP, serial access port operations cannot be
ensured until either one of the following points. If the SC clock is input during this time,
the serial register value also cannot be guaranteed.

« Until the falling edge of CAS during the write data transfer cycle
» Until the read data transfer cycle is executed again

Figure 3-1. Single Write Data Transfer and TAP Operation

Before transfer After transfer

Transfer destination

TAP register TAP register

TAP dat: "Empty"

Serial Access Portl l

L TAP
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3.2 Split Data Transfer Method

With this method, the 512 words x 16 bits (whole memory range of serial access port) data is divided into the
lower column (0 to 255) and upper column (256 to 511), each consisting of 2566 words x 16 bits.

Because the columns are divided into upper and lower columns with this method, data transfer can be performed
on lower column (or upper column) while performing read/write operations in the upper column (or lower column).
For this reason, transfer timing design is easy. This transfer method can be used in both write data transfer and
read data transfer.

3.2.1 Split Read Data Transfer Cycle

This cycle divides the 8K-bit (512 words x 16 bits) data of the random access port into the lower and upper columns
and transfers them to the serial access port.

In this cycle, the serial read/write can be performed in the columns to which data is not transfer.

(a) Setting of Split Read Data Transfer Cycle
To set this cycle, input a high level to CAS, UWE, LWE and DSF, and low level to DT/OE at the falling edge
of RAS.
The memory cells (512 words x 16 bits) of the transfer source of the random access port are selected
using the row address input to AO to A8 at the falling edge of RAS. And the address data input to AO to
A7 at the falling edge of CAS is latched as the TAP register data of serial access port. There is no need
to control address data input to A8. Refer to 3.4 TAP Register.

(b

~

Execution of Split Read Data Transfer Cycle

To execute this cycle, set the split read data transfer cycle and then input the high level to RAS. Data will
be transferred at the rising edge of RAS. Data s transferred from the random access port to the serial access
port automatically at the column side where serial access port is inactive. To confirm the transferred column
side, check the output state of the QSF pin. Refer to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the serial
address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column side,
and the TAP register will be set the empty state.



NEC

1PDA482444, 482445

3.2.2 Split Mask Write Data Transfer Cycle

This cycle divides the 8K-bit (512 words x 16 bits) data of the serial access port into the lower and upper columns
and transfers them to the random access port.

In this cycle, serial read/write can be performed for columns to which data is not transferred.

Because UWE and LWE are low level at the falling edge of RAS, the write-per-bit function always functions in
this transfer cycle. Refer to 2.8 Mask Write Cycle.

(a) Setting of Split Mask Write Data Transfer Cycle

(b

-~

To set this data transfer cycle, input a high level to CAS and DSF and low level to DT/OE, UWE, and LWE
at the falling edge of RAS. Because the write-per-bit function functions in this transfer operation, for the
new mask data method, the mask data must be supplied to W0 to W15 at the falling edge of RAS, and for
the old mask data method, there is no need to control the mask data.

The memory cells (512 words x 16 bits) of the transfer destination of the random access port are selected
using the row address input to AO to A8 at the falling edge of RAS. The address data input to AO to A7 at
the falling edge of CAS is input as the TAP register data. There is no need to control address data input
to A8. Refer to 3.4 TAP Register.

Execution of Split Mask Write Data Transfer Cycle

To execute this cycle, set the split write data transfer cycle and then input high level to RAS. Data will be
transferred at the rising edge of RAS. Data is transferred from the serial access port to the random access
port automatically at the column side where the serial access port is inactive. To confirm the transferred
column side, check the output state of the QSF pin. Refer to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the serial
address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column side,
and the TAP register will be set the empty state.
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Figure 3-2. Split Mask Write Data Transfer and TAP Operations

Before transfer (Upper column) After transfer (Upper column)
Random Access Port Random Access Port
Transfer
destination
TAP register TAP register
TAP data 1 "Empty"

Serial Access Port

E I Serial Access Port F
TAP data 1

Serial write start

Before transfer (Lower column) After transfer (Lower column)
Random Access Port Random Access Port

Transfer |
destination TAP register 1 1AP register
TAP data 2 "Empty"
Serial Access Port I: Serial Access Port[ ] l | i
TAP data 2

Serial write start (TAP data 1)

3.3 Serial Read/Write

The serial access port (512 words x 16 bits) is independent from the random access port and can perform read
and write operations. The serial access port performing single data transfer and split data transfer can not perform
read and write operations independently.

Caution When the power is turned on, the serial access port sets into the input (write) mode and the SIO
pin is the high impedance state.
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3.3.1 Serial Read Cycle

To set the serial read cycle, perform the single read data transfer cycle (The mode will not change in the split
read data transfer cycle.).

Execute the single read data transfer cycle and latch the data and TAP data. By inputting a clock signal to the
SC pin and inputting a low level to the SE pin, data will be output from the serial address pointer specified by TAP
register. The data synchronizes with the rising edge of the SC clock and is output from the SIO0 to SIO15 pin,
and the data is kept until the next rising edge of the SC clock.

(a) Reading-Jump
The SE pin controls the SIO pin output buffer independently from the SC clock. By setting the SE pin to
high level even while inputting the SC clock, SIO0 to SIO15 pins become high impedance. But the operations
of serial address pointer will be continued while the SC clock is being input even though reading has been
prohibited from SE pin. Reading-jump of the column can be performed using this function.

3.3.2 Serial Write Cycle

To set the serial write cycle, perform the single write data transfer cycle (The mode will not change in the split
write data transfer cycle.). To prevent the transfer data from being written in the memory cell of the random access
port, set all bits of the mask data to “0” and control the mask data.

Execute the single write data transfer cycle and set the serial write cycle. By inputting the clock signal to the
SC pin and inputting a low level to the SE pin, data can be latched from the serial address pointer specified by TAP
register. The data synchronizes with the rising edge of the SC clock and is input from SIO0 to SIO15 pins. Be
sure to follow the specifications for the setup time (tses) and hold time (tsen) of SE pin for the SC clock.

(a) Writing-Jumps (Intermittent Writing)
The SE pin controls writing operations independently from the SC clock. By setting the SE pin to high level
even while inputting the SC clock, writing will not be executed. But the operations of serial address pointer
will be continued while the SC clock is being input even though writing has been prohibited from SE pin.
These functions enable writing-jumps (intermittent writing) to be performed. The masked data is kept as
the old data.

3.3.3 QSF Pin Output

QSF pin determines whether the serial address pointer is at the upper column side (addresses 256 to 511) or
the lower column side (addresses 0 to 255) at the rising edge of the following SC clock during serial read or write.
In other words, it outputs the uppermost bit (A8) of the column address of the serial address pointer.

During split data transfer cycle, data is transferred at the column side where serial access port is inactive.

The following table shows the QSF pin output state and the access pointer of following SC clocks.

Transfer Destination

QSF Output A Add f Following SC clock
utpu coess ress of Following cloe (Split Data Transfer Method)

Low level Addresses 0 to 255 Addresses 256 to 511

High level Addresses 256 to 511 Addresses 0 to 255
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3.4 TAP (Top Access Point) Register

The TAP register is a data register which specifies the start address (first serial address point = TAP) of the serial
read or serial write.

Set data to this register each time a transfer cycle is executed.

3.4.1 Setting of TAP Register

The data input to A0 to A8 (A0 to A7: Split data transfer) at the falling edge of CAS during the setting of a transfer
cycle is set as the TAP register data. By executing the transfer cycle, the start address of the following serial read
(or write) operations is specified by the data of the TAP register and the TAP register will be kept in the empty state
until the TAP regis-ter is set again.

In the split data transfer cycle, because the inactive serial access port column addresses are specified by the
data of the TAP register automatically, there is no need to control the A8 data.

Caution When the TAP register is empty, the address following the 511 serial address point will be 0.
In addition, because the serial address pointer will not jump to the column specified by the STOP
register, the binary boundary jump function cannotbe used. Refer to 3.6 Binary Boundary Jump
Function.

3.5 STOP Register

The STOP register is a data register which determines the column of the jump source when jumping to a different
column side (lower column or upper column) in the split data transfer cycle. Five types of columns can be selected
for starting jump (jumping is possible at 2, 4, 8, 16, and 32 points). The following table shows the correspondence
between the column at the jump source and data of the STOP register.

Once set, the STOP register data is kept until it is set again.

3.5.1 Setting of STOP Register
To setthe STOP register, set UWE and LWE to low level at the falling edge of RAS in the CAS before RAS refresh
cycle. The data input to A0 to A7 will be input as the STOP register data.

Table 3-2. STOP Register Data and Jump Source Column

STOP Register Data oivi- | Bit

A7 76|25 A2lA3 10 A0l sion |Width Jump Source Bit Column (Decimal Number)

255
11111 1 12 | 256

511

127, 255
O]t 1)1 1 1/4 | 128

383, 511

63, 127, 191, 255

319, 383, 447, 511

31, 63, 95, 127, 159, 191, 223, 255

287, 319, 351, 383, 415, 447, 479, 511

15, 81, 47, 63, 79, 95, 111, 127, 143, 159, 175, 191, 207, 223, 239, 255
271, 287, 303, 319, 335, 351, 367, 383, 399, 415, 431, 447, 463, 479, 495, 511

ofof1]1 1 1/8 | 64

0j0j0|1 1 116 | 32

0j0]0{0 1 1/32 | 16

Remark A8: Don't care.

Caution When the power is supplied, all STOP register data will be undefined.
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3.6 Binary Boundary Jump Function

This function causes the serial address pointer jump to the TAP specified by the TAP register when the pointer
moves to a column specified by the STOP register (split data transfer).

This function cannot be used when the jump destination address is not set (TAP register is empty).

This function facilitates tile map application which divides the screen into tiles and manages data for each tile.

3.6.1 Usage of Binary Boundary Jump Function

After setting the STOP register, execute the single read (or write) data transfer and initialize the serial access
port. The initialization process will switch the serial access port read (or write) operations, set TAP, set the serial
access port data, and set the TAP register to empty. By inputting the serial clock in this state, the serial access
port will read (or write) operations from TAP in ascending order of address. Because the TAP register is in the
empty state, the address at the jump source set by the STOP register will be ignored, and the serial address
pointer will move on.

When the column to be jumped approaches, execute split data transfer and set new TAP data in the TAP register.
The serial pointer will jump at the desired jump source address. Jump can be controlied freely by repeating these
operations.

3.7 Special Operations

3.7.1 Serial Address Set Operations

Because the serial address counter is undefined when the power up, the serial access port operations when the
SC clock is input are not guaranteed. Execute single read (or write) transfer after turning on the power. The serial
access port will be initialized, enabling serial access port operations to be performed.

3.7.2 Lap Around Operations
If all the data of the register is read (write) during data transfer while the serial read (write) cycle is being executed,
the serial pointer will repeat 0 to 511.

3.7.3 Cycle After Power On
Execute the dummy cycle eight times more than 100 us after Vcc reaches the specified voltage in the
recommended operation conditions.

automatically.

@ Serial access port ....... Input mode, SIO: High impedance

@ Color register ............... Undefined
® Mask register ............... Undefined
® TAP register................. Undefined

@ STOP register Undefined
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4. Electrical Characteristics

4.1 ;PD482444, 482445 (Power Supply Voltage Vec = 5 V % 10 %)

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Pin voltage vVt -1.0to +7.0 \
Supply voltage Vee -1.0to +7.0 \"
Output current lo 50 mA
Power dissipation Po 1.5 w
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55 to +125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the
limits in the operational sections of this characteristics. Exposure to Absolute Maximum
rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol | MIN. | TYP. | MAX. Unit
Supply voltage Vce 4.5 5.0 5.5 Vv
High level input voltage ViH 2.4 5.5 v
Low level input voltage Vi -1.0 +0.8 \'
Operating ambient temperature Ta 0 70 °C
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DC Characteristics 1 (Recommended operating conditions unless otherwise noted)

Parameter Symbol Test conditions MIN. | TYP. [ MAX. | Unit

Input leakage current lie Vn=0Vto55V, -10 +10 | pA
Other inputs are 0 V

Output leakage current lou WI/IO, SIO, QSF are inactive, [ =10 +10 | pA
Vour=0Vto 55V

Random access port Von (R) lov (R) = =1.0mA 2.4 \

high level output voltage

Random access port Vou (R) loL (R) = 2.1mA 0.4 \

low level output voltage

Serial access port VoH (S) | lon (S) = —1.0mA 2.4 Vv

high level output voltage

Serial access port Vo (S) loL (S) = 2.1mA 0.4 \
low level output voltage

Capacitance (Ta = 25 °C, f = 1MH2)

Parameter Symbol Test conditions MIN. | TYP. | MAX.| Unit

Input Capacitance Cn | RAS, CAS, UWE, LWE, DT/OE, DSF, SE, SC 8 | pF
Cr AO to A8 5

Input/Output Capacitance Cio | W/IO (0 to 15), SIO (0 to 15) 7 pF

Output Capacitance Co | QSF 7 pF
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DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1

Serial pPD482444-60 uPD482444-70
Random Access Port Access Port | g mpg) | #PDA482445-60 | pPD482445-70 | ynjt | Gonditions
Standby | Active MIN. MAX. MIN. MAX.
Random Read/Write Cycle [e) lcer 110 95 mA
RAS, CAS cycle,
trc = tac (MIN.), lo = OmA o lecz 130 110
Standby (¢] lccz 10 10 | mA | Note2
RAS = CAS = Vi,
Dour = high impedance O | lece 50 45 | mA | Note2
RAS only refresh cycle o) leca 100 85 | mA | Note3
RAS cycle, CAS = Vi,
trc = tac (MIN.) o lccs 140 120
Fast/Hyper page mode cycle (@) leca 120 105 mA |Notes 4, 5
RAS = Vi, CAS cycle,
tec = tec (MIN.) or trec = turc (MIN.) o lecio 150 130
CAS before RAS refresh cycle [e) lccs 100 95 mA
trc = trc (MIN.)
(o] lec11 130 120
Data transfer cycle [o) [ 120 105 | mA
trc = tac (MIN.)
o leci2 1560 130
Color/Mask write register set cycle fe) lecta 90 80 | mA
trc = trc (MIN.)
(o] Iccia 120 105
Flash write cycle fo) lects 90 80 mA
trc = tac (MIN.)
(0] lecie 120 105
Block write cycle o lecrr 110 100 | mA
trc = trc (MIN.)
o lccis 140 125
Fast/Hyper page mode block write cycle le) lccte 135 120 mA
tec = trc (MIN.) or twpc = thec (MIN.)
(o] lcczo 155 135 Notes 4, .’i'

Notes 1. Noload on W/IO, SIO, QSF. The current consumption actually used depends on the output load and
operating frequency of each pin.

o koD

A change in row addresses must not occur more than once in trc = trc (MIN.).
When the address input is set to Vi or ViL during the tras period.

Value when the address in tec one cycle is changed once when uPD482444 tec = trc (MIN.).
Value when the address in tirc one cycle is changed once when uPD482445 trrc = thec (MIN.).
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4.2 ;PD482445L (Power Supply Voltage Vce = 3.3 V +0.3 V)

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Pin voltage vVt -1.0to +4.6 Vv
Supply voltage Vee -1.0to +4.6 Vv
Output current lo 20 mA
Power dissipation Po 1.0 w
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55 to +125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the
limits in the operational sections of this characteristics. Exposure to Absolute Maximum
rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol | MIN. | TYP. MAX. Unit
Supply voltage Vee 3.0 3.3 3.6 v
High level input voltage ViH 2.0 Vce + 0.3 Vv
Low level input voltage Vi -0.3 +0.8 \'
Operating ambient temperature Ta 0 70 °C
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DC Characteristics 1 (Recommended operating conditions unless otherwise noted)

Parameter Symbol Test conditions MIN. | TYP. [ MAX. | Unit

Input leakage current e Vn=0Vto36V, -5 +5 HA
Other inputs are 0 V

Output leakage current loL WI/IO, SIO, QSF are inactive | -5 +5 LA
Vour=0Vto 36V

Random access port Vou (R) | loH (R) = =1.0mA 2.4 \"

high level output voltage

Random access port VoL (R) | lou (R) = 2.0mA 0.4 \"

low level output voltage

Serial access port VoH (S) | lon (S) = —1.0mA 2.4 \

high level output voltage

Serial access port Vol (S) loL (S) = 2.0mA 0.4 \"

low level output voltage

Capacitance (Ta = 25 °C, f = 1MHz)

Parameter Symbol Test conditions MIN. | TYP. | MAX. | Unit
Input Capacitance Cn | RAS, CAS, UWE, LWE, DT/OE, DSF, SE, SC 8 | pF
Ci | AOto A8 5
Input/Output Capacitance Cio | W/IO (0 to 15), SIO (0 to 15) 7 pF
Output Capacitance Co | QSF 7 pF
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DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1

Serial Access Port uPD482445L-A70
Random Access Port Symbol Unit | Condition
Standby | Active MIN. MAX.
Random Read/Write Cycle [e) lect 75 | mA
RAS, CAS cycle,
trc = tac (MIN.), lo = OmA O | leer 110
Standby O lcce 7 | mA | Note2
RAS = CAS = Vi,
Dour = high impedance O | loce 35 | mA | Note2
RAS only refresh cycle O lcca 75 mA | Note 3
RAS cycle, CAS = Vi,
tac = tac (MIN.) O | lece 110
Hyper page mode cycle (o] lcca 85 mA | Note 4
RAS = Vi, CAS cycle,
thpc = thec (MIN.) O | lecwo 120
CAS before RAS refresh cycle (o] lecs 85 mA
trc = trc (MIN.)
(o] lecn 120
Data transfer cycle (o) lcce 95 mA
trc = trc (MIN.)
(o] Icciz 130
Color/Mask write register set cycle (o) lccta 70 | mA
trc = trc (MIN.)
(@] lecra 105
Flash write cycle (@) lccis 70 mA
trc = tre (MIN.)
(o] Iccie 105
Block write cycle o) lec1? 90 | mA
tac = trc (MIN.)
(0] lccte 125
Hyper page mode block write cycle (o) lecre 100 mA | Note 4
thec = turc (MIN.)
(o] lcc2o 135

Notes 1. Noload on W/IO, SIO, QSF. The current consumption actually used depends on the output load and
operating frequency of each pin.
2. A change in row addresses must not occur more than once in trc = trc (MIN.).
. When the address input is set to Vit or ViL during the tras period.
4. Value when the address in tirc one cycle is changed once when uPD482445L tupc = thrc (MIN.).

w
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4.3 AC Characteristics (Recommended operating conditions unless otherwise noted)

+ Ali applied voltages are referenced to GND.

« After supplying power, initialize the internal circuitry by waiting for at least 100 us after Vcc 2 4.5 V (uPD482444,
482445), Vcc 2 3.0 V (uPD482445L), then supplying at least 8 RAS clock cycles. The RAS clock only requires
tre, tras, and tre are satisfied; there is no problem if other signals are in any state.

* Measure attr =5 ns
+ AC characteristic measuring conditions

(1) Input voltage, timing
Vinany =24 V¥ <" 3.0V
20V X
1
Viemaxy =08V  ----- ! ov
1

Note 2.4 V: uPD482444, 482445
2.0 V: uPD482445L

(3) Output load conditions

Random Access Port
Vee

1,838 Q

W/I0
50 pF

a ; 993 Q

(2) Output voltage determined

Voummny =20V  ~=----~
VoLmax)=08V -------

Serial Access Port
Vce

1,838Q

SIo
30 pF

c ; 993 0
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[Common] (1/2)
pousssan | T
Parameter Symbol | #PD482445-60 u‘Fl’D 482445L-A70 | Unit [Conditions
MIN. MAX. MIN. MAX.
Random read or write cycle time trc 110 130 ns
Access time from RAS trac 60 70 ns Note 1
Access time from CAS teac 18 18 ns Note 1
Access time from column address tan 30 35 ns | Note 1
Access time from OE toea 18 18 ns
RAS precharge time tae 40 50 ns
CAS precharge time teen 10 10 ns
(Non page mode)
CAS precharge time tep 10 10 fis
(Fast page/Hyper page mode)
CAS high to RAS low precharge time | tcre 10 10 ns
RAS high to CAS low precharge time trec 10 10 ns
RAS pulse width (Non page mode) tras 60 10,000 70 10,000 | ns
m pulse width trasp 60 125,000 70 125,000 ns
(Fast page/Hyper page mode)
CAS pulse width toas 15 {100,000 15 |100,000( ns
CAS pulse width tHcas 10 100,000 10 100,000 ns
Write command pulse width twe 12 12 ns
RAS hold time thsm 15 18 ns
CAS hold time tosw 60 70 ns
Row address setup time tasr 0 0 ns
Row address hold time tRaH 15 16 ns
Column address setup time tasc 0 0 ns
Column address hold time tcan 10 10 ns
Read command setup time tres 0 0 ns
Data in setup time tos 0 0 ns Note 2
Data in hold time ton 15 15 ns Note 2
DT high setup time toxs 0 0 ns
DT high hold time towm 15 15 ns
Write-per-bit setup time twes 0 0 ns
Write-per-bit hold time tweH 15 15 ns
DSF setup time from RAS teRs 0 0 ns
DSF hold time from RAS temm 15 15 ns
DSF setup time from CAS trcs 0 0 ns
DSF hold time from CAS trcm 12 12 ns
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(2/2)

4PD482444-70
uPDA482445-70
uPD482445L-A70

MIN. MAX. MIN. MAX.

1PD482444-60

Parameter Symbol | #PD482445-60 Unit |Conditions

Write-per-bit selection setup time tws 0 0 ns
Write-per-bit selection hold time twH 15 15 ns
Column address to RAS lead time tRaL 30 35 ns
Write command to RAS lead time tRwL 20 20 ns
Write command to CAS lead time towe 15 15 ns
RAS to CAS delay time taco 25 40 30 50 | ns | Note1
RAS to column address delay time trap 15 30 15 35 ns Note 1
Output disable time from RAS high torr 0 15 0 15 ns |Notes 3, 4|
Output disable time from CAS high torc 0 15 0 15 ns |Notes 3, 4
Output disable time from OE high toez 0 15 0 15 ns |Notes 3, 4|
Output disable time from WE, UWE twez 0 15 0 15 ns |Notes 3, 4|
low
Write command pulse width twpz 12 12 ns Note 4
Transition time (Rise/Fall) tr 3 35 3 35 ns
Masked byte write setup time tmes 0 0 ns
Masked byte write to RAS hold time tmMRH 0 0 ns
Masked byte write to CAS hold time tmen 0 0 ns

Notes 1. For read cycle, access time is defined as follows:

Input conditions Access time | Access time from RAS
traD < trap (MAX.) and treo < treo (MAX.) trac (MAX.) trac (MAX.)
trap > trap (MAX.) and treo < trco (MAX.) taa (MAX.) trap + taa (MAX.)
treo > treo (MAX.) tcac (MAX.) trco + tcac (MAX.)

trap (MAX.) and trcp (MAX.) are specified as reference points only; they are not restrictive operating
parameters. They are used to determine which access time (trac, taa, tcac) is to be used for finding
out data will be available. Therefore, the input conditions trap 2 trao (MAX.) and taco 2 treo (MAX.)
will not cause any operation problems.

2. These parameters are referenced to the following points.
(1) Early write cycle : The falling edge of CAS
(2) Late write cycle : The falling edge of UWE, LWE
(3) Read modify write cycle : The falling edge of UWE, LWE

3. tsez, toez, twez, torF, torr, and torc define the time when the output achieves the condition of high
impedance and is not referenced to Von or Vot.
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4. Control pins RAS, CAS, DT/OE, UWE, LWE to set pin W/IO to high impedance. Because the timings
at which RAS, CAS and DT/OE are set to high level and UWE, LWE are set to low level affect the
high impedance state, the specifications will change as follows. Controlling by RAS is usable in hyper

page mode (uPD482445, 482445L).

Fast page mode (uPD482444)

RAS | CAS |DT/OE |UWE, LWE Remark
torr X L-H L H
twez X L L H-oL twez should be met.
toez X L L-o>H H

Hyper page mode (uPD482445, 482445L)

RAS | CAS |DT/OE |UWE, LWE Remark
torr L-oH H
torc H LoH L H
twez L L L H-L twez should be met.
toez L L L—>H H
Remark H : High level
L : Low level
x : Don't care
— : Transition
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[Read cycle]

4PDA482444-60 "232223223;3
Parameter Symbol | #PD482445-60 ”’;D 482445L-A70 | UNit |Conditions
MIN. MAX. MIN. MAX.
Random read or write cycle time trc 110 130 ns
Fast page mode cycle time tec 35 40 ns
Hyper page mode cycle time turc 30 35 ns
Access time from RAS trac 60 70 ns | Note 1
Access time from CAS teac 18 18 ns | Note 1
Access time from column address tan 30 35 ns | Note 1
Access time from OE toea 18 18 ns
Access time from CAS trailing edge tace 30 35 ns
OE to RAS inactive setup time toes 0 0 ' ns
Read command hold time after RAS tRRH 0 0 ns | Note 2
high
Read command hold time after CAS troH 0 0 ns Note 2
high
Output hold time from CAS toHe 3 5 ns
Output disable time from RAS high torr 0 15 0 15 ns ]Notes 3, 4
Output disable time from CAS high torr 0 15 0 15 ns INotes 3, 4
Output disable time from CAS high torc 0 15 0 15 ns |Notes 3, 4
(Hyper page mode)
Output disable time from OE high toez 0 15 0 15 | ns |Notes 3,4
Output disable time from m, LWE twez 0 15 0 15 ns |[Notes 3, 4
low
Write command pulse width twez 12 12 ns Note 4
Notes 1. For read cycle, access time is defined as follows:

Input conditions Access time | Access time from RAS
trap < trap (MAX.) and trep < trco (MAX.) trac (MAX.) trac (MAX.)
trap > trap (MAX.) and trop < treo (MAX.) taa (MAX.) traD + taa (MAX.)
treo > treo (MAX.) tcac (MAX.) trco + tcac (MAX.)

trap (MAX.) and trco (MAX.) are specified as reference points only; they are not restrictive operating
parameters. They are used to determine which access time (trac, taa, tcac) is to be used for finding
out data will be available. Therefore, the input conditions trap > trao (MAX.) and trco 2 treo (MAX.)
will not cause any operation problems.

2. Either trcr (MIN.) or trru (MIN.) should be met in read cycles.

3. tsez, toez, twez, torF, torr, and torc define the time when the output achieves the condition of high
impedance and is not referenced to Vou or Vo.

3
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4. Control pins RAS, CAS, DT/OE, UWE, LWE to set pin W/IO to high impedance. Because the timings
at which RAS, CAS and DT/OE are set to high level and UWE, LWE are set to low level affect the
high impedance state, the specifications will change as follows. Controlling by RAS is usable in hyper

page mode (uPD482445, 482445L).

Fast page mode (uPD482444)

RAS | CAS |DT/OE |UWE, LWE Remark
torF X LoH L H
twez X L L H-L twpz should be met.
toez b L LoH H

Hyper page mode (uPD482445, 482445L)

RAS | CAS |DT/OE |UWE, LWE Remark
torr LoH H L H
torc H L-oH L
twez L L L H-L twez should be met.
toez L L L-oH H
Remark H : High level

L : Low level

x : Don't care

— : Transition
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Read Cycle (uPD482444)

trc
tras trp

RAS (Input) Vin— \ /

tosH tcre

CAS (Input) \\//I::: ﬂ \‘ /

T

traD tRAL
tasr | tran tasc tcan
et
Address (Input) ‘\’/':: XXX>( ROW l®(( coL. )
tRRH|
'__t;nc_s__. tRCH f-em]

»

v

toes

e o) = ////, {H{// /

toHs

UWE (Input) \C:: //////////// o t
yi

oo (o) o=/ ALEARMARRRARANNG

toez
tan tore
tcac
toea
WO to W15/ Vor- High-Z .\
100 l(:) 1015 (Output) VOT.— """"" [========" s -<( DATA OUT A"

trrs || trAH

osr tnpun VT \\ Y IIITTIIIIIIIiiiiiiiiiiiiiiiiii

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Read Cycle (Extended data output: ;PD482445, 482445L)

trc

tras trp
— - T Y 4 Y
RAS (input) V'~ \ 1 \
tesH tcre
tcrp trco tasH teen
trcas
e ViH= f 3
CAS (Input) Vi— - y \
traD tRAL
t_a_s: tRAH tasc tcan
Address (Input) ‘\’/'l':: ROW :@y coL. ]
tRAH|
J thos tRCH -]
e ViH—
e wen = ////111111]]
tRRH| twpz
r&— tRCH| -] twez
e ViH— /
v Ve 77777/777777 TS
a—a] twrz
tors || touk twez
| |
OTIGE tnew) \iT __f ALLALARRRRRRRRARAN
trac toez
taa torc
tcac torr
toea
WO to W15/ Von— High-Z
100101015 OUPUY ;1 = e e e e e e e e e < DATA OUT b ---
trrs || trRH

DSF (Input) \c:: < .\- \‘

THTHiiiiiiiiiiiiiiiiim

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Fast Page Mode Read Cycle (uPD482444)

trc

trasp tep
vy Vin— Y Y
RAS (input) \ — N / \_
tre tro trs tcre

torq tRcD toas tep tcas tep tcas topn

- \
— ViH=
CAS (input) v — _/ /7 N \ 7

traD
tosn
tasr (TR tasc | | tcan tasc| | tcan tasc| | tean
e

Address (Input) \\l,?:: D ROW coL."" m coL."2" m COL."N"
tRcs

WV_E(Input) \\/,':_: // /// \

tRRH

Fron twez
i tres tRRH[* "]
v V= 777777 Nt
taa tan tan Rk
tous| | town tace tace twez
M =l |7
oroE e v/ 1] AN\ X AN
Toe [toz] Li"f&
| toac, |torc, AC e
toez toez toez
tore torr | tore |
trac
100 01015 OUP) Vol T === 11== HghZ ... {oatacuT"1r}--- {oATAOUT 2 }---{_ DATAOUT™N }---

trRs| | trRH

DSF (nput) %‘:ZY\F ’.l//7/////////////////////////////////

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Hyper Page Mode Read Cycle (Extended data output: uPD482445, 482445L)

tre
trasp trp
_— - T\ X
RAS (Input) \/}:‘L_ N &
thec tuec thsH tore
I‘_C_H_F taco tuoas tep tHeas tep thcas | _teen
JE— - y \ —\
CAS (Input) \6"’:_ j N 7 N / JZ k
trao
tesh
tasR |fRan | tasc || tcan LAsq tcan tasc| | tcan
] |a] -—
- YAS 3
Address (Input) Y,',':_X)] ROW ,50; coL." KXXX); coL.r2" @b coL"N"
traL thcH
.| tRes tRRH[*"]
!
UWE (Input) \c:: / / / f N
twez]
tron twez
i tros tRAH
LWE (Input) ‘\’I':: / / / / / \: /
twrz|
tan taa taa 4_’!"“
tons) [town tace tace
R toes
TSI\ X
| toea] N toez lee] toez
toa CAG teac forg
trac toxe toHg| torr
w Vor— igh-; 4 \ y \
100 Tora (Outpu) \ = < - - .-z . { oataouT 1j)®] DATA OUT "2" |<X>i‘ DATAOUT'N* }---
trrs| | trAH

DSF(Input)\\/I'::K\r 777777777 777777777777777777777777 77

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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[Write cycle]

1PDA482444-60 ”ggjgz::g:;g
Parameter Symbol | #PD482445-60 #AF:D 482445L-A70 | UNit |Conditions
MIN. MAX. MIN. MAX.
Random read or write cycle time trc 110 130 ns
Fast page mode cycle time tec 35 40 ns
Hyper page mode cycle time thec 30 35 ns
Write command setup time twes 0 0 ns Note
Write command hold time twen 12 12 ns
OE high hold time after UWE, LWE toen 0 0 ns
low
Write-per-bit setup time twes 0 0 ns
Write-per-bit hold time tweH 16 15 ns
Write-per-bit selection setup time tws 0 0 ns
Write-per-bit selection hold time twh 15 15 ns

Note twcs > twes (MIN.) is the condition for early write cycle to be set. Dout becomes high impedance during

the cycle.

trRwp 2 trwp (MIN.), tcwp = towo (MIN.), tawo = tawo (MIN.), are conditions for read modify write cycle to be
set. The data of the selected address is output to Dour.
If any of the above conditions are not met, pin W/IO will become undefined.
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Early Write Cycle/Early Block Write Cycle

tre

trAs . tap
RAS (input) V'~ ;A{ \___
tcre| troo e tAsH tc:(:PN
tcas, tHoasho®
GRS (Input) v~ / ‘\ / \__
ka tnmtmo tasc Lci" -
Address (Input) \\//':: XXX){( ROW : : coL.
twss | | tweH twes
GWE (mput i~ YO Hwe seect K\ (/L1111
twas | | tweH tues e
twp
e npu) 1~ YOCwe seect X\ T
toHs tDHH
570 (oo i~ /] JAHALALALERRARRARRRRRARRRARANY
tws twh tos ton
Yé%'&‘ll‘gfé (Input) \\/;:: XX>{ Mask data :@q: DATA IN/COL. select 'QIQIQIQXQIQIQXQIQIQI‘X‘X’I’X‘I‘X
tFRs tFRH Egs_ trcH
s (npu) Vo™ \\ ( [/ Xexmessa X/ [/ /1111010101

Note tcas for the uPD482444
thcas for the uPD482445, 4824450

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Upper Byte Early Write Cycle/Upper Byte Early Block Write Cycle

I

tre
R tras tap
RAS (Input) \j \ i N
CRP| treo e trsH t‘:R:tzlm
teas, thoas™®
GRS (Input) V1"~ / N / \___
trap trAL
Fin tRAH tasc tean
twes | | twon
twes | | twaH L twe
OWE (npun Vi XX e select LI T
H

rtw_:s;

i B

tmRH

LWE (Input) \c:: { { /

toHs

toHH

Y4

A

DT/OE (Input) \\/,':::

AANANY

LA11ALALRARRRARARRRRRARAN

Jog

ton

W8 to W15/ Vin-

108 to 1015 (IMPUL) s _ Mask

XXX

4
7 3

\
DATA IN/COL. select ]

trRs

':ﬁj

trcH

DSF (Input) \6'::

AN

s - \
) Block write select)

LT

Note tcas for the uPD482444

tHeas for the uPD482445, 4824451

Remarks 1.

WO to W7/I00 to 107 : Don't care

2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle

3. WPB : Write-per-bit

4. When block write cycle is selected, input the column selection data to DATA IN.

5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Lower Byte Early Write Cycle/Lower Byte Early Block Write Cycle

RAS (Input)

CAS (Input)

Address (Input)

OWE (Input)

LWE (Input)

DT/OE (Input)

WO to W7/
10010107 (INPUY

DSF (Input)

Vin—
ViL—

Vin—

ViL—

ViH—
ViL—

tre
tras tre
A / N
X y,
tost tcre
tcrp trco thsH teen
toas, tHoashe®
Y y
/ N / \
trao trat
:sj tRAH tasc tcan
ViH—- 3
- XXRrom XXX eac
tmcH
twes | | twsn tmes, toar
twes tweH
twes | | tweH twp

Vin— {
- XoHwee

Vin—

V-

Vin—
ViL—

Vin
ViL—

B\\

select N
b,

tons

toHH

L/

tws

ATHA11ARARARARARRRRRRRARANY

twH

DS, ton

m‘ Mask data

4
@‘ DATA IN/COL. select

trRs

tFRH

trcs trcH

XOOUXXXXXXXXXXX

Note tcas for the uPD482444
tHeas for the uPD482445, 4824451

Remarks 1. W8 to W15/108 to 1015 : Don't care

2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
4. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

/;; XBIockwriteseled
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Late Write Cycle/Late Block Write Cycle

tre

tras o tap
RAS (Input) i~ N 7 N
| tenel trep tcs"t t?:::‘As""' topn i
CAS,
GRS (input) \— / \ / \_
trap tRAL
tasH | tran tasc tcan
Address (Input) \j XXXX ROW ,@: coL. :WO(X)OOOOOOQO(X
twes | | twen ~ tros towe
| twe
OWE (nput) . XXX WPB select K/ / \ t;If////////////////
Lt ]
twes | | twen J tres tm [
twe
OWE (nput) \~ WX Ywes seiect K/ \ ]f/////////////[//

toeH

oTioE wopun \t'~ /// ALAARARARRRRARRRRANY

tws || twn tos tou

WO to W15/ Vin— b
5275 v - XN XXX s Y XXX RRAXKRAR

trRs | | tFRH trcH

DSF(lnput)\\//'::KK\ ) BIod(WMeselectjx777777777777777777777

Note tcas for the uPD482444
trcas for the uPD482445, 4824450

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

(2]
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Upper Byte Late Write Cycle/Upper Byte Late Block Write Cycle

tras - trp
RAS (Input) \\/l::: \ /r | W
tesu tere |
tean trco tRsH teen
tcas, thoaghe
CAS (Input) \\/,':: / N 1! \_
tRAD traL
tashl | trau tasc tcan
Address (Input) v~ XXXX ROW 1i®( coL. ]
— e
twes | | twen ) _ tres :m |
I twp
e oo XX N VZZZZLTLITTITTIT]
Ilv_nis. tweH i tmes t::c"” |
LWE (Input) \\?:.: {f/ \M
N =
oo oy \i= /// ALTREARARRRRARRRRRRANY
tws | | twn tos ton
W8 o WIS (input) Vi~ mLMask data ] DATA IN/COL. select J'QMXXXXXXX
teas| | _trRd FCH trcH
osF (eu) Vi \\ ([ Xeewiese X/ /7 /7117111177717

Note tcas for the uPD482444
tucas for the uPD482445, 4824451

Remarks 1. WO to W7/I00 to |07 : Don’t care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

»



NEC uPD482444, 482445

56

Lower Byte Late Write Cycle/Lower Byte Late Block Write Cycle

tre
tRas tre
J— - T X
RAS (Input) \i— \ 7/ \
tesu tere
terp treo tRSH tcen
teas, tricashe®
C_Aé(lnput) \\I,'::: / \ I \
traD traL
I‘:i“ tran tasc tcan
ViH= 4
Address (Input) , _ ROW ! COL.
tmeH
twas | | twen tmcs \ti_nu_{

OWE unpgt) - w - m

o o - XKoo X7 N VT TTTTTTTTTTT
fors | l°5T

st o Y= 777 ELARAANARRARVARNARNNY

r—
e (input) i~ mi Mask dati: >(X>( DATA IN/COL. select : QIQI IQIQIQXQI’I‘I‘I‘:‘I

trcH

5]

trrs | | teRH

e e\ 77/ = UL

Note tcas for the uPD482444
tHcas for the uPD482445, 4824451

2

Remarks 1. W8 to W15/108 to 1015 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

»



NEC uPD482444, 482445

Fast Page, Hyper Page Mode Early Write Cycle/Fast Page, Hyper Page Mode Early Block Write Cycle

trasp trp

__ o l
RAS (Input) \\/,':_ N /I N\
tPc, tHpche® ! tec, thpche®! tRsH tere
?fﬂ treo lons, thoas™®® top [, foas, thoas™eE -~ top toas, theastoe? teen
— Vin— b
CAS (Input) v, _ j \ ) N N\ /
tRaD
tos tRaL
tash| | traH tasc | | tcan tasc| | tcan t tcan
ViH— 4 Y s
Address (Input) \, _ ROW coL."" COoL."2" COL."N"
Vi 4 X
twes LWET twes| twen twes| twen twes | twen
™" twe twe twe
_ Vin—
WPB /\ /\ /7777777
UWE (Input) Vie— n select \ ) p 2 /
twes| tweH '“C_s. tweH twcs tweH
twes | [twen twe | _twe | twe
J— ViH— \
LWE (input) y;, _ X>§ e )( \ r/ \K / N )/ 7 7 7 7 7 7 7 /
—_ V-
5758 0o Vi /77 11 AEEELLLLEEE AV AN
e ot |t g | o tog| |t
WOto W15/ Vin- \ FDATAIN"1" ) DATA IN "2" DATA IN "N’
100t0 1015 (IMPUY M“kda‘a,@ ICOL. select JCOL, select ; ICOL. select
trRs| [tFRH trcs | | trou §_<§| trcH tr trcH
ViH—- ) y 4 ) - \
ose 5 /77 oo} X X Nommmme X XXX

Notes 1. trc for the uPD482444
tvec for the uPD482445, 482445L
2. tcas for the uPD482444
tHeas for the uPD482445, 4824451

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

w



NEC pPD482444, 482445

Fast Page, Hyper Page Mode Upper Byte Early Write Cycle/
Fast Page, Hyper Page Mode Upper Byte Early Block Write Cycle

trasp trp
Vi " / Y
RAS (Input) y,,' \( / \
tec, tHpchee! tec, tHpche®! tRsH tcrp
ti’_‘: trcD fcas, thcasM™*?  top | ftoas, thoas™™?  tcp teas, tHoasMew? tcen
e Vin— b
CAS (input) . _ j \ \ Zl \ /N \_
RAD
tosH tRAL
tasn| | tran tasc | | toan asc| | tcad l‘ﬁ tcan
ViH—
Address (Input) \ X>§ ROW }()Q‘ coL.M }(XXXXCOL":» §<XXX>§ COL"N"
wes twor twes twer twes twen
twss | |twsH g ™ ]
e twe twe twe
P ViH— \
O (o V.~ XX st K\ [\ [ (/11111
twes| | tweH tmes IMRH
I—-— <-l =1 tmeH
— ViH— 4
LWE (Input) ViL— { / \Z/ \ 5 5 5 5
tFui toHH
RN/ AT TR TALARARRRRRRARARARARARARARANY
tws| |twH tos ton tos tou tos ton
AR Sl Bl Bad
W8 towis/ TAIN"1" DATAIN"2" ATA IN"N'
(08 1015 (nput) | Vi X)Was"“a"f@/co L. select \ ICOL. select RO, Saeat
trRs| |teRH trcs| | teon Jrgs| | teon Sf-fél trcH
- s s \
DSF (Input) \\’,'I’:_ Block wite select @ Block wrte select Block wrte Select

Notes 1. tec for the uPD482444
trpc for the uPD482445, 4824451
2. tcas for the uPD482444
tHcas for the uPD482445, 4824451

Remarks 1. WO to W7/I00 to 107 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pi‘ns in this cycle.

»H



NEC uPD482444, 482445

Fast Page, Hyper Page Mode Lower Byte Early Write Cycle/
Fast Page, Hyper Page Mode Lower Byte Early Block Write Cycle

trasP trp
e - Y Y
RAS (Input) \\I/':— K\ /1 N\
tec, thpcNe®! tec, thpctee! tRsH | terp
terp trco tcas, thoas™™? | top || foas, thoas™®™2 | top | | fcas, thcas™®? |, 11T teen
e Vin— b
CAS (Input) y;, _ /' ) \ ) \ ]I \‘
RAD
tost traL
tasr| | tran tasc tcan tasc| | tcan tasc| | tcan
Address (nput) ;' XX ROW }OQ‘ coL.M" ]}(XXXX coL.r2" §<XXX>§ COL."N"
twas| | twen tmes Ly
"* <—-| tMeH
GWE (Input) \\//I::: f i ’!\Z/ \ 5 5 E E
twos | | twon twos| | twon eS| | twon
ts | e tr tue tar
o Vin— f wps ) /\ /\
LWE (Input) Vie— ﬁLseIect A y
tons | [toH
[— ViH—
DT/OE (Input) y, _
tws | | twH tos ton tos ton tos ton
et 1] bl ] -]
WO to W7/ Vin— DATA IN "1" DATA IN "2' DATA IN "N"
100to 107 (INPUt) /" Mask data [COL. select /COL. select JCOL. select
trry | trRl trcs trcH Q trcH tF.Dl trcH
}4——

- 4
DSF (Input) Y~ Block write select Block wrte select Block write select
PUl) vy, L f X

Notes 1. trc for the uPD482444
tupc for the uPD482445, 4824451
2. tcas for the uPD482444
theas for the uPD482445, 482445L

Remarks 1. W8 to W15/108 to 1015 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
4. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Fast Page, Hyper Page Mode Late Write Cycle/Fast Page, Hyper Page Mode Late Block Write Cycle

traspP .
= V- 3
RAS (Input) yyp— iF ,Zl \
tec, thpchow! tec, trpchew! tRsH tcrp
trco toas, tHoag™™? || tce || foas, tucas™™2  tce toas, thoage? foeN
— ViH—- p| F
CAS (Input) v, _ St ,Z Sr \
traD
tasr t::u tean tasc| | toan s tcmm
= l'f - =
H—=
Address (Input) \, _ XXROW DO( coLM" [<XXX>¢ con.."z"m COL."N"
tow tow LI .
Bkl lotowe | |
twes| |tweH  trcs| e trcs - tncJ e
!‘-. iy X = \ = \
TwE Vin— WPB
UWE (Input) v — select 5(/ N / N / /
tawe
t . towt towL towt
WBS tRes|
trcs trs| twe
— H=—-
LWE (Input) , _ m sv;:ag K/ \ \ f h /
toHs| toen
lﬁ(ﬁ(lnput)\\//':: !; \!5!555555
tos tos tos
) | T ton T tou " tou
WO to W1 -
o0 o ora(Input) V'~ X)] Mask deta ATAIN'1 ATAIW[(XX)( ATAINN
trrs| | trRH b trcH trcs trcH trcs tre
ViH— £ . 4 ) Y\ .
DSF (Input) Blook write select Block write select Block wrte select
PUY vy — X N

Notes 1. tec for the uPD482444
tirc for the uPD482445, 4824451
2. tcas for the uPD482444
tucas for the uPD482445, 4824451

Remarks 1.

When DSF is low level : Write cycle
2. WPB : Write-per-bit

(2]

When DSF is high level : Block write cycle

. When block write cycle is selected, input the column selection data to DATA IN.

4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.



NEC uPD482444, 482445

Fast Page, Hyper Page Mode Upper Byte Late Write Cycle/
Fast Page, Hyper Page Mode Upper Byte Late Block Write Cycle

trasp trp
\ tesH :
RAS (Input) \1'— N\ 7/ \
tec, thpghet! tec, thpchen! tRsH tcre
trco tcas, tHoas™*? ter || toas, thoas™™2  tcp tcas, tHoas™™? teen.
—_— Vik—
CAS (Input) y, _ N J \ {l \L /
traD
tasn| [tran tasc] tean tASJ toan toaL
i T e peo—] ey &g tCAH
V- 4 -
Address (Input) Vi— D ROW ‘0 coL."" coL.r2" kCOL.“N"
tRwe
tow towe "lwt‘
twes | |twen trcs| e tros N trcs H——tw
3 P
N =
owe (oot \i~ YU e X/ N N F R/
tMRH
twes) | tweH  tmcs|
i i I e
LWE (Input) \cl':: { / v \ 5 5 5
toHs toen
v e |
DTIOE (input) ;. {/' \5555555§
tos tos 1ps
tws| ftwn ton ton ton
1 - y \
B 1o WIS/ (input) V'~ X)]( MASK DATA '] DATAIN'?] KTAIN -n-KXXXXXXX
trRY |tFRH tF trcH trcs| | trcn trcs| | troH
Vin— 4 ) 4 . 3 )
DSF (Input) \;, _ ‘Blod(wmeselecl ‘Blod(wntesetect tBlockwmeselet:t

Notes 1. tec for the uPD482444
trpc for the uPD482445, 4824451

2. tcas for the uPD482444
tHeas for the uPD482445, 4824451

Remarks 1. WO to W7/I00 to 107 : Don't care
2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

&
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Fast Page, Hyper Page Mode Lower Byte Late Write Cycle/
Fast Page, Hyper Page Mode Lower Byte Late Block Write Cycle

RAS (Input) \\//IIT:

V=

CAS (Input) y;, _

Address (Input) \\//I:::

Vin—

UWE (Input) Vie—

TWE (Input) v/~

DT/OE (Input) \\//'::
WO to W7/ ViH—

10010107 (INPUY)

DSF (Input) v~

trasP trp
_tcsH
\ N
tec, tpchete! tec, thpchew! tRsH tcre.
trco teas, thoaste®? tor |, foas, thoas™®2 | top, tcas, thoaghhe? tern
! ,zl; \ } \ f k
traD
t
tash| | traH  [tasc teaH tasc| | toan s T tom A
\ -\
D ROW coL."" COL."2"1 COL."N"
twes| |tweH  tmcs o tMRH
| e B e
towL tow tawL
c Towe
twes| | tweH  tres tres)
] tres tw
Lo r.-. twep ] twe fes) P
wWPB /
D\ select 4 & S S
toHs toen
[ ARNRRRRNNY
tos tos_r_ tos
fus | Lo ton [Lton o,
4 X \ R \
trRH FCS trcH trcs trcH FCS trcH

T N

(R

XXXXXXXX

Notes 1. trc for the uPD482444
tuec for the uPD482445, 482445L
2. toas for the uPD482444
tHoas for the uPD482445, 482445L

Remarks 1.

W8 to W15/108 to 1016 : Don’t care

2. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
3. WPB : Write-per-bit

»

. When block write cycle is selected, input the column selection data to DATA IN.

5. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.



NEC uPD482444, 482445

[Read modify write cycle]

o [ 0

Parameter Symbol | #PD482445-60 At,':D 482445L-A70 | Unit |Conditions
MIN. MAX. MIN. MAX.

Read modify write cycle time trwe 160 180 ns

Fast page mode read modify write trRwe 90 95 ns

cycle time

Hyper page mode read modify write tHPRWC 80 90 ns

cycle time

Access time from CAS trailing edge tace 30 35 ns

Write-per-bit setup time twes 0 0 ns

Write-per-bit hold time tweH 15 15 ns

Write-per-bit selection setup time tws 0 0 ns

Write-per-bit selection hold time twh 15 15 ns

OE high hold time after UWE, LWE toen 0 0 ns

low

CAS to UWE, LWE delay time tewo 40 40 ns Note

RAS to UWE, LWE delay time tAwp 85 90 ns [ Note

Column address to UWE, LWE delay | tawo 55 55 ns Note

time

OE high to data in setup delay time toeo 15 16 ns

Note twcs > twes (MIN.) is the condition for early write cycle to be set. Dour becomes high impedance during
the cycle.
tawp 2 trwp (MIN.), tcwp > tewp (MIN.), tawp > tawp (MIN.), are conditions for read modify write cycle to be
set. The data of the selected address is output to Dour.
If any of the above conditions are not met, pin W/IO will become undefined.



NEC uPD482444, 482445

Read Modify Write Cycle/Read Modify Block Write Cycle

trwe
tras L tre
RAS (Input) \\//':: \ ) i \_
tosH tcre
tcRA trco tRsH teen
\ tcas, tHoashe
TAS (input) \p— / N / \_
traD traL
Il_Aﬂ tRAH tasc tcaH
Address (Input) ‘c:: ROW JIO( coL. )
trRwo towe
twes | | tweH i Tros t;;wc;n tw: L—
LTVVE(Input) \\//?:: Eﬂ WPB select K_/ \ / /7//////
tawp towr !
twas || twen l't s tﬁo (w:RWL
TWE (nput) e — XXWF’B select 5(_/ \ ]f//////////
tons || tonH toeu |
Vi
— H—
DTICE (nput) v~/ RN / A
t
:::c
tws || twn :2: toeo tos| | ton
vt? (Input) \\/,','L': :X>§! Mask data J- Q214 o.o -1-- lic%féell':/ct ‘I‘I‘I I I I X‘I‘I‘X‘I
W15/ t
100 =
to " "
1015 (Output) ‘\//‘;':: el MiGhZ M) ( DATA OUT )___________ylg_h:Z_ .........

trRs || trRH I_LFQQ trcn
osF mpu V2T \N ([ Koo X7 /1111771 777777777

Note tcas for the uPD482444
trcas for the uPD482445, 4824451

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

w
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1PD482444, 482445

[MEMO]
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NEC uPD482444, 482445

Read Modify Upper Byte Write Cycle/Read Modify Upper Byte Block Write Cycle

trwe
tRac trp
= Vin— \ 4
RAS (inpu) v — \ - N\
tosn tcrp
tone| trco trsH teen |
v teas, thoaghe A |
GAS (Input) vy~ N /
\ A
traD tRAL
tas| | tran tasc toan
ViH— Y 4
Address (Input) \, _ ROW AA COL.
trRwo towe ]
twes | | twen  tres tcwo trwL
twe
—_— Vin—
OWE (Input) v, _ X>§&P|35e|ectJ / \ l////t///////
MCH
tous || touu Tcs tawo tMRH
e Vi
CWE (input) vy, f ) \ 5 5 S S
toms || towu toeH
N - 's
DTIOE (new) v~ _/ AN\ AN
trac
taa toeo |
teac
toea
wo ( (npu \i'm X> R ] - : Hghzilf ... B -
to
w7/
100 [toez
to "
Vou—______IL High-z | ____ I PR Y7 N | High-Z _______
107 (Output) o, _ I {ourt- 1
trac
taa toeo
tws_| | tw :z:: 09 | _tox
Vin— High-Z
e (o 11 RO e X RRAKRRNRR
to
W15/
108 [toez
to - High-Z ; High-Z
1015 (Output) \\/,Z:_ SRR | GRS i RS § A { %I’_[A}______________________'_9[‘ ---------
trRs | [_trRH trcs trcH

DSF (Input) ‘\/,'I':: S\ J/7X‘Blookwritese|ectix7777777777777777777777/




NEC uPD482444, 482445

Note tcas for the uPD482444
tHcas for the uPD482445, 4824451

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

w
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4PD482444, 482445

68

Read Modify Lower Byte Write Cycle/Read Modify Lower Byte Block Write Cycle

RAS (Input) v, _

CAS (Input) ViL—

Address (Input) \\/,,L_

UWE (Input) Vie—

LWE (Input) ‘c,’::

DT/OE (input) \j—

WO (Input) ‘\’,'::

to
w7/
100
to
107 (Output)

Vor=—
VoL—-

w8 (input) \\'}::

to
W15/

108

to _
1015 {_ (Output) \\//g:_

DSF (Input) ‘\’,'I'L‘:

N

tres trcH
[t

trac trp
EEE——
A \_
tosu terp
CRP| trco tRsH teen
tcas, tHoas™*
__/ 1, \__
trAD tRAL
tasr| | tRau tasc tcan
=
XAS
ROW AA COL.
L Ne
.twas tweH tMcs tmRH
/Y ANNNY
trwo towe
twes || twen Trce :m tRwL
I twe
(WP soect) \ I
v‘WPB select p / Y
tons || tou toeH
/FI AW AARRARRNAY
trac
taa toeo
tcac
tws || twn toea tos| | tow
b High-Z DATAN YVVVVVVVVVV
X>§ Mask data j>"’ """ I o COL. select ’A‘A A A’A‘A‘A’A‘A‘A
toez
S O3 4 H Y (37, SR HighZ ...
x OUT
trac
taa
tecac
toea
p High-Z
toez
S SR | S B (10 S . - .- S
uT
trrs || tFRH

Block write select

LT




NEC uPD482444, 482445

Note tcas for the uPD482444
tHcas for the uPD482445, 4824451

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

w
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NEC uPD482444, 482445

70

Fast Page Mode Read Modify Write Cycle (uPD482444)/
Fast Page Mode Read Modify Block Write Cycle (uPD482444)

trasp trp
RS (input) e \ F \
trRWC trRWC then tcrp
trRco tep tee tepn
— Vin— y tosH 3
CAS (Inpu) vy _ 7N 4l N / \
traD tcas tcas traL
tash| [tran | tasc | | tean tasc | | tcan tasci | tcan
j— ] ‘——J -] et —
ViH—
Address (Input) v/, ROW coL. coL2r COL"N"
Vie 4
tawo tm tawo tow tawo om
twes| [tweH | tacs towp [twr trcs| towo twp [tres| tewo
|-} }'a =T oo — tRWL
v Vin— WPB
oW rouy \iZ /X AR X F y ! 1
trwo iy 5
tawo tawp fow tawp WL

twes| | twen tres

—_— Vin— "\
CWE (nput) X)ﬁ‘g"e’f;g)[(_ ] \

trac face face,

g B

y-»'ic—si . towo || twe r-—{‘lc—s’ town [twe ! thwt

C

toen [ffoal toen ‘IF ’2,2]

v ] ' — 1
DT/GE (input) y, _ 14. l\ \L \f

ftoac| _[toeo fteac|  {toep lteac| _[toen
f ™~ T ™
tons| | torm toez toez toe2
Vou-— High-Z High-Z 4 J High-Z High-Z
WO Output) /. '===== ____Q______ N L L__g______ non N o ___9______ Nt - 4 __-_Q _____
to (Output) g, . '< 'q‘ P T '4: i
W15/ .
100 tws | | twa ton ton ton
to = [~ tos tos tos
1015 Vin— High-Z A\f .., High-Z won ) High-Z e )
IR oo SRR s o (TR SR i b T S s T 4T00)
trrs| |trRH trcs| |tron trcs| | tron trcs| | tron

XXX LXXR

S M v X
Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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[MEMO]
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NEC ‘ uPD482444, 482445
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Fast Page Mode Read Modify Upper Byte Write Cycle (uPD482444)/
Fast Page Mode Read Modify Upper Byte Block Write Cycle (uPD482444)

trasp Ez
. Vin- \ 3
RAS (Input) vy, \ )/ \
tRsH
tPRWC trRWC CRP|
trRcD tcp tep tepn |
]
P Vin- y tosH 4 \ \
CAS (input) v, _ ‘,‘ . N / \ / Y\
trap tcas teas traL
tash| |tran tasc | |tcan tasc| | tcan tasc| | tcan
i ] ot ] o f—]
ViH- INL 4 \
Address (Input) v, _ D ROW JQ‘ coL.mm CcoL.*2" | COL."N*
tawo tow| tawo towe tawp gW_:I
twes | | twah t“rc's_ town LM: trcs| towp L |tres| towp tt:{v:.
— Vi - \ \ \ \
UWE (Input) ViL- D ;I\ellP 21 ,K_ j BL__ S & {
tawo lag] tMCH
twes | | twer tmes tMRH
— V ]
TWE (Input) 1 Zf \_ _/ \55
trac tace tace
, ‘ . —:SAJ toeH i ___tﬁf,‘ . toeH| I iag | Pt&*l
DT/OE (Input) VI:.: _/T‘> Vj ‘Ei ‘
CAC| tcac]
toHs| [tonH i
oEZ oEZ
wo [ (Output) \\llﬁ: ----- JHigh-zl 1l "t dte--p-t ----gi?" -
to
trAC, tace
wr/ tan | tan
100 o o
to T 1o
107 Vin- High-Z
(Input) V'~ oo o9t . -t
ltcac| |toeo tcac|  ftoeo
toez toez
Voh- High-Z High-Z High-Z
ws [ (Output) o ===-- === 1" Rt 1= -i bl of -{ -------- M
to
wis/
108 tws | | twn toH toH tox
to o = tos tos tos
1015 Vin- High-Z N High-Z High-Z2 —Y
VRS (g S ELY ) *b‘ 2 B HEL
{FRs| | tFRH tres| [tron tres| | trou trcs| | tron
DSF (Input)




NEC

uPD482444, 482445

Remarks 1.

w

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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Fast Page Mode Read Modify Lower Byte Write Cycle (uPD482444)/
Fast Page Mode Read Modify Lower Byte Block Write Cycle (:PD482444)

RAS (Input) v

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/OE (Input)

VoH-
WO { (Output) V?:-

to
wz/
100

to
107

tRasp trp
H- !\
Vi~ X y,
tRsH
trrwC trrwe L]
trep tcp tep L lteen
ViH- z tesH 7 s
Vi t \ N AN
tran teas tcas trAL
tasr | |tran  |tasc | | tcan tasc| | tcan ltaso| | toan
o Wl [ f— e [
ViH-
e X>] ROW iO] coL coLzr Y X coL.ne XXX
- X 7
I-'— tmeH
twes| |twen | tmcs t
4-—' MRH
ViH-
ViL- é ; \_ j \ ! 5
tawo tow tawo towL tawo trxﬂ
j-ai
twss| M tri_c_i town | twe| anc_s‘ town twp d l,_tags| towo T tAwe
Vi Z> WPB f \
Vie- select S S S
X g trRwo —
trac , tacH , tace| |
ltaa tan taa toen
T el s e[ |l
ViH- ' { 4 )«
ViL- \ f 5( / S
tons| [tor toad to?n tcac toeP (CAQ tOEiD
toez
toH
tos

ViH-
(Input) Vi ="

ws ( (Outpuy Y-

to
W15/
108
to

1015 (1nouty

ViH-
Vie-

DSF (Input) \\’,':

trs|

treH

0 TR

Block
write select

COROXK



NEC

uPD482444, 482445

Remarks 1.

w

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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NEC uPD482444, 482445

Hyper Page Mode Read Modify Write Cycle (Extended data output: uPD482445, 482445L)/
Hyper Page Mode Read Modify Block Write Cycle (Extended data output: PD482445, 482445L)

trase tee
RAS (Input) \\/,'::: \ E\
tRsH
tHPRWC tHPRWC tcrp
trco tep tep theas tepn
— ViH— tosH 4
CAS (Input) v, _ N —~ 1 N / \
traD thoas trcas traL
tasR| (tran tasc| | tcan tasc | | toan tasq | tcan
e f— [ ] et
V= \
Address (Input) v, _ X>§ ROW [0! coLr" coL.r2" coLN' )
tawp t tawp towL tawp
twes| | b 1 t by
WEH RCS tewo twi RCS) towp twe | CS| tcwo
y e ] J:- ] I-»—— == tRWL
— H—
OWE (nput) v~ /X WPB E(_ f \ \ \ |
trwo
tawo low tawp towe tawp owL
twas| | twsn | tacs towo twel . [tacs| town twe | Ite towo = thwe
L twp
. i ni i e h - s
J— H—
LWE (Input) v, ‘g’g’g‘ / ﬁ\_ \ \ \{
tawp
ltace tace
trac , 1
ta | toen gél foeH " t;,n ¢M‘-—|
R Vin— ¢ o -‘—.* |
DT/OE (Input) , _ \[ ‘l\ 4 \
fcac] |toEp ficac] _|toep toel
tous| | towu toez toez toez
Vor-— High-Z High-Z High-Z High-Z
WO [ (Output) o = === - SRS - L) -4 4T N K72 B R - LN Y- O
NO [ (Output) ey - 4 r {2k 4
wis] ton toH toH
100 tws | | twH . tos 1
to [t ity oS tos
1015 Vi High-Z — High-Z — High-Z —\
(Input) \'— ---4 Mask k’"" """ 2 S S P2 -t A N
tFRs| |tFRH tres| |tron tres| | tron trcs| | tron
fe—a

ViH= Block Block Block

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

[



NEC

1PD482444, 482445

[MEMO]
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Hyper Page Mode Read Modify Upper Byte Write Cycle (Extended data output: uPD482445, 482445L)/
Hyper Page Mode Read Modify Upper Byte Block Write Cycle (Extended data output: uPD482445, 482445L)

trasp trp
-]
— Vin— 3
RAS (Input) v, _ N 7N
tRsh
tHPRWC tPRWC kcre)
trco tcp ter tHeas teen
-
—— Vin— ) tesH 4 ’ Y \ Y
CAS (Input) v _ N ] \ N / \
trap trcas troas tRaL
tas| tasc | |t tasc | | toan
o g s o ol s fou,
Vin— / ) y
Address (Input) y, _ ! ROW J coL."" coL."2" cCOL."N"J
tawp t tawp towt tawp 12_‘”:[
twes | | twei t"lc_s_ towp | | dwe) towo i tres| towo tt::‘:
TWE Vin- ( WPB
OWE (nput) v, — /' R select E(_ f N | \ \ L'
tawp leap] tMCH
twas | | twen tlm‘ci :l‘tunn
LWE (Input) VT:: f j \_j \ 5 5
trac tACPi ltﬁl o
tag| EH
. . . _& toed = Thogal toen To ‘—‘—’l
DT/OE (Input) Vl:— \ \ \ \
tcac) tcac
tous| |toHH ™"
0EZ OEZ toez
wo [ (Output) \\;c;':: ...... .H..'grl'g.-..i.-.g LS W R I .{-J- non Nl e e el d e bl N JLHignz_ L
to tRACH tace
w7/ " "
100
to |« fosa) ﬁtﬂﬁ e
e Y ceeeeporc L OORY- - RORR+--4RXRRRRRD
(input) "~ H--t
tcac] |toED ltcac|  ftoen toeo
el o t =
toez ftoez EZ
- High-Z Y\ High-Z High-Z High-Z
W8 ( (Output) \\/;::_ ...... ez J _.< wyn o jigns __ | d -.g non P ngn-s . H lphen2 .
to 7
W15/
108 tws | | twnt toH ton tou
to o et tos tos tos
1015 Vin— Mask High-Z High-Z Y High-Z Y
(Input) ViL— -- d;lsa ........... .gy nqn ?-- _____ .] non ‘E._-. ____.gy LU @
trrs| | tFRH tres| [trcH tres| | treH trcs| | tren

DSF (Input) \\/,'I'::

RXKXK K e s XKXKXXXX



NEC

uPD482444, 482445

Remarks 1.

(2]

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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NEC 1PD482444, 482445

Hyper Page Mode Read Modify Lower Byte Write Cycle (Extended data output: ;PD482445, 482445L)/
Hyper Page Mode Read Modify Lower Byte Block Write Cycle (Extended data output: uPD482445, 482445L)

trasp trp
—_ V- — ¥ b
RAS (Input) v, _ \ 7
tRsH
thPRWC tHPRWC tcrp|
taco tce top thoas lLitcen
JE— Vin-— tesH 4 f
CAS (Input) v, _ \ / \ / \ ,/
trRaD thoas tHcas traL
s | [tran  |tasc | | toau tasc| | tcau nsd | toan
[ f— [ gt |y [
Vin— \
Address (Input) yyy Xx row KX coLt" coLr2 X X coL.N" ) )(XXX
L-— tmeH
twes | ftweH | tmcs o
v o e N B o
OWE (Input) v, f ]' \_ j \ 55
tawp towy| tawp tow tawp ‘cv_ﬂ
e i
twas | | twan Fc. towo | twe| rsn_cg towo twp i trcs fewn o tawL
w

— Vin—
LWE (Input) V‘:- fo sezst :[(_f A ls‘ S:JV

tRwD

[

DT/OE (Input) \6‘,‘::
(Output) Y~ - - -+ | High-Z -
wo
to
w7/
100
to
107 v
H—
(Input) v,
ws VoH— | Hi i . Hghz |
to (Output) VoL- o
W15/
108
1015 ViL—

trcs| | tren

DSF (Input) \\//'::



NEC

uPD482444, 482445

Remarks 1.

(2]

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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[Refresh cycle]

1PD482444-70
1PD482445-70
uPD482445L-A70

MIN. MAX. MIN. MAX.

1PD482444-60

Parameter Symbol | #PD482445-60 Unit [Conditions

Refresh period trer 8 8 ms

RAS high to CAS low precharge time trrc 10 10 ns

@ setup time (for CAS before tesr 5 5 ns

RAS refresh cycle)

CAS hold time (for CAS before RAS | tcur 10 10 ns

refresh cycle)

OE to RAS inactive setup time toes 0 0 ns

SC setup time from RAS tsrs 10 10 ns |Notes 1,2, 3|
SC hold time from RAS tshn 10 10 ns | Note 1

Notes 1. The tsrs and tsrH in the hidden refresh cycle, CAS before RAS refresh cycle (STOP register set cycle

and optional reset cycle) are specified to guarantee the serial port operations until the transfer cycle
is executed after the STOP register value is changed. When the STOP register value is not to be
changed, or when the binary boundary jump function is not used (when the TAP register is empty),
tsms and tsru will not be specified.

. tssc (split read data transfer cycle) and tsrs (split write data transfer cycle) are specified at the rising

edge of SC which reads/writes the address of the jump source in the binary boundary jump function.

tsoHr (split read data transfer cycle and split write data transfer cycle) is specified at the rising edge

of SC which reads/writes the address of the jump destination in the binary boundary jump function.

The rising edge of these SCs cannot be input in periods (1) and (2).

(1) Split read data transfer cycle: Period from the rising edge of the SC specifying tssc to that of the
SC specifying tsoxr (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing Chart.)

(2) Split write data transfer cycle: Period from the rising edge of the SC specifying tsrs to that of
the SC specifying tsonr (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing
Chart.)

. Limitations of split read/write data transfer cycle during serial write operations. When split read/write
data transfer is performed while serial write is executed for the column specified by the STOP register,
serial write operations cannot be guaranteed.



NEC uPD482444, 482445

RAS Only Refresh Cycle

trc
tras trpP
__ ——
RAS (Input) ‘\’/'I':: N ,Z‘ N
tcrp trrc
- r_. X
CAS (input) '~ /
tasr tRAH
sarss o (v~ XXX row KO00OORKKXXXXCOOG00000KXXX
tons toHH
o n—
BT/OE (input) '~ {{{]' '\55555555555555555555555555555555
WO to WIS Qutput) Y~ eme e . IR B e
trrs tFRH

DSF (Input) ‘\’/‘“‘ '\'KK\ 1/77777777777777777777777777777777
L—

Remarks 1. UWE, LWE : Don't care
2. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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4PD482444, 482445
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CAS Before RAS Refresh Cycle (Optional Reset)

trc
tras tre
RAS (Input) V- \ Z‘ 3
V- 7 \___
trec
tcsr tcHr
AAG Vin—
AS (I
CAS (Input) Vi \ / \
WO to W15/ Vor— I N Z e
100101015 (QUPU) o _ === mmmmmmmmoccoomoopleo oS e s oo s m s oo oo s oo e
trrs tFRH

DSF (Input) \r'~ WL \

THiiiiiiiiiiiiiii

tsms

SC (input) V¥~ / \

tsrH

Remarks 1. A0 to A8, UWE, LWE, DT/OE : Don't care
2. Because the serial access port operates independently of the random access port, there is no need

to control the SE, SIO pins in this cycle.



NEC uPD482444, 482445

CAS Before RAS Refresh Cycle (STOP Register Set)

trc

tras | tre

RAS (Input) \\//':: \_ J] N\

trrc

tcsr tcHr

CAS (Input) \\//I:: \(

pastes o 2~ XOXXXKK_=oumonsr cooe XXXCXXXXIOOO0000CCKKXXKX
owe ooy V2~ \ANNNANN LI
e o - \N\NNNNNY LI

WO to W15/ Vor—
100 to 1015 OUPU) 0

ose o = //77//7] EULARTRARRARTARRRANRARNAN

tsmH
SC (Input) ‘\’/':: 7 \ l/_\__

Remarks 1. DT/OE : Don't care
2. Because the serial access port operates independently of the random access port, there is no need
to control the SE, SIO pins in this cycle.




NEC uPD482444, 482445

CAS Before RAS Refresh Cycle (No Reset)

tre
tras trp
RAS - \ —
RAS (input) v:_ \ )’
trrc -
tosr tcHr
CAS _ 1‘
CAS (Input) Vo'~ \ ( ) /
 twes twen
— ! |
we o Vo= /777777F ALALRLRARARARRRARARARANAY
 twes tweH
- ' |
wewon o= /777777 ALALARANARARARRARARRRNANY
WO to W15/ Vor-— _ i R f‘lg_hzz_ -------------------------------------
100101015 ©utput) yo _ ==========c=cccc--- B
_ tees trRH

DSF (Input) \c:: f{{f{{f}' \55555555555555555555555

Remarks 1. AO to A8, DT/OE : Don’t care
2. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Hidden Refresh Cycle (uPD482444)

ViH-

RAS (Input) v,

ViH —

CAS (Input) y;,

Vv —

Address (Input) Vi —

ViH -

UWE (Input) v, _

ViH -

LWE (Input) Vi —

ViH -

DT/OE (Input) ,, _

WO to W15/ Vor —
100 to 1015 ©utput) ;o

Vi -

DSF (Input) ViL—

ViH—

SC (Input) ViL—

Remarks 1.

/N

a\

tre tre
tras trp tras trp
Y X X
torp '__.‘ tRco - trsH ters tcHr t::::u i
_7 j i L
trao tRaL

tasr t:_:r; tasc || tcan

XXX ROW m‘ coL. |
iiﬂcs twen
i S AN
twpz
trcs tweH twez |
I |

LT A AN

tous || toww toes - twez
LT ANMNY

'::c torr
tcac toez
............. High-Z_ --------.kiE:-_g: DATA OUT :E.-----t"gtl-.z-
trRs trRR trRs traH
I\ /YXOQRKXN_ reset sseer TXOOOOOKKXUNKX
tsrs

When DSF is high level : Reset select = No Reset

When DSF is low level : Reset select = Optional Reset

2. Because the serial access port operates independently of the random access port, there is no need

to control the SE, SIO pins in this cycle.
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NEC uPD482444, 482445

Hidden Refresh Cycle (Extended data output: uPD482445, 482445L)

trc tre
tras trp tras trp
RAS (input) 1~ d Y 7\
tcre
tome trcp , tRsH tcHr teen .
— . Inis ;dL tHeas i
put) Vi— / Z \
trao traL
tasr | ftraH tasc || tean
] \
Address (Input) \C:: XXX ROW m co. |
y J.tm:s tweH
wewen - ////11[] AN
twez !twez ‘
liwcs tweH AI
|
wewen - ////[11] \ ARARRRRRNANY
t
toms || towH - twez
toes
DT/OE (Input) \\/,':: Z{? \\ \\\\\ 7/ o
trac (oFc0
taa
tcac toez
' toea )
P SR | S MO e -]: DATA OUT - .
trrs tFRH tFRs trRH
osr tmpen Vi NN / XXX et et _KOXRXXXXKIXHKUXHXX
tsrs

SC (Input) \\/,':: _/—\ / \ / \

Remarks 1. When DSF is high level : Reset select = No Reset
When DSF is low level : Reset select = Optional Reset
2. Because the serial access port operates independently of the random access port, there is no need
to control the SE, SIO pins in this cycle.




NEC

1PD482444, 482445

[Register set cycle]

—_—
Parameter Symbol | uPD482445-60 ;;D 482445L-A70 | Unit | Condition
) MIN. MAX. MIN. MAX.
RAS high to CAS low precharge time | trec 10 10 ns
Write command setup time twes 0 0 ns Note
Write command hold time twen 12 12 ns

Note twcs > twes (MIN.) is the condition for early write cycle to be set. Dour becomes high impedance during

the cycle.

trwo > trwp (MIN.), tcwo 2 tewp (MIN.), tawp > tawo (MIN.), are conditions for read modify write cycle to be
set. The data of the selected address is output to Dour.

If any of the above conditions are not met, pin W/IO will become undefined.
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NEC

uPD482444, 482445

920

Register Set Cycle (Early Write)

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/OE (Input)

WO to W15/

100 to 1015 (Input)

DSF (input)

ViH -

ViL—

ViH =

ViL -

ViH—

ViL—

ViH =

ViL-

ViH =

ViL =

Vi —
ViL—

ViH =
ViL -

ViH—
ViL—

trc

g — =
.=

L7 \\ _ ‘W:W LI
LL/ - \\Y - (/11

tous | | tonu

Ll

INARANY

IL1AA1LARARRRRRRRRRRRRANY

tos

tou

trrs | | trRH

DATA IN

RXXXKXXKXXKRXXXX

trcs|

tron

fr

f f ]' W Register select

Notes 1. tcas for the uPD482444
tHeas for the uPD482445, 4824451
2. Refresh address (RAS only refresh)

AN

Remarks 1. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select
2. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.



NEC 1PD482444, 482445

Register Set Cycle (Upper Byte Early Write)

trc

tras tre
RAS (Input) \\’,',':: N / b
tesh tcre
I_t@P. troo - ::thc,\s"m1 ! teen o
CAS (Input) \\//':: ﬂ )B ;] K
AsRl | tRan
Address (Input) \\//I::: XXXXROWWM
twes tweH
twes | | twsH T twe
WE e - /] AN L
twes | | twen vcs| tMRHtMCH
wewnn 2 777 || N7 NN
tons | | town
5TIGE (new) i~ /// ALLARA1ARLARRARRRARERRRRRRRRRRANY
tos tou
B e Y Comnn X RROOOORROOODO0RK
tras | | tFRH res| trcH
ose oo .~ // N/ K reistr et XXX XXXXXXKOCKXXKXXXXXXX

Notes 1. tcas for the uPD482444
tHeas for the uPD482445, 4824451
2. Refresh address (RAS only refresh)

Remarks 1. WO to W7/I00 to 107 : Don't care
2. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select
3. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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NEC

uPD482444, 482445

Register Set Cycle (Lower Byte Early Write)

RAS (Input) \\/,'I'L‘:

tras

trp

CAS (Input) \\l,':: j

ViH -
Address (Input) VI:— XXXXROW”‘”"

[E— - 4
UWE (Input) \a’:_ f { /

N
tesk tere
l ferp trco teen |
Y
N / \
t’ﬁ
twes I——— tmeH
b—’l tmes r—— tmRH
twes tweH

twes

twe

LWE (Input) \\/,':: { { J i

_tons

(/T

DT/OE (Input) \\/,':: { { /

A1 1 L1LARARRRRRRRRRRRANY

ARANY

ton

WO to W7/ Vi —
1000107 (MPUY y;, _

Y

DATA IN

tFRS

trcs trcH

A

DSF (Input) \\/,"’::

Notes 1. tcas for the uPD482444

\V/

tHeas for the uPD482445, 4824451
2. Refresh address (RAS only refresh)

Remarks 1. W8 to W15/108 to 1015 : Don't care

2. When DSF is high level : Register select = Color Register Select

(XXX RRR KKK KRR KRR

KUROOKKXXKXXIXIXX

When DSF is low level : Register select = Write Mask Register Select
3. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.



NEC 1PD482444, 482445

Register Set Cycle (Late Write)

trc

tras . tap
1)
RAS (Inpuy) V1~ N / |
tesH tcap
tcrp trRco tRsH tceN
toas, trcagNote ! i
CAS (Input) \\/,':: / \‘ ! \_
tast | ‘tﬂ’l
Address (Input) \\2:: Bmﬂow”"M
twes twen trcs “A‘M;CWL
twe
OWE (input) \y. \_/ \ L1111
twes | | twan tacs ‘._tnmw__]
twe
WE tmpu Voo /)] \_/ N (/1] /

toHs toeH
-
5Tk trewy \= [/ /] AT
tos tou i
10 i V12 o XKXRKXRXKIXKXX
trRs trRH tres tren

osewe) W= //f CEEE C(ITETIIERTRRARRRRRRRANY

Notes 1. tcas for the uPD482444
tHeas for the uPD482445, 482445L
2. Refresh address (RAS only refresh)

Remarks 1. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select
2. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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NEC

4PD482444, 482445

Register Set Cycle (Upper Byte Late Write)

RAS (Input)

CAS (Input) v

Address (Input) v

UWE (Input)

LWE (Input)

DT/OE (Input)

W8 to W15/
108 to 1015 (INPUt)

DSF (Input)

tre
tras trp
ViH - 5\ Z‘ 3
ViL- k 7 | W
tosh tcre
cRP trco tasH tepn ,
tcas, troaghote ! |
H— b f X
Vi - / S‘ Z
tashl | tran
St

twes | |_ tweu D I
W /7 AAARANANV ;//////{Z/////H

l‘“’ tmRH

w7 NS NAANANR
w- /[l ALNARRARRRRARRRRRAANY
= XXX Comn XXOO000000X

w2/ N e KN\

Notes 1. tcas for the uPD482444
tHcas for the uPD482445, 4824451
2. Refresh address (RAS only refresh)

Remarks 1.
2.

WO to W7/100 to |07 : Don't care
When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select

. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.



NEC

uPD482444, 482445

Register Set Cycle (Lower Byte Late Write)

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/OE (Input)

WO to W7/

100 to to7 (INPUY

DSF (Input)

Vi -

ViL—

tre

tras

trp

tcsH

tcrp

trco

tRsH

tcen

toas, thcagNowe !

-
-

I

7 AR
Z[/'m AN \\\S: 5 LI
[ | :i!:\\}\\\\\\\\\\\\\\\\\

iy

Notes 1. tcas for the uPD482444
tHcas for the uPD482445, 4824451
2. Refresh address (RAS only refresh)

Remarks 1.
2.

VA

Register select

W8 to W15/108 to 1015 : Don't care

When DSF is high level : Register select = Color Register Select

When DSF is low level : Register select = Write Mask Register Select

to control the SC, SE, SIO pins in this cycle.

A

. Because the serial access port operates independently of the random access port, there is no need



NEC

uPD482444, 482445

[Data transfer cycle]

4PD482444-60 : zg:gz::;:;g
Parameter Symbol | #PD482445-60 4PD482445L-A70| Uit | Conditions
MIN. MAX. MIN. MAX.

Serial clock cycle time tscc 20 22 ns
Serial output access time from SC tsca 15 17 ns
Propagation delay time from SC to tro 0 20 0 20 ns
QSF
Propagation delay time from RAS to | taao o] 80 0 95 ns
QSF ’
Propagation delay time from CASto | tcap 0 60 0 65 ns
QSF
Propagation delay time from DT/OE | toap 0 30 0 30 ns
to QSF
Propagation delay time from RAS toar 0 40 0 40 ns
high to QSF
Serial input enable time from RAS tszn 40 40 ns
SC precharge time tscL 5 5 ns
SC pulse width tscH 5 ns
DT high pulse width tore 20 20 ns
DT low setup time toLs 0 0 ns
Serial output hold time after SC high tsom 3 5 ns
Serial data in setup time tsis 0 0 ns
Serial data in hold time tsiH 10 10 ns
SC setup time from RAS tsrs 10 10 ns [Notes 1,2, 3|
DT low hold time after RAS low thon 55 60 ns | Note 4
DT low hold time after RAS low trows | 15 16 ns | Note 4
DT low hold time after CAS low toow 20 20 ns | Note 4
DT low hold time after address taoo 25 25 ns | Note 4
SC low hold time after DT high tsom 60 60 ns | Note 4
SC low hold time after DT high tsonn | 60 60 ns |Notes 2, 4
SC high to CAS low tssc 10 10 ns [Notes2,3,4
SC high to DT high tsop 0 ()} ns | Note 4
DT high to RAS high delay time totm 0 0 ns | Note 4
Serial input disable time from SC tsiz 0 0 ns
Serial output disable time from RAS | tsrz 0 0 ns
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Notes 1.

The tsrs and tsrH in the hidden refresh cycle, CAS before RAS refresh cycle (STOP register set cycle
and optional reset cycle) are specified to guarantee the serial port operations until the transfer cycle
is executed after the STOP register value is changed. When the STOP register value is not to be
changed, or when the binary boundary jump function is not used (when the TAP register is empty),
tsrs and tsru will not be specified.

. tssc (split read data transfer cycle) and tsrs (split write data transfer cycle) are specified at the rising

edge of SC which reads/writes the address of the jump source in the binary boundary jump function.

tsonr (split read data transfer cycle and split write data transfer cycle) is specified at the rising edge

of SC which reads/writes the address of the jump destination in the binary boundary jump function.

The rising edge of these SCs cannot be input in periods (1) and (2).

(1) Split read data transfer cycle: Period from the rising edge of the SC specifying tssc to that of the
SC specifying tsonr (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing Chart.)

(2) Split write data transfer cycle: Period from the rising edge of the SC specifying tsrs to that of
the SC specifying tsoHr (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing
Chart.)

. Limitations of split read/write data transfer cycle during serial write operations. When split read/write

data transfer is performed while serial write is executed for the column specified by the STOP register,
serial write operations cannot be guaranteed.

. One of the following specifications will be valid depending on the type of read data transfer method

used.
(1) DT/OE edge control: Satisfy the following specifications.
- For DT/OE edge inputs : troH, tcon, taop, totr
« For SC inputs : tsop, tsoH
(2) Self control: Satisfy the following specification.
« For DT/OE edge inputs : troHs
» For SC inputs . tssc, tsoHR
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Read Data Transfer Cycle (SC Active)

trc

N
(-

s o - T\ W /
- _/ : I‘ m::::. —
sty V- XXX&OV:W‘@( o)

OWE (pu) ' ZZ/I i\\\ LA1ALAARARARERRARERRRARRANRAAY
CWE (nput) {1~ ZZ/%WE W\\\ L11A1EARRARARRARRRRRRRRRANY
e AN\
R oo
DSF (nput) V' “\m t“‘"///////////// L[

somn VT T N\ e 1_“7’_\ m 4 )

SI00 to SI015 (Output)

QSF (Output)

Vo —
VoL -

n-2

n m
XXX

New data output start

Vo —
VoL —

Note tcas for the uPD482444
tHeas for the uPD482445, 4824451
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Read Data Transfer Cycle (SC Inactive)

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (input)

DT/OE (Input) v

WO to W15/
100 10 1015 (OUtPut

DSF (Input)

SE (Input)

SC (Input)

SI00 to SI015 (Output)

QSF (Output)

trc

tras [
Vik — \ /
ViL— V!
tcsH tcrp
tcrp trco trsH fepn
tcas, tHcasNote

Vi — \
- __/ X /

LA_S—R tRAH tasc tcan
Vin — y '4 VVVVVVVVVVV
Vi XXX>‘ ROW ;@‘ coL. XOOOVOVIXX

e
S//Z/ZB1 AN\ FEN11 1AL TRRLRARARRRRRRRRRRANY
e ZZ/L IELARARTRRRRRRRRRRRRRRRRRRNNAN

toLs

tROHS

torp

ViH—

=

AN

4

Vo -
VoL —

tFRH

™

ALLALLARRRRRRRRRRY

- J///// /11111111111
W T\ z‘L’i\ - ’Lq\
v n-1 mr n m
Vo )i X

Note tcas for the uPD482444
theas for the uPD482445, 482445L
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Read Data Transfer Cycle (Serial Write — Serial Read Switching)

tras trp
J— - T ;
RAS (input) "~ \ 7 i N
tosu tcre
torp trco tRsH teen
tcas, tHoagNote

CAS (Input) \\/l::: ﬁ !\‘ J/

tasr tRan tasc toan

TCTED RTINS ) G 0000 8090000004

0w o) 1~ [/ JAAAALLLRRRAAVRRRRRRRARRARNARAAN

PR S/ I \\LALAAARLAANAARIARRAARRARN AN
DT/OE (inpu) ¥~ l’ j\;;;gssxsnsm
ooy v VoI <eeeeee Hoeenee e e et

ose iy 2~ \\ LI T

SE (npuy VM=

ViL—-
tsoHR
trap
tssc tcan
. tsoL tsow toap tsch
SC (Input) V- I k 7 k
Vi — 7
tsis tsin tsiz
Vih= { High-Z
(Input) 17 - - - {4 DATAN }--p----p---tes-
SI00
to tsca
SIO15
VoH — High-Z
(Output) {7 cmmmmmma e LRIV ORISR A m
tPo toar New data output start
Vou —
QSF (Output) \*~ X X

Note tcas for the uPD482444

tHcas for the uPD482445, 4824451
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Split Read Data Transfer Cycle

RAS (Input) \\//': - \
CAS (Input) \\7:: __/ teen

Address (Input) ‘6‘: z XXXX ROW ;@Ql ’X‘I‘X X X‘I‘X I‘X‘I‘I‘I‘X
e (o) \Z [/ ALAEA1EA1RARRRRARARARARARAARRRAANY

i
TWE (input) \ '~ {{/'
to

IAARARY

LANALEARARRRRARRARRRRRRRANY

LS
BTIGE Ve
(Input) Vi—

1111/

LT

WO to W15/
100 to 1015

(Output) \\//Zt:

t

trRs
DSF (Input) \*~ {{/'

SE (Input) \\//'::: L

AAAAANNY

LALALALARARAARRRRRRRRRARANY

tscc

tssc

Note 2

tscL

SC (input) V'~

tsch tscL tscH I
s s
tsiH tsis tsi

tscultsCL
L

tsis H tsis tsiH rtsgl tsiv tsis tsiv
(npuy V= { DATA IN ‘E(XX DATA IN DATA IN @(DATA N ] DATA IN ’§<X>
P ViL— 7 / / / 7
3'80 tsca tsca tsca tsca
SI015 tsoH tsoH tson tsoH tsoH
- { \
(Output) V'~ DATA OUTXXXDATA out | DATA OUT )@i( DATA OUT )§<X><‘ DATA OUT

QSF (Output) \ '~
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Notes 1. tcas for the uPD482444
theas for the uPD482445, 4824450
2. Do not perform the following two serial read/write during this period.
- Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.
+ Serial read/write of last address of data register (Address 255 or 511)
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Write Data Transfer Cycle

tre
tras tre
J— - y
RAS (input) Y1~ \ Y
tcrp tesH
trco tRsH
tcas, troagNote
— 4
CAS (Input) \\//"’:: / toen h C 7
tasr | | tran tasc toan
— |
Address (input) V¥~ ZXXZX ROW ‘@il coL.

QOXXXXXXX

e Y- XN | /777777 77777777TTTTTTTTTTITITTT
LWE Gnpun %‘.‘::W LI T
SR \\\ U\ 7///// 77T TT77
Yg) o \%115; (Input) \\//'I*:: ( Mask data ><XXXXXXXXXXXX

DSF (input) V"~ W\ 11/

i

i

SE (Input) \\//I::: L

tsoHR

tcap

trap

SC (Input) \\//I::: _\

SI00
5% s Yo (oA KXXKXKXKXKXCKX XXX XKD

QSF (Output) Yo" = X

Note tcas for the uPD482444
tucas for the uPD482445, 482445L
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Write Data Transfer Cycle (Serial Read — Serial Write Switching)

RAS (Input)

CAS (Input)

Address (Input)

UWE (Input)

LWE (Input)

DT/OE (Input)

WO to W15/
100 10 1015 (MPUY)

DSF (Input)

SE (Input)

SC (Input)

(Input)

S100
to
SIO15

Von -
(Output) Vo —

o) ~ S e U
e A
O T o RXRKRRXXK
o | W
NN W11/,
PEAANN t::s/7//// T
e XX e RRXXXXOORRRRX
v U | VZ777 I
W\ B fﬁ N\ ’t'il\
e R )

T P TN - S S

teo

QSF (Output) \\//z*::

Note tcas for the uPD482444
treas for the uPD482445, 4824451
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Split Write Data Transfer Cycle
tre

trRas trp

RAS (nput) V"~ \ / | U

ViL—

tcrp tesH
treo trsH
tcas, tHoasNote 1

— 4
CAS (Input) ‘\’/'I’:: / toen

tasr | | tran
]

Adaress (Input) \*'~ ZXXX)(‘ ROW ;@g

twes | | twen

wewen Voo \\N\N || (/7777177777777 77777

vVVVVVWVWVYVVVVVVVVWVVWVVVV
‘A‘A’A‘A’A’A’ AAAAAAAAAA‘AAA

twes | | twen

LWE () %‘:ZWF LT

tois | | troms
DTIOE (input) V™~ ; ; ; \ /77777777777777777
WU tnpury Y™ [ OXXXRXUHXXLAICIIXXKX

trRs || trRu
I
ViH— \
DSF (Input \\ \
wo 22 [/ JA1A1AHRRARARARRARARRRRARAANY
SE (Input) ‘\’/':: L
Note 2
tsms tsoHR
tscc
tscH tsc tscH tscL tscH tscL tscH tscL
SC (Input) \\//‘:: u L u / H 4 k w_—\_
tsis s tsis tsiH tsis tsiH tsis tsiH tsis tsiH
V- £ y s \ / ) \ y
o0 (Input) Vi— {‘ DATA IN @LDATA IN ] L DATA IN l@ DATA IN }@TA IN )W
to tsca tsca tsca tsca
slo15 Ison [Jsoy Isoy n | gsoi
- X y 4 A 4 )
(Output) Vou DATA OUT DATA OUT DATA OUT DATA OUT DATA OUT
VoL— A A / A
tro trD
| |
- '4
QSF (Output) Vo'~ X X
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Notes 1. tcas for the uPD482444
tHcas for the uPD482445, 4824451
2. Do not perform the following two serial read/write during this period.
- Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.
« Serial read/write of last address of data register (Address 255 or 511)

107



NEC

4PD482444, 482445

108

[Serial read, write cycle]

1PD482444-60 Zgg::z:;:;g .
Parameter Symbol | #PD482445-60 UPD482445L-A70 Unit | Condition
MIN. | MAX. | MIN. | MAX.

Serial clock cycle time tsce 20 22 ns

Serial output access time from SE tsea 15 17 ns

Serial output access time from SC tsca 15 17 ns
Propagation delay time from SC to teo 0 20 0 20 ns

QSF

SC precharge time tsc 5 5 ns

SE precharge time tsep 5 5 ns

SC pulse width tscH 5 5 ns

SE pulse width tsee 5 5 ns

SE setup time tses 0 0 ns

SE hold time from SC tsen 10 10 ns

Serial data in setup time tsis 0 0 ns

Serial data in hold time tsiH 10 10 ns

Serial output hold time after SC high tsou 3 5 ns

Output disable time from SE high tsez 0 15 0 15 | ns | Note
SE low to serial output setup delay tsoo 3 5 ns

time

Note tsez, toez, twez, torr, torr, and torc define the time when the output achieves the condition of

high impedance and is not referenced to Von or VoL.
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Serial Read Cycle

| tsep tsee ,
SE (Input) \\//:t: _H( JL tsez
! B2 o
tscc tsccNote 1 tsccNote 2
tsch oo tscL tscH o tscu tscH . tscu
ViH— F
SC (input) V™ 'l\ ZL_—_)[SL____;Z‘—J&L__J
tsea tsca tsca
tsog tson tson
% oupuy Vo= - HOhZ ____ £TT3 ANs IR A TN---
e utput) o' T \L  pataour £77\\3 DATA OUT £/ /\\X ouT 4
trp
QSF (Output) V2~ X

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates independently of the serial access port, there is no need
to control the RAS, CAS, Address, UWE, LWE, DT/OE, WI/O, DSF pins in this cycle.

Serial Write Cycle

tscc tsccNote 1 tscoNote 2
tscH tscL tscH , tscL tscH ) tscL
Vi — o
SC (Input) ' ~ / kc / I\( P l\( 7?
tses| | tsen tses lsfil tses| |tsen tses| | tsen
o 22 | T [
tsis| | ts tsis | | tsH tsis| | ts
S (nputy Yo'~ (Y DATAIN "' YOO
sI015 VoL - AYAYAVAVAVAVAVAVAVA
QSF (Output) V2~ X

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates independently of the serial access port, there is no need
to control the RAS, CAS, Address, UWE, LWE, DT/OE, WI/O, DSF pins in this cycle.
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5. Package Drawings

64 PIN PLASTIC SHRINK SOP (525 mil)

A

NOTE

DM@

Each lead centerline is located within 0.10
mm (0.004 inch) of its true position (T.P.) at
maximum material condition.

detail of lead end

J
E' W T Bl S e——
i 1
L
P64GW-80-525A-1

ITEM|  MILLIMETERS INCHES

A 26.30 MAX. 1.036 MAX.

B 0.75 MAX. 0.030 MAX.

o 0.8 (T.P) 0.031 (T.P.)

D 0.35£0.05 0.014*3:9%2

E 0.15£0.05 0.0060.002

F 2.3 MAX. 0.091 MAX.

G 2.0 0.079

H 13.8+0.3 0.5433813

I 11.840.1 0.4655:00¢

J 1.0£0.2 0.039:3:9%3

K 0.20*8:38 0.008+3:3%

L 0.5£0.2 0.020*3:9%8

M 0.10 0.004

N 0.10 0.004
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6. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD482444, 482445 and 482445L.

Types of Surface Mount Device
nPD482444GW : 64-Pin Plastic Shrink SOP (525 mil)
nPD482445GW : 64-Pin Plastic Shrink SOP (525 mil)
1PD482445LGW-A : 64-Pin Plastic Shrink SOP (525 mil)



DATA SHEET

NEC /

MOS INTEGRATED CIRCUIT

1PD482234, 482235

2M-Bit Dual Port Graphics Buffer
256K-WORD BY 8-BIT

Description

The uPD482234 and uPD482235 have a random access port and a serial access port. The random access port
has a 2M-bit (262, 144 words x 8 bits) memory cell array structure. The serial access port can perform clock operations
of up to 55 MHz from the 4K-bit data register (512 words x 8 bits).

To simplify the graphics system design, the split data transfer function and binary boundary jump function have
been adopted so that the number of split data registers can be programmed with the software during serial read/write
operations.

The uPD482235 is provided with the hyper page mode, an improved version of the fast page mode of the
uPD482234. The random access port can input and output data by CAS clock operations of up to 33 MHz.

Features
Dual port structure (Random access port, Serial access port)
+ Random access port (262, 144-word x 8-bit structure)

1PD482234
uPD482234-60 puPD482234-70
RAS access time 60 ns (MAX.) 70 ns (MAX.)
Fast page mode cycle time 40 ns (MIN.) 45 ns (MIN.)

1PD482235

1PD482235-60

1PD482235-70

RAS access time

60 ns (MAX.)

70 ns (MAX.)

Hyper page mode cycle time

30 ns (MIN.)

35 ns (MIN.)

- Flash write functionNote

- Block write function (4 columns)Note

- Mask write (Write-per-bit function)

+ 512 refresh cycles /8 ms

- CAS before RAS refresh, RAS only refresh, Hidden refresh

Note Write-per-bit can be specified.

The information in this d t is subject to change without notice.

Document No. M11096EJ4VODSU1

113



NEC

uPD482234, 482235

114

» Serial access port (512 words x 8 bits organization)

- Serial read/write cycle time

1PD482234-60, 482235-60

1PD482234-70, 482235-70

18 ns (MIN.)

22 ns (MIN.)

- Serial data read/write
- Split buffer data transfer

- Binary boundary jump function

Version B, A, F, and E

There are four versions, B, A, F, and E, to both the uPD482234 and uPD482235. This data sheet can be applied

to the versions B and A.

« How to identify each version

Each version is identified with its lot number (Refer to 7. Example of Stamping).

Ordering Information

Part Number RAS Access Time Package Page Mode
ns (MAX.)
uPD482234LE-60 60 40-pin plastic SOJ (400mil) Fast page mode
uPD482234LE-70 70
uPD482234G5-60 60 44-pin plastic TSOP (1)
1PD482234G5-70 70 (400mil)
1PD482235LE-60 60 40-pin plastic SOJ (400mil) Hyper page mode
uPD482235LE-70 70
uPD482235G5-60 60 44-pin plastic TSOP (II)
#PD482235G5-70 70 (400mil)




NEC uPD482234, 482235
Pin Configurations (Marking Side)
40-pin plastic SOJ (400 mil)
Vee O—— 1 40 ——O GND
SCO—-|2 39 |~—=0 SI07
SI00 O=—+| 3 38 |+—=0O SI06
SI01 O] 4 37 |+——=0 SI05
8102 O=—+| 5 36 |~—O SIO4
SI03 O=—+| 6 351~——O SE
DTIOE O—{ 7 34 f«——=0O W7/I07
WO/I00 O=—+{ 8 33 |=—=0O W6/106
W1/101 O=—n] 9 5% 32 |~—=0O W5/105
W2/102 Oe—-n 10 g g 31 fe—e0 W4/104
W3/103 O=—on] 11 § § 30 ——O GND
GND O—— 12 rr‘"-n f‘ 29 f+——O DSF
WBWE O—— 13 28——ONC
RAS O—={ 14 27 +—0O CAS
A8 O—| 15 26 —=O QSF
A7 O—] 16 25+——0 A0
A6 O— 17 24 |+——0 At
A5 O—] 18 23 |=—O0 A2
A4 O—=] 19 22+——0 A3
Vee O——— 20 21 ——-CO GND

A0 to A8

WO to W7/100 to 107
SIO0 to SI07
RAS

CAS

DT/OE
WB/WE

SE

SC

QSF

DSF

Vce

GND

NCNote

: Address inputs

: Mask data selects/Data inputs and outputs
: Serial data inputs and outputs
: Row address strobe

: Column address strobe

: Data transfer/Output enable

: Write-per-bit/Write enable

: Serial data input/Output enable
: Serial clock

: Special function output

: Special function enable

: Power supply voltage

: Ground

: No connection

Note Some signals can be applied because this pin is not connected to the inside of the chip.
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44-pin plastic TSOP (ll) (400 mil)

Vec O—— 1 O U 44——O GND
SCO——+| 2 43— SIO7
SIO0Q=—=1 3 42 SI06
SI01 O=—+] 4 41 [:(C; Si05
SI02Q=——+{ 5§ 40f=——=0 SIO4
SI030~—+] 6 39f«——O SE
DT/OEO—={ 7 38l~—=0O W7/I107
WO0/I00O=——+1 8 37f—=0O W6/106
W1/101O=—={ 9 ":u FU 36}=——=O W5/I05
W2/1020-—] 10 2 § 36}—=0 Wan104
5
88
W3/1030=—-+] 13 32——O GND
GNDO—] 14 31~—CO DSF
WBWEO—] 15 30——ONC
RASO—+ 16 29f«——0O CAS
ABO—= 17 28—0O QSF
A7TO—= 18 27+—0 A0
A6O—=| 19 26—C0 At
A5O—= 20 25+—0 A2
AAO—+ 21 24f~—O0O A3
VecO— 22 O 23——O GND
AO to A8 : Address inputs
WO to W7/I00 to 107  : Mask data selects/Data inputs and outputs
SI00 to SIO7 : Serial data inputs and outputs
RAS : Row address strobe
CAS : Column address strobe
DT/OE : Data transfer/Output enable
WB, WE : Write-per-bit/Write enable
SE : Serial data input/Output enable
SC : Serial clock
QSF : Special function output
DSF : Special function enable
Vee : Power supply voltage
GND : Ground
NCNote : No connection

Note Some signals can be applied because this pin is not connected to the inside of the chip.
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Block Diagram
RAS —»]
CAS —+

DT/OE —

Timing Generator

Refresh
Counter

Address Buffer

A6 —»]

A7 —

A8 —=

Row Decoder

WO0/00 W7/107
Color Register
(8 bits) 3 Common I/O Buffer
Mask Register
(8 bits)
8
0 Column Decoder | 51 I
Sense Amp

l¢—————————— 512 columns x 8

Memory Cell Array
(512x512x8)

512 Rows

1r 17

T
Transf?r Gate l

1r 17

T T 1
Data Register (512 words x 8 bits)
1 L 1

1T e

|255|256l

Ea

Serial Address
sC Pointer 0 l
SE
QSF

118

Serial In/Out Buffer

SI00 Slo7
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1. Pin Functions

This product is equipped with the RAS, CAS, WB/WE, DT/OE, A0 to A8, DSF, SC, SE inputs, QSF output, and
WO to W7/100 to 107, SIO0 to SIO7 input/output pins.

(Row address strobe)

CAS
(Column address
strobe)

AO to A8
(Address inputs)

(1/3)
Pin Name Input/ Function
Output
RAS Input | This signal latches the row addresses (A0 to A8), selects the corresponding

word line, and activates the sense amplifier. It also refreshes the memory
cell array of the one line (4,096 bits) selected from the row addresses (A0
to A8).

It also serves as the signal which selects the following operations.
+ Write-per-bit + Flash write
« CAS before RAS refresh + Split data transfer

This signal latches the column addresses (A0 to A8), selects the digit line
connecting the sense amplifier, and activates the output circuit which
outputs data to the random access port.

It also serves as the signal which selects the following operations.
+ Read/write » Block write
+ Color register set » Mask register set

These are the address input pins, TAP register input pins, and STOP
register input pins.

Address input

This is a 9-bit address bus. It inputs a total of 18 bits of the address signal,
starting from the upper 9 bits (row address) and then followed by the lower
9 bits (column bits) (address multiplex method). Using these, one word
memory cells (8 bits) are selected from the 262,144 words x 8 bits memory
cell array.

During use, specify the row address, activate the RAS signal, latch the row
address, switch to the column address, and activate the CAS signal. After
activating the RAS and CAS signals, each address signal is taken into the
device. For this reason, the address input setup time (tasr, tasc) and hold
time (tran, tcan) are specified for activating the RAS and CAS signals.

TAP Register Input

Inthe datatransfer cycle, this TAP register input pin functions as the address
input pin which selects the memory cell for transferring (9 bits are latched
at the falling edge of RAS) and the TAP register data input pin which
specifies the start addresses of the serial read/write operation after data
transfer (9 bits are latched at the falling edge of the CAS).

STOP Register Input
This pin functions as the STOP register input pin when the STOP register
is set (STOP register data (9 bits) are latched at the falling edge of the RAS.)
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(2/3)

Input/
Output

Pin Name Function

DT/OE Input | These are the data transfer control signal and read operation control signal
(Data transfer/ respectively. They have different functions in the data transfer cycle and
output enable) read cycle.

Data transfer control signal (In data transfer cycle)
The data transfer cycle is initiated when a low level is input to this pin at the
falling edge of RAS.

Read operations control signal (In read cycle)

Read operation is performed when this signal, and the RAS and CAS signals
are activated. The input/output pin is high impedance when this signal is
not activated. When the WB/WE signal is activated while the
DT/OE signal is activated, the DT/OE signal is invalid in the memory and
read operations cannot be performed.

WB/WE These are the write operation control signal and mask write cycle (write-per-
(Write-per-bit/ bit function) mask data input control signal, respectively.
Write enable) When this signal, RAS and CAS signals are activated, write operations or
mask write can be performed. These mode are determined by the level of
WB/WE at the falling edge of RAS.

+ High level ....... 8-bit write cycle

» Low level........ Mask write cycle (Write-per-bit)

DSF This signal controls the selection of functions.
(Special function The selection of functions is determined by the level of this signal at the
enable) falling edge of the RAS and CAS. The functions will change as follows when
this signal is high level.
+ The data transfer cycle changes to a split data transfer cycle.
« The read/write cycle of each RAS clock changes to the flash write cycle.
+ The write cycle of each CAS clock changes to the block write cycle.

WO to W7/100 to 107 Input/ | These are normally 8-bit data bus and are used for inputting and outputting
(Mask data selects/ Output | data. (100 to 107).

Data inputs, outputs) Function as the mask data input pins (WO to W7) in the mask write cycle
(write-per-bit function).

Write operations can be performed only for WO to W7 that are input with a
high level at the falling edge of RAS (new mask data).

Functions as the column selection data input pin in the block write cycle.
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(3/3)
Pin Name nput/ Function
Output
SC Input | This pin inputs the clock which controls the serial access port operation.
(Serial clock)
Serial Read
The data of the data register which is synchronized with the rising edge of
the SC are output from the SIO0 to SIO7 pins and kept until the next SCrising
edge.
Serial Write
The data from the SIOO0 to SIO7 pins are latched at the rising edge of the
SC and written in the data register.
SE This is a control pin for the serial access port input/output buffer.
(Serial data input/ It controls data output during serial reading and controls data input during
output enable) serial writing.
By inputting the serial clock, the serial pointer will operate even if SE has
not been activated (high level input).
SIO0 to SIO7 Input/ | These are the serial data input and output pins of the serial access port.
(Serial data inputs/ Output
outputs)
QSF Output | This is a position discrimination pin of the serial pointer (upper side or lower

(Special function
output)

side).
Which side is being serial accessed (upper side or lower side) can be
discriminated according to the output of this pin.

+ High level ....... Upper side (Addresses 256 to 511)

» Low level ........ Lower side (Addresses 0 to 255)
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2. Random Access Port Operations

The operation mode is determined by the CAS, DT/OE, WB/WE, and DSF level at the falling edge of RAS and
DSF level at the falling edge of CAS.

Table 2-1. Operation Mode

RAS Falling Edge " .CAS
alling Edge Operation Mode
CAS |DT/OE| WB/WE | DSF DSF
H H X L X Read cycle
H H H L L Write cycle
H H H L H {’i Block write cycle
H H L L L g Mask write cycle (New mask/Old mask)Note 1
H H L L H g Block mask write cycle (New mask/Old mask)Note 1
H H H H H E Color register set cycle
H H H H L Write mask register set cycle
H H L H x Flash write cycle (New mask/Old mask)Note 1
H L H L X é—% Single read data transfer cycle
H L H H X g Split read data transfer cycle
H L L L x E Single write data transfer cycle (New mask/Old mask)Note 1
H L L H x § Split write data transfer cycle (New mask/Old mask)Note 1
L x x L x 2 CAS before RAS refresh cycle (Option reset)Note 1,2
L X H H X 8 CAS before RAS refresh cycle (No reset)
L L H x g CAS before RAS refresh cycle (STOP register set)Note 2
H H x L x E RAS only refresh cycle

Notes 1. Observe the following conditions when using the new mask data or old mask data in these cycles.
(1) Old mask data
Can be used after setting the mask data using the write mask register set cycle.
(2) New mask data
Can be used after setting the mask data using the CAS before RAS refresh cycle (Option reset
cycle).
2. The STOP register is set to “FFH (11111111)” by the optional reset cycle.

Remark H: High level, L : Low level, x : High level or low level
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2.1 Random Read Cycle

This product has a common 8-bit input/output pin. To output data, specify the address using the RAS and CAS
clocks and then set DT/OE to low level.

The data output will be kept until one of the following conditions is set.

(1) Set RAS and CAS to high level
(2) Set DT/OE to high level
(3) Set WB/WE to low level

The read cycle and data transfer cycle are differentiated according to the level of DT/OE at the falling edge of
the RAS clock. If DT/OE is set to low level at the falling edge ofthe RAS clock, data transfer cycle operations will
be initiated. Therefore, to set the read cycle, input a high level above toxH (MIN.) to DT/OE from the falling edge
of the RAS clock, and then input a low level.

Caution Set the DSF to low level at the falling edge of RAS. If set to high level, the memory cell data
cannot be output.

2.1.1 Extended Read Data Output (uPD482235)

The uPD482235 adopt the hyper page mode cycle which is a faster read/write cycle than the fast page mode
of the uPD482234 (Hyper page mode cycle time: 30 ns (MIN.)).

With this cycle, the read data output can be kept until the next CAS cycle, and because the output is extended,
the minimum cycle can easily be used. For example, by fixing DT/OE at low level after dropping RAS and executing
the hyper page read cycle, each time the column address is latched at the falling edge of CAS, the data output will
be updated and kept until the next falling edge of CAS. As a result, the output will be extended only during CAS
precharge time (tce) as compared to the normal fast page mode.

Figure 2-1. Extended Data Output of Hyper Page Mode

RAS (Input) \ /'

CAS (Input)

Address (Input) D@ZXX_

DT/OE (Input) /
Note 1 Note 2

Notes 1. Time during which the output data is kept in the fast page read cycle.
2. Time during which the output data is kept in the hyper page read cycle ( ] part: Extended data
output).

High-Z
WIIO (Output) === o oeeean <
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2.2 Random Write Cycle (Early Write, Late Write)

There are three types of random write cycles-the early write and late write. To use these cycles, activate the
RAS and CAS clocks and set WB/WE to low level.

The WB/WE also controls the mask data for the write-per-bit function (mask write cycle). Therefore, when
performing the normal write cycle which does not use the write-per-bit function, set this pin to high level at the falling
edge of the RAS clock.

2.2.1 Early Write Cycle

The early write cycle controls data writing according to the CAS clock.

To execute this cycle, set WB/WE to low level earlier than the CAS clock. The write data is taken into the device
at the falling edge of the CAS clock.

2.2.2 Late Write Cycle

The late write cycle controls data writing according to the WE clock.

To execute this cycle, set WB/WE to low level later than the CAS clock. The write data is taken into the device
at the falling edge of WB/WE. To set the output to high impedance at this time, keep DT/OE at high level until WB/
WE is input.

2.3 Read Modify Write Cycle

The read modify write cycle performs data reading and writing in one RAS and CAS cycle.

To execute this cycle, delay—W'B/'VWE from the late write cycle by trwo (MIN.), tcwo (MIN.), and tawo (MIN.). Follow
the toez and toep specifications so that the output data and input data do not clash in the data bus. The data after
modification can be input after more than toeo (MIN.) from the rising edge of DT/OE.
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2.4 Fast Page Mode Cycle (uPD482234)

The uPD482234 adopt the fast page mode. This mode accesses memory cells in the same row array in about
1/3 of the time taken by the normal random read/write cycle. This fast page mode cycle is executed by repeating
the CAS clock cycle more than two times while the RAS clock is being activated. In this mode read, write and read
modify write cycles are available for each of the consecutive CAS cycles within the same RAS cycle.

2.5 Hyper Page Mode Cycle (uPD482235)

The pPD482235 adopt a hyper page mode cycle which is a faster read/write cycle than the fast page mode of
the uPD482234 (Hyper page mode cycle time: 30 ns (MIN.)).

In this cycle, because the read data output is kept until the following CAS cycle and as a result, the output is
extended, the minimum cycle can easily be used. The output is extended compared to the normal fast page mode
of uPD482234. Refer to 2.1.1 Extended Read Data Output.

2.5.1 Setting the Output to the High Impedance State

The hyper page mode can use one of three methods of setting the output pin to the high impedance state
depending on the version; these methods are WE control and OE control (latched control).
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(1) WE control
After a high level is input to CAS, when a pulse conforming to the twez specification is supplied to the WE
pin (WE = enable) during the same CAS cycle, the W/IO pin is held in the high impedance state until the
next CAS cycle.

Figure 2-2. WE Control Output Control

RAS (Input) \

CAS (Input)

Address (Input)

XXPoWK XXX KXKXKXKX XXX Koo X XXXKXKXXX XXX

WEMWB (Input)  /
DT/OE (Input) \
High-Z High-Z High-Z
WO (Output) ============-===-~ DATA1  J---=<-=---- DATA2 J---=----

(2) OE control (latched control)
After a high level is input to CAS, when a high level is supplied to the OE pin (OE = disable) during the same
CAS cycle, the W/IO pin is held in the high impedance state until the next CAS cycle. This specification
enables efficient use of OE interleaving during parallel connection.

Figure 2-3. OE Control Output Control (Latched Control)
RAS (Input) \

CAS (input)

Address (Input)

WE/WB (Input) _/

DT/OE (Input) \

WI/IO (Qutput) ===============~
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2.6 Flash Write Cycle

This cycle writes the color register data in a 4,096-bit memory cell in one cycle. The memory cell range for one
flash write cycle is 512 columns on the same row address (512-column x 8 - 10 = 4,096 bits).
2.6.1 Execution of Flash Write Cycle

To execute the flash write cycle, set WB/WE to low level at the falling edge of RAS.

By using the write-per-bit function (new mask data/old mask data), only the required W/IO can be selected
and written.

Figure 2-4. Memory Cell Range That Can be Written with Flash Write Cycle

511 WOt W7/I00 1 107

512 Rows

512 Columns/b!”

Remark |

1 is the memory cell range that can be written in one flash write cycle.
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2.7 Block Write Cycle

This cycle writes the color register data in 32-bit memory cell in one cycle. The memory cell range in which
data can be written in one block write cycle is four continuous columns on one row address (4-column x 8 * 10 =
32 bits).

Any column of the four columns can be selected and writing prohibited. Determine whether to write or prohibit
writing according to the data selected for column.

2.7.1 Free Column Selection

Determine which column to select according to the W/IO pin to which the data selected for the column is to be
input.

The four columns (1st to 4th) correspond to WO to W3/100 to 103 to which the data selected for column will be
input (The following table shows the 1st to 4th columns specified by A0 and A1 and the corresponding
W/IO pins to which the data selected will be input.).

2.7.2 Column Select Data
Input column select data for every four columns at the 32 bits (4-column x 8 - 10). The data will be written if
the column select data is “1”. Writing will be prohibited if the column select data is “0”".

2.7.3 Execution of Block Write Cycle

At the falling edge of the slowest signal (CAS, WB/WE), input the “1” column select data or “0” column select
data to WO to W3/100 to 103 corresponding to columns 1st to 4th.

By using the write-per-bit (new mask data/old mask data) function, only the required W/IO can be selected and
written.

Table 2-2. 1/O Pins Input with Column Select Data Corresponding to Columns 1st to 4th

Column Address and Corresponding
Selected 4 Columns WO Pin Column Select Data Writing
A1 A0 10

1st column 0 0 100 1 Yes
0 No

2nd column 0 1 101 1 Yes
0 No

3rd column 1 0 102 1 Yes
0 No

4th column 1 1 103 1 Yes
0 No
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Figure 2-5. Memory Cell Range That Can be Written in Block Write Cycle

8W/I0

511 ’

512 Rows 4 Columns

WO/100 to W7/107

0 512 Columns 4

i— 4th Columns (W3/103)
3rd Columns (W2/102)
2nd Columns (W1/101)
1st Columns (W0/100)

Remarks 1. is the memory cell range that can be written in one block write cycle.
2. () is the W/IO pin input with the column select data.

2.8 Register Set Cycle (Color Register, Write Mask Register)

This cycle writes data in the color register and write mask register. To execute the register set cycle, set CAS,
DT/OE, WB/WE and DSF to high level at the falling edge of RAS. Determine which register to select according
to the DSF level at the falling edge of CAS.

The register set cycle also serves as the RAS only refresh cycle.

Table 2-3. Register Selection

DSF level at CAS falling edge Selected register

High level Color register

Low level Write mask register

Caution After selecting the write mask register and writing the mask data, the write-per-bit function in
the mask write cycle will be set for the old mask register. Refer to 2.9.1 Write-Per-Bit Function.
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2.9 Mask Write Cycle

Cycles that use the write-per-bit function during the random write cycle, flash write cycle, block write cycle, write
datatransfer cycle, are called mask write cycles. Inthe fast page/hyper page mode write cycle, the mask data cannot

be changed during the CAS cycle.

2.9.1 Write-Per-Bit Function

The write-per-bit function writes data using the mask data only in the required |O-pin. It writes when the mask
data is “1” and prohibits writing when the data is “0”.

Table 2-4. Mask Data Selection

W Pin Mask Data Writing
WO to W7 1 Yes
0 No

2.9.2 Selecting Mask Data

There are two ways of selecting mask data. One is the new mask data method and the other is the old mask

data method.

With the new mask data method, new mask data is set in the cycle writing. With the old mask data, mask data

set in the write mask register is used.

(1) New Mask Data Method
This method is usable in all versions.

To switch to the mode using new mask data, set the DSF to low level at the falling edge of CAS in the CAS

before RAS refresh cycle.

As a result, the write-per-bit function can be used using the old mask data from the next mask write cycle.

(2) Old Mask Data Method

To switch to the mode using old mask data, set the DSF to low level at the falling edge of CAS in the write

mask register set cycle, and write the mask data in the write mask register.

As a result, the write-per-bit function can be used using the old mask data from the next mask write cycle.

2.9.3 Execution of Mask Write Cycle

To execute the write-per-bit function, select the new mask data method or old mask data method, and set
WB/WE to low level at the falling edge of RAS of each write cycle. At this time, input the mask data to the W pin
in the write cycle using the new mask data. In the write cycle using the old mask data, as the mask data set to
the write mask register will be used, there is no need to input the mask data to the W pin.

This function is valid only at the falling edge of RAS. In the fast page/hyper page mode write cycle, the mask
data determined in the first RAS cycle for moving onto the next fast page/hyper page mode will be valid while the

fast page/hyper page mode write cycle continues.
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2.10 Refresh Cycle

The refresh cycle of this product consists of the CAS before RAS refresh cycle and refresh cycle using external
address inputs (RAS only refresh and read/write refresh). The refresh period is the same as the DRAM (Standard),
512 cycles/8 ms.

2.10.1 Refresh Cycle Using External Address Input (RAS Only Refresh and Read/Write Refresh)

By specifying the row address using the 9 bits between A0 to A8 at the falling edge of RAS, setting CAS and
DT/OE to high level, and keeping CAS at high level while RAS is low level, the memory cells on the specified row
address (512 x 8 bits) can be refreshed. At this time, refresh is executed, WO to W7/100 to 107 pins are kept at
high impedance, and information such as memory contents, register data, function settings, etc. are all also kept.

At the falling edge of RAS, all cycles whose CAS are high level input the external address. Therefore, in addi-
tion to the read/write cycle operations, etc. refresh operations similar to the RAS only refresh operations will be
performed. For this reason, in systems in which addresses in the memory are always increased or decreased, it
may not be necessary to perform refresh again.

When several devices exist on one bus, data will clash in the bus during the above read/write operations unless
each device is equipped with a buffer. Consequently, as it is necessary to set the I/O line to high impedance
beforehand during refresh, normally the RAS only refresh operation is used.

2.10.2 CAS Before RAS Refresh Cycle (Including Hidden Refresh)

When CAS is set to low level at the falling edge of RAS, the refresh address is supplied from the internal refresh
address counter. The internal refresh address counter is increased automatically each time this refresh cycle is
executed.

During this refresh cycle, functions of random access port and serial access port are selected as follows according
to the DSF and WB/WE levels at the falling edge of RAS.

(1) When DSF is low level: Optional reset
All STOP register data become “1” and the mask write cycle switches to the new mask data method.

(2) When DSF is high level and WB/WE is low level: STOP register set
The STOP register data is input from the AO to A7 pins at the falling edge of RAS.

(3) When DSF, WB/WE is high level: No reset
Only refresh operations are performed and the function selection state is kept.

In all cases, the W/IO pin is kept at high impedance. When CAS and DT/OE are kept low level while the mode
is changed to the CAS before RAS refresh cycle following the read cycle, and RAS is activated, the hidden refresh
cycle will be initiated. In this cycle, the W/IO pin does not become high impedance and the data read in the former
read cycle will be kept as it is.

Because internal memory operations are equivalent to CAS before RAS refresh, no external addresses are
required.

Like CAS before RAS refresh, in the hidden cycle, functions will be selected according to the level of DSF,
WB/WE at the falling edge of RAS. Operations are guaranteed when DSF is low level and when DSF, WB/WE are
high level.
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3. Serial Access Port Operations

There are two types of data transfer cycles-data transfer from the random access port to the serial access port
(read data transfer) and data transfer from the serial access port to the random access port (write data transfer).
There are also two types of data transfer methods-single data transfer and splif data transfer.

To set the data transfer cycle, input high level to CAS and input low level to DT/OE at the falling edge of BAS.

The data transfer type differs according to the input levels of WB/WE, and DSF at the falling edge of RAS.

Table 3-1. Serial Access Port Operation Mode

At RAS Falling Edge Transfer Direction
CAS |DT/OE | WB/WE | DSF Data Tranafer Type Transfer Source Tra'nsft.er
Destination
H L H L Single read data transfer Random access | Serial access
H L H H | Split read data transfer port port
H L L L Single mask write data transferNote Serial access Random access
H L L H | Split mask write data transferNote port port

Note Write-per-bit function can be specified.

Remark H: High level, L: Low level
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3.1 Single Data Transfer Method
With this method, 512 words x 8 bits (whole memory range of serial access port) data is transferred at one time.
This method can be used in both write data transfer and read data transfer.

3.1.1 Single Read Data Transfer Cycle
This cycle transfers the 4K-bit (512 words x 8 bits) data of the random access port to the serial access port in
one cycle.

(a) Setting of Single Read Data Transfer Cycle

(b

~

To set the data transfer cycle, input a high level to CAS and WB/WE and low level to DT/OE and DSF at
the falling edge of RAS.

Using the row address input to A0 to A8 at the falling edge of RAS, the memory cells (512 words x 8 bits)
of the transfer source of the random access port can be selected. The address data input to A0 to A8 at
the falling edge of CAS will be latched as the TAP register data of serial access port. Refer to 3.4 TAP
Register.

Execution of Single Read Data Transfer Cycle

To execute the data transfer cycle, set the single read data transfer cycle and then input a high level to DT/
OE and RAS.

When SC is active (edge control), data transfer will be executed at the rising edge of DT/OE. When SC
is inactive (self control), it will be executed at the rising edge of RAS. At the same time, the serial address
pointer jumps to the start column (TAP) of the next serial read cycle, and the TAP register will be set the
empty state.

After the transfer is completed, the new serial access port data is output after tsca following the rise of the
SC clock that occurs after tson if the SC is active, and after tsonr if SC is inactive.

Caution When the single read data transfer cycle is executed while the serial access port is
performing serial write operations, the serial access port will start serial read operations
at the rising edge of RAS. Refer to 4. Electrical Characteristics Read Data Transfer Cycle
(Serial Write — Serial Read Switching) Timings.
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3.1.2 Single Mask Write Data Transfer Cycle

This cycle transfers 4K-bit (512 words x 8 bits) data of the serial access port to the random access port in one
cycle. Because WB/WE is low level at the falling edge of RAS, the write-per-bit function always functions in this
transfer cycle. Refer to 2.9 Mask Write Cycle.

(a) Setting of Single Mask Write Data Transfer Cycle

To set this cycle, latch the data to be transferred to the serial access port, and then input a high level to
CAS and low level to DT/OE, WB/WE, and DSF at the falling edge of RAS. Because the write-per-bit function
functions in this transfer operation, for the new mask data method, the mask data must be supplied to WO ..
to W7 at the falling edge of RAS, and for the old mask data method, there is no need to control the mask
data. .

The memory cells (512 words x 8 bits) of the transfer destination of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. The address data input to AO to A8 at
the falling edge of CASis input as the TAP register data of serial access port. Refer to 3.4 TAP Register.

(b) Execution of Single Mask Write Data Transfer Cycle
To execute this cycle, set the single write data transfer cycle and then input high level to RAS. Data will
be transferred at the rising edge of RAS. At the same time, the serial address pointer jumps to the start
column (TAP) of the next serial write cycle, and the TAP register will be set the empty state.
After the transfer is completed, the new serial access port data is latched at the rising edge of the SC clock
that occurs after tsoHr.

Caution 1. When the single mask write data transfer cycle is executed while the serial access port
is performing serial read operations, the serial access port will start serial write
operations at the rising edge of RAS. Refer to 4. Electrical Characteristics Write Data
Transfer Cycle (Serial Read — Serial Write Switching) Timings.

2. Always make CAS low level in the write data transfer cycle and latch TAP. If write data
transfer is performed without setting TAP, serial access port operations cannot be
ensured until either one of the following points. If the SC clock is input during this time,
the serial register value also cannot be guaranteed.

« Until the falling edge of CAS during the write data transfer cycle
+ Until the read data transfer cycle is executed again

Figure 3-1. Single Write Data Transfer and TAP Operation

Before transfer After transfer
Random Access Port Random Access Port

Transfer destination

TAP register TAP register

TAP da "Empty"

Serial Access Po Serial Access Port | I

t— TAP
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3.2 Split Data Transfer Method

With this method, the 512 words x 8 bits (whole memory range of serial access port) data is divided into the lower
column (0 to 255) and upper column (256 to 511), each consisting of 256 words x 8 bits.

Because the columns are divided into upper and lower columns with this method, data transfer can be performed
on lower column (or upper column) while performing read/write operations in the upper column (or lower column).
For this reason, transfer timing design is easy. This transfer method can be used in both write data transfer and
read data transfer.

3.2.1 Split Read Data Transfer Cycle

This cycle divides the 4K-bit (512 words x 8 bits) data of the random access port into the lower and upper columns
and transfers them to the serial access port. :

In this cycle, the serial read/write can be performed in the columns to which data is not transfer.

(a)

(b)

Setting of Split Read Data Transfer Cycle

To set this cycle, input a high level to CAS, WB/WE and DSF, and low level to DT/OE at the falling edge
of RAS.

The memory cells (512 words x 8 bits) of the transfer source of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. And the address data input to AC to
A7 at the falling edge of CAS is latched as the TAP register data of serial access port. Refer to 3.4 TAP
Register. There is no need to control address data input to A8).

Execution of Split Read Data Transfer Cycle

To execute this cycle, set the split read data transfer cycle and then input the high level to RAS. Data will
be transferred at the rising edge of RAS. Data is transferred from the random access port to the serial access
port automatically at the column side (Column not pointed to by the serial address pointer) where serial
access port is inactive. To confirm the transferred column side, check the output state of the QSF pin. Refer
to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the serial
address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column side,
and the TAP register will be set the empty state.
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3.2.2 Split Mask Write Data Transfer Cycle

This cycle divides the 4K-bit (512 words x 8 bits) data of the serial access port into the lower and upper columns
and transfers them to the random access port.

In this cycle, serial read/write can be performed for columns to which data is not transferred.

Because WB/WE is low level at the falling edge of RAS, the write-per-bit function always functions in this transfer
cycle. Referto 2.9 Mask Write Cycle.

(a) Setting of Split Mask Write Data Transfer Cycle

To set this data transfer cycle, input a high level to CAS and DSF and low level to DT/OE, WB/WE at the
falling edge of RAS. Because the write-per-bit function functions in this transfer operation, for the new mask
data method, the mask data must be supplied to WO to W7 at the falling edge of RAS, and for the old mask
data method, there is no need to control the mask data.

The memory cells (512 words x 8 bits) of the transfer destination of the random access port are selected
using the row address input to A0 to A8 at the falling edge of RAS. The address data input to AO to A7 at
the falling edge of CAS is input as the TAP register data. Refer to 3.4 TAP Register. There is no need
to control address data input to A8.

(b

~

Execution of Split Mask Write Data Transfer Cycle

To execute this cycle, set the split write data transfer cycle and then input high level to RAS. Data will be
transferred at the rising edge of RAS. Data is transferred from the serial access port to the random access
port automatically at the column side (Column not pointed to by the serial address pointer) where the serial
access port is inactive. To confirm the transferred column side, check the output state of the QSF pin. Refer
to 3.3.3 QSF Pin Output.

When the serial address pointer comes to the jump source address specified by the STOP register, the serial
address pointer jumps to the start column (TAP) of the serial read/write cycle at the inactive column side,
and the TAP register will be set the empty state.
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Figure 3-2. Split Mask Write Data Transfer and TAP Operations

Before transfer (Upper column) After transfer (Upper column)
Random Access Port Random Access Port

Transfer
destination

TAP register TAP register

TAP data 1 "Empty"

I: I Serial Access Port EFI
TAP data 1

Serial write start

Serial Access Pol

Before transfer (Lower column) After transfer (Lower column)
Random Access Port Random Access Port

dTra_nsfgr
estination TAP register TAP register
TAP data 2 "Empty"
Serial Access Port E Serial Access Portl | —I r ]
TAP data 2

Serial write start (TAP data 1)

3.3 Serial Read/Write

The serial access port (512 words x 8 bits) is independent from the random access port and can perform read
and write operations. The serial access port performing single data transfer and split data transfer can not perform
read and write operations independently.

Caution When the power is turned on, the serial access port sets into the input (write) mode and the SIO
pin is the high impedance state.
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3.3.1 Serial Read Cycle

To set the serial read cycle, perform the single read data transfer cycle (The mode will not change in the split
read data transfer cycle.).

Execute the single read data transfer cycle and latch the data and TAP data. By inputting a clock signal to the
SC pin and inputting a low level to the SE pin, data will be output from the serial address pointer specified by TAP
register. The data synchronizes with the rising edge of the SC clock and is output from the SIO0 to SIO7 pin, and
the data is kept until the next rising edge of the SC clock.

(a) Reading-Jump
The SE pin controls the SIO pin output buffer independently from the SC clock. By setting the SE pin to
high level even while inputting the SC clock, SIO0 to SIO7 pins become high impedance. But the operations
of serial address pointer will be continued while the SC clock is being input even though reading has been
prohibited from SE pin. Reading-jump of the column can be performed using this function.

3.3.2 Serial Write Cycle

To set the serial write cycle, perform the single write data transfer cycle (The mode will not change in the split
write data transfer cycle.). To prevent the transfer data from being written in the memory cell of the random access
port, set all bits of the mask data to “0” and control the mask data.

Execute the single write data transfer cycle and set the serial write cycle. By inputting the clock signal to the
SC pin and inputting a low level to the SE pin, data can be latched from the serial address pointer specified by TAP
register. The data synchronizes with the rising edge of the SC clock and is input from SIO0 to SIO7 pins. Be sure
to follow the specifications for the setup time (tses) and hold time (tse) of SE pin for the SC clock.

(a) Writing-Jumps (Intermittent Writing)
The SE pin controls writing operations independently from the SC clock. By setting the SE pin to high level
even while inputting the SC clock, writing will not be executed. But the operations of serial address pointer
will be continued while the SC clock is being input even though writing has been prohibited from SE pin.
These functions enable writing-jumps (intermittent writing) to be performed. The masked data is kept as
the old data.

3.3.3 QSF Pin Output

QSF pin determines whether the serial address pointer is at the upper column side (addresses 256 to 511) or
the lower column side (addresses 0 to 255) at the rising edge of the following SC clock during serial read or write.
In other words, it outputs the uppermost bit (A8) of the column address of the serial address pointer.

During split data transfer cycle, data is transferred at the column side where serial access port is inactive.

The following table shows the QSF pin output state and the access pointer of following SC clocks.

Transfer Destination

F .
QSF Output Access Address of Following SC clock (Split Data Transfer Method)

Low level Addresses 0 to 255 Addresses 256 to 511

High level Addresses 256 to 511 Addresses 0 to 255
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3.4 TAP (Top Access Point) Register

The TAP register is a data register which specifies the start address (first serial address point = TAP) of the serial
read or serial write.

Set data to this register each time a transfer cycle is executed.

3.4.1 Setting of TAP Register

The data input to AO to A8 (A0 to A7: Split data transfer) at the falling edge of CAS during the setting of a transfer
cycle is set as the TAP register data. By executing the transfer cycle, the start address of the following serial read
(or write) operations is specified by the data of the TAP register and the TAP register will be kept in the empty state
until the TAP register is set again.

In the split data transfer cycle, because the inactive serial access port column addresses are specified by the
data of the TAP register automatically, there is no need to control the A8 data.

Caution When the TAP register is empty, the address following the 511 serial address point will be 0.
In addition, because the serial address pointer will not jump to the column specified by the STOP
register, the binary boundary jump function cannotbe used. Refer to 3.6 Binary Boundary Jump
Function.

3.5 STOP Register

The STOP register is a data register which determines the column of the jump source when jumping to a different
column side (lower column or upper column) in the split data transfer cycle. Five types of columns can be selected
for starting jump (jumping is possible at 2, 4, 8, 16, and 32 points). The following table shows the correspondence
between the column at the jump source and data of the STOP register.

Once set, the STOP register data is kept until it is set again.

3.5.1 Setting of STOP Register

To setthe STOP register, set WB/WE to low level at the falling edge of RAS in the CAS before RAS refresh cycle.
The data input to A0 to A7 will be input as the STOP register data.
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Table 3-2. STOP Register Data and Jump Source Column

STOP Register Data Divi- | Bt
A7 | A6 | A5 | A4 A3 to AO| sion |Width

Jump Source Bit Column (Decimal Number)

2
1{1}11]1 1 1/2 | 256 i
511
127, 265
Ol1{1{1 1 1/4 | 128
383, 511

63, 127, 191, 255

319, 383, 447, 511

31, 63, 95, 127, 159, 191, 228, 256

287, 319, 351, 383, 415, 447, 479, 511

15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 191, 207, 223, 239, 255
271, 287, 308, 319, 335, 351, 367, 383, 399, 415, 431, 447, 463, 479, 495, 511

oOjo (1|1 1 1/8 | 64

ojofo|1 1 116 | 32

ojo0joj]o 1 132 16

Remark A8: Don't care.
Caution When the power is supplied, all STOP register data will be undefined.

3.6 Binary Boundary Jump Function

This function causes the serial address pointer jump to the TAP specified by the TAP register when the pointer
moves to a column specified by the STOP register (split data transfer).

This function cannot be used when the jump destination address is not set (TAP register is empty).

This function facilitates tile map application which divides the screen into tiles and manages data for each tile.

3.6.1 Usage of Binary Boundary Jump Function

After setting the STOP register, execute the single read (or write) data transfer and initialize the serial access
port. The initialization process will switch the serial access port read (or write) operations, set TAP, set the serial
access port data, and set the TAP register to empty. By inputting the serial clock in this state, the serial access
port will read (or write) operations from TAP in ascending order of address. Because the TAP register is in the
empty state, the address at the jump source set by the STOP register will be ignored, and the serial address
pointer will move on.

When the column to be jumped approaches, execute split data transfer and set new TAP datain the TAP register.
The serial pointer will jump at the desired jump source address. Jump can be controlled freely by repeating these
operations.
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3.7 Special Operations

3.7.1 Serial Address Set Operations

Because the serial address counter is undefined when the power up, the serial access port operations when the
SC clock is input are not guaranteed. Execute single read (or write) transfer after turning on the power. The serial
access port will be initialized, enabling serial access port operations to be performed.

3.7.2 Lap Around Operations
If all the data of the register is read (write) during data transfer while the serial read (write) cycle is being executed,
the serial pointer will repeat 0 to 511.

3.7.3 Cycle After Power On

After supplying power, initialize the internal circuitry by waiting for at least 100 us after Vcc>4.5 V, then supplying
at least 8 RAS clock cycles. The RAS clock only requires that trc, tras, and tre are satisfied; there is no problem
if other signals are in any state. Note however that if the signal supplied to RAS, CAS, DT/OE, and WB/WE is high
at power-on, the serial access port and each register have the following values.

@ Serial access port ....... Input mode, SIO: High impedance
@ Color register ............... Undefined

® Mask register ............... All “1”

® TAP register................. Undefined

® STOP register Undefined
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4. Electrical Characteristics

Absolute Maximum Ratings

Parameter Symbol! Rating Unit
Pin voltage VT -1.0to +7.0 Vv
Supply voltage Vce -1.0to +7.0 \
QOutput current lo 50 mA
Power dissipation Po 1.5 W
Operating ambient temperature - Ta 0to 70" °C
Storage temperature Tstg -55 to +125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the
limits in the operational sections of this characteristics. Exposure to Absolute Maximum
rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol | MIN. | TYP. | MAX. Unit
Supply voltage Vce 45 5.0 5.5 "
High level input voltage ViH 2.4 5.5 Vv
Low level input voltage Vi -1.0 +0.8 v
Operating ambient temperature Ta 0 70 °C
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DC Characteristics 1 (Recommended operating conditions unless otherwise noted)

Parameter Symbol Test conditions MIN. | TYP. | MAX. | Unit

Input leakage current lie VnN=0Vto55V, -10 +10 | pA
Other inputs are 0 V

Output leakage current loL W/IO, SIO, QSF are inactive, | —10 +10 | pA
Vour=0Vto 55V

Random access port Vou (R) lon (R) = —1.0mA 2.4 \Y

high level output voltage

Random access port Vou (R) lo. (R) =2.1mA 0.4 \

low level output voltage

Serial access port Vor (S) loH (S) = —1.0mA 2.4 \

high level output voltage

Serial access port Vo (S) loL (S) = 2.1mA 0.4 Vv
low level output voltage

Capacitance (Ta = 25 °C, f = 1MHz)

Parameter Symbol Test conditions MIN. | TYP. | MAX. | Unit

Input Capacitance Cin | RAS, CAS, WB/WE, DT/OE, DSF, SE, SC 8 pF
Ci2 A0 to A8 5

Input/Output Capacitance Co | W/IO (0to 7), SIO (0to 7) 7 pF

Output Capacitance Co | QSF 7 pF
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DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1

(uPD482234)
Serial Access Port 1PD482234-60 uPD482234-70
it | Conditions
Random Access Port Standoy |Active| Y™ [ M. | wmax. [ min | wax | YN[ Condit
Random Read/Write Cycle (@) lcct 110 130 | mA | Note 2
RAS, CAS cycle,
tac = tac (MIN.), lo = OmA O | loor 156 195
Standby O lec2 10 10 | mA
RAS = CAS = Vi,
Dour = high impedance 1 1 | mA | Note3
O lccs 55 70 | mA
RAS only reirgih cycle @) lcca 110 115 | mA | Note 4
RAS cycle, CAS = Vi,
trc = trc (MIN.) O | leco 155 180
Fast page mode cycle O lcca 100 100 | mA | Note5
RAS = Vi, CAS cycle,
trc = trc (MlN.) O lecio 145 165
CAS before RAS refresh cycle (@) lccs 110 90 | mA
trc = trc (MIN.)
O feen 155 155
Data transfer cycle O lecs 120 140 | mA
trc = trc (MIN.)
O lccr2 165 205
Color/Mask write register set cycle O lccia 100 120 | mA
trc = trc (MIN.)
O lecra 145 185
Flash write cycle (@) lcc1s 100 120 | mA
trc = trc (MIN.)
O | lecis 145 185
Block write cycle O lec17 120 130 | mA
trc = tac (MIN.)
O lecre 165 196
Fast page mode block write cycle (o) lccie 100 110 | mA
tec = tec (MIN.)
O | lcczo 130 175 Note 5

Notes 1. No load on W/IO, SIO, QSF. The current consumption actually used depends on the output load and
operating frequency of each pin.
2. A change in row addresses must not occur more than once in trc = trc (MIN.).

3. RAS, CAS, and SE remain at Vi 2 Vcc — 0.2 V, and AO to A8, WB/WE, DT/OE, DSF, SC remain at
ViH=Vec—0.2VorViLsGND +0.2 V.

4. When the address input is set to Vin or ViL during the tras period.

5. Value when the address in trc one cycle is changed once when tec = tec (MIN.).
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DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1

(uPD482235)
Serial Access Port uPD482235-60 1PD482235-70
| Unit | Conditions
Random Access Port Standby acive| ™0 [ ww. | wax | min | max | U] oo
Random Read/Write Cycle (@) lcct 110 130 | mA | Note2
RAS, CAS cycle,
trc = trc (MIN.), lo = OmA O | feer 155 195
Standby (@) loca 10 10 | mA
RAS = CAS = Vi,
Dour = high impedance 1 1 | mA | Note3
O | lecs 55 70 | mA
RAS only refrﬁh cycle O loca 110 115 mA | Note 4
RAS cycle, CAS = Vi,
tac = tac (MIN.) O | loco 155 180
Hyper page mode cycle O loca 120 130 | mA | Notes
RAS = Vi, CAS cycle,
twpc = tuec (MIN.) O | leco 155 195
CAS before RAS refresh cycle (@) lecs 110 90 | mA
trc = trc (MIN.)
O lectt 155 155
Data transfer cycle O lccs 120 140 | mA
trc = trc (MIN.)
O | lecrz 165 205
Color/Mask write register set cycle @) lecta 100 120 | mA
trc = trc (MIN.)
O | lecra 145 185
Flash write cycle O locts 100 120 | mA
trc = trc (MIN.)
O lecis 145 185
Block write cycle O lcct7 120 130 | mA
trc = tac (MIN.)
O | lecs 165 195
Hyper page mode block write cycle O lecte 140 135 | mA
thpc = twerc (MIN.)
O | leco 190 200 Note 5

Notes 1. Noload on W/IO, SIO, QSF. The current consumption actually used depends on the output load and
operating frequency of each pin.

2. A change in row addresses must not occur more than once in trc = trc (MIN.).
3. RAS, CAS, and SE remain at Vi > Vcc — 0.2 V, and A0 to A8, WB/WE, DT/OE, DSF, SC remain at
ViH=Vec—0.2Vor Vi< GND + 0.2 V.

4. When the address input is set to Vi or Vi during the tras period.

5. Value when the address in tipc one cycle is changed once when tipc = tupec (MIN.).
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AC Characteristics (Recommended operating conditions unless otherwise noted)

.

All applied voltages are referenced to GND.

After supplying power, initialize the internal circuitry by waiting for at least 100 us after Vec 2 4.5 V,

then supplying at least 8 RAS ciock cycles. The RAS clock only requires trc, tras, and tre are satisfied; there

is no problem if other signals are in any state.

Measure attr = 5 ns
AC characteristic measuring conditions

(1) Input voltage, timing

VHMN) =24V  -------

Viimax) =08V -----

)
|
1
|
[
'
T

tr=5ns tr=5ns

(3) Output load conditions

Random Access Port

Vee
1,838 Q
W/o
50 pF
CL 993 Q

(2) Output voltage determined

Vorumny =2.0V
VoLmaxy = 0.8V
Serial Access Port
Vee
1,838 Q
SIo
30 pF
CL 993 Q
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(Common) (1/2)
uPD482234-60 uPD482234-70
Parameter Symbol 1PD482235-60 1#PD482235-70 Unit | Conditions
MIN. MAX. MIN. MAX.
Random read or write cycle time trc 120 140 ns
Access time from RAS trac 60 70 ns | Note1
Access time from CAS tcac 15 20 ns | Note1
Access time from column address taa 30 35 ns Note 1
Access time from OE toea 15 20 ns
RAS precharge time trp 50 60 ns
CAS precharge time tcpn 10 10 ns
(Non page mode)
CAS precharge time tep 10 10 ns
(Fast page/Hyper page mode)
CAS high to RAS low precharge time|  tcrp 5 10 ns
RAS high to CAS low precharge time|  tapc 10 10 ns
RAS pulse width (Non page mode) tras 60 10,000 70 10,000 | ns
RAS pulse width trasp 60 100,000 70 100,000| ns
(Fast page/Hyper page mode)
CAS pulse width tcas 15 10,000 [ 20 10,000 | ns
CAS pulse width tHcas 10 10,000 10 10,000 ns
Write command pulse width twp 10 12 ns
RAS hold time tRsH 15 20 ns
CAS hold time tosH 60 70 ns
Row address setup time tasr 0 0 ns
Row address hold time traH 10 10 ns
Column address setup time tasc 0 0 ns
Column address hold time tcan 10 10 ns
Read command setup time trcs 0 0 ns
Data in setup time tos 0 0 ns Note 2
Data in hold time toH 12 12 ns Note 2
DT high setup time toHs 0 0 ns
DT high hold time toHH 10 10 ns
Write-per-bit setup time twes 0 0 ns
Write-per-bit hold time tweH 10 10 ns
DSF setup time from RAS ters 0 0 ns
DSF hold time from RAS trRH 10 10 ns
DSF setup time from CAS trcs 0 0 ns
DSF hold time from CAS tron 10 12 ns
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(2/2)
1PD482234-60 uPDA482234-70
Parameter Symbol 1PD482235-60 _ PD482235-70 Unit | Conditions
MiIN. MAX. MIN. MAX.
Write-per-bit selection setup time tws 0 0 ns
Write-per-bit selection hold time twh 10 10 ns
Column address to RAS lead time trAL 30 35 ns
Write command to RAS lead time tRWL 20 20 ns
Write command to CAS lead time towe 15 15 ns
RAS to CAS delay time treo 20 40 20 50 ns | Note 1
RAS to column address delay time traD 15 30 15 35 ns | Note 1
Output disable time from RAS high torFR 0 15 0 15 ns | Notes 3, 4
Output disable time from CAS high torF 0 15 0 15 ns | Notes 3, 4
Output disable time from CAS high torc 0 15 0 15 ns | Notes 3, 4
(Hyper page mode)
Output disable time from OE high toez 0 15 0 15 ns | Notes 3, 4
Output disable time from WB/WE low|  twez 0 15 0 15 ns | Notes 3, 4
Write command pulse width twpz 10 12 ns | Note 4
Transition time (Rise/Fall) tr 3 35 3 35 ns

Notes 1. For read cycle, access time is defined as follows:

Input conditions Access time | Access time from RAS
traD < trap (MAX.) and trco < treo (MAX.) trac (MAX.) trac (MAX.)
trap > trap (MAX.) and trep < treo (MAX.) taa (MAX.) trap + taa (MAX.)
treo > trep (MAX.) tcac (MAX.) trco + tcac (MAX.)

trap (MAX.) and trco (MAX.) are specified as reference points only; they are not restrictive operating
parameters. They are used to determine which access time (trac, taa, tcac) is to be used for finding
out data will be available. Therefore, the input conditions trao > trao (MAX.) and trco 2 trco (MAX.)
will not cause any operation problems.

2. These parameters are referenced to the following points.
(1) Early write cycle : The falling edge of CAS
(2) Late write cycle : The falling edge of WB/WE
(3) Read modify write cycle : The falling edge of WB/WE

3. tsez, toez, twez, torF, toFr, and torc define the time when the output achieves the condition of high
impedance and is not referenced to Vou or Vou.
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4. Control pins RAS, CAS, DT/OE, WB/WE to set pin W/IO to high impedance. Because the timings
at which RAS, CTAS and DT/OE are set to high level and WB/WE is set to low level affect the high
impedance state, the specifications will change as follows. Controlling by RAS is usable in hyper page
mode (uPD482235).

Fast page mode (uPD482234)

RAS CAS DT/OE | WB/WE Remark
toFF X L->H L H
twez X L L H - L [ twpz should be met.
toez X L LoH H

Hyper page mode (uPD482235)

RAS CAS DT/OE | WB/WE Remark
toFr LoH H L H
torc H LoH L
twez L L L H— L | twez should be met.
toez L L LoH H

Remark H : High level
L : Low level
x : Don’t care
— : Transition
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(Read cycle)

1PD482234-60 uPD482234-70
Parameter Symbol #PD482235-60 1PD482235-70 Unit | Conditions
MIN. MAX. MIN. MAX.
Random read or write cycle time tre 120 140 ns
Fast page mode cycle time terc 40 45 ns
Hyper page mode cycle time tHpc 30 35 ns
Access time from RAS trac 60 70 ns | Note 1
Access time from CAS tcac 15 20 ns | Note1
Access time from column address taa 30 35 ns | Note 1
Access time from OE toea 15 20 ns
Access time from CAS trailing edge tacep 35 40 ns
OE to RAS inactive setup time toes 0 0 ns
Read command hold time after tRRH 0 0 ns | Note 2
RAS high
Read command hold time after tReH 0 0 ns | Note 2
CAS high
Output hold time from CAS toHe 3 5 ns
Output disable time from RAS high torr 0 15 0 15 ns | Notes 3,4
Output disable time from CAS high torr 0 15 0 15 ns | Notes 3, 4
Output disable time from CAS high torc 0 15 0 15 ns | Notes 3, 4
(Hyper page mode)
Output disable time from OE high toez 0 15 (] 15 ns | Notes 3, 4
Output disable time from WB/WE low twez 0 15 0 15 ns | Notes 3, 4
Write command pulse width twez 10 12 ns | Note 4
Notes 1. For read cycle, access time is defined as follows:
Input conditions Access time | Access time from RAS

trap < trRap (MAX.) and treo < treo (MAX.) trac (MAX.) trac (MAX.)

trap > trap (MAX.) and treo < trco (MAX.) taa (MAX.) traD + taa (MAX.)

treo > treo (MAX.) - teac (MAX.) trep + tcac (MAX.)

trap (MAX.) and treo (MAX.) are specified as reference points only; they are not restrictive operating
parameters. They are used to determine which access time (trac, taa, tcac) is to be used for finding
out data will be available. Therefore, the input conditions trap > trap (MAX.) and trep > treo (MAX.)
will not cause any operation problems.

2. Either trcn (MIN.) or trrr (MIN.) should be met in read cycles.

3. tsez, toez, twez, toFF, torr, and torc define the time when the output achieves the condition of high
impedance and is not referenced to Vow or VoL.
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4. Control pins RAS, CAS, DT/OE, WB/WE to set pin W/IO to high impedance. Because the timings
at which RAS, CAS and DT/OE are set to high level and WB/WE is set to low level affect the high
impedance state, the specifications will change as follows. Controlling by RAS is usable in hyper page

mode (uPD482235).

Fast page mode (uPD482234)

uPD482234, 482235

RAS CAS | DT/OE | WB/WE Remark
torr X L->H L H
twez X L L H — L | twpz should be met.
toez X L LoH H
Hyper page mode (1:PD482235)
RAS CAS DT/OE | WB/WE Remark
torr LoH L H
torc H LoH L
twez L L L H - L | twpz should be met.
toez L L L-H H
Remark H : High level

L : Low level
x : Don't care
— : Transition
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Read Cycle (uPD482234)

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input)

WO to W7/
10010 107

DSF (Input) y/" ~ \ § \

ViH—
ViL—

Vin—
Vie -

(Output) \\//2’::

tre

trRs

trAH

1ras tap
_—"\ ) / X
i"c_ﬁt trco et tRsH tc':(P;PN
fcas
_J traD A tRAL /
t:_s: tRaH tasc tcaH
Xm ROW @l COL. ]
trcs |‘-%:—::-‘
77777777777 .
toHs toHH o m "
‘ ALY L
trac =3
:::c torr
toea
------------------ ML e L paTAOUT }--

L1110 T

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Read Cycle (Extended data output: ©PD482235)

tre
_tRas tre
RAS (Input) ‘\’,'I':: )
tosH tcrp
tcrp trRco tRsH tcen ,
theas
CAS (Input) \\’/':: ]l \L }V
traD traL
tashl | than tasc tcan
Address (input) ¥ XXXX ROW $<Z>( coL ]
tRRH
- ZZITIIT T
wwe s o= 777777777777 x
‘to_uzs—‘ twpz
tons || tow twez
| |
JE— ViH —
oTIoE (rew) VT / ALY

WO to W7/ Von —
100t 107 (OUtPUY) "

tFrs

trac toez
taa torc
tcac torr
foea
High-Z
--------- g-—-------------------------{ DATA OUT

trRH

DSF (Input) \\//':: ; S \

I

Remark Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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Fast Page Mode Read Cycle (uPD482234)

tre
trasp trp
R - T p
RAS (Input) \’,',“L_ \ \_
tec tec tRsH oRe,
’SR: trco tcas tep tcas top tcas _teen
I Vi — ) " Y\
CAS (input) \/r — _/ N 1 N /N ,‘Z ;
traD
tesH
tf’ﬂ tran | tasc | [ toan tasc| | toan tasc| | tcaw
] ] sl
ViH - - y p [ \ s
Address (Input) Vi — rF(OW ;Q coL.m" LCOL.“Z" rCOL."N"
tRAL tReH
| taos tRRH "]
|
wewe wewy - /////] N\ /
twez|
taa tan tan twez
tons | | towk o tor
- — togJ
IR\ LN N //
|tosA toea toea
< toac, | teac toac, |
toez toez
torr torr forr toez
trac
- iqh- \ \ \
O 10 W1 Cutpu) VX = < = - qp--Hanz . {pATAOUT"1"}---{ DATAOUT 2" }---{  DATAOUT™N' }---
trrs| | tFRH

DSF (mpu) %‘::Y\r .l//////////f/////////////////////////

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Hyper Page Mode Read Cycle (Extended data output: ;PD482235)

tre
trasP trp
e - T\
RAS (Input) \/,'I"L_ N / \_
tHpc tHpc trRsH o,
tean trco theas tep thcas tce thoas [ feen
I Vi — s X Y\
CAS (npw) V'~ f N f N 1N J[ J§
trap
tesH
t:_S: ERLP tasc | | tcan tasc| | toan tasc| | toan
ViH— A y
Address (Input) v _ X>] ROW §<>§ coL."" _KXXXX coL.or KXXEO] COL."™N"
trRAL trcH
| thos trrH 7]
I
wewe mew v~ /// /)] \
twe;
taa taa tan twez
toHs| |tonH tace tace
<--I toes

R Vi —

DT/OE (Input) v — _/ \\\\\ / \ //
toea tol ls] torz
teag loag teac | Jorg

trac tore toHe! torR
- igh- y \ \
oo (oupuy ¥ T e m - 4 HiGNZ { paTAOUT "1 ")<X>] DATA OUT "2 DATAOUT'N" }---
trrs| | trRH

DSF (npu) %‘.‘::Y\r .J,////////////////////////////////////

Remark Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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Hyper Page Mode Read Cycle (WE controlled)
(Extended data output: 1PD482235)

tre

trasp trp
—— -
RAS (Input) \Cf‘t_ N / \_
thec turc tRsH JoRr
l‘iﬁ-" trco tuoas tep tHcas tee thcas teen
— Vi —
CAS (npw) Vn_ J N i N /N J’ k
traD
tesH
tasr) [Trar tasc || tean tasc| | tean tasc| | tcan
v i ey | ]
Address (Input) \\//':: » ROW ’KX' coL."" m coL."2" m COL."N"
tRAL I
treH
tres treH tres tRcH || trcs
o | T ] o
Wi oo V1= 777/77 2 )
i\~ twez tweZ
taa taa taa N
tons| |toHH twez
J‘ "l toes
——— Vin =
DT/OE (Input) Vie— j \\\\\ /-;
toea teac tcac
ton toHg) toxc) II;; toez
tRac twez | twez_| torR
o0 o (Oupu) V¥ T eeeee 1 Hghz...... {oataouT 17}~ DATAOUT 2" -~ DATAOUT™N' }---
tm# trRH

DSF (npu) %‘:Z\\r bJ,/7//////////////////////////////////

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.



NEC uPD482234, 482235

Hyper Page Mode Read Cycle (OE controlied: Latched control)
(Extended data output: ;PD482235)

trc
trasP trp
—_— - X
RAS (Input) \\’,‘:_ N / \_
tcrp
thec tupc tRsH
torr treo trcas tep tHcas ter tHcas Cllteen
— Vi — \ "
CAS (Input) \r — _/ N JN 4N
trAD
tesh
tash| [Trar tasc | | toan tasc| | tcan tasc| | toan
o] ] ==
ViH— A
Address (Input) ;. _ X)] ROW 50]‘ coL."" KXXEOI coL.2" J§<XXX>] COL.N"
trAL
I[ trcs tARH ‘t_n_c "
WB/WE (Input) \\//':: /f /// tcac tcac &
tcac taa taa twe]
tan tace tace N
tons| {toHH toes e
‘-’1 i
—_——— ViH—
DT/OE (Input) ViL— j \\\\\\k |
| tDHC toHc
toea - toea | toea, | t‘c;.c: toez
tRac toez toez torr
W - igh- 4 Y A X
e Ve oupu) o - oe - d o] Hghz...... DATAOUT "1*}---{ DATAOUT "2' }---{  DATAOUT'N* }---
trRs| |trRH

DSF (npu %‘.tii\r ’,P///////////////////////////////////

y

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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NEC uPD482234, 482235

(Write cycle)
1PD482234-60 1PD482234-70
Parameter Symbol 1#PD482235-60 #PD482235-70 Unit | Conditions
MIN. MAX. MIN. MAX.
Random read or write cycle time tre 120 140 ns
Fast page mode cycle time tec 40 45 ns
Hyper page mode cycle time tHpc 30 ' 35 ns
Write command setup time twes 0 0 ns Note
Write command hold time tweH 10 12 ns
OE high hold time after WB/WE low toew 0 0 ns
Write-per-bit setup time twes 0 0 ns
Write-per-bit hold time tweH 10 10 ns
Write-per-bit selection setup time tws 0 0 ns
Write-per-bit selection hold time twh 10 10 ns

Note twcs > twes (MIN.) is the condition for early write cycle to be set. Dout becomes high impedance during
the cycle.
trRwp 2 trwp (MIN.), tcwp > tewp (MIN.), tawp > tawo (MIN.), are conditions for read modify write cycle to be
set. The data of the selected address is output to Dour.
If any of the above conditions are not met, pin W/IO will become undefined.
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NEC uPD482234, 482235

Early Write Cycle/Early Block Write Cycle

tre

TRAS / tre
RAS (Input) \\?Z: \ )l \_
tesH tcre
tcrP| trco tRsH teen
tcas, tHcas Note
CAS (npuy '~ / N ! \__
traD tRaL
t:_s: tRan tasc
Address (Input) \\//':: m‘ ROW @: COL. ‘X‘I‘I’I’X‘X‘X‘I’I‘I‘I‘I‘I‘X‘x‘:’:‘x‘x’:’x‘x‘x
twaes | | tweH
twes twe
WBAWE (Input) \r' XXpreselectKK\ = V;;;;;;;;;;;;;;;;
toHs {DHH
5716E ooy V= [/ / ALLALALARARAARARRARAARRARRRARANY
tws twH tos ton
WOIOWT! 1oty V¥~ XXX Mask data XXX paravcoL. seiect K OO
trRs tFRH trcs trcn
DSF (input) vy (/[ X oo X7/ /77 /1] 1]/ 1177777 1/]

Note tcas for the uPD482234
treas for the uPD482235

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
3. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

159



NEC

uPD482234, 482235

160

Late Write Cycle/Late Block Write Cycle

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input)

WO to W7/
100 10 107 (INPUY)

DSF (Input)

tRAS e | trp
o N / \
tcsH “tcap

|<IC_R£ = tcas,ttnn?lss"“
ViH = /' b
ViL- / /

trap tRAL

tasr | tasc )¢

l__’ RAH CAH
KOO IR o

tRwL

twes | | twsH tres CWL |
ViH— 3 rlj/
Ve~ XX Kwee seect KX/ \ [/

toHs toen
. - !

H=

ViL- z z / AM

tws || twn tos tou
v XXX Mask dala | DATA IN/COL. select ,imxzm

tFRS tFRH
WONNN /e XRXOOCKKXXXKIXXXKKIXHXX

Note tcas for the uPD482234
tHeas for the uPD482235

Remarks 1.

(2]

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.

. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.




NEC uPD482234, 482235

Fast Page, Hyper Page Mode Early Write Cycle/Fast Page, Hyper Page Mode Early Block Write Cycle

trasp . tee
I V- — Y —
RAS (Input) vy _ N ,/I \
tpc, tHpc Note 1 tpc, tHpc Note 1 tash teap
tcrp trco tcas, thcasNow?  top [ tcas, thcasNow2  tcp | | teas, tHcasNow 2 teen J.
— Vin - R 4
CAS (Input) 1 _ j t \ (J \ ]‘ N / T\_
RAD
tcsH tRaL
tashl | tran tasc | | tean tasci | _toan Rasg | toan
Vere
Address (Input) , _ ROW coL.M" coL2" COL."N"
Vi X A
twc!
% _t‘”:“ t_w::z tweH “ﬁcf tweH “E tweH
twe twe twe
N Vi =
WBAWE (npu) v XX s XXX /N A ([//////1

T (npu) . Z/’r ﬂ\\\\ ANELARAHAARARARRARRARRRRARAASY

tws | [twr rin_i tou lo_sJ ton Jdos| [ tou
WO to W7/ Vin— { DATAIN"1" Y f DATAIN"2" DATAIN"N" Y
10oto 107 (INPUY)y;, Ve 5<XX>] ICOL. select 4 COL select £ ICOL. select 4

tes| |teRH tres | | tron E_(EI trcH trost | tren
Vi - i " \ 1 - \
st 1 /0 e KX i KXY e KXXRXKXKK

Notes 1. trc for the uPD482234
thec for the uPD482235
2. tcas for the uPD482234
tHeas for the uPD482235

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

(2]

161



NEC uPD482234, 482235

162

Fast Page, Hyper Page Mode Late Write Cycle/Fast Page, Hyper Page Mode Late Block Write Cycle

trasp o tee
v \ tosu }__‘____
N H—
RAS (Input) /1 _ ?t ) N
tec, thpc Notelt tpc, tHpc Note 1 tRsH lerp
troo lcas, tHcas Nots 2 ter | tcas, tHoasNote2 tcp tcas, tHoas Note 2| [
= Vin - ) \
CAS (Input) v _ N 7N ) N /
traD
task | [tran  ftasd | tcaw tasq| | tcan o] | toan gt
S el | -] | fa——
Vin—
Address (Input) Vi — Xx ROW coL."" coL.r2" @9 COL."N"
towt towL t"m
tw:i L“.N:H lt."fﬁ twp trey twp tres| twe
_ Vir — - \ \ \ \
WBWE (input) y, _ X>§ WP seet K/ N /I \ f N Y/
touHs toeH
oTIGE (mewy v~ //f AL
t t t
tws | | twn il el 22U
T toH ton toH
Wi w7/ Vin = b \
oW (input) v Xx Mask i ,KXXXXXNE)ATAINW DATAIN‘Z"KXXX DATAIN"N;M
trrs| [ trRH trcY] tron tros tron tres trcH

] -] ]
ViH— / - - \ ) \
DSF (Input) Vi — LBlod(wnle select Block write select ) Block write select J

Notes 1. tec for the uPD482234
thpc for the uPD482235
2. tcas for the uPD482234
tHeas for the uPD482235

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

w



NEC uPD482234, 482235

Flash Write Cycle

tre

tras trp

11
—_— |
RAS (Input) \\//'::: S( k i \

terp tcHr
i | n—
GRS (inpuy) \" — / '\5555555_\_5_\_555555§§§§>§§§§§§§55
tasm[ | tran
fe-am]
Address (Input) 0:‘1‘1‘1‘1‘1‘:(‘:(‘: I’X‘I I‘I‘x.X‘X‘I‘X’X‘x‘:‘x‘x’x‘:’x‘:‘:

— \Y
WB/WE (input)

BTIOE (input) "

5 o %27 KXY s XRRRX KKK KKK KRR X KKK KKK KKK XKX KK XRX

| tems || teAH

SS9/ A L\\\A1111ATLIARRANRRARRNRAN AN

Remark Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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NEC uPD482234, 482235

(Read modify write cycle)

1PD482234-60 1PD482234-70
Parameter Symbol | #PD482235-60 uPD482235-70 | ynit | Conditions
MIN. MAX. MIN. MAX.
Read modify write cycle time trwe 165 185 ns
Fast page mode read modify teRWC 90 90 ns
write cycle time
Hyper page mode read modify tHpRWC 80 90 ns
write cycle time
Access time from CAS trailing edge tace 35 40 ns
Access time from previous CAS tace 60 65 Note 1
Access time from previous WB/WE tawe 55 60 Note 1
Write-per-bit setup time twes 0 0 ns
Write-per-bit hold time tweH 10 10 ns
Write-per-bit selection setup time tws 0 0 ns
Write-per-bit selection hold time twh 10 10 ns
OE high hold time after WB/WE low toen (] 0 ns
CAS to WB/WE delay time town 40 40 ns | Note 2
RAS to WB/WE delay time tawp 85 90 ns | Note2
Column address to WB/WE tawp 55 55 ns | Note2
delay time
OE high to data in setup delay time toeo 15 15 ns

Notes 1. In the hyper page mode, the hyper page mode read modify write cycle, the hyper page mode read
modify block write cycle, this parameter is valid when the read cycle changes to the write cycle.
2. twcs 2 twes (MIN.) is the condition for early write cycle to be set. Dout becomes high impedance during
the cycle.
trwp 2 trwp (MIN.), tcwo > tcwo (MIN.), tawo 2 tawo (MIN.), are conditions for read modify write cycle
to be set. The data of the selected address is output to Dour.
If any of the above conditions are not met, pin W/IO will become undefined.
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NEC uPD482234, 482235

Read Modify Write Cycle/Read Modify Block Write Cycle

tawc
tras I trp
— V- }—V—
RAS (Input) yy _ N J N_
tosH tcre
tcrp| trcp tRsH tcen
l-. \ tcas, thoas Note A
CAS (input) v~ / | 7
traD tRaL
FS: tRAH tasc toan
Vin =~ 4
Address (Input) ViL— ROW AA COL. 3
trwo tewe
tawo t !
twes | | twsH
| tres tcwo twe
WB/WE (Input) \\/,',’L': XXWPB select N ) / / / / / / / / / /
tous || toHw toeH
= ViH— ' \
DTIGE (npu) v, _/ WY/ AN
trac
taa
tcac
tws || twn toea toep ’132 ton
Vi = High-Z ¢ DATAIN VYVVVVVVVVVVV
0 JHghs - Ld--
WO (imput) :X>l‘ Maskdata - 1 L 0ol s KXX XXX
‘I%ZJI toez
to
- High-Z 4 \ High-Z
107 ™~ (Qutputy V¥ T mmm e e gme PA L { DATAOUT Bow-nonownni™ L
trRs tFAH trcs tron

osr e VT \ (X sesmese X777/ TTTTTT7TT77777,

Note tcas for the uPD482234
thcas for the uPD482235

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

[2]
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NEC uPD482234, 482235

Fast Page Mode Read Modify Write Cycle (uPD482234)/
Fast Page Mode Read Modify Block Write Cycle (uPD482234)

trasP trp
N - T —
RAS (nput) 1 \ ﬁ\
trrwe trrwe tcrp
trco tcp tcp thsw teen
J— Vin— y tosh { )
CAS (input) v/ _ —7 N I/ / \
traD tcas tcas traL
tisl t‘nf: tasc | | tcan tasc| | toan [tasq | _toay
ViH = 4 \
Address (Input) ViL— Eﬂ ROW QLCOL"V‘ COoL."2" COL."N" ]
tawp towt tawp towL tawp
towi
twes| |tweH | trcs towo twe | [trcs] towo twp | [tacs towp
v faron] [t ] ‘_W I-»—n ] I ™ tRwL
WB/WE (input) v _ Z>§ WP seect 5(_ f N N \
3 trwo
trac face t: i
tag toen L"‘ toen &A toen
v . . | [toea] m— 2 . ot
DT/GE (input) . _ \1( h \( \
tcag |toeo teac| [toep fteacy Loeq
= 1 ™ T
toHs| | tonH toez toez toez
Von — High-Z for High-Z foor High-Z High-Z
WO [ (Output) y,.  ====-] J.hon-£_ _ | 4Ly - L _gn-2£_ |1 won N 14 EWANZS | N - L Hgn-Z __ _
VO [ (Output) v, L] {2 1
W7/
100 tws | | twn ton tou toH
to -1 [ tos tos tos
107 Vin - 3 igh- nqn 3 igh-: nou R igh- nN" 3
tnpuy V7 - s - .ﬁ-gu;@;t 1 }e- ez LY ;_--..H.Ig-z@y N

DSF (Input) v

Remarks 1. When DSF is high level : Block write cycle
When DSF is low level : Write cycle
2. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
4. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.

w
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NEC

uPD482234, 482235

Hyper Page Mode Read Modify Write Cycle (Extended data output: 1PD482235)/
Hyper Page Mode Read Modify Block Write Cycle (Extended data output: 1PD482235)

trasp tap
J— - T .
RAS (Input) \c,’:_ \ ]l N\
tRsH
tHPRWC teRWC tcre
trco tcp tce tHeas teen
— Vin = tosH y 4 1
CAS (Input) vy, \ 4 N 4 N ; \
traD tHcas tucas tRaL
tasR| |tran tasc | | toan tasc| | tean tasdf | _towy
Vin— 4 y \
Address (Input) y, _ D ROW m coL."" coL."2" COL."N"
tawo tew tawo tow tawo
tow
twes| |tweH | trcs| tewo twe trcs| towo twe | [tRcs towo
o] r. le— r»—-— | - tRwL
_ - \ \
WB/WE (Input) ‘\’,',':_ Z)i‘wpssaea 5(_ f S\__, N \
trwo
tace face
- 2y t o toen rg toen
o OEH oEA . oE
—_— Vin— y ¢ j / " | [T ’ . -
DT/OE (input) y;, _ N A
" Toad |toEp cac| | toEf o] | toep
tons| | tonH toez tawe toez tawe toez
Vou — igh-. igh-. igh- igh-.
Wo ( (utput) L' <o | Highz __ ] _@.1.. Ltz | -@zn TN ey, B .5 200
to tace
w7/ \ e )
100 tws | | tw 2 o o
to o ) B tos tos tos
- 4 iah- \ iah-: \ igh-; \
107 { (inputy \\//'.:_ . __{( Nask \2_ .1l High _Z_@‘ nqw ) - _l|High-Z _gy o J--t |_High- _Z_gy e ’@

trRs| |trRH tres| |tron trcs| | troH tres| | tron

ey o

Remarks 1.

(2]

When DSF is high level : Block write cycle
When DSF is low level : Write cycle

. WPB : Write-per-bit
. When block write cycle is selected, input the column selection data to DATA IN.
. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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NEC uPD482234, 482235

(Refresh cycle)

uPD482234-60 uPD482234-70
Parameter Symbol uPD482235-60 1PD482235-70 Unit | Conditions

MIN. MAX. MIN. MAX.

Refresh period trRer 8 8 ms

RAS high to CAS low precharge time| trec | 10 10 ns

CAS setup time tcsr 0 0 ns

(for CAS before RAS refresh cycle)

CAS hold time teHR 10 10 ns

(for CAS before RAS refresh cycle)

OE to RAS inactive setup time toes 0 0 ns

SC setup time from RAS tsms 10 10 ns |Notes 1, 2,3

SC hold time from RAS tsAH 10 10 ns |Note 1

Notes 1. The tsrs and tsrH in the hidden refresh cycle, CAS before RAS refresh cycle (STOP register set cycle
and optional reset cycle) are specified to guarantee the serial port operations until the transfer cycle
is executed after the STOP register value is changed. When the STOP register value is not to be
changed, or when the binary boundary jump function is not used (when the TAP register is empty),
tsrs and tsru will not be specified.

2. tssc (split read data transfer cycle) and tsrs (split write data transfer cycle) are specified at the rising
edge of SC which reads/writes the address of the jump source in the binary boundary jump function.
tsoHr (split read data transfer cycle and split write data transfer cycle) is specified at the rising edge
of SC which reads/writes the address of the jump destination in the binary boundary jump function.
The rising edge of these SCs cannot be input in periods (1) and (2).

(1) Split read data transfer cycle: Period from the rising edge of the SC specifying tssc to that of
the SC specifying tsoxr (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing
Chart.)

(2) Split write data transfer cycle: Period from the rising edge of the SC specifying tsrs to that
of the SC specifying tsoHr (Refer to Note 2 at the Split Read/Write Data Transfer Cycle
Timing Chart.)

3. Restrictions to the split read data transfer cycle during serial write operation
(1) If split read data transfer is attempted for an address which is already involved in serial write,

normal operation is not guaranteed, except for a period in which no serial write has been

performed, that is from when SE goes low at the rising edge of SC to just before the serial
write begins.

If split read data transfer is attempted when an address involved in serial write is the boundary

address specified by the STOP register, normal operation is not guaranteed, except for a

period in which no serial write has been performed, that is from just after the mask write or

mask split write transfer cycle is executed to just before the serial write is started by setting

SE to a low level at the rising edge of SC.

2

-~
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NEC uPD482234, 482235

RAS Only Refresh Cycle

tre
thas , trp

Vin = 3 o 3
Vie— \ Ab

RAS (Input)

tcrp trpC

J?—.
CAS (Input) ‘\’/'I’:: Fd N { {

STIOE (npuy V- ﬂ/" [LARRLAARRRNARRRRAARRRRRARRRNARANY
W00 W Gutput) VO~ - e eoe o Jrememmmnen P

DSF (Input) ‘\’l'“‘ SKS\ /77777777777777777777777777777777
-

Remarks 1. WB/WE : Don't care

2. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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NEC uPD482234, 482235

CAS Before RAS Refresh Cycle (Optional Reset)

tre
tras ) trp
RAG VIH"' l_———_’__ss
RAS (Input) Vi S JZ X
trrc
|
__ tosm tcHR )
CAS (Input) V8~ \ J/
ViL—
WO to W7/ Von — High-Z
100 tojo7 OUPW) |y~ == == mm s oo SRy
trRs tFRH
Vin—
DSF (Input) VIL_;;;;;;;\ /7777777727
tsrs tsRH

SC (Input) V"'~ A \ J/_\_

Remarks 1. Address, _W—B-/WE, DT/OE : Don't care
2. Because the serial access port operates independently of the random access port, there is no need
to control the SE, SIO pins in this cycle.
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NEC

uPD482234, 482235

CAS Before RAS Refresh Cycle (STOP Register Set)

tre
tras | tre
— - \
RAS (Input) V"~ N ,& \
trrc

_ tcsm teHr .
CAS (Input) ‘\’/':: \l J/

tasr tRaH

- / YA/
twes tweH

WRANE ViH—
WB/WE (Input) Vie— ; S ; ; ; ; ; \
WO to W7/ VoH —

100 to 07 OUPU) o _

Vin -

DSF (Input) Vit —

SC (Input)

Remarks 1. DT/OE : Don't care

2. Because the serial access port operates independently of the random access port, there is no need
to control the SE, SIO pins in this cycle.

tsrs

Vin -
Vi —

EANAARRARARRNRARRRRNARNNY

tsAH
J/—\_
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NEC uPD482234, 482235

172

CAS Before RAS Refresh Cycle (No Reset)

trc
tras trp
— ViH— \ > U
RAS (Input) v, _ N\ A \
trrc

tcsr teur
GAS (Input) V"~ \ / o

twes twaH

wewe o Vo= ///////F FINRLARTRRRARRRRRRRNRARNY

WO to W7/ VOH™= - o e e Ao High-Z
10010107 (OUtPU) v/ —

o5 (npu V- ggggggg} EALARAARTARARANARRRARRANY

Remarks 1. Address, DT/OE : Don't care
2. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.




NEC

uPD482234, 482235

Hidden Refresh Cycle (uPD482234)

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (Input)

DT/OE (Input)

WO to W7/
100 to 107 (Output)

DSF (Input)

SC (Input)

Remarks 1.

Vi —
Vi -

Vi -

ViL -

Vin =
ViL—

ViH —
Vi =

Vin -

Vi -

Vou —
VoL -

Vin -

ViL -

Vin—
Vi —

tre tre
tras trp tras trp
i Y r
tcrr
torr H trco ﬂi tRsH toxs tcHr ZL tcen i
trAD traL
tasr | ftran tasc || tean
‘.1
XXX ROW m[ coL. ]
itncs twsH
i SCANMMMMN
twez
tons || tows twez
toes
[/7 WY y
loac torF
taa
tcac toez
............. High-z .. _to.Et - .g: DATA OUT oo HighZ
tFRs trRH trrs trRH
& /m Reset select
tsrs

SN\

A\

When DSF is high level : Reset select = No Reset

When DSF is low level : Reset select = Optional Reset
. Because the serial access port operates independently of the random access port, there is no need

to control the SE, SIO pins in this cycle.
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NEC 1PD482234, 482235

Hidden Refresh Cycle (Extended data output: uPD482235)

trc trc
tras trp tras trp
S - T3
RAS (Input) ‘(,‘,’:_ N Ji 35 7 N\
tcrp
terp |___, trco tRsH toxs tcnr tcen |
CAS (Input) \\//':: f Jq ZL \
traD traL
tasr | ftRaH tasc || tcan
Vi 4 = \
Address (Input) VI:: XX>§t ROW m COL.
tres twen
v I
_ =
WB/WE (Input) ;' _ / / // / / / f X — AN
twez
tons || tonn
toes
— ViH —
DT/OE (Input) \r w WA Y 7 o
trac tosco
taa
tcac toez
toea
WO to W7/ Vor — High-Z ' F p High-Z
IOOI% 107 (Output) v(::- ------------------------------ -Zr DATA OUT 75. ..........
trRs tFRH trRs tFRH
SRR\ /XXX

tsrs

SC (Input) V':: /_\ / \

Remarks 1. When DSF is high level : Reset select = No Reset
When DSF is low level : Reset select = Optional Reset
2. Becausethe serial access port operates independently of the random access port, there is no need
to control the SE, SIO pins in this cycle.
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NEC

uPD482234, 482235

(Register set cycle)

uPD482234-60 uPD482234-70
Parameter Symbol 1PDA482235-60 1PD482235-70 Unit [ Condition
MIN. MAX. MIN. MAX.
'RAS high to CAS low precharge time|  tarc 10 10 ns
Write command setup time twes 0 0 ns | Note
Write command hold time twen 10 12 ns

Note twcs > twes (MIN.) is the condition for early write cycle to be set. Dout becomes high impedance during

the cycle.

trwp 2 trwp (MIN.), tcwo 2> tcwp (MIN.), tawo > tawo (MIN.), are conditions for read modify write cycle to be
set. The data of the selected address is output to Dour.

If any of the above conditions are not met, pin W/IO will become undefined.
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Register Set Cycle (Early Write)

tras - I tre
RAS (input) v - N / | S
tosH tcap
fcrp taco tRsH teen
tcas, tHoas Note 1 |
CAS (Input) \c:_-_ / \ .
ﬁs: tRAH
Address (Input) \\//:: : m ROW Nou:
twss | | twen
twcs tWthcv-n
WaiwE (o) V2 /// WY (/11111
toHs | ton_
oricE ey N~ ///F ALHALARAAERARAREAEAREASARARARNAN
tos tox
2 4 (o X XXOOXKROORR
trRs | | tFRH l’tjgg trcH
DSF (Input) \\/,','L': { { /' \m Resister select _ ] ‘X‘I X‘I‘X‘I‘I‘I‘I‘X‘X‘X‘X‘X‘II

Notes 1. tcas for the uPD482234
tHcas for the uPD482235

2. Refresh address (RAS only refresh)

Remarks 1. When DSF is high level : Register select = Color Register Select
When DSF is low level : Register select = Write Mask Register Select

2. Because the serial access port operates independently of the random access port, there is no need
to control the SC, SE, SIO pins in this cycle.
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Register Set Cycle (Late Write)

tre
taas . trp
1
= ViH - \ X
RAS (Input) y;, _ N J \
tcsH tcRp
tcrp taco tRsH teen )
| tcas, thoag Note 1 |
— ViH - s
CAS (Input) s _ / \ / N

V -
Address (Input) y, MROWMM
WBvE (npu) \n_ [/ 7 \_/ N

—— Vin—
DT/OE (Input) ViL— {f} KEEEEEE}SEEEEE}}EEE
Vi —

WO to W7/

trRs | | trRH trcs trcH

oo V2 777 e X KRR RXRRRAKXXRRRRAY

Notes 1.

tcas for the uPD482234
trcas for the uPD482235

. Refresh address (RAS only refresh)

Remarks 1. When DSF is high level : Register select = Color Register Select

When DSF is low level : Register select = Write Mask Register Select

2. Because the serial access port operates independently of the random access port, there is no need

to control the SC, SE, SIO pins in this cycle.
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(Data transfer cycle)

uPD482234-60 uPD482234-70
Parameter Symbol | #PD482235-60 #PD482235-70 | ynit | Conditions
MIN. | MAX. MiIN. MAX.

Serial clock cycle time tsce 18 22 ns
Serial output access time from SC tsca 15 17 ns
Propagation delay time tro 20 20 ns
from SC to QSF
Propagation delay time trap 80 95 ns
from RAS to QSF
Propagation delay time tcap 60 65 ns
from CAS to QSF
Propagation delay time toap 30 30 ns
from DT/OE to QSF
Propagation delay time toar 40 40 ns
from RAS high to QSF
Serial input enable time from RAS tszu 20 20 ns
SC precharge time tsoL 5 5 ns
SC pulse width tsch 5 5 ns
DT high pulse width tore 20 20 ns
DT low setup time tos 0 0 ns
Serial output hold time after SC high|  tson 3 5 ns
Serial data in setup time tsis 0 0 ns
Serial data in hold time tsiH 10 10 ns
SC setup time from RAS tsrs 10 10 ns |Notes1,2,3
DT low hold time after RAS low tRoH 55 65 ns |Note 4
DT low hold time after RAS low tRDHS 10 25 ns |Note 4
DT low hold time after CAS low teou 15 20 ns |Note 4
DT low hold time after address taop 20 25 ns |Note 4
SC low hold time after DT high tsoH 40 40 ns |Note 4
SC low hold time after DT high tsoHR 40 45 ns |Notes 2, 4
SC high to CAS low tssc 10 10 ns |Notes2,3,4
SC high to DT high tsoo 0 0 ns |Note 4
DT high to RAS high delay time toth 0 0 ns |Note 4
Serial input disable time from SC tsiz 0 0 ns
Serial output disable time from RAS |  tsnz 0 0 ns

178



NEC

uPD482234, 482235

Notes 1.

The tsrs and tsr in the hidden refresh cycle, CAS before RAS refresh cycle (STOP register set cycle
and optional reset cycle) are specified to guarantee the serial port operations until the transfer cycle
is executed after the STOP register value is changed. When the STOP register value is not to be
changed, or when the binary boundary jump function is not used (when the TAP register is empty),
tsrs and tsrH will not be specified.

. tssc (split read data transfer cycle) and tsrs (split write data transfer cycle) are specified at the rising

edge of SC which reads/writes the address of the jump source in the binary boundary jump function.

tsoHr (split read data transfer cycle and split write data transfer cycle) is specified at the rising edge

of SC which reads/writes the address of the jump destination in the binary boundary jump function.

The rising edge of these SCs cannot be input in periods (1) and (2).

(1) Split read data transfer cycle: Period from the rising edge of the SC specifying tssc to that of
the SC specifying tsour (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing
Chart.)

(2) Split write data transfer cycle: Period from the rising edge of the SC specifying tsrs to that of
the SC specifying tsoHr (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing
Chart.)

. Restrictions to the split read data transfer cycle during serial write operation

(1) If split read data transfer is attempted for an address which is already involved in serial write,
normal operation is not guaranteed, except for a period in which no serial write has been
performed, that is from when SE goes low at the rising edge of SC to just before the serial
write begins.

If split read data transfer is attempted when an address involved in serial write is the boundary
address specified by the STOP register, normal operation is not guaranteed, except for a
period in which no serial write has been performed, that is from just after the mask write or
mask split write transfer cycle is executed to just before the serial write is started by setting
SE to a low level at the rising edge of SC.

@

-

. One of the following specifications will be valid depending on the type of read data transfer method

used.
(1) DT/OE edge control: Satisfy the following specifications.
.« For DT/OE edge inputs : tron, tcow, taoo, toTr
+ For SC inputs : tsop, tspH
(2) Self control: Satisfy the following specification.
+ For DT/OE edge inputs : tmohs
« For SC inputs : tssc, tsoHR
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Read Data Transfer Cycle (SC Active)

1ras = ! trp
RAS (Input) \\IIT.: \ f ) \ N,
tosn e tore |
tcrp trco trsH teen
feas, thoas Note
CAS (Input) \\/;":: ﬁ ‘\ / \_
tasef | tRan tasc toan
Address (Input) ‘\’/"':: XXXX ROW :1<X>|' ¢OL. (m)
‘ l_t_wg_s; twer
WEWE now) \ [/ /] ANAARARARARARAARARARARRARARRARANY
tcon
taop totR
tois tron tore i
DT/OE (Input) \\l/':: w / i \m
oWy Voum ez
trrs | | trRH

osr w2~ \\ THTITIIiiiiiiiiiiiimi

aE ViH—
SE (Input) Vie— L
tscc tsoo tson
tscL
ViH—
SC (Input) '~ \ / tson SL‘——’;I[ \ / \ /
tsca tsca tsca
tsoH
Vou — 4 Y
SI00 to SI07 (Output) VoL — n-2 )®]r n-1 @r n )®r m
teo toan New data output start
Vou —
QSF (Output) Yo+~ X X
Note tcas for the uPD482234
tHeas for the uPD482235
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Read Data Transfer Cycle (SC Inactive)

trc
tras trP
JE— - 4 p
RAS (Input) ‘\’/‘I':_ 7 \
tesH terp
tcrp trco tRsH teen

tcas, thoas Note
YV Vi — )h
CAS (Input) Vit — j K / \

tash| | tRaH tasc tean
]

Address (input) '~ XXX>(' row XXX coL. (m) OO IQXQIQXQXQIX

twes || twen

Y
LR/ AR NENRLTENALRRRRRRARRRRRRRRRRANY

toLs tROHS tote

oz - X\ ) EARRRARNRNNNNNAN

WO to W7/ Von- ________dl._.______Tgn<z B N U
100 to 107 (©utpuy VoL~

osewen 1= NN | /7777777777777 7777777

_ Vi spHR
SE (Input) Vi — L
toao
tran
tssc tcap
tscL tscH | tscL tscH
1
- '
SC (Input) \\//':: - \( 1\ Fixed at either a low or high level \‘ ,[ N
tsca tsca
$I00 to SI07 (Output) \\’/‘(’)’: - n-1 XXX n m
New data output start
tep toar
- '4 r
QSF (Output) ‘\’/‘(’)’: - );r >§

Note tcas for the uPD482234
tHcas for the uPD482235 i
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Read Data Transfer Cycle (Serial Write — Serial Read Switching)

Tras e trp
RAS (input) \"~ \ / ‘ |
tcsH tcre
|‘tﬂt trcD t:;_:_lu_ i teen
CAS (Input) \\/I'I':: z ‘\( /
tasr tRaH i tasc toan
Address (Input) \\//T.: 'L ROW @( COL. (m) mm
I m tWBH 1
| ]
WBWE o) 12 /[ f ANAALARARARARAARARARARARRARRARANY
tos tRows torp |
DT/OE (Input) \\//':: w J]

WO to W7 Vou —

100 to 107 OUPU) yio

DSF (Input) ‘(,‘:: “\ ,///////

SE (Input) \‘I/I'L“: L

/11T

tsoHR
toap
trap
tssc tcap
1o tsoL tson tscL tscH
]
SC (Input) \\//': - 7 \ Fixed at either a low or high level \‘ ’Z
tsis tsiH tsiz
- 4 High-Z
(Input) V'~ eae { DATAIN )--f-=--po=-=-n-
SI00
to tsca
SI07
(Output) \\//‘(’)':: ---------------------------- HIghZ e e m
teo toar New data output start
QSF (Output) ‘\’,‘;” - X X
Note tcas for the uPD482234
tHeas for the uPD482235
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Split Read Data Transfer Cycle

RAS (Input)

CAS (Input)

Address (Input)

WB/WE (input)

DT/QE (Input)

WO to W7/

100tojo7  (OutPut)

DSF (Input)

SE (Input)

SC (Input)

(Input)
SI00
to
slo7

(Output) \, ' _ DATA

QSF (Output)

Vv —
ViL—

ViH—
Vi -

Vin—
ViL—

Vin—
Vie—

Vi =
ViL—

tre

Tras trp
-y
N /
tcsH
tcrp trcD trsH
tcas, tHoas Note 1
'
/ toen \
tasr| [ tRau tasc tean
\ 4
ROW ; COL.

tweH

QOUOKXKXXXXXX

ALALARARALARARARARARRRRRRRRARRRARNY

trRoHS

AN

(11T T

Vo— ______... I I High e,
VoL -
trRs trRH
wi/// ALAAAARAREARARARRARARARRRRRARARANAY
ViH = .
V- _L
tssc tsoHR
tscc Note 2
tsch tscL tsch tscL tsch tscL tsch tscL
Vin— ,S / \_—
ViL—
g tsiv tsis tsiH tsis tsiH tsis tsiH tsis tsiH
Vin - b b ) \ \
ViL— ( DATA IN )W DATA IN )W DATA IN )W DATA IN IW DATA IN ‘®
tsca tsca tsca tsca
tson k= TsoT——l tson tson
Vou - OUTmLDATA OUTm‘ DATA OUT :W DATA OUT XXX DATA OUT ;
teo tro

VoH -
VoL -

A

Notes 1. tcas for the uPD482234
tHeas for the uPD482235
2. Do not perform the following two serial read/write during this period.
« Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.
- Serial read/write of last address of data register (Address 255 or 511)
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Write Data Transfer Cycle

tre
{ras trp
RAS (Input) \\//':: \ / ‘\____
- trco = tRsH
tcas, tHoas Note .
v Vi = 4 CPN ) Y
CAS (inpuy V¥~ / t N /
I‘tﬁn1 trRAH tasc toam
Address (Input) \\//':: ZXXE( ROW : ( COL. I‘IIX‘X‘X‘X‘I’I’X’I‘I‘I
twes || twsH
e (e V'~ \\\ LI
toLs | | trows
57iGE mew Vo= \\\Y LI
ws twh
WOIOWT tnpuy Vi T XXX Meska XXXXXOXXXXXXX
trrs || trRH
oo ey VT NN\ L
SE (mpuy VM7
tsDHR
tcap
tscL ‘t%ss:n , e L L
SC (Input) \\//':: _\ ‘/ ,I'\ Fixed at either a low or high level \ )[ k
tsis tsiH tsis| tsiH
o o Yo~ XU oRamKKKKKKKKKKKXKOOOO0O00
trD
QSF (Output) V¥~ X ).

Note tcas for the uPD482234
tHcas for the uPD482235
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Write Data Transfer Cycle (Serial Read — Serial Write Switching)

traS trp
RAS (Input) \\I,':: \ / } o
 tcre | tos
trco kt::l oo
CAS (Input) \\/,':: / topn j\ £
i tasr ,
Address (Input) {XXXX R - OO0
twes || twen
wwewon '~ N\\N\N || L7171 1T/
tous | | trows
TIOE (eu) V'~ L
Mi twh
100 to 107 ViL— b,
trrs | | trru
SN S\\\ SR 72771
SE (Input) \\2': Y
tsoHR
tcap
tsRs traD
tscL tscH tscL tscH
SC (Input) \\?:: _\L )]’ ‘\ Fixed at either a low or high level \_\ I/ l\
tszn 't_s_li tsH
(Input) V¥~ --~-~------------1*-“-1"32;%-qz ------------- DATAIN )}
o .
slo7 tson
(Output) \6‘;’: - DATA OUT : DATA OUT :} ---------- L L l -----------
teo
QsF (Output) Yo"~ X
Note tcas for the uPD482234
tHeas for the uPD482235
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Split Write Data Transfer Cycle

RAS (Input)

CAS (Inputy V"~
Address (Input)

WB/WE (Input)

DT/OE (Input)

WO to W7/ ViH -
100 to 107 MPUDyy —

DSF (Input)

SE (Input)

SC (Input) ‘\/l'l'::

Vin—
(Input) Vi—

SIo0
to
Slo7

Vou —
(Output) Vo —

QSF (Output) V!~

tcRP
[ |

trc

trco

tRsH

tcas, thoas Note 1

tcpn

tasr | | tra

\
I

LI

(i

toLs

troHS

i

jiiiiiiiii

ROOKXKXXXKXXKKKXKXIXKXXXXX

ALAARRRRARRRARRRAANY

LARARRRRRNANY

tsce

tsch

1.4

tsiH

tsc tscH

tsoHR

tsc tscH tscr tscH

tscL

tsis s

4
{ DATAIN k
N /

tsis tsiH tsis s
) 4 X
A DATAIN ;®‘ DATA IN ] DATA IN

N2
9 I
>
3
P4
é‘?

tsca

tsca tsca
H

tson _tsoH tson _tsol
A 4 \ 4 y X y
DATA OUT KDATA ouTt )®‘DATA out m DATA OUT 1®LDATA

o

tro
]

X
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Notes 1. tcas for the uPD482234
tHeas for the uPD482235
2. Do not perform the following two serial read/write during this period.

+ Serial read/write of jump source address set to the STOP register of the data register which does
not perform the data transfer cycle.

+ Serial read/write of last address of data register (Address 255 or 511)
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(Serial read, write cycle)

uPD482234-60 uPDA482234-70
Parameter Symbol #PD482235-60 #PD482235-70 | ynit | Condition

MIN. MAX. MIN. MAX.

Serial clock cycle time tscc 18 22 ns

Serial output access time from SE tsea 16 17 ns

Serial output access time from SC tsca 15 17 ns

Propagation delay time teo 20 20 ns

from SC to QSF

SC precharge time tsoL 5 5 ns

SE precharge time tsep 5 5 ns

SC pulse width tscH 5 5 ns

SE pulse width tsee 5 5 ns

SE setup time tses ] 0 ns

SE hold time from SC tsen 10 10 ns

Serial data in setup time tsis 0 0 ns

Serial data in hold time tsiH 10 10 ns

Serial output hold time after SC high|  tson 3 5 ns

Output disable time from SE high tsez 0 15 0 15 ns | Note

SE low to serial output setup delay tsoo 3 5 ns

time

Note tsez, toez, twez, torr, torr, and torc define the time when the output achieves the condition of high impedance
and is not referenced to Von or Vot.
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Serial Read Cycle

Vin—

SE (Input) Voo

SC (input) V'~

SI00 Vou
to (Output) -
107 Vo

QSF (Output) V'~

tsep tsee
\
S( 7 tsez
tscc tscc Nots 1 tscc Nots 2
tscH ) tscL tscH ) tscL tscH ) tscL
K 72 X Z X Z
tsea tsca tsca
tsoo tsoH tsom
L.Honz o LI IF N\ N\/77 DATA’E))___
YA\\X DATAOUT £/ /\\} DATA OUT //\\X _OuT 4
tep

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates independently of the serial access port, there is no need
to control the RAS, CAS, Address, WB/WE, DT/OE, WI/O, DSF pins in this cycle.

Serial Write Cycle

SC (input) '~

Vi~

SE (Input) Vi o

SI100 Vor—
to (Input) _
sI07 Vou

QSF (Output) ‘\’/‘;’: -

tscc tscc Note 1 tscc Note 2

tscH o tsaL tscH . tscu tscH tsc

__,z‘_——‘l\L__)z’__“\L__,z

tses| | tsen

DATA IN

X

|

tsen

’J/_

CXKXXKXXKIXKXNK s KXKXXKKNA s KXX

X

Notes 1. Last address of data register (Address 255 or 511)
2. Starting address of data register newly read (address is specified in the data transfer cycle).

Remark Because the random access port operates independently of the serial access port, there is no need
to control the RAS, CAS, Address, WB/WE, DT/OE, Wi/O, DSF pins in this cycle.
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5. Package Drawings

40 PIN PLASTIC SOJ (400 mil)

21

40
Annonnnoooaanonanao—:

7 I..lI_II_II_.lI_lI_lI_II_lI_IL.lLII_ILlLJUI_ILJL.IIZ_(I)—_

F E
-
1 i
( ! )
O DAULY ) ! |
4
T
T -
K [l Q p
—~—M[@] N @
NOTE ITEM MILLIMETERS _ INCHES
Each lead centerline is located within 0.12 mm (0.005 inch) of
. e \ . e B 26.29%8%  1.035%3:998
its true position (T.P.) at maximum material condition. €9-0.35 -¥99-0.014
C 10.16 0.400
D 11.180.2 0.440+0.008
0.006
E 1.08£0.15  0.043%5509
F 0.7 0.028
G 3.520.2 0.138+0.008
0.009
H 2.410.2 0.094% 3568
| 0.8 MIN. 0.031 MIN.
J 2.6 0.102
K 1.27(T.P.) 0.050(T.P.)
0.004
M 0.40£0.10  0.016% 3558
N 0.12 0.005
P 9.40£0.20 0.370+0.008
Q 0.15 0.006
T R0.85 R0.033
0.10 0.004
u 0.20%508  0.008%3-563
P40LE-400A-2
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44 PIN PLASTIC TSOP(II) (400 mil}

44 23
HABHHAAAHAR BHHHHAARHAARE

N>
+

IEIEBEEIEHHHH HHEHHHHHHzﬂZ

w_L

detail of lead end

L Da

JErT

NOTE

Each lead centerline is located within 0.13 mm (0.005 inch) of
its true position (T.P.) at maximum material condition.

H

| .

Il |

N
__________ RSN—— S
ITEM_MILLIMETERS __ INCHES
A 1863 MAX.  0.734 MAX.
B 093MAX. _ 0.037 MAX.
C___ 08(T.P) ___ 0.031(T.P)
D 032:3%8  0.013:0.003
E__ 012005 0.00420.002
F 1.2 MAX. ___ 0.048 MAX.
G 097 0.038
H__ 11.76:02 __ 0.463x0.008
| 1016201 0.40020.004
J 0.8£0.2 0.031+3-398
0.025
K 0.145%3-092  0.006+0.001
L 05201 0.020+3:84
M__ 013 0.005
N__ o010 0.004
0+7° o+7°
- O 3+l
544G5-80-7JF4

191



NEC uPD482234, 482235

[MEMO]
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6. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD482234, uPD482235.

Types of Surface Mount Device

uPD482234LE-xx : 40-pin plastic SOJ (400 mil)
uPD482235LE-xx : 40-pin plastic SOJ (400 mil)
uPD482234G5-xx : 44-pin plastic TSOP (Il) (400 mil)
UPD482235G5-xx : 44-pin plastic TSOP (Il) (400 mil)

7. Example of Stamping

Letter B in the fifth character position in a lot number signifies version B, letter A, version A, letter F, version
F, and letter E, version E.

NEC e

D482235

X XX X[JX XX X

\__—.v_.._/
Lot number
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[MEMO]
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DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

uPD481850

8M-bit Synchronous GRAM

Description

The uPD481850 is a synchronous graphics memory (SGRAM) organized as 131,072 words x 32 bits x 2 banks
random access port.

This device can operate up to 100 MHz by using synchronous interface. Also, it has 8-column Block Write function
to improve capability in graphics system.

This product is packaged in 100-pin plastic QFP (14 x 20 mm).

Features
* 131,072 words x 32 bits x 2 banks memory
* Synchronous interface (Fully synchronous DRAM with all input signals are latched at rising edge of clock)
: Pulsed interface
: Automatic precharge and controlled precharge commands
: Ping-pong operation between the two internal memory banks
: Up to 100 MHz operation frequency
* Possible to assert random column address in every cycle
* Dual internal banks controlied by A9 (Bank Address: BA)
* Byte control using DQMO to DQMS signals both in read and write cycle
* 8-column Block Write (BW) function
* Persistent write per bit (WPB) function
* Wrap sequence: Sequential
* Programmable burst length (1, 2, 4, 8 and full page)
* Programmable CAS latency (2 and 3)
* Power Down operation and Clock Suspend operation
¢ Auto refresh (CBR refresh) or self refresh capability
* Single 3.3 V + 0.3 V power supply
* LVTTL compatible inputs and outputs
* 100-pin Plastic QFP (14 x 20 mm)
* 1,024 refresh cycles/16 ms
* Burst termination by Precharge command
* Burst termination by Burst stop command (in case of full-page burst)

Ordering Information

Cycle time Clock frequency
=2
art number ns (MIN.) MHz (MAX.) Package
uPD481850GF-A10-JBT 10 100 100-pin Plastic QFP (14 x 20 mm)
pPD481850GF-A12-JBT 12 83
uPD481850GF-A15-JBT 15 66
The infor ion in this d is subject to ch without notice.

Document No. M10235EJ2V0DSU1
197



NEC | 1PD481850

Part Number

Synchronous GRAM

pPD48 1 8 5 (
NEC CMOS Application Specific Memmj T ‘]7

Device code
1: Graphics RAM

Capacity
8: 8M bits

Words organization
5: x32

Function

Package
GF: QFP

Vee
A: 33V+03V

Cycle time
10: 10ns
12: 12ns
16: 15ns
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Pin Configuration (Marking Side)

100-pin Plastic QFP (14 x 20 mm)

80 |+~—=0 DQ28
78 +——0OVeeQ
78 «~—=0O DQ27

81

77 |=—=0 DQ26

76 —OVssQ

75 =—=0 DQ25

74 =—=0 DQ24
73—OVecQ
72} «—0DQ15
71 —0ODQ14
70——O0VssQ
69 f«=—=0O DQ13
68 «—=0ODQ12

67 ——O VccQ
66 |—O Vss
65 ——O Vec
64 [«—0O DQ11
63 J«—=0ODQ10
62} ——OVssQ
61 «—0ODQ9
60 [~—=ODQ8
59 ——OVceeQ

1PD481850GF-Axx-JBT

58 ———O NC (Vrer)

57 «—0O DQM3

56 [«——O DQM1

56 «—OCLK

54 |«——O CKE

53 f«——ODSF

28

52 ——ONC
51 «——0A8

50
49
48
47
46

44
42
41
40
39

37

33]

31|

A9
DQO - DQ31
cs

RAS

CAS

WE

DSF
CKE
CLK
Vee
Vss
VecQ
VssQ
NC

: Address inputs

. Row address inputs

: Column address inputs
. Bank address

: Data inputs/outputs

: Chip select

: Row address strobe

: Column address strobe
1 Wirite enable

DQMO - DQMS3 :
: Special function enable
: Clock enable

. System clock input

: Supply voltage

: Ground

: Supply voltage for DQ

. Ground for DQ

: No connection

DQ mask enable

DQM2 O———+{ 24

WE O——{ 25

CAS O——{ 26

RAS O——+{ 27

CSs

A9 O—=29

NC (Vrer) O——— 30
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Block Diagram

Refresh  |—
Counter ||
pri Memory Cell Array  ||512
Row
] Decoder Bank A Rows
A2—>
Address ||
Buffer = Sense Amp. %
[ > Column Decoder |5
A9—
256 col. x32 I/0.
— @'
Memory Cell Array  {|512
Row
Decoder Bank B Rows
Sense Amp.
1 32]
L——————>]  Column Decoder

CLK—
CKE—>1

C—s—.
R_AS'—M
CAS—
-W_‘E—’

DSF—

Timing
Generator

Vec—>
Vss—>

VeeQ  VssQ
V4
Random

1/O Buffer > DQO to 31

3211 DQMO to 3

f

Color
Register
(32 bits)

Register
(32 bits)

Mask
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1.

Input/Output Pin Function

Pin name

Input/Output

Function

CLK

Input

CLK is the master clock input. Other inputs signals are referenced to the CLK rising
edge.

CKE

Input

CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising
edge is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal
clock is not asserted and the pPD481850 suspends operation.

When the uPD481850 is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

In Self refresh mode, low level on this pin is also used as part of the input command
to specify Self refresh.

al

Input

CS low starts the command input cycle. When CSis high, commands are ignored
but operations continue.

RAS, CAS, WE

Input

RAS, CAS and WE have the same symbols on conventional DRAM but different
functions. For details, refer to the command table.

DSF

Input

DSF is part of the inputs of graphics command of the uPD481850.
If DSF is inactive (Low level), uPD481850 operates as same as SDRAM.

A0 - A8

A9

Input

Row Address is determined by AO - A8 at the CLK (clock) rising edge in the activate
command cycle.

Column Address is determined by AO - A7 at the CLK rising edge in the read or
write command cycle.

AB defines the precharge mode. When A8 is high in the precharge command cycle,
both banks are precharged; when A8 is low, only the bank selected by A9 is
precharged.

When A8 high in read or write command cycle, the precharge start automatically
after the burst access.

A9 is the bank address signal (BA). In command cycle, A9 low selects bank A and
A9 high selects bank B.

DQMO - DQM3

Input

DQM controls 1/O buffers. DQMO corresponds to the lowest byte (DQO to DQ7),
DQM1 corresponds to DQ8 to DQ15, DQM2 corresponds to DQ16 to DQ23. DQM3
corresponds to DQ24 to DQ31.

In read mode, DQM controls the output buffers like a conventional OE pin.

DQM high and DQM low turn the output buffers off and on, respectively.

The DQM latency for the read is two clocks.

In write mode, DQM controls the word mask. Input data is written to the memory
cell if DQM is low but not if DQM is high.

The DQM latency for the write is zero.

DQO - DQ31

Input/Output

DQ pins have the same function as I/O pins on a conventional DRAM.
These are normally 32-bit data bus and are used for inputting and outputting data.
- Function as the mask data input pins in the special register set command.
Write operations can be performed after Active command with WPB (old
mask data).
- Functions as the column selection data input pin in the block write cycle.

Vce
Vss
VeeQ
VssQ

(Power supply)

Vce and Vss are power supply pins for internal circuits. VccQ and VssQ are
power supply pins for the output buffers.
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2. Commands
Mode register set command
(CS, RAS, CAS, WE, DSF = Low)

The pPD481850 has a mode register that defines how the device
operates. In this command, AO through A9 are the data input pins. After
power on, the mode register set command must be executed to initialize the
device.

The mode register can be set only when both banks are in idle state.

During 20 ns (trsc) following this command, the uPD481850 cannot
accept any other commands.

Refer to 6. Programming the Mode Register.

Bank activate command
(CS, RAS, DSF = Low, CAS, WE = High)

The pPD481850 has two banks, each with 512 rows.

This command activates the bank selected by AS (BA) and arow address
selected by AO through A8.

This command corresponds to a conventional DRAM’s RAS falling.

Bank activate command with WPB enable
(CS, RAS = Low, CAS, WE, DSF = High)

This command is same as Bank activate command. After thiscommand,
write per bit function is available. Mask register’s data is used as write mask
data.

Refer to 12. Write/Block Write with Write Per Bit.

Fig. 1 Mode register set
command

Fig. 2 Row address strobe and
bank active command

A9
(Bank address)
A8 28

Add BB

Fig. 3 Row address strobe and
bank active command
with WPB enable
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Precharge command Fig. 4 Precharge command
(CS, RAS, WE, DSF = Low, CAS = High) ok 111
CKE H

This command begins precharge operation of the bank selected by A9
(BA) and A8. When A8 is High, both banks are precharged, regardless of
A9. When A8 is Low, only the bank selected by A9 is precharged. A9 low
selects bank A and A9 high selects bank B.

After this command, the uPD481850 can’t accept the activate command
to the precharging bank during tre (precharge to activate command period).

i i i A9
This command can terminate the current burst operation (2, 4, 8, full page (Bank addren)
burst length). A8
— Prech I
This command corresponds to a conventional DRAM’s RAS rising. ( arge;gzm) ..............

Refer to 10. Precharge and 11. Auto Precharge.

Fig. 5 Column address and
write command

Write command
(CS, CAS, WE, DSF = Low, RAS = High)

If the mode register is in the burst write mode, this command sets the
burst start address given by the column address to begin the burst write
operation. The first write data must be input with this write operation. The
first write data in burst mode can input with this command with subsequent
data on following clocks.

Read command Fig. 6 Column address and
read command

(CS, CAS, DSF = Low, RAS, WE = High)

This command sets the burst start address given by the column address.
Read data is available after CAS latency requirements have been met.
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CBR (auto) refresh command Fig. 7 CBR (auto) refresh
command

(CS, RAS, CAS, DSF = Low, WE, CKE = High)

This command is a request to begin the CBR refresh operation. The
refresh address is generated internally.

Before executing CBR refresh, both banks must be precharged.

After this cycle, both banks will be in the idle (precharged) state and
ready for a bank activate command.

During trc period (from refresh command to refresh or activate command),
the uPD481850 cannot accept any other command.

Self refresh entry command Fig. 8 Self refresh entry
command
(CS, RAS, CAS, DSF, CKE = Low, WE = High)
ok M1 1L
After the command execution, self refresh operation continues while CKE CKE — \
remains low. When CKE goes high, the uPD481850 exits the self refresh
mode.

During self refresh mode, refresh interval and refresh operation are
performed internally, so there is no need for external control.
Before executing self refresh, both banks must be precharged.

Burst stop command in full page Fig. 9 Burst stop command
in Full Page mode
(CS, WE, DSF = Low, RAS, CAS = High)

This command can stop the current full page burst (BL = 256) operation.
If BL is set to 2, 4, 8, to execute this command is Nop.
Referto 14. Read/Write Command Interval and 15. Burst Termination.
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No operation
(CS, DSF = Low, RAS, CAS, WE = High)

This command is not a execution command. No operations begin or
terminate by this command.

Special register set command
(CS, RAS, CAS, WE = Low, DSF = High)

The uPD481850 has two special registers for graphics commands. One
is color register and the other is mask register. In thiscommand, A0 through
A9 are the data input pins for the register select (color or mask register).
DQO through DQ31 are the data input pins for the Color data or the WPB
data.

During 20 ns (trsc) following this command, the uPD481850 can not
accept any other commands.

Refer to 8. Programming the Special Register.

Masked block write command
(CS, CAS, WE = Low, RAS, DSF = High)

This command activates 8-column block write function. Inthis command,
the burst length = 1. Write data comes from color register, column address
mask data is input from DQi in this command.

Refer to 13. Block Write.

Fig. 10 No operation

ck LI L
CKE "

Cs
RAS
CAS
WE
DSF

Fig. 11 Special register set

Fig.

command

12 Masked block write
command
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3. Simplified State Diagram

Self
Refresh

Mode
Register
Set

REF CBR
Refresh

Write/Block

WRIT/BW
SUSPEND

READ
SUSPEND

READA
SUSPEND

Wirite/Block
Write

¥
" _(WRITABWA

Precharge
ON Precharge

——-  Automatic sequence

—— Manual input
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4. Truth Table
4.1 Command Truth Table
Function Symbol - CKE ; CS | RAS | CAS | WE | DSF e Adiraess A0
Device deselect DESL H X H X X x X X X X
No operation NOP H X L H H H L X X x
Burst stop in full page BST H X L H H L. L X X X
Read READ H X L H L H L BA L CA
Read with auto precharge READA H X L H L H L BA H CA
Write WRIT H X L H L L L BA L CA
Write with auto precharge WRITA H X L H L L L BA H CA
Masked block write BW H X L H L L H BA L CA
Masked block write with auto BWA H x L H L L H BA H CA
precharge
Bank activate ACT H X L L H H L BA RA
Bank activate with WPB enable [ACTWPB| H X L L H H H BA RA
Precharge select bank PRE H X L L H L L BA X
Precharge all banks PALL H X L L H L L X H X
Mode register set MRS H X L L L L L |OP. CODE
Special register set SRS H X L L L L H OP. CODE

Remark H = High level, L = Low level, x = High or Low level (Don’t care), BA = Bank address (A9), RA = Row

address, CA = Column address

4.2 DQM Truth Table

Function Symbol CKE DQMi
n-1 n
Data write/output enable ENBI H X
Data mask/output disable MASKi H X H

Remark H = High level, L = Low level, x = High or Low level (Don't care), i =0, 1,2, 3
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4.3 CKE Truth Table

Current state Function Symbol — CKE - CS | RAS | CAS | WE | DSF |Address
Activating Clock suspend mode entry H L 3 X X X X X
Any Clock suspend L L X X x X X X
Clock suspend Clock suspend mode exit L H X X X X X X
Idle CBR refresh command REF H H L L L H L x
Idle Self refresh entry SELF H L L L L H L X
Self refresh Self refresh exit L " L " H A . X

L H H X X X X X
Idle Power down entry H L X X X X X X
Power down Power down exit L H b3 X X X x X

Remark H = High Level, L = Low level, x = High or Low level (Don’t care)
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4.4 Operative Command TableNote 1
(1/7)
Current state CS |RAS|CAS| WE |DSF Address Command Action Notes
Idle H x| x| x| x]|]x DESL Nop or Power down 2
LI{H[H|H]|x|x NOP Nop or Power down 2
LI{H|[H]JL]H|X Undefined ILLEGAL
LIH]JH]|L]|L]|X BST ILLEGAL 3
L H L H|H]|x Undefined ILLEGAL
LIH|L|H]|L|BACAAS8 READ/READA | ILLEGAL 3
LIH|[L]L|H]|BACAAS8 BW/BWA ILLEGAL 3
L|H L L L | BA,CA, A8 WRIT/WRITA ILLEGAL 3
L L|H|H]|H]|BARA ACTWPB Bank active with WPB: Latch RA
L{L|[H|H|[L|BARA ACT Bank active: Latch RA
L L|H L H | x Undefined ILLEGAL
L{L|H|L]|L/|BAAS PRE/PALL Nop 1"
L{L|[LJH]HJX Undefined ILLEGAL
LL|LiH]L]|Xx REF/SELF CBR refresh/Self refresh 4,12
L|jL|L|L|H/|OpCode SRS Special register access
L L L|L L | Op-Code MRS Mode register access 12
Bank active HIx | x| x| x|]x DESL Nop
LIH|H[H]|Xx|x NOP Nop
LIH{H]L]|H]|X Undefined ILLEGAL
LI{H|[H}JL]|L]|x BST ILLEGAL 3
LIH|L]JH}JH|X Undefined ILLEGAL
L H L|H L | BA,CA, A8 READ/READA Begin read; Latch CA: Determine AP 5
LIJH|[L|]L|H|BACAAS BW/BWA Begin block write: Latch CA: Determine AP 5
LJH|JL|L|L|BACAAS8 WRIT/WRITA Begin write; Latch CA: Determine AP 5
L|L|H]|H]|H]|BARA ACTWPB ILLEGAL 3
L|IL|{H|H]|L|BARA ACT ILLEGAL 3
LiL|H|L]|H]|x Undefined ILLEGAL
L]JLIH|L|L|BAAS PRE/PALL Precharge 6
L L L]IH]JH]|x Undefined ILLEGAL
LjL]L|H|L|x REF/SELF ILLEGAL
LIL|[L}L]|H| OpCode SRS Special register access
L|L|L|L]|L | OpCode MRS ILLEGAL

209



NEC uPD481850
(2/7)
Current state CS |RAS|CAS| WE |DSF Address Command Action Notes
Read H | x X x | x| x DESL Continue burst to end — Bank active

L H|H]|]H]|x|x NOP Continue burst to end — Bank active
LIHIH L H]x Undefined ) ILLEGAL
L H|H L L] x BST 1, 2, 4, 8 burst length; Nop (Continue burst

to end — Bank active)

Full page burst; Burst stop — Bank active
LIH|L]H]|H]|X Undefined ILLEGAL
L H L H L | BA,CA A8 READ/READA | Term burst, new read: Determine AP 7
L H L L | H | BA CA A8 BW/BWA Term burst, Start block write: Determine AP 7,8
LIHJL]L]L]|BACAAS WRIT/WRITA Term burst, start write: Determine AP 7,8
L L H | H | H | BARA ACTWPB ILLEGAL 3
L|]L|H|H|L]|BARA ACT ILLEGAL 3
LIL{H]L]|H]|X Undefined ILLEGAL
L LIH]|]L|[L|BAAS8 PRE/PALL Term burst, precharge timing for reads
L|JL]L|H|H|X Undefined ILLEGAL
L L L H L| x REF/SELF ILLEGAL
L]L|]L|L{|H/| OpCode SRS ILLEGAL
LjLjL]L]L | OpCode MRS ILLEGAL

Write/Block write H| x| x| x| x|]x DESL Continue burst to end — Write recovering

LIHJIH|H|x|x NOP Continue burst to end — Write recovering
L{HIH L H|x Undefined ILLEGAL
LIH|H]L L | x BST 1, 2, 4, 8 burst length; Nop (Continue burst

to end — Bank active)

Full page burst; Burst stop — Bank active
LIJH]JL]JH]|H|X Undefined ILLEGAL
L]JH|L|H]|L|BACAAS8 READ/READA | Term burst, start read: Determine AP 7,8
L]JH]L|L|H/|BACAAS8 BW/BWA Term burst, new block write: Determine AP 7
LIH]L]L]L]|BACAAS WRIT/WRITA Term burst, new write: Determine AP 7
L]JL]JH|H|H]|BARA ACTWPB ILLEGAL 3
L L|H|H L | BA,RA ACT ILLEGAL 3
L LI{H|L]|H]|Xx Undefined ILLEGAL
L L|IH|L]|L]|BAAS PRE/PALL Term burst, precharge timing for writes 3,9
LiL]L]|H]|H]|X Undefined ILLEGAL
LjJLILIH|IL|x REF/SELF ILLEGAL
L L L L H | Op-Code SRS ILLEGAL
LjLjiLy]L]L | OpCode MRS ILLEGAL
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(3/7)
Current state CS |RAS|CAS| WE |DSF Address Command Action Notes
Read with H | x X x | x | x DESL Continue burst to end — precharging
auto precharge LIHJH|H] x|x NOP Continue burst to end — precharging
L |H H L H | x Undefined ILLEGAL
L|H H L L | x BST ILLEGAL
L]H L H|H|x Undefined ILLEGAL
L H L H L BA, CA, A8 READ/READA ILLEGAL
L|H L L H | BA, CA, A8 BW/BWA ILLEGAL
L|H L L L | BA,CA, A8 WRIT/WRITA ILLEGAL
L|L|H|H|H]|BARA ACTWPB ILLEGAL
L L H H L | BA,RA ACT ILLEGAL
L L H L H | x Undefined ILLEGAL
L L H L L | BA, A8 PRE/PALL ILLEGAL
L L L HIH]|Xx Undefined ILLEGAL
L L L H L | x REF/SELF ILLEGAL
L]lLjtL L | H | Op-Code SRS ILLEGAL
L L L L L | Op-Code MRS ILLEGAL
Write/Block write | H | X X X x | % DESL Continue burst to end — Write recovering
with auto with auto precharge
precharge LIH|H|H]| x]|x NOP Continue burst to end — Write recovering
with auto precharge
LIH|[H]L|[H]X Undefined ILLEGAL
LIH|[H|L|L]|X BST ILLEGAL
LIH|[L|H|H]|X Undefined ILLEGAL
L|HJ]L|H|L/|BACAAS8 READ/READA | ILLEGAL
L H L L H | BA, CA, A8 BW/BWA ILLEGAL
LI{H|L|L|L|BACAAS8 WRIT/WRITA ILLEGAL
L L H H | H | BA,RA ACTWPB ILLEGAL
L L H H L BA, RA ACT ILLEGAL
L L H L | H]|]x Undefined ILLEGAL
L L H L L | BA A8 PRE/PALL ILLEGAL
LfL|{L]|H|[H]|X Undefined ILLEGAL
L L L H L |x REF/SELF ILLEGAL
LjL L | H | Op-Code SRS ILLEGAL
LfL|L]L|[L | Op-Code MRS ILLEGAL
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(4/7)
Current state CS |RAS|CAS|WE [DSF|  Address Command Action Notes
Precharging H| x| x| x| x]|x DESL Nop — Enter idle after tse
LJH|H]H]|x|X NOP Nop — Enter idle after tar
L H|H LI H|x Undefined ILLEGAL
LIH|H]L]L]|Xx BST ILLEGAL 3
LIH]JL|H]H]|X Undefined ILLEGAL
L H L H L | BA,CA, A8 READ/READA ILLEGAL 3
LI{H]|]L|L]H]|BACAAS BW/BWA ILLEGAL 3
L H]L|L|L]|BACAAS WRIT/WRITA ILLEGAL 3
L|L|H|H]|H]|BARA ACTWPB ILLEGAL 3
L|JL|H|H]|L]|BARA ACT ILLEGAL 3
Lfoufe]wu]x Undefined ILLEGAL
L|L]JH]|L]|L]BAAS PRE/PALL Nop — Enter idle after tae 1
LJL]JLJH]H]|X Undefined ILLEGAL
L|JL|L]JH]L]|X REF/SELF ILLEGAL
L L L L | H | Op-Code SRS Special register access
L]JL|L]|L]|L | OpCode MRS ILLEGAL
Bank activating H| x| x| x| x|x DESL Nop — Enter bank active after taco
(taco) LIHJH]H]|x]|x NOP Nop — Enter bank active after taco
L H|H L|H|Xx Undefined ILLEGAL
LIH|H]L]|L]|Xx BST ILLEGAL 3
L H L HIH]|Xx Undefined ILLEGAL
LIH|L|H]|L|BACAAS8 READ/READA | ILLEGAL 3
L|H]|]L]|]L]|H]|BACAAS8 BW/BWA ILLEGAL 3
L|H]L]|L]|L|BACAAS8 WRIT/WRITA ILLEGAL 3
L|JL]|H}|H]|H|BARA ACTWPB ILLEGAL 3,10
L|JL|H|H]|L]|BARA ACT ILLEGAL 3,10
L L|H L]JH]x Undefined ILLEGAL
LiL|H|L]L]|BAAS PRE/PALL ILLEGAL 3
LIL]J]L]|H]|H]|X Undefined ILLEGAL
LJL]J]L]|H]|L]|X REF/SELF ILLEGAL
L|L]L]L]|H]| OpCode SRS Special register access
L|L]|L|L | OpCode MRS ILLEGAL
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(5/7)
Current state CS |RAS|CAS| WE [DSF Address Command Action Notes
Writerecovering | H [ x | x [ x | x | x DESL Nop — Enter bank active after toe.
(tor) LIH{H|H]x]x NOP Nop — Enter bank active after tos.
LIH]JH]L]|H]X Undefined ILLEGAL
L H{|H L L[| x BST ILLEGAL 3
LIJH|L]|H]|H]|X Undefined ILLEGAL
LH|L]H]L/|BACAAS READ/READA | Begin read; Latch CA: Determine AP 8
L H L L H | BA, CA, A8 BW/BWA Begin block write; Latch CA: Determine AP
LIH]L]|L]|L]|]BACAAS8 WRIT/WRITA Begin write; Latch CA: Determine AP
LJL]H]|H]|H]|BARA ACTWPB ILLEGAL 3
L LIH]|H L | BA, RA ACT ILLEGAL 3
L{L]JH|L|[H]X Undefined ILLEGAL
L L |H L L | BA, A8 PRE/PALL ILLEGAL 3
L L L H|H]|Xx Undefined ILLEGAL
L L L H L] x REF/SELF ILLEGAL
L L L L | H | Op-Code SRS Special register access
LfLiL L] L | OpCode MRS ILLEGAL
Writerecovering | H | x | x | x | x | x DESL Nop — Enter precharge after tor.
:::;::::e LIH|H]|H]|x]|x NOP Nop — Enter precharge after tor.
LIH|H]|L]H]|Xx Undefined ILLEGAL
LIH]JH]JL]L]|x BST ILLEGAL
LI{H]L]H]|H]|X Undefined ILLEGAL
L|H|L]H]|L]|BACAAS8 READ/READA | ILLEGAL 3,8
L|H L L H | BA, CA, A8 BW/BWA ILLEGAL 3
H|IL|L|L|BACAAS8 WRIT/WRITA ILLEGAL 3
L L H | H|H | BARA ACTWPB ILLEGAL 3
LJL]JH]JH]|L]|BARA ACT ILLEGAL 3
LiLIH]JL]|H]X Undefined ILLEGAL
L L|H|L]L]|BAAS PRE/PALL ILLEGAL 3
L{L]L]|H]|H]|x Undefined ILLEGAL
LyL|L|H]|L]|X REF/SELF ILLEGAL
L L | L | H | OpCode SRS Special register access
L{L]L]|L]|L | Op-Code MRS ILLEGAL
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Current state CS |RAS|CAS|WE |DSF Address Command Action Notes

Refreshing H| x| x| x| x]|x DESL Nop — Enter idle after tac

LIH|H]|H]x|x NOP Nop — Enter idle after tac
LIH|H]|L]H|x Undefined ILLEGAL
LIHJH{L|L]|x BST ILLEGAL
LJH]L]|H]H|Xx Undefined ILLEGAL
L|{H]|]L]|H]|L]|BACAAS READ/READA | ILLEGAL
LlH]L|{L|H]|BACAAS BW/BWA ILLEGAL
L|H]L]|L]L]|BACAAS WRIT/WRITA ILLEGAL
L|IL]JH|H|]H]|BARA ACTWPB ILLEGAL
L]J]L|H]|H]L]|BARA ACT ILLEGAL
LJL]JH]L]H]|x Undefined ILLEGAL
LIL]JH]|L]L/|BAAS8 PRE/PALL ILLEGAL
L L L|JH|H]|xX Undefined ILLEGAL
L|JL|]L]JH]L]|Xx REF/SELF ILLEGAL
L|L]L]L]|H]| OpCode SRS ILLEGAL
LfL]L]|L]L | OpCode MRS ILLEGAL

Mode register H| x| x| x|x]x DESL Nop — Enter idle after trsc

accessing LI{H|H|H|[x]|X NOP Nop — Enter idle after trsc
LIH]JH]|L]|H|[Xx Undefined ILLEGAL
LIH]JH]JL]L]|x BST ILLEGAL
LIH]JLIHIHLX Undefined ILLEGAL
LIJH]L]|H]|L/|BACAAS READ/READA | ILLEGAL
L|H]L]|L]|H]|BACAAS BW/BWA ILLEGAL
L|H]L}|JL]|]L|BACAAS WRIT/WRITA ILLEGAL
L|JL]|H}]JH]H]|BARA ACTWPB ILLEGAL
L|JL]JH|H]|L]|BARA ACT ILLEGAL
LIL]JH]JL]|H|X Undefined ILLEGAL
. L]JL]|H]L]|L]|BAAS8 PRE/PALL ILLEGAL
LIL}JL]|H]H|X Undefined ILLEGAL
LJL]JLH]L X REF/SELF ILLEGAL
L L L L | H | Op-Code SRS ILLEGAL
L L L L L | Op-Code MRS ILLEGAL
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Current state CS |RAS|CAS|WE |DSF Address Command Action Notes
Special mode H| x| x| x| x]x DESL Nop — Enter previous state after trsc
'egismf LIHJH|H]| x]|x NOP Nop — Enter previous state after trsc
accessing
L|HIH L H | x Undefined ILLEGAL
LIH]JH|L]L|Xx BST ILLEGAL
L H L|H}|H]|X Undefined ILLEGAL
L]JH/IL|]HJL]BACAAS8 READ/READA | ILLEGAL
LIH|[L]L|H]|BACAAS8 BW/BWA ILLEGAL
L|H|[L]L]L]|BACAAS WRIT/WRITA ILLEGAL
LJL|H|H]H]|BARA ACTWPB ILLEGAL
L|L|H|H|L]|BARA ACT ILLEGAL
L|L|H]|JL]|H|X Undefined ILLEGAL
L L |[H L L | BA A8 PRE/PALL ILLEGAL
L|]L|]L]JHIH]|X Undefined ILLEGAL
L]lL]L]HIL]}X REF/SELF ILLEGAL
L]L]L]L | H]| OpCode SRS ILLEGAL
Ll L|{L]L]|L | OpCode MRS ILLEGAL

Notes 1. All entries assume that CKE was active (High level) during the preceding clock cycle.
2. If both banks are idle, and CKE is inactive (Low level), uPD481850 will enter Power down mode.

All input buffers except CKE will be disabled.

3. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA),
depending on the state of that bank.

4. Ifboth banks are idle, and CKE is inactive (Low level), uPD481850 will enter Self refresh. All input buffers

except CKE will be disabled.

©®NO O

. lllegal if treo is not satisfied.
. lllegal if tras is not satisfied.
. Must satisfy burst interrupt condition.
Must satisfy bus contention, bus turn around, and/or write recovery requirements.
Must mask preceding data which don’t satisfy topt.

10. lllegal if trrp is not satisfied.

11. Nop to bank precharging or in idle state. May precharge bank(s) indicated by BA (and A8).

12. lllegal if any bank is not idle.

Remark H = High level, L = Low level, x = High or Low level (Don’t care), V = Valid Data input,

BA = Bank address (A9), A8 = Precharge select, RA = Row address, CA = Column address, Term
= Terminate, AP = Auto precharge, NOP = No operation,
ILLEGAL = Device operation and/or data-integrity are not guaranteed
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4.5 Command Truth Table for CKE

Current state CKE |55 [mAs|cas|WE [osF|  Address Action Notes
n-1| n

Self refresh H} x| x| x| x x | x | x INVALID, CLK(n-1) would exit S.R.

SR LI H|H]|x|x]|x]|x]|x S.R. Recovery 1
LIH|JL|H|H|[x]|x]x S.R. Recovery 1
LIH|L]|H]|L|[x]x]x ILLEGAL 1
L H L L x X x | x ILLEGAL 1
L L x| x| x| x|x]x Maintain S.R.

Self refresh HIH|IH[ x| x| x| x|x Idle after tac

recovery HlH|L|[H|[H]H]x][x Idle atter tac
H H L H H L x | x ILLEGAL
H H L H L X x | x ILLEGAL
H H L L X X x | x ILLEGAL
HIL[IH]x|x|x]|x]x ILLEGAL
H L L H H H x | x ILLEGAL
H L L H H L x | x ILLEGAL
H L L H L X x | x ILLEGAL
HiL|jL|L|x|x]|x]x ILLEGAL
LlH}P x| x| x| x| x]x Exit clock suspend next cycle 1
L L x| x|]x x | x | x Maintain clock suspend

Power down H| x| x| x| x x | x | x INVALID, CLK(n-1) would exit P.D.

(D) LIH|[ x| x|x|x]x]x EXIT P.D. — Idle 1
L L x| x| x x | x | x Maintain power down mode

Both banks idle H H|H X X X X | x Refer to operations in Operative Command Table
H]iHIL|H]|]X x | x| x Refer to operations in Operative Command Table
HIH|IL[L|H]|]Xx]|x]|x Refer to operations in Operative Command Table
H|HI|L LILJH|L]|X Refresh
H|H|L|L]L]|L]| x| OpCode Refer to operations in Operative Command Table
HiL|H| x| x| x| x]|x Refer to operations in Operative Cc d Table
H L L|H]|x X x | x Refer to operati in Operative Cc d Table
HIL|[L]L|H|x]|x]x Refer to operations in Operative Command Table
H L L L L H L | x Self refresh 2
H L]L L|L L | x | Op-Code Refer to operations in Operative Command Table
L x | x X x X x | x Power down 2

Any state other HIH|[x|x|x|x]x]|x Refer to operations in Operative Command Table

;h:(;:s‘ed H]lL|[x]x]|x x | x | x Begin clock suspend next cycle 3
LIH]| x| x| x| x| x]|x Exit clock suspend next cycle
LiL x| x|x|x]x]x Maintain clock suspend

Notes 1. CKE Low to High transition will re-enable CLK and other inputs asynchronously. A minimum setup time
must be satisfied before any command other than Power down or Self refresh exit.
2. Power down and Self refresh can be entered only from the both banks idle state.
3. Must be legal command as defined in Operative Command Table.

Remark H = High level, L = Low level, x = High or Low level (Don’t care)
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4.6 Command Truth Table for Two Banks Operation

CS | RAS | CAS | WE | DSF |A9(BA)| A8 [A7-A0 Action “FROM” StateNote 1 “TO" StateNote 2
X X X X X X X NOP Any Any
L H H H L X X x NOP Any Any
L H H L L x x x BST (RIW/A)O(I/A)1 AG(I/A)1
10(/A)1 10(/A)1
(RIW/A)1(I/A)0 A1(I/A)0
1(VA)0 11(/A)0
L H L H L H H CA Read (RIW/A)1(1/A)0 RP1(I/A)0
H H CA A1(RW)0 RP1A0
H L CA (RIW/A)1(I/A)0 R1(I/A)0
H L CA A1(RW)0 R1AO
L H CA (RIW/A)O(I/A)1 RPO(I/A)1
L H CA AO(RIW)1 RPOA1
L L CA (RIW/A)O(I/A)1 RO(I/A)1
L L CA AO(RW)1 ROA1
L H L L UH |H H CA Write/Block Write | (RIW/A)1(/A)0 WP1(I/A)0
H H CA A1(RW)0 WP1A0
H L CA (RIW/A)1(1/A)0 W1(/A)0
H L CA _A1(RIW)0 W1A0
L H CA (RIW/A)O(/A)1 WPO(I/A)1
L H CA AO(RIW)1 WPOA1
L L cA (RIW/A)O(I/A)1 WO(I/A)1
L L CA AO(RW)1 WOA1
L L H H LH H RA Activate Row 11Any0 A1Any0
L RA 10Any1 AOAny1
L L H L L x H x Precharge (RIW/ANO(I/A)1 o1
x H x (RIW/AN)1(I/A)0 1110
H L x (RIW/A)1(I/A)0 11(1/A)0
H L x (/A1 (R/W/A/)O 11(RW/AN)O
L L x (RIW/AIO(I/A)1 10(/A)1
L L x (I/AYO(R/W/A/I)1 10(R/W/A/)1
L L L H L x x x Refresh o1 101
L L L L L Op-Code Mode Register o1 o1
Access
L L L L H Op-Code Special Register | (I/A)0(/A)1 (VAYO(I/A) 1
Access

Notes 1. Ifthe uPD481850is in a state other than above listed in the “From State” column, the command isiillegal.
2. The states listed under “To” might not be entered on the next clock cycle.
Timing restrictions apply.
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5.

Remark H = High level, L = Low level, x = High or Low level (Don't care),
BA = Bank address (A9)
State abbreviations
| = Idle
A = Bank active
R = Read with No precharge (No precharge is posted)
W = Write with No precharge (No precharge is posted)
RP = Read with auto precharge (Precharge is posted)
WP = Write with auto precharge (Precharge is posted)
Any = Any State
X0Y1 = BankO is in state “X”, Bank1 = in state “Y”
(X/Y)0Z1 = Z1(X/Y)0 = BankO is in state “X” or “Y”, Bank1 is in state “Z”

Initialization
The synchronous GRAM is initialized in the power-on sequence according to the following.
(1) Tostabilizeinternal circuits, when power is applied, a 100-us or longer pause must precede any signal toggling.

(2) After the pause, both banks must be precharged using the Precharge command (The Precharge all banks
command is convenient).

(3) Once the precharge is completed and the minimum tre is satisfied, the mode register can be programmed.
After the mode register set cycle, trsc (20 ns minimum) pause must be satisfied as well.

(4) Two or more CBR (Auto) refresh must be performed.
Remarks 1. The sequence of Mode register programming and Refresh above may be transposed.

2. CKE and DQM may be held high until the Precharge command is asserted to ensure data-bus
Hi-Z.
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6. Programming the Mode Register

The mode register is programmed by the Mode register set command using address bits A9 through A0 as data
inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options 1 A9 through A7
CAS latency : A6 through A4
Wrap type : A3

Burst length : A2 through AO

Following mode register programming, no command can be asserted before at least 20 ns (trsc) have
elapsed.

CAS Latency

CAS latency is the most critical of the parameters being set. It tells the device how many clocks must elapse before
the data will be available.

The value is determined by the frequency of the clock and the speed grade of the device. The table on page 51
shows the relationship of CAS latency to the clock period and the speed grade of the device.

Burst Length

Burst Length is the number of words that will be output or input in a read or write cycle. After a read burst is
completed, the output bus will become Hi-Z.

The burst length is programmable as 1, 2, 4, 8 or full page (256 columns).

Wrap Type (Burst Sequence)

The wrap type specifies the order in which the burst data will be addressed. The uPD481850 supports “Sequential

mode” only.
The table on the page 221 shows the addressing sequence for each burst length.

219



NEC

uPD481850

7. Mode Register

9 8 7 6 5 4. 3 2 1 0
[o]o] 1] |  JEDEC Standard Test Set (refresh counter test)
9 8 7 6 5 4 3 2 1 0
[ 1]o] o] LmoE [wr] BL |  Burst Read and Single Write
(for Write Through Cache)
9 8 7 6 5 4 3 2 1 0
L ‘ 1 | 0 [ I Use in future
9 8 7 6 5 4 3 2 1 0

Lx 1]

-

[v v]v

l \ I VJ \ | Ll Vender Specific

9 8 7 6 5 4

3 2 1 0

V = Valid
x = Don't care

oo o] vtmobE [wr] BL |  Mode Register Set
A2-0 WT =0
000 1
001 2
010 4
Burst length 011 8
100 R
101 R
110 R
111 Full page
Sequential
Wrap type 1R
]
A6-4 | CAS latency
000 R
001 R
010 2
Latency 011 3
mode 100 R
101 R
110 R
111 R
Remark R: Reserved
Mode Register Write Timing
CLK [ L1 [
CKE
[
RAS
CAS
WE
DSF
AO - A9
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7.1 Burst Length and Sequence

[Burst of Two]

Starting Address (column Sequential Addressing
address A0, binary) Sequence (decimal)

0 0,1

1 1,0

[Burst of Four]

Starting Address (column Sequential Addressing
address A1 - AQ, binary) Sequence (decimal)
00 0,1,2,3
01 1,2,3,0
10 2,301
11 3,0,1,2

[Burst of Eight]

Starting Address (column Sequential Addressing

address A2 - AQ, binary) Sequence (decimal)
000 0,1,23,4,5,6,7
001 1,2,8,4,5,6,7,0
010 2,3,4,5,6,7,0,1
011 3,4,5,6,7,0,1,2
100 4,5,6,7,0,1,2,3
101 5,6,7,0,1,2,3,4
110 6,7,0,1,2,3,4,5
11 7,0,1,2,3,4,5,6

Full page burst is an extension of the above tables of Sequential Addressing, with the length being 256.
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8. Programming the Special Register

The special register is programming by the Special register set command using address bits A9 through A0
and data bits DQO through DQ31. The color and mask register retain data until it is reprogrammed or the device

losed power.
The special register has four fields.

Reserved 1 A9 through A7
Color register : A6
Mask register : A5
Reserved 1 A4 through A0

Following special register programming, no command can be asserted before at least 20 ns (trsc) have

elapsed.

8.1 Color Register

Color register is used as write data in Block Write cycle. In Special Register set command, if A5 is “0” and
A6 is “1”, the color register is selected. And the data of DQO through DQ31 is stored to color register as color

data (write data).

8.2 Mask Register

Mask register is used as write mask data in Write and Block Write cycle. In Special Register set command,
if A5 is “1” and A6 is “0”, the mask register is selected. And the data of DQO through DQ31 is stored to mask

register as write mask data.

8.3 Special Register

9 8 7 6 5 4 3 2 1 0
[o]ofofwc|m|[o[o]o]o] o]

Bits 5 Function

Mask Register 0 Not Load
1 Load

Bits 6 Function

Color Register 0 Not Load
1 Load

Remark If LC and LM are both high (1), data of Mask and Color register will be unknown.
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9. Address Bits of Bank Address and Precharge

Row | A0 [ A1 [ A2 | A3 [ A4 |as|as|A7]as] Ao}

Select Bank A
"Activate” command

(Activate command)

Select Bank B
"Activate" command

[A0 | A1 [ A2 | A3 | a4 | A5 |ne|Ar]As

a9 |

(Precharge command)

>
®

A9

Result

0

Precharge Bank A

1

Precharge Bank B

—|lOo|Oo

X

Precharge All Banks

x : Don't care

disables Auto-Precharge
(End of Burst)

Co. | A0 | At [A2]A3[As[nas]ne|a7]as]no]

enables Auto-Precharge
(End of Burst)

(CAS strobes)

l Precharge for Bank A I

CLK
CKE
cs
RAS
CAS
WE
DSF
A8

A9

g

H

N/

/AN

\___ 77777
N\ 777

enables Read/Write
commands for Bank A

enables Read/Write
commands for Bank B

| Precharge for Bank B I

CLK
CKE
cs
RAS
CAS
WE
DSF

A8

JLI 1 __

H

U
DN/ A
/AN
\ 77
"\ 777
=\ __ 777
/YA \N

| Precharge for All Banks I

CLK

CKE

[}
RAS
CAS
WE
DSF

A8

A

©

i g

H

—
SN\ 7777

/AN

- NN\
I
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10. Precharge

The precharge command can be asserted anytime after trasmin, is satisfied.

Soon after the precharge command is asserted, precharge operation performed and the synchronous GRAM enters
the idle state after tre is satisfied. The parameter tre is the time required to perform the precharge.

The earliest timing in a read cycle that a precharge command can be asserted without losing any data in the burst
is as follows.

CAS latency = 2 or 3 : One clock earlier than the last read data.

Burst length=4
TO T T2 T3 T4 5 T6 T7

CAS latency = 2

Command '

DQ besmmmmmmn. .§ ...........

CAS latency = 3

Command !

—-{ a1 X @2 X a3 )X Q4 Yrredeeiiien o

DQ

A\

BN '~ ) SO
X

o
X

. 8 - - -~
é
AN

(tras is satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torc” must be satisfied. The
torLiviny specification defines the earliest time that a precharge command can be asserted. Minimum number of clocks
are calculated by dividing tor (wivy) with clock cycle time.

In summary, the precharge command can be asserted relative to reference clock that indicates the last data word
is valid. In the following table, minus means clocks before the reference; plus means time after the reference.

CAS latency Read Write
2 -1 +toPL (MIN.)
3 -1 +toPL (MIN)
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11. Auto Precharge

During a read or write/block write command cycle, A8 controls whether auto precharge is selected. A8 high in
the read or write/block write command (Read with Auto precharge command or Write with Auto precharge command/
Block Write with Auto precharge command), auto precharge is selected and begins after the burst access
automatically.

When the tras is not satisfied, the precharge does not start at above timing. And the precharge will start when
the tras is satisfied.

The clock that begins the auto precharge cycle is depend on both the CAS latency programmed into the mode
register and whether READ or WRITE/BLOCK WRITE cycle.

11.1 Read with Auto Precharge

When using auto precharge in READ cycle, knowing when the precharge starts is important because the next
activate command to the bank being precharged cannot be executed until the precharge cycle ends. Once auto
precharge has started, an activate command to the bank can be asserted after tre has been satisfied.

During READ cycle, the auto precharge begins after tras and begins on the clock that indicates one clock earlier
the last data word output during the burst is valid.

Burst length = 4

TO T 5 T6 T7 T8

.'

3
N

CLK

1
'
)
t
1
1
1
]

CAS latency = 2

Auto precharge starts
Command P 9

READA B,

——————— e

Hi-Z

DQ

Q
I>]
2

>< YN
QB2 Q.Ba QB4 )

CAS latency = 3

Auto precharge starts

Command READA B

<QB1><QB2><QB3><Q

T
|

DQ

— S

g S,

s [ T S

1
1
1
1
:.

(tras is satisfied)

Remark READA means Read with Auto precharge

225



NEC uPD481850

226

11.2 Write with Auto Precharge

In write cycle, the toaL must be satisfied to assert the all commands to the bank being precharged. And it is not
necessary to know when the precharge starts. In block write cycle, the tsa. must be satisfied to assert the all commands
to the bank being precharged. And it is not necessary to know the precharge starts.

During WRITE cycle, the auto precharge begins after tras and begins one clock after the last data word input to
the device (C_AS latency of 2) or two clocks after (CAS latency of 3).

Burst length = 4
T2 T3 T4 T5 T6 T7 T8

L]

0 T
CLK _, |__l |

CAS latency = 2

]
QNP S—

1
1
I
I
t
1
1
1
|
1
1
i
1

S S—

!
1 1 1
I ) )
] 1 1
] 1} 1}
! : :
: Auto precharge starts | !
Command ! WRITA B i ' !
1 1 1 1
: . —\ t I OHiZ
DQ I— < DB1><DBZ><DBS><DB4/ ' ! t
1 1 1 I
1 [ ] [ 1 ] 1 1
1 1l 1 1 1 1 ] 1
1 1 1 ] 1} [ 1] 1
1 I 1 1 1 1 1 1
1 1 1 ] 1 1 1 ]
1 1 1 + 1 1 i 1
1 1 1 ] 1 1 1 1
1 1 1 1 1 ) ] I
CAS latency = 3 ' ' ! ' ' , i i
1 1 ] 1 ] v ]
Command 1 WRITA B | | | EA"“’ precharge sumsf
1 1 1 1 1 1
' : ! ! : ' !
: N Hi-Z |
DQ e (DB1 >< DB2 >< DB3 X DB4 Yeee-eee ;
1 1 1
1 1 1
1 1} 1}
1 1 1
1 L} 1
1 1 1
1 1 1
1 1 )
1 [} )
1 1 1
1 1 1
1 1 1}
1 1} 1

1 1 1 1
1 1 1 i
1 1 | |
1 ] 1 1
1 ) 1 1
! 1 1 1
1 1 1 )
1 ) 1 1
1 1 1 1
! ' | |
1 I 1 1
| ' | '

(tras is satisfied)

Remark WRITA means Write with Auto precharge
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11.3 Block Write with Auto Precharge
During BLOCK WRITE cycle, the auto precharge begins two clocks after the block write command to the
device (CAS latency of 2) or three clocks after (CAS latency of 3).

TO T1 T2 T3 T4 T5
CLK [ L | L L | |
1 T ol 1
1 | 1 ]
i i : i
! ! Auto precharge |
CAS latency = 2 ! I starts !
1 1
Command ! BWAB !
| . i
i i Hi-Z

DQ [T DB :
1
1
1
1
I
1

CAS latency = 3
Command

DQ

starts

Auto precharge

Hi-Z

1
1
'
)
|
1
I
'
|
1
1
!
|
|
i
t
|
!
|
|
|
|
1
)
|
|
|
1
|
|
1
1
|
|
L
1
1
|
|
1
|
|
|
1
1
|
|

(tras is satisfied)

In summary, the auto precharge cycle begins relative to a reference clock that indicates the last data word is valid.
In the table below, minus means clocks before the reference; plus means clocks after the reference.

CAS latency Read Write Block Write
2 -1 +1 +2
3 -1 +2 +3
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12. Write/Block Write with Write Per Bit

12.1 Write Per Bit
The write per bit function writes data using the write mask data only in the required DQi pins. It writes when
the write mask data is “1” and prohibits writing when the data is “0”. (Refer to 8.2 Mask Register).

To use WPB operation
(1) Execute Special register set command and set WPB data (32 bits) to mask register.

(2) Execute Bank Activate with WPB enable command (ACTWPB) after trsc (20 ns) period from Special register set
command (SRS).

(3) Execute Write/Block write command after trco period from ACTWPB.

In case SRS command is executed in activate state to set new WPB data, it is necessary to take trsc (20 ns) interval
between SRS and Write/Block write command.

Remark Mask data = Mask register’s data (WPB) + DQMi
DQMi is prior to Mask register’s data (WPB)

13. Block Write

13.1 Block Write

This cycle writes the color register data in 256 bits (8 columns x 32 1/0s) memory cell in one cycle. The
memory cell range in which data can be written in one block write cycle is eight continuous columns on one row
address.

This cycle controls writing in 8 columns x 8.DQ = 64 bits by DQMO0 to DQM3 input. Color register data is written
to the memory cell if DQM is low but not if DQM is high. DQMO corresponds to the lowest byte (DQO to DQ7),
DQM1 corresponds to DQ8 to DQ15, DQM2 corresponds to DQ16 to DQ23, DQM3 corresponds to DQ24 to
DQ31.

Any column of the eight columns can be selected and writing prohibited. Determine whether to write or
prohibit writing according to the data selected for column. (Refer to 13.2 Column Mask)

To use Block write operation
(1) Execute Special register set command and set color data (32 bits) to color register.

(2) Execute Bank Activate (ACT) or Bank Activate with WPB enable command (ACTWPB) after trsc (20 ns) period
from SRS.

(3) Execute Block write command after treo period from ACT or ACTWPB.

In case new Write/Block write is executed or, it is necessary to take tswc interval from Block Write command
to new Write/Block write command.
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13.2 Column Mask

In block write cycle any column of the eight columns can be selected and writing prohibited. Determine which
column to select according to the DQi pin to which the data selected for the column is to be input. Refer to the

table below.
Column address™** | Column address and corresponding DQ pin | Column select data Writing
A3 A2 A1l DQi (DQi)

i 0 0 0 DQO/DQ8/ 1 Yes

(1st column) DQ16/DQ24 0 No

i+1 0 0 1 DQ1/DQY/ 1 Yes

(2nd column) DQ17/DQ25 0 No
i+2 0 1 0 DQ2/DQ10/ 1 Yes

(3rd column) DQ18/DQ26 0 No
i+3 0 1 1 DQ3/DQ11/ 1 Yes

(4th column) DQ19/DQ27 0 No
i+4 1 0 0 DQ4/DQ12/ 1 Yes

(5th column) DQ20/DQ28 0 No
i+5 1 0 1 DQ5/DQ13/ 1 Yes

(6th column) DQ21/DQ29 0 No
i+6 1 1 0 DQ6/DQ14/ 1 Yes

(7th column) DQ22/DQ30 [¢] No
i+7 1 1 1 DQ7/DQ15/ 1 Yes

(8th column ) DQ23/DQ31 0 No

Note Refer to 13.3 Block Write Function.

Remark i is times of 8 numeric.
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13.3 Block Write Function

Column Address

- N ® < 0o~
_trrrroxy
——— oo~ XXX
F———0a1- QNN \\\®
N ORISR
2, Color*mz .0.\0.0.0 4 *‘\*.
cothe R S oo~ GORGR XD
2 >-Da4 '0.0 0.0...’.
pas—~( X X X X (J
D pas—GREREN X XA )
a2 0 0000000
DQMO =0 | Column Ad()irESS‘ Ma‘sk
MASK REGISTER l | I |
DQ7 to DQO TR SS TS
01001011 S588%885
§gREBEEER

g)w oaa

O Mask Write, keep original Data

Remarks 1. iis times of 8 numeric.
2. This diagram shows only for DQO - 7. The other DQ is similar as this.
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14. Read/Write Command Interval

14.1 Read to Read Command Interval

During READ cycle, when new Read command is asserted, it will be effective after CAS latency, even if the previous
READ operation does not completed. READ will be interrupted by another READ.

The interval between the commands is minimum 1 cycle. Each Read command can be asserted in every clock
without any restriction.

Burst length = 4, CAS latency = 2

T0 T5 T6 T7 T8
CLK | | | | l ' I l |
i i i i |
] ) ] ) )
1 1 1 ] )
] ] 1 ' 1
) ] ] 1 1
1 ] 1 1 1
1 1 1 1 )
Command ) ! ! ! '
! | | ' '
! ' | i | '
! ! | i | 1
i ! ) ) | \
! ! 1 | | |
: ! : . : : | Hi-Z
DQ t ] t QB2 >< QB3 >< QB4 > ...... bomemeae
! : : : : : , : :
! ! ! ! : : : : :
! | 1 ' 1 ' H H
] ) 1 ) 1 ) ]
1 1cycie | | | | 1 |
1 1 t 1 1 1 1
1 1 ] 1 1 1 1
] 1 1 ) 1 1 1
1 1 1 I I ) 1

14.2 Write to Write Command Interval

During WRITE cycle, when new Write command is asserted, the previous burst will terminate and the new burst
will begin with a new Write commnad. WRITE will be interrupted by another WRITE.

The interval between the commands is minimum 1 cycle. Each Write command can be asserted in every clock
without any restriction.

Burst length = 4, CAS latency = 2

T3 T4 T5 T6 T7 T8
cLK [ L L L L |

| | | 1 i |
1 I I ] 1 1
1 1 1 1 ] 1
1 1 1 1 1 i
1 I 1 1 ) 1
t t 1 ] 1 )
1 1 1 1 ] !
1 1 1 1 I I
Command 1 H 1 1 1 1
1 1 1 ) ] 1
1 1 1 1 1 1
1 1 1 1 ) )
) 1 1 1 1 )
1 1 1 ] 1 1
| | | \ ! HiZ ! !
DQ . B2 XDBS X DB4 Hoeon | }
' 1 1 1
1 1 1 ] ' 1] )
] | ] ) I ] 1 )
] ] I 1 ' ] 1 )
] et g| 1 1 1 1 1
1 1cycle | | ' | |
i i i i | i
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14.3 Write to Read Command Interval

Write command and Read command interval is also 1 cycle.
Only the write data before Read command will be written.

The data bus must be Hi-Z at least one cycle prior to the first Dour.

Burst length = 4

T7

T8

T6

T5

T0

CLK

CAS latency = 2

QB2>< QB3 X QB4 >

Command
DQ

PO -

1 X amz X ass X ass >

=3
Command
DQ

CAS latency

232



1PD481850

NEC

14.4 Block Write to Write or Write/Block Write Command Interval

The interval between BLOCK WRITE and new BLOCK WRITE or WRITE is tswc or minimum 1 cycle. If tck is less
than tswc, NOP command should be issued for the cycle between BLOCK WRITE and the following WRITE or new

BLOCK WRITE.

T8

T7

T6

5

T4

T3

T2

T

TO

CLK

Command

A -

e g Sy g g S S

Command

14.5 Block Write to Read Command Interval

BLOCK WRITE command and READ command is also tewc or minimum 1 cycle. The data bus must be Hi-Z at

least one cycle prior to the first Dour.

T2

!

2

Command

CAS latency

DQ

CAS latency = 3

Command
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14.6 Read to Write/Block Write Command Interval

During READ cycle, Read can be interrupted by WRITE/BLOCK WRITE. But full page burst read can not
be interrupted by WRITE/BLOCK WRITE. Full page burst read can be interrupted by Burst Stop command (BST)
or Precharge command (Burst termination).

For CAS latency of 2, the READ and WRITE/BLOCK WRITE command interval is minimum 1 cycle. The data
bus must be Hi-Z using DQM before WRITE/BLOCK WRITE to avoid data conflict. And DQM must be kept being
High from at least 3 clocks to 1 clock before the Write/Block Write command.

CAS latency = 2
TO T T2 T3 T4 T5 T6 T7 T8

1
1
1
1
1
1

1 1
1 1
1 1
| !
| |
| |
| |
| |
| |
L 1
1 1
1 1
1 1
1 1
| 1

r
1 1
\ 1
| |
| 1

1
1
DQM N
1 I i
i 1 1
1 U !
! Hi-Z,
DQ e - DB1 DB2 DB3 DB4 )
: . | ! ‘
I 1 1 I i 1
1cycle

Burst length = 8, CAS latency = 2
TO T T2 T3 T4 T5 T6 T7 T8 T9
CLK

CAS latency = 2

1 [ 1
1 1 1
) | i
! A ' 1
Command : Read ! :
bam | E E i
1 1] 1 1
1 1 1 1
1 1 1 1]
1 1 1
DQ :,, .......... :, .......... i.... QA1
1 ) ]
1 1 1

necessary

For CAS latency of 3, the READ and WRITE command interval is [Burst length + 1] cycles. The data bus must
be Hi-Z using DQM before WRITE to avoid data conflict. And DQM must be kept being High from at least 3 clocks
to 1 clock before the WRITE command.

ex.) CAS latency = 3, Burst length = 4
TO T T2 T3 T4 T5 T6 T7 T8
CLK

1 1
]
Command i Read A
b
|

DQM / \

1
1
1
!
]
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)

1
|
1
1
1
r
1
1
)
1
1
)
1

1
1
|
1
T T T gl
The minimum command interval = (4+1) cycl

®
w
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15. Burst Termination
Burst termination is to terminate a burst operation other than using a read or write command.

16.1 Burst Stop Command in Full Page

Burst Stop command is operated only in case full page burst mode. During the other burst mode, Burst Stop
command is NOP.

During full page burst read cycle, when the burst stop command is asserted, the burst read data are terminated
and the data bus goes to high-impedance after the CAS latency from the burst stop command.

Burst length = Full page, CAS latency = 2, 3
TO ™ T2 T3 T4 T5 T6 T7

Command

Hi-Z

DQ

CAS latency = 3
DQ

1
t
1
1
1
1
1
i
]
CAS latency = 2 E
1
1
1
b
1
1
1
1
1
'
]

PR SR S

/

9 [
10

N

0

w

N\

|
|
|
|
f
1
L
]
|
|
|
|
|
1
|
1
|
|

Remark BST: Burst stop command

During full page burst write cycle, when the burst stop command is asserted, the burst read data are terminated
and data bus goes to high-impedance at the same clock with the burst stop command.

Burst length = Full page, CAS latency = 2, 3
TO T T2 T3 T4 T5 T6 T7

Command

Rp— 9 e

X
S
X

18
X
2
N

1
1
1
i
[l
1
1
1
1
1
1
)
|

CAS latency =2, 3

o e

Hi-Z

RO

Remark BST: Burst stop command
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15.2 Precharge Termination

15.2.1 Precharge Termination in READ Cycle
During READ cycle, the burst read operation is terminated by a precharge command.
When the precharge command is asserted, the burst read operation is terminated and precharge starts.
The same bank can be activated again after trp from the precharge command.
The DQM must be high to mask the invalid data.

When CAS latency is 2, the read data will remain valid until one clock after the precharge command. Invalid data

may appear one clock after valid data out.
The DQM may be high to mask the invalid data.

Burst length = X, CAS latency = 2

I 1 1 ] : 1

1 1 1 1 1 1

1 | ' 1 H '
s G D D
! | i i i ] = ! 5

paM ! : : ! LN : :
i ) | ) i | ! | 1

: : : : : : - Doy

! ! I 2rvn Vasve Ve W\, bl

DQ : : : \Q1XQ2XQ3><QI4>- b f
| | 1 | ' ! | | |

: : ! : : ! the ! :

1 I 1 1 1 l 'i )

When CAS latency is 3, the read data will remain valid until one clock after the precharge command. Invalid data
may appear one and two clocks after valid data out.
The DQM may be high to mask the invalid data.

Burst length = X, CAS latency = 3

i | 1 1 I 1 t 1
| i | | ' i H
Command E Read E i i i i i
A I T A
| | | 1 [l t ] 1
DQM \ ; ; ! ! ' i i 1 |
] T T [ T 1 | T [ 1
1 1 1 t ] ] 1 )
I R A \ g |

| | ' I~
DpQ ; ; ; - a2 X Q3 > : i
) i | | i
b ] 1 1 ]
| I 1 1 1
] I 1 1 I
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15.2.2 Precharge Termination in WRITE Cycle

During WRITE cycle, the burst write operation is terminated by a precharge command.

When the precharge command is asserted, the burst write operation is terminated and precharge starts.

The same bank can be activated again after trp from the precharge command.

The DQM must be high to mask invalid data in.

When CAS latency is 2, the write data written prior to the precharge command will be correctly stored.
However, invalid data may be written at the same clock as the precharge command. To prevent this from happening,
DQM must be high at the same clock as the precharge command. This will mask the invalid data.

Burst length = X, CAS latency = 2

P

] 1 1 1 1 )
] ) ) 1 1 1
i | i | | | i i ]
1 1 I ] 1 1 ) ]
1 1 ) 1 1 1 ] ]
DQM \ \ ! ! ! ! H ,
| i | ) | Write] Masking | ] i
1 i I I 1 1 ] ]
: 1 [} | | :Hi—Z E E
DQ |L : 1 1
1 I 1 1
1 ' 1 1
i i | |
! 1 1

T
P
1

When CAS latency is 3, the write data written more than one clock prior to the precharge command will be correctly
stored.

However, invalid data may be written at one clock before and the same clock as the precharge command.

To prevent this from happening, DQM must be high from one clock prior to the precharge command until the
precharge command. This will mask the invalid data.

Burst length = X, CAS latency = 3

trp
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16. Electrical Specifications

« All voltage are referenced to Vss (GND).

+ After power up, wait more than 100 us and then, execute Power on sequence and Auto Refresh before proper

device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vee, VecQ -1.0to +4.6 Vv
Voltage on input pin relative to GND vVt -1.0to +4.6 Vv
Short circuit output current lo 50 mA
Power dissipation Po 1 W
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55to +126 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause

permanent damage. The device is not meant to be operated under conditions outside the limits

described in the operational section of this specification. Exposure to Absolute Maximum Rating
conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee 3.0 3.3 3.6 \
High level input voltage Vin 2.0 Vee + 0.3 v
Low level input voltage Vi -0.3 +0.8 \
Operating ambient temperature Ta 0 70 °C
Capacitance (Ta=25°C, f=1MHz)
Parameter Symbol Condition MIN. TYP. | MAX. Unit
Input capacitance Cu AQ to A9 2 4 pF
Ce CLK, CKE, CS, RAS, CAS, WE, DSF,| 2 4 pF
DQMO to DQM3
Data input/output capacitance Cuo DQO to DQ31 2 5 pF
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test condition Grade | MAX.| Unit | Notes
Operating current lcey Burst length=1 -10 105 mA 1
tras 2 tras (MiN) 12 90
tRP 2 trP (MIN)
lo=0mA -15 85
Precharge standby current leczP CKE < Vi (wax,) tck=15ns 7 mA
in Power down mode lccaPS | CKE < ViL (max) tok=oo 6
Precharge standby current |lccaN CKE 2 ViH (min) tck=16ns 36 mA
in Non power down mode TS = Vinpumy
Input signals are changed one time during 30ns.
lccaNS | CKE 2 Vi Miny tek=oo 22
Input signals are stable.
Active standby current in lccaP CKE < Vi max) tck=15ns 7 mA
Power down mode lccaPS | CKE < ViL ax) tck=co 6
Active standby current lccaN CKE 2 Vi1 miN) tek=15ns 36 mA
in Non power down mode CS = ViHmiNy
Input signals are changed one time during 30 ns.
lccaNS | CKE 2 Vin miny tek=co 22
Input signals are stable.
Operating current lcca tek > tox Miny CAS latency = 2 -10 280 mA 2
(Burst mode) lo=0mA 12 | 235
-15 220
CAS latency = 3 -10 365
-12 310
-15 285
Refresh current lcos tRe 2 tRC (MIN) -10 85 mA 3
-12 80
-16 75
Self refresh Current Icce CKE < 0.2V 6 mA
Operating Current lcer tok 2 tek (miny, lo = 0 MA, 250 mA
(Block Write Mode) CAS cycle = 20 ns

Notes 1. lcct depends on output loading and cycle rates. Specified values are obtained with the output open.
In addition to this, Icc1 is measured on condition that addresses are changed only one time during tckmin,).
2. Iccs depends on output loading and cycle rates. Specified values are obtained with the output open.
In addition to this, lccs is measured on condition that addresses are changed only one time during tckmi.).
3. lccs is measured on condition that addresses are changed only one time during tckmin,.
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DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition MIN. TYP. | MAX. Unit
Input leakage current hw Vi=0 to 3.6V, all other pins not -1.0 +1.0 pA
under test =0V
Output leakage current low Dour is disabled, Vo=0 to 3.6V -1.0 +1.0 HA
High level output voltage Vou lo=—2mA 24 Vv
Low level output voltage Vou lo=+2mA 0.4 \';
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AC Characteristics (Recommended Operating Conditions uniess otherwise noted)

Test Conditions

» AC measurements assume tr=1ns.

- Reference level for measuring timing of input signals is 1.4V. Transition times are measured between Vi1 and
Vi

» If tris longer than 1 ns, reference level for measuring timing of input signals is ViH (min) and ViL (Max.).

+ An access time is measured at 1.4V.

tox

ton | tou
20V —
CLK 1.4V mommommommmemoeoenee 7[ 5“ 7
0.8V ----mmmmmmeees
tsetup | tHold
20V
Input 14V --~--------->><
0.8V
tac
toH
Output 1.4V 14V
|
Synchronous Characteristics (1/2)
-10 -12 -16
Parameter Symbol Unit] Note
MIN.[ MAX. [MIN.| MAX. [MIN.| MAX.
Clock cycle time CAS latency=3 teka 10 |(100MHz)Y 12 | (83MHz)| 15 |(66MHz)| ns
CAS latency=2 teke 15 | (66MHz)| 18 | (55MHz)|19.5]|(50MHz) | ns
Access time from CLK CAS latency=3 tacs 9 11 14 |ns| 1
CAS latency=2 tacz 12 15 165 |ns| 1
CLK high level width teH 3.5 4 5 ns
CLK low level width tcu 3.5 4 5 ns
Data-out hold time ton 4 4 4 ns
Data-out low-impedance time tz 0 0 0 ns
Data-out high-impedance time CAS latency = 3 thzs 4 8 4 8 4 10 ns
CAS latency = 2 e | 4 11 4 11 4 1 |ns
Data-in setup time tos 3 3.5 3.5 ns
Data-in hold time ton 1 1.5 1.5 ns
Address setup time tas 3 3.5 3.5 ns
Address hold time tan 1 1.5 1.5 ns
CKE setup time teks 3 3.5 3.5 ns
CKE hold time tokn 1 1.5 1.5 ns
CKE setup time (Power down exit) texse 3 3.5 3.5 ns

Note 1. Loading capacitance is 30 pF.
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Synchronous Characteristics (2/2)
-10 -12 -16
Parameter Symbol Unit| Note
MIN.| MAX. |MIN.] MAX. [MIN.| MAX.
Command (CS, RAS, CAS, WE, DSF, DQM) tows | 3 35 35 ns
setup time
Command (CS, RAS, CAS, WE, DSF, DQM) tomH 1 1.5 1.5 ns
hold time
Asynchronous Characteristics
-10 -12 -15
Parameter Symbol Unit| Note
MIN. MAX. MIN. | MAX. MIN. MAX.
REF to REF/ACT Command period tre 100 120 130 ns
ACT to PRE Command period tras 70 120,000 84 120,000 90 120,000| ns
PRE to ACT Command period tap 30 36 39 ns
Delay time ACT to READ/WRITE Command tac 30 36 39 ns
ACT(0) to ACT(1) Command period tRRD 30 36 39 ns
Data-in to PRE CAS latency=3 topLa 1CLK+10 1CLK+12 1CLK+15 ns
Command period | &35 |atency-2 toptz 15 18 19.5 ns
Data-in to ACT (REF)| CAS latency=3 toas  |2CLK+30 2CLK+36 2CLK+45 ns
Command period —
(Auto precharge) CAS latency=2 toaz 1CLK+30 1CLK+36 1CLK+39 ns
Block write cycle time tewc 20 24 30 ns
Block write data-in to | CAS latency=3 teps  |1CLK+20 1CLK+24 1CLK+30 ns
PRE Command period | CAS latency=2 tepLz 30 36 39 ns
Block write data-in CAS latency=3 teas  [2CLK+40 2CLK+48 2CLK+60 ns
Active (REF) Commandr——
Period (Auto Precharge)| CAS latency=2 teaL2 1CLK+40 1CLK+48 1CLK+52 ns
Mode register set cycle time tRsc 20 20 20 ns
Transition time tr 1 30 1 30 1 30 ns
Refresh time trer 16 16 16 |ms
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16.1 AC Parameters for Read/Write Cycles
AC Parameters for Read Timing (Burst length = 2, CAS latency = 2)
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16.2 Relationship between Frequency and Latency

Speed version -10 -12 -15
Clock cycle time [ns] 10 15 12 18 15 19.5
Frequency [MHz] 100 66 83 55 66 50
CAS latency 3 2 3 2 3 2
[treo) 3 2 3 2
RT;S latency 4 6 4 4
(CAS latency + [taco])
[trc] 10 7 10 7 10 7
[tras] 7 5 7 5 7 5
[trro} 3 2 3 2 3 2
[tar] 3 2 3 2 3 2
[toeL) 2 1 2 1 2 1
[toal] 5 3 5 3 5 3
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16.3 CS Function

-3)

4, CAS latency

|T0|T1ITZIT3|T4‘T5|T6lT7'T8'T9'T10|T11IT12'T13|T14’T15'T16|T17IT18|T19|T20|T21|

CS Function (Only CS signal needs to be asserted at minimum rate) (at 100 MHz Burst length
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16.4 Basic Cycles
16.4.1 Initialization

CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

VA 44

Power on Sequence and Auto Refresh

TO T T2 T3 ' T4 T5 T6 T7 T8 T9

T10

T11

Ti2 | T3 | T14 | T16 | T16 | T17 | T18 | T19 | T20 | T21

trsc (20 ns)
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1
i ,
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All Banks Mode Register Refresh
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Refresh Activate
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16.4.2 Mode Register Set

CLK

CKE

RAS

CAS

WE

DSF

A9
(BA)

A8

Mode Register (Burst length = 4, CAS latency = 2)
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16.4.3

Refresh Cycle
CBR Refresh (CAS latency = 2)

TO T l T2 T3 T4 T5 T6

T7

T8

T9 T10
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T8 | T14 | T16 | T16 | T17
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00X
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CLK
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Self Refresh (entry and exit)
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=2)

4, CAS latency

Auto Precharge after Read Burst (1/2) (Burst length

16.4.4 Cycle with Auto Precharge
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Auto Precharge after Read Burst (2/2) (Burst length = 4, CAS latency = 3)

T2 T3 T4 T5 T6 T7 T8 | T9 TI0 | T11 | T12 | T18 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

T0 T

CLK
CKE
[
m o] (I :-;;-202.:.202'2{.:.2
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WE
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(BA) QXK
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Activate Command Activate J
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Bank A Bank B Auto Precharge Start for Auto Precharge
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Start for Bank B

for Bank B
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Auto Precharge after Write Burst (1/2) (Burst length = 4, CAS latency = 2)
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Auto Precharge after Write Burst (2/2) (Burst length = 4, CAS latency = 3)

TO T T2 T3 T4 5 T6 T7 T8 T9 TI0 | T11 | T12 | T13 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

CLK
]
:;
CKE !
1]
'
s !
i
1
RAS
CAS
WE
DSF
A9 s
(BA) R
A8 R
I
ADD ey
] 1 1
] 1 1
DQM ! ! !
0-3 f t t
i L H |
Hi-Z
DQ  ---=temmmbenooto-{DAat { DAa2 Y DAG3Y DAa4 X DBa1X DBa2) DBa3X DBa4 X DAb1 X DAb2 X DAb3 X DAb4 } - =4 <= ---
Activate Command Activate Bank A Activate
for Bank A Command Write Gomm Command
for Bank B with for Bank B Bank B
Bank A Bank B Auto Prechargefl Write Command
Write Command without Write Command with with
Auto Precharge Auto Precharge Auto Precharge Auto Precharge AAuto Precharge
Start for Bank B Start for Bank A
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16.4.5 Full Page Mode Cycle
Full Page READ Cycle (1/2) (CAS latency = 2)

T0 ‘ T T2 T3 ’ T4 T5 T6 ] 17 T8 T9 TI0 | T11 | T12 | T13 ‘ T14 | T156 | T16 ‘ T17 | T18 | T19 ’ T20 ’ T21

CLK

CKE

DSF

A9
(BA)

A8

T
s
s
XL

o

EEETEES
22255
X0

oo

1 | 1
' 1 1
| 1 |
| 1 1
! ! !
T T T
1 1 1
L L L

' S

|
|
1
1
1]
T
|
L

pa  AEodelee Lo {QAa YoRas Yonar\ Qe XQRa Y QAa YoAas X QBa YoBa+1YaBaroXaBa+3X0BarYaBarofaBatE)

Read
Command
Activate Read Activate for Bank A Activate
Command Command Command Burst cannot Command
for Bank A for Bank A for Bank B end in Full Burst stop for Bank B
Page mode Command

Precharge
Command
for Bank B

trp
-—_—

14
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CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

Full Page READ Cycle (2/2) (CAS latency = 3)

TO T1 T2 T3 T4 T5 T6 T7

T8 T9 T1I0 | T11 | T12 | T13 | T14 | T16 | T16 | T17 | T18 | T19 | T20 | T21

{{

R
s
e

A A AR RN
ORI
XRKAEEER

& XR00EKKRE,
R RIS

1
i
I
1
1]
1
1
L

i 1
1 1
' I
1 1
] 1
i 1
' 1

\ |
1 1
1 1
1 i
] ]
T T
1 1
i L

n

t [l
1 1
| 1
1 ]
] il
1 i
] 1
] |
| |

)
e ahaant SEEEREEEREEL SRR (e X&Aa+1)§@@A;—2XQAa-1XQAa Xaaa+1X QBa XQBa+1)QBa+2{QBa+3XQBa+4YQBasb) === === =bomnmreannn

| NN N

Activate Read Activate
Command Command Command
for Bank A for Bank A for Bank B

Read
Command
for Bank B
Burst cannot Precharge Activate
end in Full Burst stop Command Command
Page mode Command for Bank B for Bank B

trp
B
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Full Page WRITE Cycle (1/2) (CAS latency = 2)

TO T T2 T3 T4 T5 l T6 t T7 T8 l T9 T10 ‘ T T2 | T13 | T4 | T15 | T16 | T17 | T18 | T19 | T20 | T21

CLK

CKE

RAS

2
QKK

% X
X K
X X
R R

Precharge
Command
Activate Write Activate for Bank B for Bank B
Command Command Command Burst cannot Activate
for Bank A for Bank A for Bank B end in Full Burst stop Command
Page mode Command o for Bank B
e

PA:14
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Full Page WRITE Cycle (2/2) (CAS latency = 3)

TO T T2 T3 T4 T5 T6 T7 T8 T9 TI0 | T T2 | T183 | T14 | T15 | T16 | T17 | T18 | T19 | T20 ‘ T21

CLK
I
[
1
CKE :
]
t
;
— ]
Ccs I
1
1
1
=7c e
RAS: ]
— 0:~:0:0;0:0:0;0;0
CAS R
vyl oorel 23 25
WE ettt et tete)
DSF
A9 RIS
(BA) RS

TR ERE
REAEKKAE

000K,
a%e%e% % e %%

Precharge
Command Command |
Activate Write Activate Burstcannot  for Bank B for Bank B Activate
Command Command Command end in Full Command
for Bank A for Bank A for Bank B Page mode Burst stop > for Bank B
Command _—

0s818vad”




1PD481850
NEC

N
e
1
:||.l <
N
- c
D]
Alol 3
o
°
lsi 15
i
1
1
B (2]
© B A
- . m
[ . ..
H g 8¥
o
! o
: TV T EEo
= | 1
1
-1
F ll|_
: o
. NG <2?
I P
- -‘|nﬁm
: T4 83 E
- i
[ _ d
s 3
< / m s
T o <3
b‘llunne
|3.§ 18 &3
— b :
N : m.
] k ;
) = :
g © _ d
: : Es s
- : .
% L % “ mm mmt
b o g
3 ; H BEG .wi
, , "1 T2 Em 3
: - P "3z #e
i = " i
: i
: 1
< m " Aem
Y . I
= e | NUPPRYERE | | sl
: .nlu " BA%
© . dn_
c . : |
: 5
N~
: - 2 | £
U % <
g O .
m S T s E] Bm g
e, I S (< 8
g, i
3 (= 3
[+2]
()
(<] < N .
n . o Es
(<] B MM
L% S %.m
s e K i
O E e 3 i
Xx
: ﬂ — mwmm (%
K= --.MA[.nt
¢ - a Wo.n.v
£ o i o
E w —_— “ m
s€ ‘
5e - H T«
; ! LEx
T ' sec
[ 4 B
: - “TEE€m
© w o _ 1
it - ! <85
O :
2
o
: (¢}
: (a]
N
. o

259



09¢

CLK

RAS

CAS

DSF

A9
(BA)

A8

PRE (Precharge) Termination of Burst (2/2) (Burst length = 2, 4, 8, Full, CAS latency = 3)

TO ™ T2 T3 T4 T5 T6 T7 T8 9 TI0 | T T2 | TI3 | T14 | Ti16 | T16 | T17 | T18 | T19 | T20 | T21

SN I R

""" RRRRIIRRX

QISIERKEAL

RIS
X2

08
L322
Fete%e%s!

EaSearens
5

BRI

LR

i
i
|
oL
:
1
i
Activate Read
Command
for Bamk A for Bank A for Bank A
Bank A Bank A Bank A Bank A
PRE Command Precharge Command Activate PRE Command Precharge Command Activate
Termination Command Termination Command
trco torL trp tras trp
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16.4.7 Clock Suspension

CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

ADD

DQM

o
'
w

DQ

Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst length = 4, CAS latency = 2)

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T18 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

XXX
o2eledozedeele

|

OO 0Y;
JXR0NKK

QXN

Activate Read 1-CLOCK 2-CLOCK 3-CLOCK
Command Command SUSPENDED SUSPENDED SUSPENDED
for Bank A for Bank A Hi-Z
(turn off)

at end of burst
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CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

ADD

DQM
0-3

DQ

Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst length = 4, CAS latency = 3)

TO T

T2

T3 T4

T5

T6

T7

T8 T9

T10 | T11 T12

T13

Ti4 | TI6 | T16 | T17 | T18 ‘ T19 | T20 ' T21

PRSI RS R

R

%%
X
SRR

9%
o
0%,

200202020202

e
to%et

QI RITR KKK RIIRK KRR,
K X o

RS
't

S *;
X% 't
000NN

% oo
% %S
RN

Activate
Command
for Bank A

Read
Command
for Bank A

QAal

QAa3

QAa4

1-CLOCK
SUSPENDED

2-CLOCK
SUSPENDED

3-CLOCK
SUSPENDED 1
Hi-Z
(turn off)
at end of burst
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CLK

CKE

DSF

A9
(BA)

A8

€9¢

Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst length = 4, CAS latency = 2)

’ TO T1 ‘ T2 T3 T4

T5 ’ T6 T7

T8 T9 T10 | T11 Ti2 | T18 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

%
tosetet
Paetetele!

ot
Q0K
KRR

Activate
Command
for Bank A

Write
Command
for Bank A

1-CLOCK
SUSPENDED

2-CLOCK
SUSPENDED

3-CLOCK
SUSPENDED
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CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

ADD

DQM

o
0
w»

DQ

Clock Suspension during Burst Write (using CKE Function) (2/2) (Burst length = 4, CAS latency = 3)

T0 T T2 T3 T4 T5 T6 T7 T8 T9 TI0 | T41 | T12 | T13 | T14 | Ti5 | T16 | T17 | T18 ’ T19 I T20 l T21

:
BRI X IR,
KRR A RREEKIRIANLRK
X RIS

o
RRRRKS

)
Q
%

TR
R
LS

%
5
oo
QRS
tolstolels)

TOTOTOTeTe
QAKLX
R
o,

QKK
S

QKKK

Foteletetetetetets

e,
00X
ORISR

R R, XXX
AR XL &%
CIRLERAAK, XXXNNRN
XRXRRKLLL 0 NARRIHAIKK
eorleloislateleleletetetetet% SLSLISIILLS,

! !
SEEEEELT RIS

RIS £x3
R H IR X
RRRBBRAN, SRR QXRHAKL
RRRRNS XXX 0L
olslsleleleletes RS 0202038

XXX
QR
SRR

Activate 1-CLOCK 2-CLOCK 3-CLOCK
Command SUSPENDED SUSPENDED SUSPENDED
for Bank A Write

Command
for Bank A
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16.4.8 Power Down Mode
Power Down Mode and Clock Suspension (Burst length = 4, CAS latency = 2)

RAS

CAS

DSF

A9
(BA)

A8

TO T T2 T3 T4 T5 T6

T7 T8 9

&

R
X
X

T10 | T11 T12

TI3 | T14 | T15 | T16 | T17 | T18 | T19

T20 | T21

s e e et he oo Lo - {(QART X QAR2X QA3

Activate Read
Command Command
for Bank A for Bank A

Power Down Power Down
Mode Entry Mode Exit
ACTIVE STANDBY

Clock Mask
Start

Clock Mask
End

Precharge
Command

Power Down
Mode Entry

PRECHARGE STANDBY

Power Down
Mode Exit
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16.4.9 Other Cycles

CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

ADD

DQMO

DQM1

DQO0-7

DQB-15-===tmmmmmbccma e doo D

Byte Read/Write Operation (by DQM) (Burst length = 4, CAS latency = 2)

TO T T2 T3 T4 T5 T6 ’ T7 T8 T9 T10 | T11 Ti2 | T13

Ti4 | Ti6 | Ti6 | T17 | T18 | T19 | T20 | T21

:

DR B E—

RS RRRR
o R
& 0O000R00INRKIIES
o SRRRRRIINS %
R ORISR
2020205918 o200%0 202020020t 20 0 e 0 0 s 20 0 e 0 0 e 0 0 e 0 e

EEEETRS
%%
XS

5ABBK%R
SRS
SRR

0%

S RRIITIIIR]
ety
8 3

Q0SS

2
RS
OS000

EXRXXTXS
TRRXITXXX.
AR

h
1
|
'
|
1
L
]
|
|
|

B e etttk Dkttt

! '

'

! |

! 1
!

f !

Activate Read Byte of Byteof  Byteof DQO-7  Byteof CoFrzwer:gnd
Command Command DQ8-15 DQO-7 not Write DQ 8- 15 for Bank B
for Bank B for Bank B not Read not Read Write Command not Write

for Bank B Byte of DQO -7
not Write

Remark The timings of DQM2, DQMS3, and the corresponding DQ16-23, DQ24-31 are omitted.

|
|
|
1
i
]
|
|
i
EE LY TR
1
1
|

cmdecaas

O

e e _-————
| ] |
| | 1
| 1

L 1 1

R D,

b---{ QBet (I)BchJQBcSXQBc“I)-

Byte of Byte of
DQO0-7 DQO0-7
not Read not Read
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Burst Read and Single Write (Burst length = 4, CAS latency = 2)

T0 T1 T2 T3 T4 T5 T6 | T7 ‘ T8 9 T10 | TN T12 | T13 | T14 | T16 | T16 | T17 | T18 | T19 [ T20 | T21

DSF

A9
(BA)

A8

ADD

DQMOo

DQM1

1
]
'
1
|
i
]
|
1
!

H H :. : ! ! ‘I Write | lI '
[ A S P R ' —a__ L7 \Masking __ ! i
DQO-7 I S -(gam QBa2 jQBa3X5)BaA 1--{ o8 M ' . ‘ ‘ ' i -
: : i i : : : : ! : : i | | : : ' : ! : ! !
| 1 ] 1 1
DQ8-15 ========adeunne -----L---( 1( )( X --- -<--{ DBe )--d-===-d=nnm-boo-{QBI PE--- l--< >---‘------'
i t | 1
Activate Read Single Single Read Single
Command Command Write Write Command Write
for Bank B for Bank B Command Command Command

Remark The timings of DQM2, DQMS3, and the corresponding DQ16-23, DQ24-31 are omitted.
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16.5

CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

Graphics Cycles
Special Register Set (Burst length = 4, CAS latency = 2) .

T0 T T2 T3 T4 T5 T6 T7 T8 T9 TI0 | T11 | T12 | T13 | T14 | TI6 | T16 | T17 | T18 | T19 | T20 | T21

ZZZZLS
RRRRRIRR
s
SRS
SRR

k&
RS

RS
0u9a0a%a0%0 %005 %%

OO,
ZRRRRR

3R
KRS
ofoloteteteletoletels

R
K
RS

SRR
I IKKKKLKLKEL
KK

TR
AR
et et et

2R
KK,
202020 %0%!

' ! ! Color or Mask data ! ' ' \ " i ' Hi

| 1 1 ' ' 1 ' ' 1 | | ' Hi-.
[P SR Sy P S Sy gy iy g S Py gy R SR R
' 1 1 ' | 1 1 | ! | | !

D T g Sy S K

1 1 ! | 1 1 ! 1

[
Y R

All Banks Special Activate
Precharge Register Set Command
Command Command is valid
If necessary
tre

Remark Special Register Set command is able to input at any state.
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DSF

A9
(BA)

A8

Random Row Write with WPB (Pingpong banks) (1/2) (Burst length = 8, CAS latency = 2)

T0 T

T2 T3 T4 T5 T6 ‘ T7 T8 T9 T10 | T T12 | T13 l T4 | T15 | T16 ‘ T17 | T18 l T19 l T20 | T21

0’:’:”’0
I
N

et
et

R

CRRR
QR
SRR
R RRRRRARRRARK

!
R
X

<

ot
XL

2R
Ye%etetetetets

i — B —
DAa4 X DAas X DAa6 X DAa7 X DAag X DBat X DBa2X DBa3) DBa4 X DBa5 X DBa6X DBa7 X DBa8)-----+ DAb2 X DAb3X DAb4
A 4 A }
Activate Write Activate Write Activate Precharge
Command Command Command Command Command Command
with WPB for Bank A for Bank B for Bank B for Bank A for Bank B
forBank A WPB is enable. WPB is disable| Write
Precharge Command
Command for Bank A
trco for Bank A tor. WPB is disable
torL trP >
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RAS

CAS

DSF

A9
(BA)

A8

Random Row Write with WPB (Pingpong banks) (2/2) (Burst length = 8, CAS latency = 3)

TO T T2 T3 T4 T5 T6 , T7 | T8 T9 T10 | T T2 | T3 | T14 | TI5 | T16 | T17 | T18 | T19 | T20 | T21

otols:
%20t
XXX

T
3%

i

---2e--o-loo-o-t--(DAa1 X DAa2 X DAa3X DAa4 X DAas X DAa6 X DAa7 X DAas X DBa1 X DBa2X DBa3X DBa4X DBasX DBasX DBa7 X DBasX DAbt X DAb2)X DAb3X:

]
]
1
1
L
1
[}
s

Activate Write Command Activate Write Command  Precharge Activate Write Command  Precharge
Command for Bank A Command for Bank B Command Command for Bank A Command
with WPB WPB is enable. for Bank B WPBiis disable. for Bank A for Bank A WPB is disable. for Bank B
for Bank A

trco . torL trp topL
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CLK

CKE

RAS

CAS

DSF

A9
(BA)

A8

ADD

(¥i4

DQM
0-3

DQ

Block Write (page at same bank) (CAS latency = 3)

T0 T

T3 T4

T5 T6

T7 T8

T9 T10

T

T12 T13

T14 T15 T16

T17

T18 T19

Activate
Command
for Bank B

trco

Block Write
for Bank B

tawc

Block Write
for Bank B

Block Write
for Bank B

Block Write
for Bank B

Precharge
Command
for Bank B

Activate
Command
with WPB
for Bank B

tRP

trco

Block Write
for Bank B
WPB is enable.
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CLK

CKE

Block Write (page at same bank) changing color and mask data (CAS latency = 3)

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15

T16

T17

T18

T19

PSR .

s

I
SRR
EXRREN
Batotatetototes
02002020 2020%,

R RREERAKREK
IR
Soosreretete; 00X
0% 3%

oot
4 %%

3

R

Activate Block Write Special Register  Block Write Special Register  Block Write Block Write
Command for Bank B Write Command  for Bank B Write Command for Bank B for Bank B
for Bank B (Mask data) (Color data)
with WPB
trco tawc trsc (20 ns) tewc trsc (20 ns) tewc terL

Precharge
Command
for Bank B

e
s
000

x>
%
proress:

tre

Activate
Command
for Bank B
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16.6 Application Cycles
16.6.1 Page Cycles with Same Bank
Random Column Read (Page with same bank) (1/2) (Burst length = 4, CAS latency = 2)

T0 T T2 T3 T4 5 T6 T7 T8 T9 T10 | T11 T12 | T13 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

CLK

CKE

DSF

A9
(BA)

A8

R .

bQ e QAaSXQAa4 QAb1 X QAb2X QAc1 X QAc2X QAC3 X QACA J-=-====t==-amuoao2eae-{QAd1 X QA2 X QAd3

Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A

trp
e
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RAS

CAS

DSF

A9
(BA)

A8

ADD

DQM
0-3

DQ

Random Column Read (Page with same bank) (2/2) (Burst length = 4, CAS latency = 3)

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T1I0 | T T2 | T3 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

26%6% %% 2% e CXXXXXTS
XXX, L R ORI

RXAREEES fIRARRXXR RXRRRRRRRRE
JaSeteretetetets! % SRERHRKS ororese oroetatatetetess RIRRRKKKKKK
£ RRRRRRRRRRN Leleleloe 20 RRRRXRARXRX

OO,
SRR
0L

%

OO,
000
9o000;

5L
B
fa%%*

QAct X QAc2X QACBX QAGA J- === === smmmmmdemme b

Activate Command Read Command Read Command Precharge Command  Activate Command Read Command
for Bank A for Bank A forBank A Read Command for Bank A for Bank A for Bank A
for Bank A ¢
RP
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DSF

A9
(BA)

A8

DQ

Random Column Write (Page with same bank) (1/2) (Burst length = 4, CAS latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

T11

T12

T3 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

| | i 1
1 1 1 1
! ' 1 i
oL 1 !
1 1 1 )
1 1 ] T
| 1 ' !
1 ' L

-===t-eon-booo-2--{DBat X DBa2) DBa3) DBa4 X DBb1 X DBb2X DBc1 X DBc2 X DBc3 X DBc4

Activate Write Write Write Precharge Activate Write
Command Command Command Command Command Command Command
for Bank B for Bank B for Bank B for Bank B for Bank B for Bank B for Bank B

trp
ene———
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DSF
A9
(BA)

A8

bDQ

Random Column Write (Page with same bank) (2/2) (Burst length = 4, CAS latency = 3)

TO ’ T T2 T3 T4 T5 T6 ’ T7 ' T8 T9 T10 ’ Ti1 | T12 | T13 I Ti4 | T15 | T16 | T17 | T18 | T19 | T20 | T21

ORIAKAANIEN
QSN
Q300K

SRR
X%

QR
QRN
20%e%%0%Te% e %!

|

1

1 ]
1 1
1 L
1 1
! 1
L

N 1
sm==demmoclocoobooo---{DBa1 X DBa2)X DBa3)X DBa4)X DBb1 X DBb2 X DBc1 X DBc2 X DBe3 X DBeA J-= === == =mmmmndemanalooo oot 1o (DB
Activate Command Write Command Write Command Precharge Command  Activate Command Write Command
for Bank B for Bank B forBank B Write Command for Bank B for Bank B for BankB
for Bank B
trp

-— =
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16.6.2 Cycles with Pingpong Banks

Random Row Read (Pingpong banks) (1/2) (Burst length = 8, CAS latency = 2)

T0 T T2 T3

CLK

T4

T5 T6 T7 T8

T9 T1I0 | T T2 | T8 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

CKE

RAS

CAS

DSF

A9
(BA)

A8

XTTES
KA
SRR

T,

RPN IS I

0%
KRR

DQ  mmmmteeemcbeeeodeoooodoo{QBat

]
1
1
|
!
1
|
i

I

aBa3) QBa4X QBasX QBa6X QBa7X QBasX QAat

Activate Read
Command Command

for Bank B for Bank B

taco CAS latency

L2

Activate
Command

for Bank A

t i t
Read Activate Read
Command Command Command
for Bank A for Bank B for Bank B
Precharge
Command
for Bank B

trp
-

osgisradr
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Random Row Read (Pingpong banks) (2/2) (Burst length = 8, CAS latency = 3)

TO T l T2 T3 ) T4 T5 T6 T7 T8 T9 TI0 | T11 | T12 | T13 l T14 | T15 ‘ T16 l T17 | T18 I T19 ‘ T20 | T21

CLK
CKE
cs
RAS
CAS s
.v.,.-......
WE s s
DSF R
A9
(BA)
A8
ADD s onp B
1 1 1 1
1 1 1 1
DQM ! i i i
0-3 + . T ——— !
1 1 1 1 1 1
1 L 1 1 ol
DpQ ' Ba2) QBa3X QBa4)X QBasX QBa6X QBa7X QBasX QAat X QAaz) QAa3X QAa4X QAasX QAasX QAa7X QAae)C
Activate Read Activate Read Precharge Activate Read Precharge
Command Command Command Command Command Command Command Command
for Bank B for Bank B for Bank A for Bank A for Bank B for Bank B for Bank B for Bank A
treo CAS latency trp
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RAS

CAS

DSF

A9
(BA)

A8

Random Row Write (Pingpong banks) (1/2) (Burst length = 8, CAS latency = 2)

T0 T T2 T3 T4 5 T6 T7 T8 T9 T10 ' Ti1 | T2 | T8 | T4 | T15 | Ti6 | T17 | T18 | T19 | T20 | T21

2

2500
2R

SRS

9%,
%

OO,

225
SRS

Jogeseses

1 | 1 ' I ' |
1 ! 1 ] 1 1 1
' ] 1 ] ] 1 1
| | 1 | I i i
L 1 L ] L ] L
] ] [ ] ] 1 1
] 1 I I ' 1 1
L L L L i L

X DBas X DBa7 X DBag)-----
4

1 1
1 I
1 I
i |
! !
T T
1 |
i |

-=-~-=------{ DAa1 X DAa2{ DAa3 )X DAa4 X DAas X DAa6 X DAa7 X DAagX DBat X DBa2X DBa3X DBa4) DBas
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16.6.3 READ and WRITE Cycles
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READ and WRITE (1/2) (Burst length = 4, CAS latency = 2)
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16.6.4 Full Page Random Cycles
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17. Package Drawing

100PIN PLASTIC QFP (14 x 20)

AAARARAARARAR

81 0

detail of lead end

NOTE ITEM MILLIMETERS __ INCHES
Each lead centerline is located within 0.13 mm (0.005 inch) of +0.009
A 23.240.2 0.913
its true position (T.P.) at maximum material condition. -0.008
0.00
B 20.0£0.2 0.787+9-902
0.009
c 14.0£0.2 0.551+9-998
D 17.240.2 0.67740.008
F 0.825 0.032
G 0.575 0.023
0.08
H 0323988 0.013£0.003
] 0.13 0.005
J 0.65 (T.P.)  0.026 (T.P.)
K 1.6£0.2 0.063£0.008
L o802 0.031+3-998
M 0173398 o0.007:0.002
N 0.10 0.004
3 2.7 0.106
Q 0.125$0.075 _ 0.0050.003
ot° o+7°
R 314 3L
s 3.0 MAX. 0.119 MAX.
S100GF-65-JBT
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18. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD481850.

Type of Surface Mount Device

4PD481850GF-JBT: 100-pin Plastic QFP (14 x 20 mm)
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PRELIMINARY DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

1uPD488170L

18M-BIT Rambus DRAM
1M-WORD X 9-BIT X 2-BANK

Description

The 18-Megabit Rambus™ DRAM (RDRAM™) is an extremely-high-speed CMOS DRAM organized as 2M
words by 9 bits and capable of bursting up to 256 bytes of data at 2 ns per byte. The use of Rambus Signaling
Logic (RSL) technology makes this 500 MHz transfer rate achievable while using conventional system and board
design methodologies. Low latency is attained by using the RDRAM's large internal sense amplifier arrays as
high speed caches.

RDRAMs are general purpose high-performance memory devices suitable for use in a broad range of
applications including main memory, graphics, video, and any other application where high-performance and
low cost are required.

Detailed information about product features and specifications can be found in the following document. Please
make sure to read this document before starting design.
Rambus DRAM user's manual (Reference Manual)

Features

o Rambus Interface

e 500 MB/sec peak transfer rate per RDRAM

e RSL interface

e Synchronous protocol for fast block-oriented transfers

o Direct connection to Rambus ASICs, MPUs, and Peripherals

e 40 ns from start of read request to first byte; 2 ns per byte thereafter
o Features for graphics include random-access mode, write-per-bit and mask-per-bit operations
o Dual 2K-Byte sense amplifiers act as caches for low latency accesses
« Multiple power-saving modes

o On-chip registers for flexible addressing and timing

o Low pincount-only 15 active signals

o Standardized pinout across multiple generations of RDRAMs

o 3.3 volt operation

Ordering Information

Part Number Clock Frequency Operation Voltage Package
uPD488170LVN-A50-9 250MHz 3.310.15 V 32-pin plastic SVP (11 x 25)
nPD488170LVN-A45-9 225MHz 3.310.16 V 32-pin plastic SVP (11 x 25)
uPD488170LG6-A50 250MHz 3.310.16 V 72/36-pin plastic SSOP type
uPD488170LG6-A45 225MHz 3.310.15 V 72/36-pin plastic SSOP type

The information in this d is subject to change without notice.

Document No. M10801EJ4VODSU1

289



NEC

uPD488170L

290

Pin Configuration (Marking Side)

32-pin plastic SVP (11 x 25)
72/36-pin plastic SSOP type

Voo O—
GND O—
BusData8 Q=—>
GND O—
BusData7 O=—>]
IC O—
BusEnable O——
Voo O——
BusData6 O=—>
GND O—
BusData5 O<—>f
Vooa O——
RxClk O—
GNDA O——
TxClk O—~
Voo O—
BusData4 O=—>f
GND O—
BusCtrl O=—
Sin  O—>

Vree O——=
SOut O=—
BusData3 O=—>
GND O—
BusData2 O=—>
IC O—
BusDatal O=—>
GND O—
BusDataQ O-=—
NC O—
GND O—
Voo O—

W NG RWN =

W W NN N DNNDNRNRNRNN=S = @ @0 a9 a0
= O W 0 N O O b WN = O O 0N O O Hh WN = O

w
N

9970£188vad "
NAT0LL88YAd T

BusData 0 - BusData 8
RxClk

TxClk

VRer

BusCtrl
BusEnable
Voo, Vooa
GND, GNDA
Sin

SOut

NC

IChote

: Bus Data (Input/Output)
: Receive Clock (Input)

: Transmit Clock (Input)

: Logic Threshold Voltage (Input)
: BusCtrl (Input/Output)

: BusEnable (Input)

: Power Supply

: Ground

: Serial Input (Input)

: Serial Output (Output)

: No Connection IC

: Internal Connection

Note Leave this pin unconnected.
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Block Diagram

1
1]
5 DRAM Array - Bank 0 : DRAM Array - Bank 1
c
2
-
3
-
[
<
2 Kbyte RowSenseAmpCache
[ moregi7:01B:0)  fo—r
1
[
E Control Registers
g Control Logic
3
-g ' Clock Generator ' Transmitter
11 Sin SOut |1
-—' BusEnable, BusCtrl, BusData (8 : 0] L -
ClockFromMaster
ClockToMaster Primary or Secondary Channel
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1. Pin Function

Signal

1/10

Description

BusData [8:0]

/10

Signal lines for request, write data, and read data
packets. The request packet contains the address,
operation codes, and the count of the bytes to be
transferred. This is a low-swing, active-low signal
referenced to VRer.

RxClk

Receive clock. Incoming request and write data
packets are aligned to this clock. This is a low-swing,
active-low signal referenced to Vrer.

TxClk

Transmit clock. Outgoing acknowledge and read
packets are aligned with this clock. This is a low-
swing, active-low signal referenced to Vrer.

VREeF

Logic threshold voltage for low swing signals.

BusCtrl

110

Control signal to frame packets, to transmit part of the
operation code, and to acknowledge requests. Low-
swing, active-low signal referenced to Vrer.

BusEnable

Control signal to enable the bus. Long assertions of
this signal will reset all devices on the Channel. This
is a low-swing, active-low signal referenced to Vrer.

Vob, Voba

+3.3 V power supply. Vooa is a separate analog
supply.

GND, GNDA

Circuit ground. GNDA is a separate analog ground.

Sin

Initialization daisy chain input. TTL levels. Active
high.

SOut

Initialization daisy chain output. TTL levels. Active
high.
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2. Rambus System Overview

A typical Rambus memory system has three main elements: the Rambus Channel, the RDRAMs, and a
Rambus Interface on a controller. The logical representation of this is shown in the following figure.

Figure 2-1. Logical Representation

I
Rambus m 1 RDRAMSs
Channel Controller (Rambus
Master Channel
DRAM Slaves)

Core

Rambus Interface Rambus Interface
I |

Y

Rambus Channel = 9 bits every 2 ns

The Rambus Channel is a synchronous, high-speed, byte-wide bus that is used to directly connect Rambus
devices together. Using only 13 high-speed signals, the Channel carries all address, data, and control
information to and from devices through the use of a high level block-oriented protocol.

The Rambus Interface is implemented on both master and slave devices. Rambus masters are the only
devices capable of generating transaction requests and can be ASIC devices, memory controllers, graphics
engines, peripheral chips, or microprocessors. RDRAMs are slave devices and only respond to requests from
master devices.

The following figure shows a typical physical implementation of a Rambus system. It includes a controller
ASIC that acts as the Channel master and a base set of RDRAMs soldered directly to the board. An RSocket™
is included on the Channel for memory upgrade using RModule™ expansion cards.

Figure 2-2. A Rambus System Example

Memory Modules

RDRAM /\\ / Secondary Channels

0ooooooog P

Socket for
Expansion

RDRAM

7777
I

////‘/////
I

f 8
NI

'/

77
) |
¥ §

—— N

Primary Channel

* 1 to 320 RDRAMSs per system
+ 28 traces per Channel
* Controlled impedance design
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3. Rambus Signaling Logic

RSL technology is the key to attaining the high data rates available in Rambus systems. By employing high
quality transmission lines, current-mode drivers, low capacitive loading, low-voltage signaling, and precise
clocking, systems reliably transfer data at 2 nanosecond intervals on a Rambus Channel with signal quality
that is superior to TTL or GTL-based interfaces.

All Rambus Interfaces incorporate special logic to convert signals from RSL to CMOS levels for internal use.
In addition, these interfaces convert the Channel data rate of one byte every 2 nanoseconds to an internal data
rate of 8 bytes every 16 nanoseconds as shown in the following figure. Although the bandwidth remains the
same, the use of a wide internal bus eases internal timing requirements for chip designers.

Figure 3-1. Converting the Channel Data Rate

Il Bank7 ] | BankB

) roras
g RDRAM3
Sense amp cache page 1 Sense amp cache page 2 ]| roramz
Registors Address Comparators Tiocking ]| RDRAM1
Byte h
Byte g
Byte f

Bytee | Rambus Channel
Byte d 9 bits every2ns

Bytes Rambus Interface Cell
- Macrocell in Embedded
ﬂﬂﬂ *[T T[] Aray and Standard
— Cell libraries

- Converts Rembus
Channel small swing
signals to ASIC-core-
compatible CMOS levels
- Converts 9 bits every
2ns to72bits (x 2)

are 100% compatible
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4.

m

@

®)

@)

(5)

Register Space Map
The following table summarizes the registers included in all 18M RDRAMs.

Table 4-1. Registers Space Map

Register Name Adr{20:10] Adr[9:2] Register Number
Device Type[3:0}[8:0] XX...XX 00000000 0
Deviceld[3:0](8:0] XX.0 XX 00000001 1
Delay[3:0][8:0] XX...XX 00000010 2
Mode[3:0](8:0] XX...XX 00000011 3
RefRow([3:0](8:0] XX, XX 00000101 5
Raslinterval[3:0](8:0] XX, XX 00000110 6
Mininterval[3:0]{8:0] XX...XX 00000111 7
AddressSelect[3:0][8:0] XX...XX 00001000 8
DeviceManufacturer[3:0][8:0] XX...XX 00001001 9
Row[3:0][8:0] XX...XX 10000000 128

Device Type Register
This register specifies RDRAM configuration and size.

Deviceld Register
This register specifies RDRAM base address.

Delay Register
This register specifies RDRAM programmable CAS delay values.

Mode Register
This register specifies RDRAM programmable output drive current.

RefRow Register
This register specifies RDRAM refresh row and bank address.
The RefRow register contains read-write fields. It is used to keep track of the bank and row being refreshed.
Normally this register is only read or written for testing purposes. The fields are aliased in the following way:
RowfField[7:1] equals RefRow[0](7:1]
RowField[9:8] equals RefRow([2][1:0]
BankField[3] equals RefRow[1][3]
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(6) Rasinterval Register
This register specifies RDRAM programmable RAS delay values. The Rasinterval Register contains four write-
only fields. When a rowmiss occurs, or when a row is being refreshed during a burst refresh operation, it is
necessary for the control logic of an RDRAM to count the appropriate number of clock cycles (tcvcie) for four
intervals. This is done with a counter which is ioaded successively with three values from the Rasinterval Register.

(7) Mininterval Register
This register specifies RDRAM refresh control.
This register provides the minimum values for three time intervals for framing packets.
The time intervals are specified in clock cycle (tcvcLe) units.

Caution Mininterval Register[3][2] = 0 is necessary. Because, 18M RDRAM don’t support Power Down
request.

(8) AddressSelect Register
This register specifies RDRAM address mapping.

(9) DeviceManufacturer Register
This register specifies RDRAM manufacturer information.
This register specifies the manufacturer of the device. Additional bits are available for manufacturer specific

information, e.g. stepping or revision numbers.

(10) Row Register
This register specifies RDRAM current sensed row in each bank.

The detailed functional description is provided in RDRAM Reference Manual.
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5. Packet Formation

5.1 Packet Summary

The following table summarizes the transmit/receive functionality of the two RDRAM types for the different packet

classes.

Table 5-1. Transmitting/Receiving Devices for Packet Types

Packet Type Initiating Devices uPD488170L
Request Packet Transmit Receive
Acknowledge Packet Receive Transmit
Read Data Packet Receive Transmit
Write Data Packet Transmit Receive
Serial Address Packet Transmit Receive
Serial Control Packet Transmit Receive
Serial Mode Packet Transmit Receive

5.2 Request Packet

The request packet format is shown in the following figure.

Figure 5-1. Request Packet Format

Device Pins
Clock | Bus- I Bus- i Bus- | Bus- i Bus- | Bus- i Bus- | Bus- i Bus- | Bus- | Bus- i
Cycle Ctrl , Data | Data | Data | Data , Data | Data | Data |, Data | Data ,
Number - _i_____ O L N 2 O O - O Y O . I O - O L S ) S
() Start | Op ! ! " opdr ! I !
' _even [0 9:2)
(0] Op Op I [ T agr T I T T
! odd ] 131 [17:10
Vol OpX L f T agr | ' ' '
| even £l [26: 18]
" 1 op I I I T Adr | I I [
| odd 12} 135: 27
V(2 OpX ReqUnimp T count ! " ReqUnimp
' even (0] [5:4] 16,4, 2] 3:0]
L2 ReqUnimp I l Count ' Co[mt A;ir
L _odd 8 6l 17,53 11:0] [1:0)
1 This means that this pin is not used by this packet. If it is not used Request
Time by another packet, it is pulled to a logic zero value. Packet

The vertical axis in all packet figures in the following sections shows time in units of clock cycles, with each clock
cycle broken into even and odd bus ticks. The timing is relative, measured from the beginning of the packet.
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5.2.1 Start Field

A device should start framing a request packet when it sees this bit asserted to a logical one and it is not looking

for an acknowledge packet nor framing an earlier request packet.

5.2.2 Op[3:0], OpX[1:0] Fields

The Op and OpX fields are summarized in the following table.

Table 5-2. Op[3:0] and OpX[1:0] Fields - Command Encodings

Opl3:0] OpX[1:0] = 00 OpX[1:0] = 01 OpX[1:0] = 10 OpX[1:0] = 11
0000 Rseq Rnsq Rsrv Rsrv
0001 Rsrv Rsrv Rsrv Rsrv
0010 Rsrv Rsrv Rsrv Rsrv
0011 Rsrv Rsrv Rsrv Rsrv
0100 WsegNpb WseqDpb WseqgBpb WseqMpb
0101 Rsrv Rsrv Rsrv Rsrv
0110 Rreg Rsrv Rsrv Rsrv
0111 Wreg Rsrv Rsrv Rsrv
1000 WnsgNpb WnsqDpb WnsqgBpb WnsqMpb
1001 Rsrv Rsrv Rsrv Rsrv
1010 Rsrv Rsrv Rsrv Rsrv
1011 Rsrv Rsrv Rsrv Rsrv
1100 WbnsNpb WbnsDpb Rsrv WbnsMpb
1101 Rsrv Rsrv Rsrv Rsrv
1110 Rsrv Rsrv Rsrv Rsrv
1111 WregB Rsrv Rsrv Rsrv

The command opcode also determines which packets (in addition to the request packet) will form the transaction.
A detailed functional description of the actions that an RDRAM takes for each implemented command is provided
in "Rambus DRAM user's manual (Reference Manual)". The following table summarizes the functionality of each

subcommand:
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Table 5-3. Subcommand Summary

SubCommand Description

Rseq Read sequential data from memory space.

Rnsq Read non-sequential (random-access) data from memory space.

Wseq Write sequential data to memory space.

Wnsq Write non-sequential (random-access) data to memory space.

Wbns Write non-sequential (random-access) data to memory space with non-contiguous byte masking.
Npb Write data is from data packet. There is no bit mask.

Dpb Write data is from data packet. The bit mask is in the MDReg.

Mpb Write data is from MDReg. The bit mask is from the data packet.

Bpb Write data is from data packet. The bit mask is also from the data packet.
Rreg Read sequential data from register space.

Wreg Write sequential data to register space.

WregB Broadcast write with no Okay acknowledge permitted.

The memory read commands are formed using the Rseq and Rnsq subcommands to select sequential or
nonsequential (random) access.

+  Rrrr = {Rseq, Rnsq}

The following table summarizes the available write commands and shows how they are formed from a 3x4 matrix
of the Wwww and Bbb subcommands.

« WwwwBbb - Wwww = {Wseq, Wnsq, Wbns}
Bbb = {Npb, Dpb, Bpb, Mpb}

Table 5-4. Write Commands

Wwww subcommands
Bbb Wseq Wbns
. Wnsq .
subcommand (seqential-access (non-sequential- (non-sequential-access
with contiguous with non-contiguous-byte-
. access) S
byte masking) masking)
Npb WseqNpb WnsqgNpb WbnsNpb
Dpb WseqDpb WnsqDpb WbnsDpb
Mpb WseqMpb WnsgMpb WbnsMpb
Bpb WseqgBpb WnsgBpb Not implemented
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There are three Wwww subcommands. They control the accessing pattern and the use of non-contiguous byte
masking.

«  Wseq - octbyte blocks in the RDRAM core are accessed in sequential (ascending little-endien) address
order. Contiguous byte masking is controlled with the Adr[2:0] and Count[2:0] fields of the request
packet.

»  Wnsq - octbyte blocks in the RDRAM core are accessed in non-sequential address order. The addresses
for the octbyte blocks within the sensed row come from serial address packets which are received
on the BusEnable pin.

The address order is arbitrary.

*  Wbns - octbyte blocks in the RDRAM core are accessed in non-sequential address order, as in the Wnsq
subcommand. In addition, byte masks are transmitted with the write data, permitting arbitrary non-
contiguous byte masking of this write data. The bytemask octbytes are not included in the total
octbyte transfer count ; i.e. a Count[7:3] field of 31 implies 4 bitmask octbytes and 32 write data
octbytes, for a data packet size of 36 octbytes.

There are four Bbb subcommands. They select the type of bit masking to be applied to the write data.
*  Npb (no-per-bit) -  There is no bit mask applied to the write data. The MDReg is not used or modified.

+  Dpb (data-per-bit) - The MDReg is used as a bit mask, the write data comes from the data packet. The
same bit mask is used for each octbyte. This is also called persistent bit masking.
The MDReg is not modified.
*  Mpb (mask-per-bit) - The bit mask comes from the data packet, the write data comes from the MDReg. The
same data is used for each octbyte. This is also called color masking. The MDReg
is not modified.

+  Bpb (both-per-bit) -  The bit mask and the write data come from the data packet. The MDReg is not used,
butis modified as a side effect (the WwwwBpb commands are used to load the MDReg
for the WwwwDpb and WwwwMpb commands). This is also called non-persistent bit
masking.

The bitmask octbytes are included in the total octbyte transfer count ; i.e. a Count[7:3]
field of 31 implies 16 bitmask octbytes and 16 write data octbytes.

300



NEC uPD488170L

5.2.3 Adr[35:0] Field

The Adr field is used as either a memory or register space address depending upon the OP[3:0] and OpX[1:0]
fields. Devices extract a portion of the Adr field to match against their Deviceld register (IdMatch), thus selecting
the device to which the request is directed. The remainder of the Adr field accesses the desired region of the device's
memory or register space. The memory read and write commands and the Rreg and Wreg commands will only take
place if there is an IdMatch. The IdMatch criteria is ignored for the WRegB commands, with all responding devices
performing the required actions.

The Rambus protocol uses quadbyte resolution in the data packet for register space read and write commands;
i.e. one quadbyte is the smallest data item that may be transferred, and all transfers are an integral number of
quadbytes. The Adr[35:2] field is the quadbyte address. The Adr[1:0] field is Unimp for these commands, and should
be driven with "00" by initiating devices.

The Rambus protocol uses octbyte resolution in the data packet for memory space read and write commands;
i.e. one octbyte is the smallest data item that may be transferred, and all transfers are an integral number of octbytes.
The Adr[35:3] field is the octbyte address.

Some commands use the Adr[2:0] field to specify contiguous byte masking. Refer to "Rambus DRAM user's
manual (Reference Manual)".

5.2.4 Count[7:0] Field
The following table summarizes the transfer count ranges for 18M RDRAMs:

Table 5-5. Transfer Count Summary

Count Range uPD488170L
Maximum count for memory space 32 octbytes
Minimum count for memory space 1 octbyte
Maximum count for register space 1 quadbyte
Minimum count for register space 1 quadbyte

Register space read and write commands use a transfer count of one quadbyte, regardless of the Count[7:0] field
value.

Memory space read and write commands specify the number of octbytes to be transferred with the Count[7:3] field.
An offset-by-one-encoding is used so that "00000" specifies one octbyte, "00001" specifies two octbytes, and so on
up to "11111" which specifies thirty-two octbytes. The transfer count does include the octbytes containing bitmasks
(for commands using the Bpb subcommand). The transfer count does not include the octbytes containing non-
contiguous ByteMasks (for commands using the Wbns subcommand).

Some commands use the Count[2:0] field to specify contiguous byte masking. Refer to "Rambus DRAM user's
manual (Reference Manual)".

Memory space transactions to RDRAMSs are not allowed to cross internal row address boundaries within the device.
Attempts to do so have Undef (undefined) results. These row boundaries are at 2kbyte intervals for 18M RDRAMs.
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5.2.5 Adr[2:0] and Count[2:0] Fields for Contiguous Byte Masking

An initiating device wishing to write an arbitrary number of contiguous bytes to a starting address on an arbitrary
byte boundary may do so with the Adr[2:0] and Count[2:0] fields with the Wseq subcommands. The transfer count
and starting address are given by:

+  MasterCount[7:0] specifies the number of bytes which the master device wishes to transfer.
+  Adr[35:0] specifies the starting byte address (this is the same as the Adr[35:0] field in the request packet)

Where the convention used by the initiating device for the count is that Master-Count[7:0] = "00000000" means
one byte, MasterCount[7:0] = "00000001" means two bytes and MasterCount[7:0] = "11111111" means 256 bytes
(an offset-by-one encoding; the data block count is equal to MasterCount{7:0]+1).

The initiating device converts this internal count value into a value for the request packet with the following formula.
Little-endien byte addressing is used for specifying bytes within octbytes.

Count{7:0] = Adr[2:0] + MasterCount[7:0] (Eq 5-1)

Where "+" denotes unsigned integer addition of two bit fields (short fields are zero-extended on the left). If the
value of Adr[2:0] + MasterCount[7:0] is greater than 255 (it may be as much as 262), then the initiating device must
break the request into two transactions.

The Adr[2:0] and Count[2:0] field generate masks for individual bytes within an octbyte. The Adr(35:3] and
Count[7:3] field have the octbyte resolution previously described. The following tables show how the byte masks are
generated. In the case of memory read transactions, the byte masks that are generated do not affect the data that
is returned by the RDRAM; all data bytes in the first and last octbytes are returned in the read data packet.

In the case of memory write transactions, ByteMaskLS[7:0] applies to the first octbyte at Mem[AV][7:0][8:0]. Byte
MaskMS[7:0] applies to the last octbyte at Mem[AV+CV][7:0][8:0]. All intermediate octbytes use a byte mask of
11111111 (a one means the byte is written, a zero means it is not). Here AV is the value of the Adr[35:3] field when
interpreted as an unsigned, 33 bit integer, and CV is the value of the Count[7:3] field when interpreted as an unsigned,
5 bit interger. |f the Count[7:3] is "00000" (one octbyte), the ByteMaskLS([7:0] and ByteMaskMS[7:0] masks are
logically 'anded' together to give the effective byte mask.:

Table 5-6. Adr[2:0] to ByteMaskLS[7:0] Encoding

Adr[2:0] | ByteMaskLS[7:0] || Adr[2:0] | ByteMaskLS[7:0]
000 11111111 100 11110000
001 11111110 101 11100000
010 11111100 110 11000000
011 11111000 111 10000000
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Table 5-7. Count[2:0] to ByteMaskMS[7:0] Encoding

Count[2:0]| ByteMaskMS[7:0] ||Count[2:0]| ByteMaskMS[7:0]
000 00000001 100 00011111
001 00000011 101 00111111
010 00000111 110 01111111
011 00001111 111 11111111

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

5.2.6 ReqUnimp[8:0] Fields

These fields are unimplemented (Unimp) in the request packet. They should be driven as zeroes by initiating

devices.
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5.3 Acknowledge Packet

The Ack[1:0] field carries the acknowledge encoding from the responding device(s) to the initiating device and any
other listening devices. The following figure shows the format of the acknowledge packet.

Clock
Cycle

Number

Figure 5-2. Acknowledge Packet Format

I \
| Enable ! Ctrl | Data ! Data | Data | Data | Data
' \ |

Acknowledge
Packet

Device Pins

8 71 16l | I5]_! [4)

by another packet, it is pulled to a logic zero value.

This means that this pin is not used by this packet. If it is not used

The following table summarizes the four combinations of the Ack[1:0] field. The Ack3 combination is Undef. The
Okay combination indicates that the read or write access to the specified space will take place.
When a responding device acknowledges a request with a Nack, then there will be no immediate change in the
state of the device's memory space or register space. The responding device will take the appropriate steps to make
the requested region of memory or register space accessible when the initiating device makes a subsequent request.
The initiating device will need to wait some device-dependent length of time until the requested region is available.
There are three possible reasons for an RDRAM to respond with Nack. They are summarized below. The detailed
functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

*  tPostMemWriteDelay OF tPostRegWriteDelay Violation
+  RowMiss (this causes a delay of tretrysensedClean OF tRetrySensedbirty)
+ ongoing refresh (this causes a delay of up to tretryRefresh)

Table 5-8. Ack[1:0] Encodings

Commands
uaslomzd;gk [/-1\0(';] Name Description Sr?::f
Combination
All 00 Nonexistent | Indicates passive acceptance of the request (WregB), or Spec
commands indicates that the addressed device did not respond (all

other commands).
All 01 Okay Indicates that the request was accepted by the addressed Spec
commands by the addressed (responding) device.
but WregB
All 10 Nack Indicates that the request could not be accepted because Spec
commands the state of the responding device prevented an access

at the fixed timing slot.
All 11 Ack3 This should not be returned by this responding device. Undef
commands Initiating devices will, when presented with this combi-
but WregB nation, have an undefined response.
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5.4 Data Packet
The following figure shows the format of a data packet for register space read and write commands. It consists
of 1 quadbyte driven on the BusData[8:0] wires for RDRAMs.

Other responding devices may support data packet lengths longer than one quadbyte.

Figure 5-3. Data Packet Format (Register Space)

Device Pins
Clock :'_Eiu_s: " Bus- 1 Bus- 1 Bus- 1 Bus- i Bus- 1 Bus- | Bus- | Bus 1 Bus- 1 Bus-
Cycle 1Enable} Ctl | Data | Data | Data |, Data ; Data | Data ; Data | Data |, Data ,
Number ! ' N N 4 I (- A ) N . IO < A 2 WO L S ) S
N (¢) I ! I " Data ' ! ! I
L_even | 01 [0} [8: 0]
! ! I T I I T I T
[ (¢) B Data
P _odd (011118 : 0]
M ! T I T Data ! I I I
1 even [01121(8:0]
------ 1
Voom I I " Data ! I l I
1 odd (01131 (8 : O]
l This means that this pin is not used by this packet. If it is not used Data
Time _ by another packet, it is pulled to a logic zero value. Packet

The following figure shows the format of a data packet for memory space read and write commands. For most
of these commands, it consists of 1 to 32 octbytes driven on the BusData[8:0] wires. In the figure, "n" is either the
CV value (if the transaction is allowed to complete) or the last count value (if the transaction is terminated prematurely
by the serial control packet). "CV" is the value of the Count[7:3] field when interpreted as an unsigned, 5 bit integer.

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".
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Figure 5-4. Data Packet Format (Memory Space)

Device Pins
Clock | Bus- | Bus- 1 Bus- | Bus- 1 Bus- 1 Bus- i Bus- i Bus- | Bus- i Bus- 1 Bus |
Cycle 1Enable | Ctrl | Data | Data , Data | Data , Data | Data | Data | Data | Data ,
t

Number - - - - R O 2 N 1 N (S (5 B . NN S 2 N L I (Y
I I I I I T I | T
N Data
L _sven ) 0110118 : 01
Coo ! I I I Data T T I I
L_oud | 101 [1] 8 0]
R ) ] ’ I Data I ’ ! !
! even , [0112](8:0]
:"['1]"", I I I ] Data I I T I
' odd | 10] (3] [8: 0]
T T T T T T T T
\ | Data
1 _even ! [0][4][8: 0]
A ' T T T T T T T
' (2] ' Data
L_odd (0115118 0]
:"l'sl"": T T T Data T T I I
L _even (0116118 : 01
Ul | I T T Data I T I I
| '
+ odd ! 01(7118: 0]
[ '
i I
| '
1 l
f '
! i
| '
T | | | T T | |
! [4*n) Data
_even 1 In] [01[8:0]
U | | | Data | | T
| _odd | In][1]18:0]
U 4*n+1] E I I I I Data I I I I
' even Inl12][8:0]
ey ) T T T a— T T T
| _odd [n} (3] (8 : 0]
I 4*n+2] ! T T I T Data T T T T
L _gven | Inj[4][8:0]
: [4*n+2] : I T [ Data I [ [ I
' odd | [nl (5118 0]
T4 s3] | | | | " pata | | l l
\ even [n] (6] [8: 0]
4nea) ! 1 | 1 Data | T | |
L_odd inl (7118 0)

l This means that this pin is not used by this packet. If it is not used \ Data
Time by another packet, it is pulled to a logic zero value. Packet
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5.5 Serial Address Packet Format

The serial address packet is transmitted by the initiating device and received by the responding devices. It provides
eight low-order address bits for each octbyte which is accessed in memory space (a non-sequential or random-access
transfer). These eight address bits are transferred serially on the BusEnable pin of the RDRAM, and are thus called
a serial address. Each eight bit serial address accesses an octbyte of data within the RowSenseAmpCache of one
of the two banks of the RDRAM. The complete set of serial addresses transmitted by the initiating device during the
transaction are referred to as a serial address packet. The commands which use this packet are the Rnsqg, WnsqBbb,
and WbnsBbb classes of commands.

The high order bits for each octbyte are provided by the Adr[35:11] address bits from the request packet. The
low-order address bits for the first octbyte are Adr[10:3], also from the request packet. The low-order address bits
for octbytes [n:1] are provided by the serial address packet. As before, "n" is either the CV value (if the transaction
is allowed to complete) or the last count value (if the transaction is terminated prematurely by the serial control packet).
"CV" is the value of the Count[7:3] field when interpreted as an unsigned, 5 bit integer. The detailed functional
description is provided in "Rambus DRAM user's manual (Reference Manual)".

Table 5-9. Serial Address Fields (i = n:1)

Serial Address Field Description Unimp
Imp
SAdr(i][10:3] Low-order address bits for each octbyte. Imp
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Figure 5-5. Serial Address Packet Format

Device Pins
Clock | Bus- | Bus- 1 Bus- | Bus- | Bus 1 Bus | Bus- | Bus- 1 Bus 1| Bus- i Bus- I
Cycle 1Enable] Ctrl | Data | Data ; Data | Data | Data | Data ; Data | Data , Data ,
Number R ! I D ) O T () o . I <) I 2 I 4 N () B
SAdr
[11(3]
SAdr
111141
SAdr
[1118]
SAdr
(1116}
SAdr
1
-
' SAdr
E_ : (1118l
' ! SAdr
:' ! [1119]
E o saar
v odd v 1111101
—————— 1
) 1
I 1
N 1
1 1
1 ]
i |
1 1
| |
FroTT - 1
[ 3 I
y even 1 | [n][3]
P —-—— 4
'o[4*nl 1| SAdr
v odd ! [ [n]l4]
bt !
| [4*n+1) 1 | SAdr
' even | InlI5]
""""" 1
i [amnetl 1| sadr
\ odd 1| InlI6]
r- k|
! [4*n+2] || SAdr
1 _even | nl [7]
' [4*n+2] 1 | SAdr
' odd | [n](8]
''''' 1
| 14*n+3) 1| SAdr
\ even | InI9)
LT
! [4*n+3] | | SAdr
1 odd 1 ]inl[10]
l Serial Address This means that this pin is not used by this packet. If it is not used
Time Packet by another packet, it is pulled to a logic zero value.
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5.5.1 Serial Control Packet Format

The serial control packet is transmitted by the initiating device and received by the responding devices. It provides
for the early termination of a memory space read or write transaction (before the specified data countin the Count[7:3]
field has elapsed). It consists of eight bits transferred serially on the BusCtrl pin of the device, thus it is referred to
as a serial control packet. The eight bits have the same timing alignment as the serial address packet. The commands
which use this packet are all of those which access memory space. The register read and write commands do not
use the serial control packet. The 18M RDRAM implements this packet.

The termination occurs on octbyte data packet boundaries. The next figure shows the format of the serial control
packet. The following table summarizes the function of the bits within the serial control packet. Note that the bits
in the even bus ticks mustbe zero in order for framing to work properly (otherwise, one of these bits would be interpreted
as the Start bit of a new request packet). The SCtri[5] bit is used to control termination, and the other three odd bus
tick bits are unimplemented.

Table 5-10. Serial Control Fields

Serial Control Description Unimp
Fields Imp
SCtrl[0] This bit must be a zero due to framing requirements. Imp
SCtri[1] unimplemented Unimp(0)
SCtrl[2) This bit must be a zero due to framing requirements. Imp
SCtrl[3) unimplemented Unimp(0)
SCitri[4] This bit must be a zero due to framing requirements. Imp
SCtrl[5] 0 means don't terminate the current access. Imp
1 means terminate the current access.

SCtrl[6) This bit must be a zero due to framing requirements. Imp
SCtrl[7] unimplemented Unimp(0)

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl[5] bit to a logical one, the data octbyte
with which itis associated is not transmitted by the responding device. The nitiating device may starta new transaction
once the transmission of the read data packet has ceased. The detailed functional description is provided in "Rambus
DRAM user's manual (Reference Manual)".
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Figure 5-6. Serial Control Packet Format

Device Pins

:' Bus- | Bus- 1 ' ' 1 Bus- ' ' | |
1Enable | Ctrl | Data | Data | Data | Data | Data | Data | Data | Data | Data |
: | : | | [_5!_ J__lfl 3] : i ] [

Clock
Cycle
Number '----- PR [R\ L SRR T L4 P Lo

l Serial Control
Time Packet

This means that this pin is not used by this packet. If it is not used
by another packet, it is pulled to a logic zero value.
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5.5.2 Serial Mode Packet Format

The serial mode packet transmitted by initiating devices, and received by responding device. Its format is shown
in the following figure.

Figure 5-7. Serial Mode Packet Format

Device Pins

Clock | Bus- | Bus- -‘éJs‘-‘. Bus- ':'iahé-".'él]s'-'. ‘Bus- .'Bas'-'f'a'u's? " Bus- 1 Bus- 1
Cycle 1Enable | Ctrl | Data |, Data , Data , Data |, Data | Data | Data | Data , Data ,
Number ' i RO N U S |- N L) N . IS S - N U L N Y B
b0
\ even
oL
HE () I
poodd ]

l Serial Mode his means that this pin is not used by this packet. If it is not used

Time Packet by another packet, it is pulled to a logic zero value.

The serial mode packet modifies the state of the Count00[7:0] and Count11[7:0] counters.

These counters cause operating mode transitions when they reach special values. The detailed functional
description is provided in "Rambus DRAM user's manual (Reference Manual)".

A serial mode packet with the SMode[1:0] field set to 00 is the default. Most transitions are caused by blocks of
sequential serial mode packets, each with the SMode[1:0] field set to 11. The serial mode packets should never set
SMode[1:0] field to 01 or 10. This is because in some of the operating modes, the clock generator is unlocked (the
frequency is correct but not the phase). When this happens, the BusEnable receiver is unable to discriminate anything
other than long pulses of zeros or ones. Because the frequency of the clock generator is correct, it can count the
length of these pulses with moderate accuracy.

Table 5-11. Serial Mode Fields

SMode[1:0] Description SPS":‘/(::LS'N/
00 Increments Count00[3:0], clears Count11{7:0]. Spec
01 - Undef
10 _ Undef
11 Increments Count11[7:0}, clears Count00[3:0] Spec
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6. State Diagram

The following figure is a state diagram of the Frame state machine. The operating mode of the device depends
upon which of the nine states it is in:

+ reset mode - ResetState
«  standby mode - StandbyState
+ active mode - ActiveState, IdCompareState, DeviceState, OkayState, NackState, AckWindowState

This section will only discuss the first three states (ResetState, StandbyState, ActiveState). The remaining five
states which are shown shaded in the state diagram (IdCompareState, DeviceState, OkayState, NackState,
AckWindowState) will be dealt with in the "Rambus DRAM user's manual (Reference Manual)".

The device will enter ResetState when power is initially applied (PowerOn). In ResetState, the device will be in
the reset operating mode, in which all control registers assume a known state. If power has just been applied, the
device will pass through ActiveState and settle in StandbyState, and remain there until serial mode packets are
received from an initiating device.

Figure 6-1. Frame State Machine - State Diagram

ResetState (reset mode) PowerOn
(place device in known state) f——

Count11<tModear, MIN

StandbyState (standby state)
(reduced power dissipation)

Count11> = tModesa, MIN Count00> = tMmadeDetay, MAX

ActiveState (active mode)
(ready to receive request)

Count11> = tModeaR, MIN

BusCtrleven = 1
(Start Bit)

IdCompareState (active mode)
(receive request - compare address)

IdMatch IdMatch
AckWindowState (active mode) DeviceState (active mode)
(wait for AckWinDelay to elapse) (this responding device is addressed)
DeviceBusy DeviceBusy
NackState (active mode) OkayState {active mode)
(send Nack acknowledge) (send Okay acknowledge)
Execute signal
to Command
state machine

312



NEC uPD488170L

ActiveState is the state in which all decisions are made to transition to the states for the other operating modes.
From here, the device will also enter the transaction-framing states. Refer to "Rambus DRAM user's manual
(Reference Manual)".

After poweron, the device will re-enter ResetState when the value of the Count11(7:0] counter is greater than or
equal to tmodearMIN. The device will leave ResetState when the value of the Count11[7:0] counter is less than tModesamin.
This will happen when an SMode[1:0] field of 00 is received, causing the Count11[7:0] counter to clear.

The device will enter StandbyState when the value of the Count00[3:0] counter is greater than or equal to
tmodeDelay,MaX. The device will leave StandbyState when the value of the Count11[7:0] counter is greater than or equal
to tModesA,MIN.

Caution PD (Mininterval Register [3][2]) = 0 is necessary. Because, 18M RDRAM don’t support Power
Down request.

6.1 Parameters for Operating Mode Transitions

The following table summarizes the parameter values associated with operating mode transitions of a responding
device. A minimum and maximum value are given for the parameters to account for implementation differences. In
all cases, the SMode[1:0] field of the consecutive serial mode packets must have the value 11 to cause an operating
mode transition (with the exception of the tmodenelay,Max as mentioned in the previous section). Initiating devices must
use values within the minimum and maximum SMode packet count requirements shown above to control operating
mode transitions.

Table 6-1. Responding Device Parameters for Operating Mode Transitions

Count Minimum Maximum
Parameter (clock (clock Description
Name cycles) cycles)
tModesa 1 4 Number of SMode packets to cause a transition from
Standby-Mode to ActiveMode
tModeoftSet 4 7 Offset from beginning of SMode packet to request packet for
standby to active transition
tModeDelay - 20 Delay from end of SMode packet to request packet for
standby to active transition
tModeswitchReset| 320 - Number of SMode packets to cause a transition from Active-
Mode to ResetMode
tReset 32 - Time required for an RDRAM's internal nodes to settle to their
reset values.
tLock, Reset 750 - Time required for an RDRAM's internal clock generator to lock
to the external clock.
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6.2 Standby Mode and Active Mode

The following figure shows the basic transitions between active and standby modes in response to serial mode

packets
Figure 6-2. Basic ActiveMode/StandbyMode Transitions
Clock BusEn BusCtrl BusData (8 : 0]
Cycles
: tModesa, MINI T
— tModeSA, MAX
— tModeDelay, MAX

This is a timing diagram, with time increasing in the downward direction. The time scaleis in clock cycles, as shown
on the left scale. The value of each of the eleven low-swing signal pins of the responding device is shown with the
assumption that ttr is zero (the responding device is located at the master end of the Channel).

Serial mode packets with an SMode[1:0] field are shown as a box with a "11" label in the BusEn column. The
BusEnable defaults to a logical zero value. The initiating device has transmitted tmodesa,max serial mode packets with
SMode[1:0] equal to 11 (this is the longest sequence permitted for invoking a standby to active transition). After the
first tmodesa,MiN serial mode packets, the device begins the transition to active mode. It reaches active mode after
tmodeottset, MIN clock cycles after the start of the first serial mode packet. It remains there for tModepetay,Max clock cycles
after the last serial mode packet.

The responding device is in active mode when it begins framing the request packet. A transaction may begin in
any of the clock cycles with the light shading above (labeled "Active Mode").

If the serial mode packet(s) causing a standby to active mode transition are not followed by a transaction with
tmodeDelay,Max clock cycles after the last serial mode packet, then the responding device will return to standby mode.
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The next figure shows the case in which a transaction is started as early as possible after a serial mode packet
which causes a standby to active mode transition.
Figure 6-3. ActiveMode/StandbyMode Transition - Early Transaction

Clock BusEn BusCtrl BusData [8 : 0]
Cycles

tModesa. MIN I

tModeOffSet, MIN

Transaction (Active Mode)

A transaction is composed of packet types other than serial mode packets, and will be defined in the next chapter.
These other packet types lie entirely inside the heavy black box in the above two figures. When a transaction has
completed, the device returns to standby mode. The detailed functional description is provided in "Rambus DRAM
user's manual (Reference Manual)".

6.3 ResetMode

Reset mode is entered when a consecutive sequence of tmodera,miN serial mode packets with a value of 11 are seen
by a responding device (shown in the following figure). In reset mode, all devices enter a known state from which
they may be Initialized. The device remains in reset mode for as long as serial mode packets with 11 value are
received. When one or more serial mode packets with a value of 00 are seen, the responding device enters the active
mode state.

Although devices enter the active mode state immediately, their clock circuitry requires a time tiockmin to
resynchronize. Initiating devices must wait this long after the transition out of reset mode before starting any
transactions.
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Figure 6-4. ResetMode to ActiveMode Transition

BusEn BusCtrl BusData([8:0]
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7. Transactions
7.1 Read Transactions

The following figure shows the basic form of a memory space or register space read transaction. There are request
and acknowledge packets, with the same tackpelay and tackwinpelay timing constraints. tackwinbelay will not be shown
explicitly on any further transaction diagrams in this document.

When the responding device transmits an Okay acknowledge packet to the initiating device, it will also transmit
a data packet with read data. This packet is sent a time treadpelay after the end of the request packet. The treadDelay
value is in tcvoLe units and is programmed into the ReadDelay field of the Delay register of each responding device.
Itis notrequired to be the same for all devices within a Rambus system, but the difference (treadpelay - tackpelay) is required
to be the same. This allows initiating devices to use the acknowledge packet to determine when the read data packet
begins. The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

Figure 7-1. Read Transaction

BusEn BusCtrl BusData [8 : 0]

oo

o
o
58
w

TTTTTTTTTTTTTITTT
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7.2 Write Transactions

The following figure shows the basic form of a memory space or register space write transaction. There are request
and acknowledge packets, with the same tackpelay and tackwinpelay timing constraints as already discussed.

When the initiating device transmits a request packet to the responding devices, it will also transmit a data packet
with write data. This packet is sent a time twriteDelay Cycles after the end of the request packet. The twriteDelay is in tcycLe
units and is programmed into the WriteDelay field of the Delay register of each responding device. It is required to
be the same for all devices within a Rambus system. A responding device will see the same twritebelay interval between
the request and write data packets whether the device is on the Primary Channel or on a Secondary Channel.

If the responding device returns an Okay acknowledge packet, then the transaction is complete at the end of the
acknowledge window or at the end of the write data packet, whichever is later. The next request packet can be
transmitted in the following clock cycle except for the case in which a register or memory space write to a device is
followed by any other transaction to that device. In that case, one of the following two intervals must be inserted
between the two transactions, where the memory or register case depends upon the first transaction.

»  trostregwriteDelay if the current transaction is a register space access
+  trostvemwriteDelay if the current transaction is a memory space access

If the responding device returns a Nack or Nonexistent acknowledge packet for a write command, then no write
data packet is required by the responding device. The current transaction is complete at the end of the acknowledge
window, or when the initiating device stops transmitting the write data packet, whichever is later. The next request
packet can be transmitted in the following clock cycle. For the case of a Nack or Nonexistent, the initiating device
must terminate the write data packet before another initiating device is given control of the Rambus Channel for a
transaction. This is part of the arbitration mechanism used by the initiating devices. The arbitration mechanism is
not specified in this document because it does not use the Rambus Channel. The detailed functional description is
provided in "Rambus DRAM user's manual (Reference Manual)".

Figure 7-2. Write Transaction

BusEn BusCtrl BusData [8 : 0]

Request

tAckDelay

IIIIlIIIIIIIl%"g_’
o2
w

Next transaction to same device

Next transaction to different device
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7.3 Read Transactions with Serial Address Packet

The following figure shows a memory space read transaction for a command which uses the serial address packet.
For a transaction which moves (n+1) octbytes of read data, the serial address packet will be (4 x n) clock cycles in
length (recall that the low-order address bits for the first octbyte of read data come from the request packet).

Each serial address subpacket (each SAdr(i][10:3] field) is transmitted by the initiating device a time tseriaiReadoftset
clock cycles before the octbyte of read data to which it corresponds. This means that the serial address packet will
move with the read data packet, with a constant offset.

« tserialReadortset is the delay from the beginning of a serial address subpacket to the beginning of the read data
subpacket (octbyte) with which it is associated.

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

Figure 7-3. Read Transaction with Serial Address Packet

Clock BusEn BusCtrl BusData (8 : 0]

Request

Data [0] [7 : 0] [8 : O] = RData [0] [7 : 0] [8 : O]

[10:
SAdr

Data[1][7: 0] [8: 0] = RData [11[7 : 0] [8: O]

1SerialReadOffSet

Data [n-11[7 : 0] [8 : O] = RData [n-1] [7: 0] [8 : O]

Data [n] [7 : 0] [8 : O] = RData [n] (7 : 0] {8 : 0]

T rr P T T T T T T T T I T T T T I T I I I T
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7.4 Write Transactions with Serial Address Packet

The following figure shows a memory space write transaction for acommand which uses the serial address packet.
For a transaction which moves (n+1) octbytes of write data, the serial address packet will be (4 x n) clock cycles in
length (recall that the low-order address bits for the first octbyte of write data come from the request packet).

Each serial address subpacket (each SAdr(i][10:3] field) is transmitted by the initiating device a time tseriawriteoftset
clock cycles before the octbyte of write data to which it corresponds. This means that the serial address packet will
move with the write data packet, with a constant offset.

+  tseriawriteofiset is the delay from the beginning of a serial address subpacket to the beginning of
the write data subpacket (octbyte) with which it is associated.

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at
either point since the serial address packet and write data packet are moving in the same direction - from initiating

device to responding device.

Figure 7-4. Write Transaction with Serial Address Packet

BusEn BusCtrl BusData [8 : 0}

| KeXe)
S 3
@ x
7]

Request

tAckDelay

Data [0][7 : 0] [8: O] = WData [0] [7 : 0] [8: O]

Data [1](7 : 01(8 : O] = WData [1][7 : 0] [8 : O}

serialwriteOffSet

Data [n-1117 : 0] (8 : O] = WData [n-1][7 : 0] [8 : O]

Data [n] {7 : 0] [8: O] = WData [n] [7 : 0] [8 : 0]

FITTTTTT T T T T T T I T T I I T T I I Tl T

Next transaction to same device

Next transaction to different device
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7.5 Read Transactions with Serial Control Packet

The following figure shows a memory space read transaction for a command which uses the serial control packet.
This packet is used to terminate a transaction before the (CV+1) octbytes of read data have been transferred, where
CV is the value of the Count[7:3] Field when interpreted as an unsigned, five bit integer. In the example shown, the
read data is terminated after (n) octbytes have been transferred.

The serial control packet is transmitted by the initiating device a time tserialReadofiset clock cycles before the end of
the last read data octbyte which is transmitted by the responding device.

The serial control packet is also constrained to lie entirely outside the tackwinbelay interval, as shown in the figure,
in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation
of this constraint will produce undefined (Undef) results. The detailed functional description is provided in "Rambus
DRAM user's manual (Reference Manual)".

Figure 7-5. Read Transaction with Serial Control Packet

Clock BusEn BusCtrl BusData [8 : 0]

Request

tAckwindDelay

The serial control
packet must not lie
inside the acknowledge
window.

Data [0] [7 : 01 [8 : O] = RData [0] [7 : 0] [8 : O}

Data [n-3] [7 : O] [8 : O] = RData [n-3] {7 : 0] [8 : O]

tserislReadOftSet Data [n-2] [7 : 0] [8 : O] = RData [n-2] [7 : 0] [8 : O]

T rrrrrrT T T I TTIT I T T I TIT T Tl

Data [n-1][7 : 01 [8 : O] = RData [n-1][7 : O} [8 : O]

321



NEC uPD488170L

322

7.6 Write Transactions with Serial Control Packet

The following figure shows a memory space write transaction for a command which uses the serial control packet.
This packet is used to terminate a transaction before the (CV+1) octbytes of write data have been transferred, where
CV is the vaiue of the Couni{7:3] field when interpreted as an unsigned, five bit integer. In the example shown, the
write data is terminated after (n) octbytes have been transferred.

The serial control packet is transmitted by the initiating device a time tseriawriteotiset clock cycles before the end of
the last write data octbyte which is transmitted by the initiating device.

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at
either since the serial address packet and write data packet are moving in the same direction - from initiating device
to responding device.

The serial control packet is also constrained to lie entirely outside the tackwinoelay interval, as shown in the figure,
in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation
of this constraint will produce undefined (Undef) results.

Figure 7-6. Write Transaction with Serial Control Packet

Clock BusEn BusCtrl BusData [8 : 0]

Request

tAckDelay

Data [0] (7 : 01 8 : O] = WData [0] 7 : 01 (8 : O]

tAckWindDelay

:0][8:0] =WData[1][7:0] [8: 0]

The serial control Data [11[7

packet must not lie
inside the acknowledge
window.

i

Data [n-2] [7

101 [8: 0] = WData [n-2] (7 : 0] [8: 0]

tSerialriteOffSet

Data [n-1] [7 : 0] [8 : 0] = WData [n-1} [7 : 0] [8 : O]

FTTTTTTTTTTTITIT TITrTTI T I T T

Next transaction to same device

Next transaction to different device
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8. Nack Acknowledge Response
8.1 Retry and Miss Latency

If a responding device returns a Nack acknowledge packet, then no read or write data packet is transacted. The
current transaction is complete at the end of the acknowledge window. It will be necessary to wait for an interval

of time (called a tretry interval) before resubmitting the transaction. The following figure illustrates this case.

Figure 8-1. Nack Acknowledge Response

Clock  BusEn BusCtrl BusData [8 : 0]
= _ —
- Transaction

: Nack Acknowledge Response
[ tRetrySensedClean
— or
- tRetrySensedDirty
— or
: tRetryRefresh
[ tReadMiss
— or
t - twriteMiss
» tReadHit

or

L Transaction et
— Okay Acknowledge Response
N L -
— Read Data or Write Data Packet
L

Once the tretry interval has elapsed, the transaction may be restarted by the initiating device, and the RDRAM
will return an Okay acknowledge packet and the data packet will be transferred. An RDRAM will Nack any other
transactions which are issued during the tretry interval.

Two miss latency parameters may be derived with the following equations:

tReadMiss = tRETRY + tReadHit (Eq 8-1)

twriteMiss = tRETRY + twriteHit (Eq 8-2)

where trReTRY = {tRetrySensedClean, tRetrySensedDirty, tRetryRefresh}. The treadMiss and twriteMiss parameters are the time from the
beginning of the original (Nacked) request packet to the beginning of the data packet which is eventually transferred.
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8.2 tretry Interval
8.2.1 Retry Due to RowMiss

If an initiating device requests a region of memory space in an RDRAM slave which is not currently held in the
RowSenseAmpCache, the RDRAM will respond with a Nackacknowledge packet. The RDRAM will then begin a
RowMiss operation to get the proper row into the RowSenseAmpCache. During the RowMiss, the RDRAM will Nack
any request it is given. When the RowMiss is complete, the new row may be accessed.

Each bank has a Valid flag and a Dirty flag for its Row register. After reset, both are zero. After a RowMiss has
caused a new row to be placed into the RowSenseAmpCache, the Row register contains its row address and the
Valid flag is set to a one. If the RowSenseAmpCache contents are modified with a memory write transaction, the
dirty flag will be set. These flags are not directly accessible to initiating devices. ‘

A subsequent RowMiss will cause the old row to be written back to the bank (if it was dirty and an explicit restore
was not forced with the Close bit in the request packet) and a new row to be placed into the RowSenseAmpCache.
The time required for this is called the tretry time, and is added to the normal read and write hit latency times, as
shown in the preceding figure. These times are given by the following equations. The component parameters are
shown in a subsequent table. All of these tretry intervals correspond roughly to the cycle time parameter trc of a
conventional page mode DRAM. This is because RDRAMs use CAS-type accesses for all memory read and write
transactions.

After a new row is sensed and placed into the RowSenseAmpCache, a final interval tRowimprestore is used to restore
the row in core back to its original state. This is necessary because the DRAM sense operation is destructive. This
interval is not in the critical timing path, and is performed in parallel with a subsequent data transfer. It can extend
a subsequent retry operation.

There are two tretry equations for the 18M RDRAM:

tRetrySensedClean = tRowOverHead + tRowPrecharge + tRowSense (Eq 8-3)

tRetrySensedDirty = tRowOverHead + tRowExprestore + tRowPrecharge + tRowSense (Eq 8-4)

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".
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8.2.2 Retry Due to Pending Burst Refresh

In a 18M RDRAM, a refresh burst will first restore the currently accessed row if itis dirty. This requires a trowexprestore
interval. If the row is clean, this interval is not required. A burst of four rows are precharged/sensed/restored (using
the trowr ge, tF and trowimp intervals), and the current row is precharged/sensed so the RDRAM is left
with its RowSenseAmpCache state unaltered (except the row's dirty flag will be cleared):

tRetryRavreshClean

= twriteHit + tRefRequestidieOverHead + DXtLessRowRefreshOverHead

+ 5x(2xRowPrecharge[0:4] + RowSense[0:4] + RowlmpRestore[0:4]) (Eq 8-5)
tReiryReireshDirty

= twriteHit + tRe(RaquestldieOverHead + SxtLessRowRefreshOverHead

+ 5x(2xRowPrecharge[0:4] + RowSense[0:4] + RowlmpRestore[0:4] + trowkExpRestore)  (EqQ 8-6)

RowPrecharge[0:4], RowSense[0:4], RowlmpRestore[0:4] are the value of every Register.

When a transaction initiates a manual burst refresh in an RDRAM (transaction "A" in the figure below), the RDRAM
will Nack all further transactions directed to in during the tretryRetresh interval after. No information from these Nacked
transactions will be retained after the tretryretresh interval. After the tretryrefresh interval, transactions will be handled
in a normal fashion. The detailed functional description is provided in "Rambus DRAM user's manual (Reference
Manual)".

Figure 8-2. Transaction Holdoff Due to Burst Refresh

Clock
Cycles BusEn BusCtrl BusData [8 : 0]
_ Transaction A-Start Manual Burst Refresh
[ Okay Acknowledge Response
-
L
— tRetryRefresh
=
Transaction B
[ Nack Acknowledge Response
: Transaction B
C Normal Response
-
— 325
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8.3 Retry Component Intervals

The treTRy and trasagain intervals are built from the trowOverHead, tRowf t t p t P
tr verHead, tL. verHead, and tHoidorf intervals. All eight intervals are measured in teveLe umts, and thus
scale with the clock frequency.

The trowOverHead, tRefRequestidieOverHead, and tLessRowRefreshOverHead intervals consist of the RowMiss and Refresh state
machine overheads. The remaining five intervals represent the width of intervals used for timing core operations.
These core operations have minimum times measured in nanosecond units (this is shown in the "core timing(ns)"
columns in the table below). The five intervals are composed of a fixed part and a variable (programmable) part.
If the clock frequency is reduced, the variable part may be reduced so the sum of the fixed and variable parts remain
greater than or equal to the minimum core operation time (in nanoseconds).

Table 8-1. Retry Components

Delay Fixed Part (overhead) 18M RDRAM
Parameter and tovoie Units | core timing (ns)
Variable PartNote 1 (4 ns) with tovoLe = 4ns
tRowOverHead Row overhead 7 28
- n/a
tRefRequestidieOverHead Row overhead 14 56
- n/a
tLessRowRefreshOverHead Row overhead 20 80
- n/a
tRowPrecharge RowPrecharge overhead | 6 28
RowPrechargel[4:0] 1
tRowsense RowSense overhead 1 32
RowSense[4:0] 7
tRowimprestore RowlmpRestore overhead | 5 60
RowimpRestore[4:0] 10
tRowExprestore RowExpRestore overhead | 4 32
RowExpRestore[4:0]Note 2 | 4
tHoldorr HoldOff overhead 1 8
RowPrecharge [4:0] 1

Notes 1. The variable part is programmed into the indicated field of the Raslinterval register.
2. The RowPrecharge [4:0] field is used for both the precharge interval and the holdoff interval.
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9. AddressMapping

The address space decoding logic contained in a 18M RDRAM is shown in the following figure. The initiating device
places a 33 bit physical octbyte address Adr[35:3] on the Channel. This address is received by the RDRAM slave.
The AddressSelect[1][1:0], [0][7:1] control register allows individual bits of the Adr[28:20] and Adr [19:11] fields to
be swapped to produce the AdrS[28:20] and AdrS[19:11] fields. The Adr{35:29] and Adr[10:3] fields pass through
unaltered to the AdrS[35:29] and AdrS{10:3] fields. The figure shows the case when AddressSelect[0][7:1],[1][1:0]
=111111111, and the two nine bit address fields are exchanged. The detailed functional description is provided in
"Rambus DRAM user's manual (Reference Manual)".

Figure 9-1. AddressMapping Hardware

35343332313029282726252423222120191817161514131211109 8 7 6 5 4 3

Adr35:2] . . . .
Address in Request Packet 0“5'97] I R[z.OI l DIs 501 L CU'OB’ J
AddressSelect [01(7: 11, [1}[1:0] | 9 [ 01 10 I
= 111111111 | | m'ux I—'l mg
AISI5: 21 pisie) | D:o) | RB:0) | CI7:0]

Address used by RDRAM Core

35343332313029282726252423222120191817161514131211109 8 7 6 5 4 3
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10. Electrical Characteristics (Preliminary)

Absolute Maximum Ratings

Symbol Parameter MIN. MAX. Unit | Note
Vi,aBs Voltage applied to any RSL pin with respect to GND -0.5 Voo+0.5 Vv
Vitass | Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 \
Vob.ABS Voltage on Voo with respect to GND -0.5 Voo,max+1.0 \
Topt Operation temperature 0 +70 °C 1
Tsrore Storage temperature -55 +125 °C

Caution The following table represents stress ratings only, and functional operation at the maximums
is not guaranteed. Extended exposure to the maximum ratings may affect device reliability.
Furthermore, although devices contain protective circuitry to resist damage from static electric
discharge, always take precautions to avoid high static voltages or electric fields.

Note 1 This parameter apply at the status of using 50% Rambus channel by Read or Write and a transverse
air flow greater than 1.5m/s maintained.

Thermal Parameters

Symbol Parameter MIN. MAX. Unit
Ty Junction operating temperature 100 °C
Buc Junction-to-Case thermal resistance 5 °C/W

Capacitance

Symbol Parameter MIN. MAX. Unit
Cio Low-swing input/output parasitic capacitance 2 pF
Ci, T TTL input parasitic capacitance 8 pF
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Power Consumption

Mode Parameter MIN. MAX. Unit

lcct Standby Current —A45 125 mA
—-A50 135

lcce Active Current -A45 350 mA
-A50 380

lces Read Operation Current -A45 440 mA
(Burst Length = 256) -A50 480

Icca Write Operation Current -A45 440 mA
(Burst Length = 256) -A50 480

Caution These do not include the loL current passing through the low-swing pins to ground.

Recommended Operating Conditions

Symbol Parameter MIN. MAX. Unit
Voo, Vooa| Supply voltage 3.16 3.45
VRerF Reference voltage 1.95 2.15 \"
Vswing Input voltage range 1.0 1.4 \"
ViH High level input voltage Vrer+0.5 | Vrer+0.7 \"
Vi Low level input voltage Vrer~0.7 | Vrer-0.5 v
Vi, 1L High level TTL input voltage 2.0 Voo+0.5 v
Vi, T Low level TTL input voltage -0.5 +0.8 \

DC Characteristics (Recommended operating conditions unless otherwise noted)
Symbol Parameter Conditions MIN. MAX. Unit
IReF VRer current Veer=Maximum -10 +10 A
low High level output current 0<Vour<Voo -10 +10 HA
lou Low level output current Vour=1.6 V 25 mA
Ii, 7T TTL input leakage current 0< Vi, TrL<Voo -10 +10 HA
Vo, TiL | High level TTL output voltage loH, TLi=—0.25 mA 24 Voo \
Vou, i | Low level TTL output voltage lot, Ti=1.0 mA 0 0.4
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Recommended Timing Conditions
Symbol Parameter MIN. MAX. Unit
tPAUSE Pause time after Power On 200 us
teR, tcrF TxClk and RxClk input rise and fall times 0.3 0.7 ns
tevcie TxClk and RxClk cycle times -A45 4.45 5 ns
-A50 4 5 ns
trick Transport time per bit per pin (this timing interval is| tcvcLe/2 teveoLe/2 ns
synthesized by the RDRAM's internal clock generator)
te, toL TxClk and RxClk high and low times 47% 53% tcvoLe
trr TxClk-RxClk differential 0.25 0.7 ns
tsp Sin-to-SOut propagation delay 50 ns
ta TxClk-to-Data/Control output time 1-0.45 1+0.45 |tcvcie/d
ts Data/Control-to-RxClk setup time 0.45 tcycLe/4
tH RxClk-to-Data/Control hold time 0.45 tevcLe/4
tREF Refresh interval 17 ms
fLock RDRAM internal clock generator lock time 750 tovcLe
Transaction Timing Characteristics
Symbol Parameter MIN. Unit
trostRegwiiteDelay | Delay from the end of the current transaction to the beginning 6 teveLe
of the next transaction if the current transaction is a write to
register space and the next transaction is made to the same
device.
Use zero delay if the next transaction is to a different device.
trostvemwiiteDelay | Delay from the end of the current transaction to the beginning 4 teveLe
of the next transaction if the current transaction is a write to
memory space and the next transaction is made to the same
device.
Use zero delay if the next transaction is to a different device.
tPostMemReadDelay | Delay from the end of the current memory read transaction to 2 tevoLe
the beginning of the next transaction.
tserialReadOfiSet Delay from the beginning of a serial address subpacket or 12 teveie
serial control packet to the beginning of the read data
subpacket (octbyte) with which it is associated.
tserialWriteOffSet Delay from the beginning of a serial address subpacket or 8 tevcLe
serial control packet to the beginning of the write data
subpacket (octbyte) with which it is associated.
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Data and Transaction Latency Characteristics

Symbol Parameter MIN. Unit Notes
treadpelay | Delay from the end of a read request packet to the 7 teycLe 1
beginning of the read data packet.
twriteDelay | Delay from the end of a write request packet to the 1 toyoLe 2
beginning of the write data packet.
Notes 1. treadDelay is programmed to its minimum value.
2. twriteDelay is programmed to its minimum value.
Hit, Retry and Miss Delay Characteristics
Symbol Parameter MIN. Unit Notes

tReadHit Start of request packet to start of read data packet for row 10 toYoLE 1
hit (Okay).

twriteHit Start of request packet to start of write data packet for row 4 toveLe 1
hit (Okay).

tRetrySensedClean Start of request packet for row miss (Nack) to start of 22 tcvoLe 2
request packet for row hit (Okay).
The previous row is unmodified.

tRetrySensedDiny Start of request packet for row miss (Nack) to start of 30 tovcLe 2
request packet for row hit (Okay).
The previous row is modified.

tRetryRefresh Start of request packet for row migs (Nack) Clean 213 tovoLe 2
to start of request packet for row hit (Okay).

Dirty 221

tReadMiss Start of request packet for row miss (Nack) to start of Read 32 tovoLE 3
Data packet for row hit (Okay).

twriteMiss Start of request packet for row miss (Nack) to start of Write 26 toYCLE 3
Data packet for row hit (Okay).

Notes 1. Programmable
2. tRowExprestore, tPrecharge, and tsenss are programmed to there minimum value.
3. Calculated with tretrySensedClean(MIN).
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Rise/Fall Timing Chart
VRxcik, VTxCik

VIHMINg

ViLimax)

Clock Timing Chart

tevele teveLe

Vrek  Veer — x Even Odd Even Odd K

B

tevee tevele

teu | tcH teu | tcH

Vrek  Vrer — x Even Odd Even Odd

Receive Data Timing Chart

tevele tevcie

VRck

Vcontrolin
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Transmit Data Timing Chart

tevcLe

tevele

tmek

VcontrolOut

Serial Configuration Pin Timing Chart

Vsin  Vsw, L —
tSD, TTL (MAX)
1D MiNy
Vsout Vsw, TiL —
Vsin - Vsw, L —
tsp1

Vsout Vsw, i —

Remark Vsw, =15V
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11. Package Drawings

32 PIN PLASTIC SVP (11x 25)
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S
NOTE ITEM_MILLIMETERS __ INCHES
* Each |/O lead centerline is located within 0.13 mm (0.005 inch) of A 25.30 MAX.  0.996 MAX.
its true position (T.P.) at maximum material condition. B 11.010.1 0.433+0.004
%% Each support lead centerline is located within 0.18 mm (0.007 inch) c 0.2410.06 0.00918'88:2’
of its true position (T.P.) at maximum material condition. 5 XE] 5008
E 0.65 (T.P.)  0.026 (T.P.)
F 2.575 MAX.  0.102 MAX.
G 0.10 0.004
H 0.5210.06 0.020+0.002
1 0.9 (T.P.) 0.035 (T.P.)
J 23.20 0.913
K 1.25 0.049
L 11.80 MAX.  0.465 MAX.
M 05:0.1 0.020*3-994
N 3.70 MAX.  0.146 MAX.
P 0173392  0.007:0.001
a  o0s9:025 003523818
0 +7° 0+7°
R 3l 3t
S 1.90 MAX. - 0.075 MAX.
T 0.18 0.007
S32VN-65-9
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72/36 PIN PLASTIC SSOP TYPE

A%

wi 4 oD

w

NOTE

Each lead centerline is located within 0.13 mm (0.005 inch) of
its true position (T.P.) at maximum material condition.

[c]
o[ M @]

detail of lead end

J
ITEM_MILLIMETERS __INCHES
A___ 2530 MAX.__ 0.996 MAX.
B 2575 MAX__ 0.102 MAX.
C___ 0.65(T.P) _ 0.026 (T.P.)
0.003
D 0.24:0.06  0.009*-393
0.002
E  025:0.05  0.010*3:392
F___ 1.6MAX. __ 0.063 MAX.
G125 0.049
H___ 13.0:02 __ 0.512£0.008
I 11.0£0.1 0.43310.004
0.009
J 10802 0.039*3:399
K 017*3838  0.007:0.001
L 05:0. 0.020*3-994
M__ 0.3 0.005
N__ 0.0 0.004
T T
P 35 35
Q__ 065(T.P) _ 0.026 (T.P)
R__ 2275 0.896
S 1.275 MAX.__0.051 MAX.
P32G6-65A
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PRELIMINARY DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

1uPD488130L

16M-BIT Rambus DRAM
1M-WORD X 8-BIT X 2-BANK

Description

The 16-Megabit Rambus™ DRAM (RDRAM™) is an extremely-high-speed CMOS DRAM organized as 2M
words by 8 bits and capable of bursting up to 256 bytes of data at 2 ns per byte. The use of Rambus Signaling
Logic (RSL) technology makes this 500 MHz transfer rate achievable while using conventional system and board
design methodologies. Low latency is attained by using the RDRAM's large internal sense amplifier arrays as
high speed caches.

RDRAMSs are general purpose high-performance memory devices suitable for use in a broad range of
applications including main memory, graphics, video, and any other application where high-performance and
low cost are required.

Detailed information about product features and specifications can be found in the following document. Please
make sure to read this document before starting design.
Rambus DRAM user's manual (Reference Manual)

Features

o Rambus Interface

e 500 MB/sec peak transfer rate per RDRAM

o RSL interface

e Synchronous protocol for fast block-oriented transfers

o Direct connection to Rambus ASICs, MPUs, and Peripherals

o 40 ns from start of read request to first byte; 2 ns per byte thereafter
o Features for graphics include random-access mode, write-per-bit and mask-per-bit operations
« Dual 2K-Byte sense amplifiers act as caches for low latency accesses
e Multiple power-saving modes

« On-chip registers for flexible addressing and timing

o Low pincount-only 15 active signals

o Standardized pinout across multiple generations of RDRAMs

e 3.3 volt operation

Ordering Information

Part Number Clock Frequency Operation Voltage Package
uPD488130LVN-A50-9 250MHz 3.310.15 V 32-pin plastic SVP (11 x 25)
uPD488130LVN-A45-9 225MHz 3.310.15 V 32-pin plastic SVP (11 x 25)
uPD488130LG6-A50 250MHz 3.310.15 V 72/36-pin plastic SSOP type
uPD488130LG6-A45 225MHz 3.310.15 V 72/36-pin plastic SSOP type

The information in this d t is subject to ch without notice.

Document No. M10111EJ2VODSU1
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Pin Configuration (Marking Side)

32-pin plastic SVP (11 x 25)
72/36-pin plastic SSOP type

Voo O—
GND O—
BusData8 QO=—>f
GND O—
BusData7 O=—>f
IC O—
BusEnable O—
Voo O—
BusData6 O=—
GND O—
BusData5 O=—]
Vooa O——
RxClk O—
GNDA O——]
TxClk O—
Voo O—]
BusDatad O=—f
GND O—]
BusCtrl O=—f
Sin O—]

Veer O——>
SOut O=—r
BusData3 O=—=
GND O—
BusData2 O=—>]
IC O—
BusDatal O=—rf
GND O—
BusData0 O=—>
NC O—
GND O—
Voo O—

W N O D W N =

W W W AN RN NN NNDNNRNDN =S =2 a2 0 a2 o P
N = O © 0 N O O B W N = O W 0 N O O K WKN = O

9970£188vAd 7
NAT0EL88YAd T

BusData 0 - BusData 8
RxClk

TxClk

Vrer

BusCtrl

BusEnable

Voo, Vooa

GND, GNDA

Sin

SOut

NC
|CNO‘.

: Bus Data (Input/Output)
: Receive Clock (Input)

: Transmit Clock (Input)

: Logic Threshold Voltage (Input)
: BusCtrl (Input/Output)

: BusEnable (Input)

: Power Supply

: Ground

: Serial Input (Input)

: Serial Output (Output)

: No Connection

: Internal Connection

Note Leave this pin unconnected.



NEC

uPD488130L

Block Diagram

Application Layer

Logical Layer

Physical

Layer

2 Kbyte Row Sense Amp Cache

DRAM Array - Bank 0

DRAM Array - Bank 1

2 Kbyte Row Sense Amp Cache

MDReg [7 : 0] [8: 0] |‘—’

Control Registers

Control Logic

11 SIn SOut | 1
_'| BusEnable, BusCtrl, BusData [8 : 0] L

Clock From Master

Clock To Master

Primary or Secondary Channel
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1. Pin Function

Signal 110 Description

BusData [8:0] 110 Signal lines for request, write data, and read data
packets. The request packet contains the address,
operation codes, and the count of the bytes to be
transferred. This is a low-swing, active-low signal
referenced to VREr.

BusData [8] is "Don't Care" in data packet of the
accessing memory space.

RxClk | Receive clock. Incoming request and write data
packets are aligned to this clock. This is a low-swing,
active-low signal referenced to VRer.

TxClk l Transmit clock. Outgoing acknowledge and read
packets are aligned with this clock. This is a low-
swing, active-low signal referenced to Vrer.

VREF | Logic threshold voltage for low swing signals.

BusCtrl 110 Control signal to frame packets, to transmit part of the
operation code, and to acknowledge requests. Low-
swing, active-low signal referenced to Vrer.

BusEnable | Control signal to enable the bus. Long assertions of
this signal will reset all devices on the Channel. This
is a low-swing, active-low signal referenced to Vrer.

Voo, Vopba — +3.3 V power supply. Vooa is a separate analog
supply.

GND, GNDA — Circuit ground. GNDA is a separate analog ground.

Sin | Initialization daisy chain input. TTL levels. Active
high.

SOut (0] Initialization daisy chain output. TTL levels. Active
high.
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2. Rambus System Overview

A typical Rambus memory system has three main elements: the Rambus Channel, the RDRAMs, and a
Rambus Interface on a controller. The logical representation of this is shown in the following figure.

Figure 2-1. Logical Representation

[
|
Rambus RDRAMs
Channel Controller (Rambus
Master Channel
D(? AM Slaves)
ore
Rambus Interface Rambus Interface

U )i

Pl Ful

’Y re

Rambus Channel = 8 bits every 2 ns

The Rambus Channel is a synchronous, high-speed, byte-wide bus that is used to directly connect Rambus
devices together. Using only 13 high-speed signals, the Channel carries all address, data, and control
information to and from devices through the use of a high level block-oriented protocol.

The Rambus Interface is implemented on both master and slave devices. Rambus masters are the only
devices capable of generating transaction requests and can be ASIC devices, memory controllers, graphics
engines, peripheral chips, or microprocéssors. RDRAMs are slave devices and only respond to requests from
master devices.

The following figure shows a typical physical implementation of a Rambus system. It includes a controller
ASIC that acts as the Channel master and a base set of RDRAMs soldered directly to the board. An RSocket™
is included on the Channel for memory upgrade using RModule™ expansion cards.

Figure 2-2. A Rambus System Example
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* 1 to 320 RDRAM s per system
- 28 traces per Channel
- Controlled impedance design
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3. Rambus Signaling Logic

RSL technology is the key to attaining the high data rates available in Rambus systems. By employing high
quality transmission lines, current-mode drivers, low capacitive loading, low-voltage signaling, and precise
clocking, systems reliably transfer data at 2 nanosecond intervals on a Rambus Channel with signal quality
that is superior to TTL or GTL-based interfaces.

All Rambus Interfaces incorporate special logic to convert signals from RSL to CMOS levels for internal use.
In addition, these interfaces convert the Channel data rate of one byte every 2 nanoseconds to an internal data
rate of 8 bytes every 16 nanoseconds as shown in the following figure. Although the bandwidth remains the
same, the use of a wide internal bus eases internal timing requirements for chip designers.

Figure 3-1. Converting the Channel Data Rate

I | Bank7 1 | Bank8

Bank1 Bank2

g RDRAMA4

RDRAM3

Sense amp cache page 1 Sense amp cache page 2 ] RDRAM2

Address Comparators Clocking RDRAM1

Byte h

Byteg

Byte f

Bytee | Rambus Channel

Byted 8 bits every 2 ns.

Bytec

Byte b

Byte a Rambus Interface Cell
- Macrocell in Embedded

albjcidfe[f]|o|h Array and Standard
Coll libraries

- Converts Rambus

Channel small swing
signals to ASIC-core-
compatible CMOS levels

- Converts 8 bits every
2ns t0 64 bits (x 2)
every 16 ns

- Contains PLLs

- All vendors cells
are 100% compatible
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4.

1

Register Space Map
The following table summarizes the registers included in all 16M RDRAMs.

Table 4-1. Registers Space Map

Register Name Adr[20:10] Adr[9:2] Register Number
Device Type[3:0][8:0] XX...XX 00000000 0
Deviceld[3:0][8:0] XX.. XX 00000001 1
Delay[3:0][8:0] XX...XX 00000010 2
Mode([3:0][8:0] XX. .. XX 00000011 3
RefRow[3:0][8:0] XX XX 00000101 5
Raslnterval[3:0][8:0] XX....XX 00000110 6
Mininterval[3:0]{8:0] XX... XX 00000111 7
AddressSelect[3:0][8:0] XX, .. XX 00001000 8
DeviceManufacturer[3:0][8:0] XX...XX 00001001 9
Row[3:0](8:0] XX XX 10000000 128

Device Type Register
This register specifies RDRAM configuration and size.
Device Type [0] [2]=0: This means that the RDRAM is 8-bit wide.

(2) Deviceld Register

This register specifies RDRAM base address.

(3) Delay Register

(4)

(5)

This register specifies RDRAM programmable CAS delay values.

Mode Register
This register specifies RDRAM programmable output drive current.

RefRow Register
This register specifies RDRAM refresh row and bank address.
The RefRow register contains read-write fields. It is used to keep track of the bank and row being refreshed.
Normally this register is only read or written for testing purposes. The fields are aliased in the following way:
RowField[7:1] equals RefRow[0][7:1]
RowField[9:8] equals RefRow[2][1:0]
BankField[3] equals RefRow[1][3]
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(6) Rasinterval Register
This register specifies RDRAM programmable RAS delay values. The Rasinterval Register contains four write-
only fields. When a rowmiss occurs, or when a row is being refreshed during a burst refresh operation, it is
necessary for the control logic of an RDRAM to count the appropriate number of clock cycles (tcvcie) for four
intervals. This is done with a counter which is loaded successively with three values from the Rasinterval Register.

(7) Mininterval Register
This register specifies RDRAM refresh control.
This register provides the minimum values for three time intervals for framing packets.
The time intervals are specified in clock cycle (tcvcie) units.

Caution Mininterval Register [3] [2] = 0 is necessary. Because, 16M RDRAM don’t support PowerDown
request.

(8) AddressSelect Register
This register specifies RDRAM address mapping.

(9) DeviceManufacturer Register
This register specifies RDRAM manufacturer information.
This register specifies the manufacturer of the device. Additional bits are available for manufacturer specific
information, e.g. stepping or revision numbers.

(10) Row Register
This register specifies RDRAM current sensed row in each bank.

The detailed functional description is provided in RDRAM Reference Manual.
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5. Packet Formation

5.1 Packet Summary

The following table summarizes the transmit/receive functionality for the different packet classes.

Table 5-1. Transmitting/Receiving Devices for Packet Types

Packet Type Initiating Devices uPD488130L
Request Packet Transmit Receive
Acknowledge Packet Receive Transmit
Read Data Packet Receive Transmit
Write Data Packet Transmit Receive
Serial Address Packet Transmit Receive
Serial Control Packet Transmit Receive
Serial Mode Packet Transmit Receive

5.2 Request Packet

The request packet format is shown in the following figure.

Figure 5-1. Request Packet Format

Device Pins
Clock | Bus- | Bus- 1 Bus- | Bus- | Bus- | Bus- | Bus- 1 BuUs- | Bus- | Bus- I Bus- 1
Cycle 1Enable | Ctrl | Data , Data |, Data | Data , Data | Data | Data | Data , Data ,
Number L ! P - 4 O (<) N () N 0 IO ) M 4 I I ()
e mm e
v Start | Op ' ‘ YL ' ' ‘
' _even | [0] 9:2]
""" 1
Lo op | Op ' ' " adr | ' ' '
:_"ofig‘_: 1 (3} [17:10]
! M ! 0OpX I I I Adr l T I I
, even ! 1l [26: 18]
[
Com ! op T I I T adr | I T ] I
¢ odd | 2] [35:27]
Fom———- 1
V(21 OpX ReqUInimp " count ! T ReqU'nimp I
| _even [0] [5:4] [6, 4, 2] [3:0]
______ 4 T
b2 ReqUnim;; "count ! Count Adr
L odd_ | (8 6] 7.5,3] (:0 [1:0
l This means that this pin is not used by this packet. If it is not used Request
Time by another packet, it is pulled to a logic zero value. Packet

The vertical axis in all packet figures in the following sections shows time in units of clock cycles, with each clock
cycle broken into even and odd bus ticks. The timing is relative, measured from the beginning of the packet.
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5.2.1 Start Field

A device should start framing a request packet when it sees this bit asserted to a logical one and it is not looking
for an acknowledge packet nor framing an earlier request packet.

5.2.2 Op[3:0], OpX[1:0] Fields
The Op and OpX fields are summarized in the following table.

Table 5-2. Op[3:0] and OpX[1:0] Fields - Command Encodings

Op[3:0] OpX[1:0] = 00 OpX[1:0] = 01 OpX[1:0] = 10 OpX[1:0] = 11
0000 Rseq Rnsq Rsrv Rsrv
0001 Rsrv Rsrv Rsrv Rsrv
0010 Rsrv Rsrv Rsrv Rsrv
0011 Rsrv Rsrv Rsrv Rsrv
0100 WsegqNpb WseqDpb WseqBpb WsegMpb
0101 Rsrv Rsrv Rsrv Rsrv
0110 Rreg Rsrv Rsrv Rsrv
0111 Wreg Rsrv Rsrv Rsrv
1000 WnsaNpb WnsgDpb WnsqBpb WnsqMpb
1001 Rsrv Rsrv Rsrv Rsrv
1010 Rsrv Rsrv Rsrv Rsrv
1011 Rsrv Rsrv Rsrv Rsrv
1100 WbnsNpb WbnsDpb Rsrv WbnsMpb
1101 Rsrv Rsrv Rsrv Rsrv
1110 Rsrv Rsrv Rsrv Rsrv
1111 WregB Rsrv Rsrv Rsrv

The command opcode also determines which packets (in addition to the request packet) will form the transaction.
A detailed functional description of the actions that an RDRAM takes for each implemented command is provided
in "Rambus DRAM user's manual (Reference Manual)". The following table summarizes the functionality of each
subcommand:
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Table 5-3. Subcommand Summary

SubCommand Description

Rseq Read sequential data from memory space.

Rnsq Read non-sequential (random-access) data from memory space.

Wseq Write sequential data to memory space.

Wnsq Write non-sequential (random-access) data to memory space.

Wbns Write non-sequential (random-access) data to memory space with non-contiguous byte masking.
Npb Write data is from data packet. There is no bit mask.

Dpb Write data is from data packet. The bit mask is in the MDReg.

Mpb Write data is from MDReg. The bit mask is from the data packet.

Bpb Write data is from data packet. The bit mask is also from the data packet.
Rreg Read sequential data from register space.

Wreg Write sequential data to register space.

WregB Broadcast write with no Okay acknowledge permitted.

The memory read commands are formed using the Rseq and Rnsq subcommands to select sequential or
nonsequential (random) access.

»  Rrrr = {Rseq, Rnsq}

The following table summarizes the available write commands and shows how they are formed from a 3x4 matrix
of the Wwww and Bbb subcommands.

+ WwwwBbb Wwww = {Wseq, Wnsq, Wbns}
Bbb = {Npb, Dpb, Bpb, Mpb}

Table 5-4. Write Commands

Wwww subcommands

Bbb Wseq Whs Wbns
subcommand (seqential-access (non-se uc;nti al- (non-sequential-access
with contiguous q with non-contiguous-byte-

byte masking) access) masking)
Npb WseqNpb WnsgNpb WbnsNpb
Dpb WseqgDpb WnsqDpb WbnsDpb
Mpb WseqMpb WnsqMpb WbnsMpb

Bpb WseqBpb WnsgBpb Not implemented
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There are three Wwww subcommands. They control the accessing pattern and the use of non-contiguous byte
masking.

+  Wseq - octbyte blocks in the RDRAM core are accessed in sequential (ascending little-endien) address
order. Contiguous byte masking is controiied with the Adr{2:0] and Count[2:0] fields of the request
packet.

»  Wnsq - octbyte blocks in the RDRAM core are accessed in non-sequential address order. The addresses
for the octbyte blocks within the sensed row come from serial address packets which are received
on the BusEnable pin.

The address order is arbitrary.

*  Wbns - octbyte blocks in the RDRAM core are accessed in non-sequential address order, as in the Wnsq
subcommand. In addition, byte masks are transmitted with the write data, permitting arbitrary non-
contiguous byte masking of this write data. The bytemask octbytes are not included in the total
octbyte transfer count ; i.e. a Count[7:3] field of 31 implies 4 bitmask octbytes and 32 write data
octbytes, for a data packet size of 36 octbytes.

There are four Bbb subcommands. They select the type of bit masking to be applied to the write data.
* Npb (no-per-bit) -  There is no bit mask applied to the write data. The MDReg is not used or modified.

» Dpb (data-per-bit) - The MDReg is used as a bit mask, the write data comes from the data packet. The
same bit mask is used for each octbyte. This is also called persistent bit masking.
The MDReg is not modified.
Mpb (mask-per-bit) - The bit mask comes from the data packet, the write data comes from the MDReg. The
same data is used for each octbyte. This is also called color masking. The MDReg
is not modified.

.

+  Bpb (both-per-bit) -  The bit mask and the write data come from the data packet. The MDReg is not used,
butis modified as a side effect (the WwwwBpb commands are used to load the MDReg
for the WwwwDpb and WwwwMpb commands). This is also called non-persistent bit
masking.

The bitmask octbytes are included in the total octbyte transfer count ; i.e. a Count{7:3]
field of 31 implies 16 bitmask octbytes and 16 write data octbytes.
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5.2.3 Adr{35:0] Field

The Adr field is used as either a memory or register space address depending upon the OP[3:0] and OpX[1:0]
fields. Devices extract a portion of the Adr field to match against their Deviceld register (IdMatch), thus selecting
the device to which the request is directed. The remainder of the Adr field accesses the desired region of the device's
memory or register space. The memory read and write commands and the Rreg and Wreg commands will only take
place if there is an IdMatch. The IdMatch criteria is ignored for the WRegB commands, with all responding devices
performing the required actions.

The Rambus protocol uses quadbyte resolution in the data packet for register space read and write commands;
i.e. one quadbyte is the smallest data item that may be transferred, and all transfers are an integral number of
quadbytes. The Adr{35:2] field is the quadbyte address. The Adr{1:0] field is Unimp for these commands, and should
be driven with "00" by initiating devices.

The Rambus protocol uses octbyte resolution in the data packet for memory space read and write commands;
i.e. one octbyte is the smallest data item that may be transferred, and all transfers are an integral number of octbytes.
The Adr[35:3] field is the octbyte address.

Some commands use the Adr[2:0] field to specify contiguous byte masking. Refer to “Rambus DRAM user's
manual (Reference Manual)".

5.2.4 Count[7:0] Field
The following table summarizes the transfer count ranges for 16M RDRAMs:

Table 5-5. Transfer Count Summary

Count Range uPD488130L
Maximum count for memory space 32 octbytes
Minimum count for memory space 1 octbyte
Maximum count for register space 1 quadbyte
Minimum count for register space 1 quadbyte

Register space read and write commands use a transfer count of one quadbyte, regardless of the Count{7:0] field
value.

Memory space read and write commands specify the number of octbytes to be transferred with the Count{7:3] field.
An offset-by-one-encoding is used so that "00000" specifies one octbyte, "00001" specifies two octbytes, and so on
up to "11111" which specifies thirty-two octbytes. The transfer count does include the octbytes containing bitmasks
(for commands using the Bpb subcommand). The transfer count does not include the octbytes containing non-
contiguous ByteMasks (for commands using the Wbns subcommand).

Some commands use the Count[2:0] field to specify contiguous byte masking. Refer to "Rambus DRAM user's
manual (Reference Manual)".

Memory space transactions to RDRAMs are not allowed to cross internal row address boundaries within the device.
Attempts to do so have Undef (undefined) results. These row boundaries are at 2kbyte intervals for 16M RDRAMSs.
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5.2.5 Adr[2:0] and Count{[2:0] Fields for Contiguous Byte Masking

An initiating device wishing to write an arbitrary number of contiguous bytes to a starting address on an arbitrary
byte boundary may do so with the Adr[2:0] and Count[2:0] fields with the Wseq subcommands. The transfer count
and starting address are given by:

»  MasterCount[7:0] specifies the number of bytes which the master device wishes to transfer.
+  Adr[35:0] specifies the starting byte address (this is the same as the Adr[35:0] field in the request packet)

Where the convention used by the initiating device for the count is that Master-Count[7:0] = "00000000" means
one byte, MasterCount{7:0] = "00000001" means two bytes and MasterCount(7:0] = "11111111" means 256 bytes
(an offset-by-one encoding; the data block count is equal to MasterCount[7:0]+1).

The initiating device converts this internal count value into a value for the request packet with the following formula.
Little-endien byte addressing is used for specifying bytes within octbytes.

Count[7:0] = Adr[2:0] + MasterCount[7:0] (Eq 5-1)

Where "+" denotes unsigned integer addition of two bit fields (short fields are zero-extended on the left). If the
value of Adr[2:0] + MasterCount[7:0] is greater than 255 (it may be as much as 262), then the initiating device must
break the request into two transactions.

The Adr{2:0] and Count[2:0] field generate masks for individual bytes within an octbyte. The Adr[35:3] and
Count[7:3] field have the octbyte resolution previously described. The following tables show how the byte masks are
generated. In the case of memory read transactions, the byte masks that are generated do not affect the data that
is returned by the RDRAM,; all data bytes in the first and last octbytes are returned in the read data packet.

In the case of memory write transactions, ByteMaskLS[7:0] applies to the first octbyte at Mem[AV][7:0][8:0]. Byte
MaskMS[7:0] applies to the last octbyte at Mem[AV+CV][7:0][8:0]. All intermediate octbytes use a byte mask of
11111111 (a one means the byte is written, a zero means it is not). Here AV is the value of the Adr[35:3] field when
interpreted as an unsigned, 33 bit integer, and CV is the value of the Count{7:3] field when interpreted as an unsigned,
5 bit interger. If the Count[7:3] is "00000" (one octbyte), the ByteMaskLS([7:0] and ByteMaskMS[7:0] masks are
logically ‘anded' together to give the effective byte mask.:

Table 5-6. Adr[2:0] to ByteMaskLS[7:0] Encoding

Adr[2:0] | ByteMaskLS[7:0] || Adr[2:0] | ByteMaskLS[7:0]

000 11111111 100 11110000
001 11111110 101 11100000
010 11111100 110 11000000

011 11111000 111 10000000
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Table 5-7. Count[2:0] to ByteMaskMS[7:0] Encoding

Count[2:0]| ByteMaskMS|[7:0] ||Count[2:0]{ ByteMaskMS[7:0]
000 00000001 100 00011111
001 00000011 101 00111111
010 00000111 110 01111111
011 00001111 111 11111111

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

5.2.6 ReqUnimp[8:0] Fields

These fields are unimplemented (Unimp) in the request packet. They should be driven as zeroes by initiating

devices.
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5.3 Acknowledge Packet

The Ack[1:0] field carries the acknowledge encoding from the responding device(s) to the initiating device and any
other listening devices. The following figure shows the format of the acknowledge packet.

Clock
Cycle

Number !

B r T r hl T v Bl
Bus- 1 Bus- 1 Bus- 1 Bus- 1 Bus- 1 Bus- 1 Bus- | Bus-
1
i '
1 1

Figure 5-2. Acknowledge Packet Format

Enable ; Ctrl
1

Acknowledge
Packet

Device Pins

Data | Data |, Data ; Data , Data

71 el s 4 @ (2

jw)
o

=
&

L) !

by another packet, it is pulled to a logic zero value.

-{ This means that this pin is not used by this packet. If it is not used

The following table summarizes the four combinations of the Ack[1:0] field. The Ack3 combination is Undef. The
Okay combination indicates that the read or write access to the specified space will take place.
When a responding device acknowledges a request with a Nack, then there will be no immediate change in the
state of the device's memory space or register space. The responding device will take the appropriate steps to make
the requested region of memory or register space accessible when the initiating device makes a subsequent request.
The initiating device will need to wait some device-dependent length of time until the requested region is available.
There are three possible reasons for an RDRAM to respond with Nack. They are summarized below. The detailed
functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

*  trostMemWriteDelay OF tPostRegWriteDelay Violation
*  RowMiss (this causes a delay of tRetrysensedClean OF tRetrySensedDirty)
+ ongoing refresh (this causes a delay of up to tRetryRefresh)

Table 5-8. Ack[1:0] Encodings

Commands
uasléomzd;gk Sc‘l)(] Name Description nggf
Combination
All 00 Nonexistent | Indicates passive acceptance of the request (WregB), or Spec
commands indicates that the addressed device did not respond (all

other commands).
All 01 Okay Indicates that the request was accepted by the addressed Spec
commands by the addressed (responding) device.
but WregB
All 10 Nack Indicates that the request could not be accepted because Spec
commands the state of the responding device prevented an access

at the fixed timing slot.
All 11 Ack3 This should not be returned by this responding device. Undef
commands Initiating devices will, when presented with this combi-
but WregB nation, have an undefined response.
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5.4 Data Packet
The following figure shows the format of a data packet for register space read and write commands. It consists
of 1 quadbyte driven on the BusData[8:0] wires for RDRAMSs.

Other responding devices may support data packet lengths longer than one quadbyte.

Figure 5-3. Data Packet Format (Register Space)

Device Pins

Clock | Bus- i Bus- 1 Bus- | Bus- | Bus- | Bus- i Bus- i Bus- i Bus- | Bus- i Bus- |
Cycle \Enable } Ctrl | Data | Data | Data | Data , Data | Data , Data , Data , Data |
Number - ; P 4 (= O 1 RN . I S ¢ S L N L B
N (o) I I l ! Data ! I I I
L_even | [0] (0118 : 0]
U T T "Data ' T T '
\ odd | [01[1]18:0]
r=-=-==- 1
T : I I T T Data I T 1 |
v even [01[2] [8: 0]
—————— 1
T I I I I Data I I I I
.09 [0l (318 0]

1 This means that this pin is not used by this packet. If it is not used \ Data

Time by another packet, it is pulled to a logic zero value. Packet

The following figure shows the format of a data packet for memory space read and write commands. For most
of these commands, it consists of 1 to 32 octbytes driven on the BusData[7:0] wires. BusData [8] is not used by this
packet. In the figure, "n" is either the CV value (if the transaction is allowed to complete) or the last count value (if
the transaction is terminated prematurely by the serial control packet). "CV" is the value of the Count[7:3] field when
interpreted as an unsigned, 5 bit integer.

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

5.4.1 MD Reg [7:0] [7:0]=U

This register holds the write data or mask for the persistent per-bit operations (Dpb & Mpb). The MDreg need not
implement the ninth bits when the RDRAM is 8-bit wide.
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Figure 5-4. Data Packet Format (Memory Space)

Device Pins
" Bus- | Bus- i Bus- | Bus- 1 Bus- | Bus- 1 Bus- i Bus- | Bus- i Bus- 1 Bus-

! 1
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E ol T T I T T T
1 _even 10110117 : 01
Do T T T T T T
| 0] Data
L_odd__ 011 (7: 0l
Pom l T Dot | | | :
L_sven _ 1011211701
om I I Data | T 1 T
L _odd 01131(7: 0]
r T T T T T T
Vo2 Data
L _sven | 101141 (7 : 0)
") T T Data [ I I
L9, (01 (5] (7 : O]
) f T Data I 1 T
L _even (01161 (7 : O]
1
T T T " e | T T T
t_odd [01(71(7 : 01
1l
1
1
'
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aenl T T T oata | T T T
1 _sven Nl 0117 : 0l
Ol T T T T T T
' [4%*n] Data
L_odd (N 1117 0]
1 14*n+1) ' L l Data ‘ I f ‘
L even [n] 1217 : 0]
[ T T T T T T T
i [4*n+1]) Data
1 _odd Inl 3117 : 0]
I [4*n+2] I I I Data I I I I
L_even | nl14117: 0]
U 4*ne2) T T Data | T T T
L_odd _ [nl [5] 7 : 0
| [4*n+3] I ! Data ' ! I I
1 _sven [nl 1617 : 0]
L 4 ne3l T T T bata | T T T
1l
t_odd _ (nl (7117 : 0]
1 This means that this pin is not used by this packet. If it is not used \ Data
Time by another packet, it is pulled to a logic zero value. Packet
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5.5 Serial Address Packet Format

The serial address packet is transmitted by the initiating device and received by the responding devices. It provides
eight low-order address bits for each octbyte which is accessed in memory space (a non-sequential or random-access
transfer). These eight address bits are transferred serially on the BusEnable pin of the RDRAM, and are thus called
a serial address. Each eight bit serial address accesses an octbyte of data within the RowSenseAmpCache of one
of the two banks of the RDRAM. The complete set of serial addresses transmitted by the initiating device during the
transaction are referred to as a serial address packet. The commands which use this packet are the Rnsqg, WnsqBbb,
and WbnsBbb classes of commands.

The high order bits for each octbyte are provided by the Adr{35:11] address bits from the request packet. The
low-order address bits for the first octbyte are Adr[10:3], also from the request packet. The low-order address bits
for octbytes [n:1] are provided by the serial address packet. As before, "n" is either the CV value (if the transaction
is allowed to complete) or the last count value (if the transaction is terminated prematurely by the serial control packet).
"CV" is the value of the Count[7:3] field when interpreted as an unsigned, 5 bit integer. The detailed functional
description is provided in "Rambus DRAM user's manual (Reference Manual)".

Table 5-9. Serial Address Fields (i = n:1)

Serial Address Field Description Ulrr'";';'p
SAdr[i][10:3] Low-order address bits for each octbyte. Imp
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Figure 5-5. Serial Address Packet Format
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l Serial Address This means that this pin is not used by this packet. If it is not used
Time Packet by another packet, it is pulled to a logic zero value.
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5.5.1 Serial Control Packet Format

The serial control packet is transmitted by the initiating device and received by the responding devices. It provides
for the early termination of a memory space read or write transaction (before the specified data count in the Count{7:3]
field has elapsed). It consists of eight bits transferred serially on the BusCitrl pin of the device, thus it is referred to
as a serial control packet. The eight bits have the same timing alignment as the serial address packet. The commands
which use this packet are all of those which access memory space. The register read and write commands do not
use the serial control packet. The 16M RDRAM implements this packet.

The termination occurs on octbyte data packet boundaries. The next figure shows the format of the serial control
packet. The following table summarizes the function of the bits within the serial control packet. Note that the bits
inthe even bus ticks mustbe zero in order for framing to work properly (otherwise, one of these bits would be interpreted
as the Start bit of a new request packet). The SCitrl[5] bit is used to control termination, and the other three odd bus
tick bits are unimplemented.

Table 5-10. Serial Control Fields

Sen'a:l:e(i')&ntrm Description Ulrr\ri‘r;p
SCitrl[0] This bit must be a zero due to framing requirements. Imp
SCtri[1] unimplemented Unimp(0)
SCitri[2] This bit must be a zero due to framing requirements. Imp
SCitrl[3] unimplemented Unimp(0)
SCtrl[4] This bit must be a zero due to framing requirements. Imp
SCtrl[5] 0 means don't terminate the current access. Imp
1 means terminate the current access.

SCitri[6) This bit must be a zero due to framing requirements. Imp
SCtrl[7] unimplemented Unimp(0)

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl[5] bit to a logical one, the data octbyte
with which itis associated is not transmitted by the responding device. The initiating device may start a new transaction
once the transmission of the read data packet has ceased. The detailed functional description is provided in "Rambus
DRAM user's manual (Reference Manual)".
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Figure 5-6. Serial Control Packet Format
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l Serial Control
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This means that this pin is not used by this packet. If it is not used
by another packet, it is pulled to a logic zero value.
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5.5.2 Serial Mode Packet Format

The serial mode packet transmitted by initiating devices, and received by responding device. lts format is shown
in the following figure.

Figure 5-7. Serial Mode Packet Format

Device Pins

Clock
Cycle
Number

)
1 1 1
Data | Data , Data |, Data | Data | Data , Data ,
8Bl 4@ ' !

This means that this pin is not used by this packet. If it is not used
by another packet, it is pulled to a logic zero value.

l Serial Mode
Time Packet

The serial mode packet modifies the state of the Count00[7:0] and Count11[7:0] counters.

These counters cause operating mode transitions when they reach special values. The detailed functional
description is provided in "Rambus DRAM user's manual (Reference Manual)".

A serial mode packet with the SMode[1:0] field set to 00 is the default. Most transitions are caused by blocks of
sequential serial mode packets, each with the SMode[1:0] field set to 11. The serial mode packets should never set
SMode[1:0] field to 01 or 10. This is because in some of the operating modes, the clock generator is unlocked (the
frequency is correct but not the phase). When this happens, the BusEnable receiver is unable to discriminate anything
other than long pulses of zeros or ones. Because the frequency of the clock generator is correct, it can count the
length of these pulses with moderate accuracy.

Table 5-11. Serial Mode Fields

SMode[1:0] Description Spec/Rsrv/
Undef

00 Increments Count00[3:0], clears Count11[7:0]. Spec

01 _ Undef

10 - Undef

11 Increments Count11[7:0], clears Count00[3:0] Spec
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6. State Diagram

The following figure is a state diagram of the Frame state machine. The operating mode of the device depends
upon which of the nine states it is in:

+  reset mode - ResetState
« standby mode - StandbyState
+ active mode - ActiveState, IdCompareState, DeviceState, OkayState, NackState, AckWindowState

This section will only discuss the first three states (ResetState, StandbyState, ActiveState). The remaining five
states which are shown shaded in the state diagram (IdCompareState, DeviceState, OkayState, NackState,
AckWindowState) will be dealt with in the "Rambus DRAM user's manual (Reference Manual)".

The device will enter ResetState when power is initially applied (PowerOn). In ResetState, the device will be in
the reset operating mode, in which all control registers assume a known state. If power has just been applied, the
device will pass through ActiveState and settle in StandbyState, and remain there until serial mode packets are
received from an initiating device.

Figure 6-1. Frame State Machine - State Diagram

ResetState (reset mode)

(place device in known state) |-PowerOn

Count11<tModeaR, MIN

StandbyState (standby state)
(reduced power dissipation)

Count11> = tModesa, MIN Count00> = tModeDelay, MAX

ActiveState (active mode)
(ready to receive request)

Count11> = tModeAR, MIN

BusCtrleven = 1
(Start Bit)

IdCompareState (active mode)
(receive request - compare address)

IdMatch IdMatch
AckWindowState (active mode) DeviceState (active mode)
(wait for AckWinDelay to elapse) (this responding device is addressed)
DeviceBusy DeviceBusy
NackState (active mode) OkayState (active mode)
(send Nack acknowledge) (send Okay acknowledge)
Execute signal
to Command
state machine
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ActiveState is the state in which all decisions are made to transition to the states for the other operating modes.
From here, the device will also enter the transaction-framing states. Refer to "Rambus DRAM user's manual
(Reference Manual)".

After poweron, the device will re-enter ResetState when the value of the Count11(7:0] counter is greater than or
equal to tModear,MIN. The device will leave ResetState when the value of the Count11([7:0] counter is less than tModesa.min.
This will happen when an SMode[1:0] field of 00 is received, causing the Count11[7:0] counter to clear.

The device will enter StandbyState when the value of the Count00[3:0] counter is greater than or equal to
tmodeDelay,Max. The device will leave StandbyState when the value of the Count11[7:0] counter is greater than or equal
to tModesaMIN.

Caution PD (Mininterval Register [3] [2]) = 0 is necessary. Because, 16M RDRAM don’t support
PowerDown request.

6.1 Parameters for Operating Mode Transitions

The following table summarizes the parameter values associated with operating mode transitions of a responding
device. A minimum and maximum value are given for the parameters to account for implementation differences. In
all cases, the SMode[1:0] field of the consecutive serial mode packets must have the value 11 to cause an operating
mode transition (with the exception of the tmodenelay,Max as mentioned in the previous section). Initiating devices must
use values within the minimum and maximum SMode packet count requirements shown above to control operating
mode transitions.

Table 6-1. Responding Device Parameters for Operating Mode Transitions

Count Minimum Maximum
Parameter (clock (clock Description
Name cycles) cycles)
tModesA 1 4 Number of SMode packets to cause a transition from
Standby-Mode to ActiveMode
tModeOfrSet 4 7 Offset from beginning of SMode packet to request packet for
standby to active transition
tModeDelay - 20 Delay from end of SMode packet to request packet for
standby to active transition
tModeswitchReset| 320 - Number of SMode packets to cause a transition from Active-
Mode to ResetMode
tReset 32 - Time required for an RDRAM's internal nodes to settle to their
reset values.
tLock, Reset 750 - Time required for an RDRAM's internal clock generator to lock
to the external clock.
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6.2 Standby Mode and Active Mode

The following figure shows the basic transitions between active and standby modes in response to serial mode

packets
Figure 6-2. Basic ActiveMode/StandbyMode Transitions
Clock BusEn BusCtrl BusData [8 : 0]
Cycles
: tModesa, M|NI B
— tModeSA, MAX
— tModeDelay, MAX

This is a timing diagram, with time increasing in the downward direction. The time scale is in clock cycles, as shown
on the left scale. The value of each of the eleven low-swing signal pins of the responding device is shown with the
assumption that trr is zero (the responding device is located at the master end of the Channel).

Serial mode packets with an SMode[1:0] field are shown as a box with a "11" label in the BusEn column. The
BusEnable defaults to a logical zero value. The initiating device has transmitted tmodesamax serial mode packets with
SMode[1:0] equal to 11 (this is the longest sequence permitted for invoking a standby to active transition). After the
first tModesa, MmN serial mode packets, the device begins the transition to active mode. It reaches active mode after
tmodeofiset, MIN clock cycles after the start of the first serial mode packet. It remains there for tmModepelay,Max clock cycles
after the last serial mode packet.

The responding device is in active mode when it begins framing the request packet. A transaction may begin in
any of the clock cycles with the light shading above (labeled "Active Mode").

If the serial mode packet(s) causing a standby to active mode transition are not followed by a transaction with
tmodeDelay MaAX Clock cycles after the last serial mode packet, then the responding device will return to standby mode.
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The next figure shows the case in which a transaction is started as early as possible after a serial mode packet
which causes a standby to active mode transition.

Figure 6-3. ActiveMode/StandbyMode Transition - Early Transaction

Clock BusEn BusCtrl BusData [8 : 0]
Cycles

tModesa, MIN I

tModeOffSet, MIN

STTTTTT

Transaction (Active Mode)

[T

A transaction is composed of packet types other than serial mode packets, and will be defined in the next chapter.
These other packet types lie entirely inside the heavy black box in the above figure. When atransaction has completed,

the device returns to standby mode. The detailed functional descriptionis provided in "Rambus DRAM user's manual
(Reference Manual)".
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6.3 ResetMode

Reset mode is entered when a consecutive sequence of tModera MmN serial mode packets with a value of 11 are seen
by a responding device (shown in the following figure). In reset mode, all devices enter a known state from which
they may be Initialized. The device remains in reset mode for as iong as seriai mode packets with 11 value are
received. When one or more serial mode packets with a value of 00 are seen, the responding device enters the active
mode state.

Although devices enter the active mode state immediately, their clock circuitry requires a time tiockmin to
resynchronize. Initiating devices must wait this long after the transition out of reset mode before starting any
transactions.

Figure 6-4. ResetMode to ActiveMode Transition

Clock BusEn BusCtrl BusData[8:0]
Cycles >

tReset, MIN

s TTT T
[

tLock, Reset, MIN

tModeSA, MIN []

tModeOfiSet, MIN
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7. Transactions
7.1 Read Transactions

The following figure shows the basic form of a memory space or register space read transaction. There are request
and acknowledge packets, with the same tackpelay and tackwinbelay timing constraints. tackwinbelay will not be shown
explicitly on any further transaction diagrams in this document.

When the responding device transmits an Okay acknowledge packet to the initiating device, it will also transmit
a data packet with read data. This packet is sent a time treadpelay after the end of the request packet. The treadpelay
value is in tcvcLe units and is programmed into the ReadDelay field of the Delay register of each responding device.
Itis not required to be the same for all devices within a Rambus system, but the difference (treadpetay - tackpelay) is required
to be the same. This allows initiating devices to use the acknowledge packet to determine when the read data packet
begins. The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

Figure 7-1. Read Transaction

Clock BusEn BusCtrl BusData [8 : 0]

o
<
Q
@
23

tAckDelay

tReadDelay

TTTTTTITTITTTTITT T
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7.2 Write Transactions

The following figure shows the basic form of a memory space or register space write transaction. There are request
and acknowledge packets, with the same tackpelay and tackwinoelay timing constraints as already discussed.

When the initiating device transmits a request packet to the responding devices, it will also transmit a data packet
with write data. This packet is sent a time twritepelay cycles after the end of the request packet. The twriteDelay is in tcycLe
units and is programmed into the WriteDelay field of the Delay register of each responding device. It is required to
be the same for ail devices within a Rambus system. A responding device will see the same twritebelay interval between
the request and write data packets whether the device is on the Primary Channel or on a Secondary Channel.

If the responding device returns an Okay acknowledge packet, then the transaction is complete at the end of the
acknowledge window or at the end of the write data packet, whichever is later. The next request packet can be
transmitted in the following clock cycle except for the case in which a register or memory space write to a device is
followed by any other transaction to that device. In that case, one of the following two intervals must be inserted
between the two transactions, where the memory or register case depends upon the first transaction.

+  trostregwriteDelay if the current transaction is a register space access
+  trostMemwriteDelay if the current transaction is a memory space access

If the responding device returns a Nack or Nonexistent acknowledge packet for a write command, then no write
data packet is required by the responding device. The current transaction is complete at the end of the acknowledge
window, or when the initiating device stops transmitting the write data packet, whichever is later. The next request
packet can be transmitted in the following clock cycle. For the case of a Nack or Nonexistent, the initiating device
must terminate the write data packet before another initiating device is given control of the Rambus Channel for a
transaction. This is part of the arbitration mechanism used by the initiating devices. The arbitration mechanism is
not specified in this document because it does not use the Rambus Channel. The detailed functional description is
provided in "Rambus DRAM user's manual (Reference Manual)".

Figure 7-2. Write Transaction

Clock BusEn BusCtrl BusData (8 : 0]

Request

Next transaction to same device

Next transaction to different device
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7.3 Read Transactions with Serial Address Packet

The following figure shows a memory space read transaction for a command which uses the serial address packet.
For a transaction which moves (n+1) octbytes of read data, the serial address packet will be (4 x n) clock cycles in
length (recall that the low-order address bits for the first octbyte of read data come from the request packet).

Each serial address subpacket (each SAdr[i][10:3] field) is transmitted by the initiating device a time tseriaireadoftset
clock cycles before the octbyte of read data to which it corresponds. This means that the serial address packet will
move with the read data packet, with a constant offset.

+  tseralReadofset is the delay from the beginning of a serial address subpacket to the beginning of the read data
subpacket (octbyte) with which it is associated.

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".

Figure 7-3. Read Transaction with Serial Address Packet

Clock BusEn BusCtrl BusData [8: 0]
Cycles
B Request
— Data [0] [7: 0] [8: O] = RData [0] [7 : 0] [8 : O]
[ [10:3]
SAdr
[ Data [1) 7 : 018 : 0] = RData [1] [7: 0118 : O]
[
— tSerialReadOffSet
— Data [n-1] (7 : 0] (8 : O] = RData [n-1] (7 : 0] [8 : O]
— Data [n] [7: 0} {8: O] = RData [n] [7: 0] (8 : 0]
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7.4 Write Transactions with Serial Address Packet

The following figure shows a memory space write transaction for acommand which uses the serial address packet.
For a transaction which moves (n+1) octbytes of write data, the serial address packet will be (4 x n) clock cycles in
length (recali that the low-order address bits for the first octbyte of write data come from the request packet).

Each serial address subpacket (each SAdr(i][10:3] field) is transmitted by the initiating device a time tseriawriteofiset
clock cycles before the octbyte of write data to which it corresponds. This means that the serial address packet will
move with the write data packet, with a constant offset.

tseriawriteotiset is the delay from the beginning of a serial address subpacket to the beginning of
the write data subpacket (octbyte) with which it is associated.

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at
either point since the serial address packet and write data packet are moving in the same direction - from initiating

device to responding device.

Figure 7-4. Write Transaction with Serial Address Packet

Clock BusEn BusCtrl BusData [8: 0]

Cycles

[ AT

- l1_l Request

: TAckDelay
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; tSerialwriteOffSet

— Data [n-1][7 : 0] [8 : O] = WData [n-1] (7 : 0] [8: 0]
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E Data [n) [7 : 0] (8 : O] = WData [n] 7 : 0] [8: 0]
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Next transaction to same device

Next transaction to different device
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7.5 Read Transactions with Serial Control Packet

The following figure shows a memory space read transaction for a command which uses the serial control packet.
This packet is used to terminate a transaction before the (CV+1) octbytes of read data have been transferred, where
CV is the value of the Count[7:3] Field when interpreted as an unsigned, five bit integer. In the example shown, the
read data is terminated after (n) octbytes have been transferred.

The serial control packet is transmitted by the initiating device a time tserialreadottset clock cycles before the end of
the last read data octbyte which is transmitted by the responding device.

The serial control packet is also constrained to lie entirely outside the tackwinpeiay interval, as shown in the figure,
in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation
of this constraint will produce undefined (Undef) results. The detailed functional description is provided in "Rambus
DRAM user's manual (Reference Manual)".

Figure 7-5. Read Transaction with Serial Control Packet

tAckWindDelay

The serial control
packet must not lie
inside the acknowledge
window.

tSerialReadOffSet

e T T T T T T T T T I T I Ir I Tl

BusEn BusCtrl BusData [8 : 0]

Request

Data [0] [7 : 0] [8: O] = RData [0] [7 : O] (8 : O]

Data [n-3] (7 : 0] [8 : O] = RData [n-3] (7 : 0] 8 : O}

Data [n-2] [7 : 0] [8 : 0] = RData [n-2] [7 : 0] [8: O]

Data [n-1] [7 : 0] [8 : O] = RData [n-1] [7 : 0] [8 : 0]
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7.6 Write Transactions with Serial Control Packet

The following figure shows a memory space write transaction for a command which uses the serial control packet.
This packet is used to terminate a transaction before the (CV+1) octbytes of write data have been transferred, where
CV is the vaiue of the Count{7:3] field when interpreted as an unsigned, five bit integer. In the example shown, the
write data is terminated after (n) octbytes have been transferred.

The serial control packet is transmitted by the initiating device a time tseriawriteotset clock cycles before the end of
the last write data octbyte which is transmitted by the initiating device.

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at
either since the serial address packet and write data packet are moving in the same direction - from initiating device
to responding device.

The serial control packet is also constrained to lie entirely outside the tackwinbelay interval, as shown in the figure,
in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation
of this constraint will produce undefined (Undef) results.

Figure 7-6. Write Transaction with Serial Control Packet

Clock BusEn BusCtrl BusData [8 : 0]
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tAckDelay
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The serial control Data [1117: 01 [8 : 0] = WData [1] 7 : 01 [8: O]
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inside the acknowledge
window.

Data [n-2) [7: 0] [8 : O] = WData [n-2] [7: 0] [8 : O]
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8. Nack Acknowledge Response
8.1 Retry and Miss Latency

If a responding device returns a Nack acknowledge packet, then no read or write data packet is transacted. The
current transaction is complete at the end of the acknowledge window. It will be necessary to wait for an interval
of time (called a tretry interval) before resubmitting the transaction. The following figure illustrates this case.

Figure 8-1. Nack Acknowledge Response

Clock  BusEn BusCtrl BusData [8 : 0]

Transaction
Nack Acknowledge Response

- TTTTTT

tRetrySensedClean
or
tRetrySensedDirty
or

tRetryRefresh

tReadMiss
or
twiriteMiss

tReadHit
or
twriteHit

SITTTTTTTTTTTITTTITIT I T .

Transaction
Okay Acknowledge Response

Read Data or Write Data Packet

Once the tretry interval has elapsed, the transaction may be restarted by the initiating device, and the RDRAM
will return an Okay acknowledge packet and the data packet will be transferred. An RDRAM will Nack any other
transactions which are issued during the tretay interval.

Two miss latency parameters may be derived with the following equations:

tReadMiss = tRETRY + tReadHit (Eq 8-1)

twriteMiss = tRETRY + twriteHit (Eq 8-2)

where trReTRY = {tRetrySensedCiean, tRetrySensedDirty, tRetryRefresh}. The treadMiss and twritemiss parameters are the time from the
beginning of the original (Nacked) request packet to the beginning of the data packet which is eventually transferred.

371



NEC uPD488130L

8.2 trerny Interval
8.2.1 Retry Due to RowMiss

If an initiating device requests a region of memory space in an RDRAM slave which is not currently held in the
RowSenseAmpCache, the RDRAM will respond with a Nackacknowledge packet. The RDRAM will then begin a
RowMiss operation to get the proper row into the RowSenseAmpCache. During the RowMiss, the RDRAM will Nack
any request it is given. When the RowMiss is complete, the new row may be accessed.

Each bank has a Valid flag and a Dirty flag for its Row register. After reset, both are zero. After a RowMiss has
caused a new row to be placed into the RowSenseAmpCache, the Row register contains its row address and the
Valid flag is set to a one. If the RowSenseAmpCache contents are modified with a memory write transaction, the
dirty flag will be set. These flags are not directly accessible to initiating devices.

A subsequent RowMiss will cause the old row to be written back to the bank (if it was dirty and an explicit restore
was not forced with the Close bit in the request packet) and a new row to be placed into the RowSenseAmpCache.
The time required for this is called the tretry time, and is added to the normal read and write hit latency times, as
shown in the preceding figure. These times are given by the following equations. The component parameters are
shown in a subsequent table. All of these tretay intervals correspond roughly to the cycle time parameter trc of a
conventional page mode DRAM. This is because RDRAMs use CAS-type accesses for all memory read and write
transactions.

After a new row is sensed and placed into the RowSenseAmpCache, a final interval tRowimprestore is used to restore
the row in core back to its original state. This is necessary because the DRAM sense operation is destructive. This
interval is not in the critical timing path, and is performed in parallel with a subsequent data transfer. It can extend
a subsequent retry operation.

There are two tretry equations for the 16M RDRAM:

tRetrySensedClean = tRowOverHead + tRowPrecharge + tRowSense (Eq 8-3)

tRetrySensedDirty = tRowOverHead + tF P + tRowr ge + tr (Eq 8-4)

The detailed functional description is provided in "Rambus DRAM user's manual (Reference Manual)".
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8.2.2 Retry Due to Pending Burst Refresh

Ina 16M RDRAM, a refresh burst will first restore the currently accessed row if itis dirty. This requires a trowExprestore
interval. If the row is clean, this interval is not required. A burst of four rows are precharged/sensed/restored (using
the trowp tr , and tRowimp intervals), and the current row is precharged/sensed so the RDRAM is left
with its RowSenseAmpCache state unaltered (except the row's dirty flag will be cleared):

tRetryRefreshClean

= twriteHit + tRefRequestidieOverHead + SXtLessRowRefreshOverHead

+ 5x(2xRowPrecharge [0:4] + RowSense [0:4] + RowimpRestore [0:4]) (Eq 8-5)
'(Flelryre(reshDirty

= twriteHit + tRefRequestidieOverHead + SXtLessRowRetreshOverHead

+ 5x(2xRowPrecharge [0:4] + RowSense [0:4] + RowlmpRestore [0:4] + tRowExpRestore)  (EqQ 8-6)

RowPrecharge [0:4], RowSense[0:4], RowimpRestore[0:4] are the value of every Register.

When a transaction initiates a manual burst refresh in an RDRAM (transaction "A" in the figure below), the RDRAM
will Nack all further transactions directed to in during the tretryrefresh interval after. No information from these Nacked
transactions will be retained after the tretryretresh interval. After the tretryretresh interval, transactions will be handled
in a normal fashion. The detailed functional description is provided in "Rambus DRAM user's manual (Reference
Manual)".

Figure 8-2. Transaction Holdoff Due to Burst Refresh
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8.3 Retry Component Intervals

The tretry and trasagain intervals are built from the tRowoverHead, tRowF te , tRowimp , b p .
tRefRequestidieOverHead, tLessRowRefreshOverHead, and tHoidorr intervals. All eight intervals are measured in tevcie units, and thus
scale with the clock frequency.

The tRowoverHead, tRefRequestidieOverHead, and tLessRowRefreshOverHead intervals consist of the RowMiss and Refresh state
machine overheads. The remaining five intervals represent the width of intervals used for timing core operations.
These core operations have minimum times measured in nanosecond units (this is shown in the "core timing(ns)"
columns in the table below). The five intervals are composed of a fixed part and a variable (programmable) part.
If the clock frequency is reduced, the variable part may be reduced so the sum of the fixed and variable parts remain
greater than or equal to the minimum core operation time (in nanoseconds).

Table 8-1. Retry Components

Delay Fixed Part (overhead) 16M RDRAM
Parameter and tevoLe Units core timing (ns)
Variable Parthote 1 (4 ns) with tovcLe = 4ns
tRowOverHead Row overhead 7 28
- n/a
tRefRequestidieOverHead Row overhead 14 56
- n/a
tLessRowRefreshOverHead Row overhead 20 80
- n/a
tRowPrecharge RowPrecharge overhead 6 28
RowPrecharge[4:0] 1
tRowSense RowSense overhead 1 32
RowSense[4:0] 7
tRowimprestore RowlmpRestore overhead 5 60
RowimpRestore[4:0] 10
tRowExprestore RowExpRestore overhead 4 32
RowExpRestore[4:0]Note 2 4
tHoldoft HoldOff overhead 1 8
RowPrecharge {4:0] 1

Notes 1. The variable part is programmed into the indicated field of the Raslinterval register.
2. The RowPrecharge [4:0] field is used for both the precharge interval and the hold off interval.
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9. AddressMapping

The address space decoding logic contained in a 16M RDRAM is shown in the following figure. The initiating device
places a 33 bit physical octbyte address Adr[35:3] on the Channel. This address is received by the RDRAM slave.
The AddressSelect[1][1:0], [0][7:1] control register allows individual bits of the Adr[28:20] and Adr [19:11] fields to
be swapped to produce the AdrS[28:20] and AdrS[19:11] fields. The Adr[35:29] and Adr[10:3] fields pass through
unaltered to the AdrS[35:29) and AdrS[10:3] fields. The figure shows the case when AddressSelect[0][7:1],[1][1:0]
=111111111, and the two nine bit address fields are exchanged. The detailed functional description is provided in
"Rambus DRAM user's manuai (Reference Manual)".

Figure 9-1. Address;Mapplng Hardware

35343332313029282726252423222120191817161514131211109 8 7 6 5 4 3

Adr [35: 2] . . . .
Address in Request Packet L DS 97] | R [2' o ‘ Dis ‘gol | cr: 08l
AddressSelect [0] [7: 11, 11[1:01 | _9 J o I____| 10 |
=111111111 | | m? m'ux
AdrS (35 : 2] } . . .
Address used by Foaat coa |__O0s:ol | ow:o [ me:a | cw:o |

35343332313029282726252423222120191817161514131211109 8 7 6 5 4 3
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10. Electrical Characteristics (Preliminary)

Absolute Maximum Ratings

Symbol Parameter MIN. MAX. Unit Note
Viaes Voltage applied to any RSL pin with respect to GND -0.5 Voo+0.5 \"

Virruaes | Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 \

Vob,ABS Voltage on Voo with respect to GND -0.5 Vop,max+1.0 \"
Toet Operation temperature 0 +70 °C 1
TsToRe Storage temperature -55 +125 °C

Caution The following table represents stress ratings only, and functional operation at the maximums
is not guaranteed. Extended exposure to the maximum ratings may affect device reliability.
Furthermore, although devices contain protective circuitry to resist damage from static electric
discharge, always take precautions to avoid high static voltages or electric fields.

Note 1 This parameter apply at the status of using 50% Rambus channel by Read or Write and a transverse
air flow greater than 1.5m/s maintained.

Thermal Parameters

Symbol Parameter MIN. MAX. Unit
Ty Junction operating temperature 100 °C
Que Junction-to-Case thermal resistance 5 °C/W

Capacitance

Symbol Parameter MIN. MAX. Unit
Cio Low-swing input/output parasitic capacitance 2 pF
Cimm TTL input parasitic capacitance 8 pF
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Power Consumption

Mode Parameter MIN. MAX. Unit

lcct Standby Current —-A45 125 mA
-A50 135

lcc2 Active Current —A45 350 mA
-A50 380

lcca Read Operation Current -A45 440 mA
(Burst Length = 256) -A50 480

lcca Write Operation Current -A45 440 mA
(Burst Length = 256) -A50 480

Caution These do not include the lo. current passing through the low-swing pins to ground.

Recommended Operating Conditions

Symbol Parameter MIN. MAX. Unit
Vob, Vooa| Supply voltage 3.156 3.45
VREeF Reference voltage 1.95 2.15 v
Vswing Input voltage range 1.0 1.4 \
ViH High level input voltage VRer+0.5 | VRer+0.7 \
ViL Low level input voltage VRer-0.7 VRrer-0.5 \"
ViH, TTL High level TTL input voltage 2.0 Vop+0.5 \
Vi, 1L Low level TTL input voltage -0.5 +0.8 v

DC Characteristics (Recommended operating conditions unless otherwise noted)
Symbol Parameter Conditions MIN. MAX. Unit
IRerF Vrer current VRer=Maximum -10 +10 pA
lon High level output current 0<Vour<Vop -10 +10 HA
lou Low level output current Vour=1.6 V 25 mA
h, 1L TTL input leakage current 0< Vi, TrL<Voo -10 +10 HA
Vou, T | High level TTL output voltage loH, TTL=—0.25 mA 2.4 Voo \
VoL, i | Low level TTL output voltage lo, TTL=1.0 mA 0 0.4
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Recommended Timing Conditions
Symbol Parameter MIN. MAX. Unit
tPause Pause time after Power On 200 us
tem, toF TxClk and RxClk input rise and fall times 0.3 0.7 ns
teveLe TxClk and RxClk cycle times -A45 4.45 5 ns
-A50 4 5 ns
trick Transport time per bit per pin (this timing interval is| tcvcie/2 tevcLe/2 ns
synthesized by the RDRAM's internal clock generator)
ten, toL TxClk and RxClk high and low times 47% 53% teveLe
trr TxClk-RxClk differential 0.25 0.7 ns
tsp Sln-to-SOut propagation delay 50 ns
ta TxClk-to-Data/Control output time 1-0.45 1+40.45 |tcvcle/d
ts Data/Control-to-RxClk setup time 0.45 toycLe/4
tH RxClk-to-Data/Control hold time 0.45 tcvoLe/4
tReF Refresh interval 17 ms
tLock RDRAM internal clock generator lock time 750 tcYCLE
Transaction Timing Characteristics
Symbol Parameter MIN. Unit
trostRegwriteDelay | Delay from the end of the current transaction to the beginning 6 tevee
of the next transaction if the current transaction is a write to
register space and the next transaction is made to the same
device.
Use zero delay if the next transaction is to a different device.
tPostvemwriteDelay | Delay from the end of the current transaction to the beginning 4 tevee
of the next transaction if the current transaction is a write to
memory space and the next transaction is made to the same
device.
Use zero delay if the next transaction is to a different device.
tPostMemReadDelay | Delay from the end of the current memory read transaction to 2 teycLe
the beginning of the next transaction.
tserialReadOrffSet Delay from the beginning of a serial address subpacket or 12 teveLe
serial control packet to the beginning of the read data
subpacket (octbyte) with which it is associated.
tserialWriteOffSet Delay from the beginning of a serial address subpacket or 8 tcveLe
serial control packet to the beginning of the write data
subpacket (octbyte) with which it is associated.
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Data and Transaction Latency Characteristics

Symbol Parameter MIN. Unit Notes
treadelay | Delay from the end of a read request packet to the 7 tovcoLe 1
beginning of the read data packet.
twritebelay | Delay from the end of a write request packet to the 1 toYGLE 2
beginning of the write data packet.
Notes 1. tReadDelay is programmed to its minimum value.
2. twiiteDelay is programmed to its minimum value.
Hit, Retry and Miss Delay Characteristics
Symbol Parameter MiIN. Unit Notes

tReadHit Start of request packet to start of read data packet for row 10 tovcLe 1
hit (Okay).

twriteHit Start of request packet to start of write data packet for row 4 tovoLe 1
hit (Okay).

tRetrysensedClean Start of request packet for row miss (Nack) to start of 22 tcvcLe 2
request packet for row hit (Okay).
The previous row is unmodified.

tRetrySensedDirty Start of request packet for row miss (Nack) to start of 30 tcvoLe 2
request packet for row hit (Okay).
The previous row is modified.

tRetryRefresh Start of request packet for row miss (Nack) Clean 213 tovCLE 2
to start of request packet for row hit (Okay).

Dirty 221

tReadMiss Start of request packet for row miss (Nack) to start of Read 32 toyoLE 3
Data packet for row hit (Okay).

twriteMiss Start of request packet for row miss (Nack) to start of Write 26 toycLe 3
Data packet for row hit (Okay).

Notes 1. Programmable
2. tRowExprestore, tPrecharge, and tsense are programmed to there minimum value.

3. Calculated with tretrysensedClean(MIN).
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Transmit Data Timing Chart

teveLe teveLe
trick trick tnck trick
Viek  Veer — NF Even / Odd NF Even / Odd S‘
) : )
Vbataout
or
VControiout

Serial Configuration Pin Timing Chart
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5D, TTL (MAX) y

1SD (MIN)

Vsout Vsw, i —

Vsin Vsw, TiL —

tsos

Vsout Vsw, L —

Remark Vsw, =15V
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11. Package Drawings
32 PIN PLASTIC SVP (11x 25)
A K
D @ -
1 @ 32 =
. ‘éuuuuuuu uu___‘.__

[E]

T

J

NOTE

* Each I/O lead centerline is located within 0.13 mm (0.005 inch) of
its true position (T.P.) at maximum material condition.

*% Each support lead centerline is located within 0.18 mm (0.007 inch)

of its true position (T.P.) at maximum material condition.

Detail of @ - @' part

il
\
Q
S
ITEM_MILLIMETERS __INCHES
A___ 2530 MAX. _ 0.996 MAX.
B 11.0£01 0.433:0.004
G 0242006  0.000+3:993
D 013 0.005
E__ 065(T.P) _ 0.026 (T.P)
F___ 2575 MAX._ 0.102 MAX.
G__ 010 0.004
H__ 0.52:0.06 _ 0.020:0.002
| _09(TP) _ 0.035(T.P)
J__ 2320 0.913
K__ 125 0.049
L 11.80 MAX. _ 0.465 MAX.
M 05:0.1 0.020*3-994
N__ 370 MAX. __0.146 MAX.
P 01728388 0.007:0.001
Q  0e:025 003523318
R 3t 3*L
S 1.00 MAX. _ 0.075 MAX.
T___0a8 0.007
S32VN-65-9
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72/36 PIN PLASTIC SSOP TYPE

RE

N\
+

NOTE

Each lead centerline is located within 0.13 mm (0.005 inch) of
its true position (T.P.) at maximum material condition.

detail of lead end

J
ITEM_MILLIMETERS __INCHES
A___ 2530 MAX. _ 0.996 MAX.
B 2575 MAX. _ 0.102 MAX.
C___ 065(T.P) _ 0.026 (T.P)
0.003
D 0.24:006  0.009*3-993
0.002
E  025:0.05  0.010*3:992
F___ 1.6MAX. __ 0.063 MAX.
G 125 0.049
H___ 13.0:02____ 0.512:0.008
I 11001 0.43310.004
0.009
J 10102 0.039+3-993
K 01723338 o0.00720.001
L 05:0.1 0.020+3:334
M__ 013 0.005
N__ 0.0 0.004
P ot 3l
Q___ 0.65(T.P) _ 0.026 (T.P.)
R__ 2275 0.896
S 1275 MAX. _ 0.051 MAX.
P32G6-65A
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DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

1PD488031L

8M-BIT Rambus DRAM
1M-WORD X 8-BIT X 1-BANK

Description

The 8-Megabit Rambus™ DRAM (RDRAM™) is an extremely-high-speed CMOS DRAM organized as 1M words
by 8 bits and capable of bursting up to 256 bytes of data at 2 ns per byte. The use of Rambus Signaling Logic (RSL)
technology makes this 500 MHz transfer rate achievable while using conventional system and board design
methodologies. Low latency is attained by using the RDRAM's large internal sense amplifier arrays as high speed
caches.

RDRAMs are general purpose high-performance memory devices suitable for use in a broad range of applications
including main memory, graphics, video, and any other application where high-performance and low cost are required.

Detailed information about product features and specifications can be found in the following document. Please
make sure to read this document before starting design.
Rambus DRAM user’s manual (Reference Manual)

Features

+ Rambus Interface

+ 500 MB/sec peak transfer rate per RDRAM

+ RSL interface

« Synchronous protocol for fast block-oriented transfers

+ Direct connection to Rambus ASICs, MPUs, and Peripherals

» 40 ns from start of read request to first byte; 2 ns per byte thereafter
+ Features for graphics include random-access mode, write-per-bit and mask-per-bit operations
+ 2K-Byte sense amplifiers act as caches for low latency accesses

* Multiple power-saving modes

» On-chip registers for flexible addressing and timing

» Low pincount-only 15 active signals

« Standardized pinout across multiple generations of RDRAMs

« 3.3 volt operation

Ordering Information

Part Number Clock Frequency Operation Voltage Package
uPD488031LG6-A50 250 MHz 3.310.15V 72/36-pin plastic SSOP type
The infor ion in this d is subject to change with notice.

Document No. M11119EJ1VODSU1
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Pin Configuration (Marking Side)

72/36-pin plastic SSOP type

Voo O——

GND O—

BusData8 O=—+
GND O—
BusData7 O=+——m
IC O—
BusEnable O—
Voo O—
BusDatab O=—
GND O—
BusData5 O=—
Vooa O——
RxClk O—
GNDA O——
TxClk O—+]

Voo O———

BusDatad O-—]

GND O—

BusCtrl O=—
Sin O—]

Vrer O—=

SOut O=~—
BusData3 O=—+
GND O—
BusData2 O-=—]
IC O—
BusDatal QO-=—f

GND O—
BusData0 O=—

NC O—
GND O—

Voo O—

© ® N O oA WN =

W W W NN NN NDNNNNDRND S = = s o
N =2 O © ® N O O & WN = O © ©ON O O b W N = O

9911£088bad”

BusData 0 - BusData 8: Bus Data (Input/Output)

RxClk

TxClk

Vrer

BusCtrl
BusEnable
Voo, Vooa
GND, GNDA
Sin

SOut

NC
|CNote

: Receive Clock (Input)
: Transmit Clock (Input)
: Logic Threshold Voltage {Input)
: BusCtrl (Input/Output)
: BusEnable (Input)

: Power Supply

: Ground

: Serial Input (Input)

: Serial Output (Output)
: No Connection

: Internal Connection

Note Leave this pin unconnected.
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Block Diagram

Application Layer

Logical Layer

Physical

Layer

DRAM Array

2 Kbyte RowSenseAmpCache

| MDReg [7: 0] (8 : 0] l-——

Control Registers

Control Logic

Receiver : lock Generator Transmitter

"' BusEnable, BusCtrl, BusData [8 : 0] L
Clock From Master

Clock To Master Primary or Secondary Channel
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1. Pin Function

Signal 110 Description

BusData [8:0] 110 Signal lines for request, write data, and read data
packets. The request packet contains the address,
operation codes, and the count of the bytes to be
transferred. This is a low-swing, active-low signal
referenced to VRer.

RxClk | Receive clock. Incoming request and write data packets
are aligned to this clock. This is a low-swing, active-
low signal referenced to Vrer.

TxClk | Transmit clock. Outgoing acknowledge and read
packets are aligned with this clock. This is a low-
swing, active-low signal referenced to Vrer.

VRer l Logic threshold voltage for low swing signals.

BusCtrl 110 Control signal to frame packets, to transmit part of the
operation code, and to acknowledge requests. Low-
swing, active-low signal referenced to VRer.

BusEnable | Control signal to enable the bus. Long assertions of
this signal will reset all devices on the Channel. This
is a low-swing, active-low signal referenced to Vrer.

Voo, Vooa — +3.3 V power supply. Vooa is a separate analog
supply.

GND, GNDA - Circuit ground. GNDA is a separate analog ground.

Sin | Initialization daisy chain input. TTL levels. Active
high.

SOut (o] Initialization daisy chain output. TTL levels. Active
high.
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2. Rambus System Overview

A typical Rambus memory system has three main elements: the Rambus Channel, the RDRAMs, and a
Rambus Interface on a controller. The logical representation of this is shown in the following figure.

Figure 2-1. Logical Representation

[
| —

Rambus RDRAMs
Channel Controller (Rambus
Master Channel

DRAM
Core Slaves)
Rambus Interface Rambus Interface -
Ul i
Ful rui
P Py

Rambus Channel = 8 bits every 2 ns

The Rambus Channel is a synchronous, high-speed, byte-wide bus that is used to directly connect Rambus
devices together. Using only 13 high-speed signals, the Channel carries all address, data, and control
information to and from devices through the use of a high level block-oriented protocol.

The Rambus Interface is implemented on both master and slave devices. Rambus masters are the only
devices capable of generating transaction requests and can be ASIC devices, memory controliers, graphics
engines, peripheral chips, or microprocessors. RDRAMs are slave devices and only respond to requests from
master devices.

The following figure shows a typical physical implementation of a Rambus system. It includes a controller
ASIC that acts as the Channel master and a base set of RDRAMs soldered directly to the board. An RSocket™
is included on the Channel for memory upgrade using RModule™ expansion cards.

Figure 2-2. A Rambus System Example

Memory Modules

RDRAM ;u N Secondary Channels
\ /

oaooooaot
floooo Socket for

Expansion RDRAM

Primary Channel

+ 1 to 320 RDRAMSs per system
- 28 traces per Channel
- Controlled impedance design
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3. Rambus Signaling Logic

RSL technology is the key to attaining the high data rates available in Rambus systems. By employing high
quality transmission lines, current-mode drivers, low capacitive loading, low-voltage signaling, and precise
clocking, systems reliably transfer data at 2 nanosecond intervals on a Rambus Channel with signal quality that
is superior to TTL or GTL-based interfaces.

All Rambus Interfaces incorporate special logic to convert signals from RSL to CMOS levels for internal use.
In addition, these interfaces convert the Channel data rate of one byte every 2 nanoseconds to an internal data
rate of 8 bytes every 16 nanoseconds as shown in the following figure. Although the bandwidth remains the
same, the use of a wide internal bus eases internal timing requirements for chip designers.

Figure 3-1. Converting the Channel Data Rate

1
RDRAM4
RDRAM3
Sense amp cache | HDRAMZ
Registers Address Comparators [Clocking ]|  RORAM1
Byteh
Byteg
Byte!
Bytee Rambus Channel
Byed | 8bisevery2ns
Byte ¢
Byte b
Byte a Rambus Interface Cell
- Macroceil in Embedded
I‘ bfc dl'l' 9 l‘I Array and Standard
Cell libraries
- Converts Rambus
Channel small swing
signals to ASIC-core-
compatibie CMOS levels
- Converts 8 bits every
2nst064 bits (x2)
every 16 ns
- Contains PLLs
- All vendors cells
are 100% compatible
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4.

(1)

(2)

3)

4)

(8)

Register Space Map

The following table summarizes the registers included in all 8 RDRAMs.

Table 4-1. Registers Space Map

Register Name Adr{20:10] Adr[9:2] Register Number
Device Type[3:0][8:0] XX.0 XX 00000000 0
Deviceld[3:0][8:0] XX XX 00000001 1
Delay[3:0][8:0] XX XX 00000010 2
Mode[3:0][8:0] XX00 XX 00000011 3
RefRow[3:0][8:0] XX, XX 00000101 5
Rasinterval[3:0][8:0] XX... XX 00000110 6
Mininterval[3:0][8:0] XX, XX 00000111 7
AddressSelect[3:0][8:0] XX...XX 00001000 8
DeviceManufacturer[3:0][8:0] XX, XX 00001001 9
Row(3:0][8:0] XX...XX 10000000 128

Device Type Register

This register specifies RDRAM configuration and size.

Deviceld Register

This register specifies RDRAM base address.

Id Field is extended to include Id Field[20] in location Deviceld[0][2].

Delay Register

This register specifies RDRAM programmable CAS delay values.

Mode Register

This register specifies RDRAM programmable output drive current.

RefRow Register

This register specifies RDRAM refresh row and bank address.
The RefRow register contains read-write fields. Itis used to keep track of the bank and row being refreshed.
Normally this register is only read or written for testing purposes. The fields are aliased in the following

way:

RowField[7:1] equals RefRow[0][7:1]
RowField[9:8] equals RefRow[2][1:0]
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(6) Raslinterval Register
This register specifies RDRAM programmable RAS delay values. The Raslinterval Register contains four
write-only fields. When a rowmiss occurs, or when a row is being refreshed during a burst refresh operation,
it is necessary for the control logic of an RDRAM to count the appropriate number of clock cycles (tcvcLe)
for four intervals. This is done with a counter which is loaded successively with three values from the
Rasinterval Register.

(7) Mininterval Register
This register specifies RDRAM refresh control.
This register provides the minimum values for three time intervals for framing packets.
The time intervals are specified in clock cycle (tcvcLe) units.

Caution Mininterval Register[3] [2] =0 is necessary. Because, 8M RDRAM don’t support Power Down
request.

(8) AddressSelect Register
This register specifies RDRAM address mapping.

(9) DeviceManufacturer Register
This register specifies RDRAM manufacturer information.
This register specifies the manufacturer of the device. Additional bits are available for manufacturer
specific information, e.g. stepping or revision numbers.

(10) Row Register
This register specifies RDRAM current sensed row.

Row [2](7:1], Row [3](1:0] becomes Reserved.

The detailed functional description is provided in RDRAM Reference Manual.
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5. Packet Formation
5.1 Packet Summary
The following table summarizes the transmit/receive functionality for the different packet classes.

Table 5-1. Transmitting/Receiving Devices for Packet Types

Packet Type Initiating Devices uPD48830L
Request Packet Transmit Receive
Acknowledge Packet Receive Transmit
Read Data Packet Receive Transmit
Write Data Packet Transmit Receive
Serial Address Packet Transmit Receive
Serial Control Packet Transmit Receive
Serial Mode Packet Transmit Receive

5.2 Request Packet

The request packet format is shown in the following figure.

Figure 5-1. Request Packet Format

Device Pins
Clock | Bus- 1 Bus- 1 Bus- | Bus- 1 Bus- | Bus- | Bus- | Bus- | Bus- | Bus- | BUS- |
Cycle (Enable, Ctrl | Data | Data | Data | Data ; Data | Data | Data | Data ; Data ,
Number ' ! O I B R O T c O - B ) R O T
Start Op ! ! ! Adr ! ! ! !
[0] [9:2)
Op Op I T I Adr I T I I
1 [31 [7:10]
OpX I T T adr | T I T
Q) [26: 18]
Op I I [ T padr ! T T T
2 [35:27]
OpX Hequnimp f Count I [ Fleql:!nimp f
[0) [5:4] [6,4,2] [3:0]
T T T
ReqUnimp ' Count ! Count Adr
[8:6] [7,5,3] [1:0] [1:0]
This means that this pin is not used by this packet. If it is not used Request
by another packet, it is pulled to a logic zero value. Packet

The vertical axis in all packet figures in the following sections shows time in units of clock cycles, with each clock
cycle broken into even and odd bus ticks. The timing is relative, measured from the beginning of the packet.

393



NEC uPD488031L

5.2.1 Start Field

A device should start framing a request packet when it sees this bit asserted to a logical one and it is not looking
for an acknowledge packet nor framing an earlier request packet.

5.2.2 Op[3:0], OpX[1:0] Fields
The Op and OpX fields are summarized in the following table.

Table 5-2. Op[3:0] and OpX[1:0] Fields - Command Encodings

Op[3:0] OpX[1:0] = 00 OpX[1:0] = 01 OpX[1:0] = 10 OpX[1:0] = 11
0000 Rseq Rnsq Rsrv Rsrv
0001 Rsrv Rsrv Rsrv Rsrv
0010 Rsrv Rsrv Rsrv Rsrv
0011 Rsrv Rsrv Rsrv Rsrv
0100 WsegNpb WseqDpb WseqBpb WseqMpb
0101 Rsrv Rsrv Rsrv Rsrv
0110 Rreg Rsrv Rsrv Rsrv
0111 Wreg Rsrv Rsrv Rsrv
1000 WnsgNpb WnsqDpb WnsqBpb WnsqMpb
1001 Rsrv Rsrv Rsrv Rsrv
1010 Rsrv Rsrv Rsrv Rsrv
1011 Rsrv Rsrv Rsrv Rsrv
1100 WbnsNpb WbnsDpb Rsrv WbnsMpb
1101 Rsrv Rsrv Rsrv Rsrv
1110 Rsrv Rsrv Rsrv Rsrv
1111 WregB Rsrv Rsrv Rsrv

The command opcode also determines which packets (in addition to the request packet) will form the transaction.
A detailed functional description of the actions that an RDRAM takes for each implemented command is provided
in “Rambus DRAM user’s manual (Reference Manual)”. The following table summarizes the functionality of each
subcommand:
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Table 5-3. Subcommand Summary

SubCommand Description

Rseq Read sequential data from memory space.

Rnsq Read non-sequential (random-access) data from memory space.

Wseq Write sequential data to memory space.

Wnsq Write non-sequential (random-access) data to memory space.

Wbns Write non-sequential (random-access) data to memory space with non-contiguous byte masking.
Npb Write data is from data packet. There is no bit mask.

Dpb Write data is from data packet. The bit mask is in the MDReg.

Mpb Write data is from MDReg. The bit mask is from the data packet.

Bpb Write data is from data packet. The bit mask is also from the data packet.
Rreg Read sequential data from register space.

Wreg Write sequential data to register space.

WregB Broadcast write with no Okay acknowledge permitted.

The memory read commands are formed using the Rseq and Rnsq subcommands to select sequential or
nonsequential (random) access.

» Rrrr = {Rseq, Rnsq}

The following table summarizes the available write commands and shows how they are formed from a 3 x 4 matrix
of the Wwww and Bbb subcommands.

+ WwwwBbb Wwww = {Wseq, Wnsq, Wbns}
Bbb = {Npb, Dpb, Bpb, Mpb}

Table 5-4. Write Commands

Wwww subcommands
Bbb Wseq Wbns
. Wnsq )
subcommand (seqential-access (non-sequential- (non-sequential-access
with contiguous access) with non-contiguous-byte-
byte masking) masking)
Npb WseqNpb WnsqNpb WbnsNpb
Dpb WseqDpb WnsqDpb WbnsDpb
Mpb WseqMpb WnsgMpb WbnsMpb
Bpb WseqgBpb WnsqBpb Not implemented
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There are three Wwww subcommands. They control the accessing pattern and the use of non-contiguous byte
masking.

Wseq - octbyte blocks in the RDRAM core are accessed in sequential (ascending little-endien) address
order. Contiguous byte masking is controlled with the Adr[2:0) and Count[2:0] fields of the request
packet.

+  Wnsq - octbyte blocks in the RDRAM core are accessed in non-sequential address order. The addresses
for the octbyte blocks within the sensed row come from serial address packets which are received
on the BusEnable pin.

The address order is arbitrary.

+  Wbns - octbyte blocks in the RDRAM core are accessed in non-sequential address order, as in the Wnsq
subcommand. In addition, byte masks are transmitted with the write data, permitting arbitrary non-
contiguous byte masking of this write data. The bytemask octbytes are not included in the total
octbyte transfer count; i.e. a Count[7:3] field of 31 implies 4 bitmask octbytes and 32 write data
octbytes, for a data packet size of 36 octbytes.

There are four Bbb subcommands. They select the type of bit masking to be applied to the write data.
+  Npb (no-per-bit) - There is no bit mask applied to the write data. The MDReg is not used or modified.

+ Dpb (data-per-bit) - The MDReg is used as a bit mask, the write data comes from the data packet. The
same bit mask is used for each octbyte. This is also called persistent bit masking.
The MDReg is not modified.

*  Mpb (mask-per-bit) - The bitmask comes from the data packet, the write data comes from the MDReg. The
same data is used for each octbyte. This is also called color masking. The MDReg
is not modified.

+  Bpb (both-per-bit) -  The bit mask and the write data come from the data packet. The MDReg is not used,
butis modified as a side effect (the WwwwBpb commands are used to load the MDReg
for the WwwwDpb and WwwwMpb commands). This is also called non-persistent
bit masking.

The bitmask octbytes are included in the total octbyte transfer count; i.e. a Count[7:3]
field of 31 implies 16 bitmask octbytes and 16 write data octbytes.
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5.2.3 Adr{35:0] Field

The Adr field is used as either amemory or register space address depending upon the OP[3:0] and OpX[1:0] fields.
Devices extract a portion of the Adr field to match against their Deviceld register (IdMatch), thus selecting the device
to which the request is directed. The remainder of the Adr field accesses the desired region.of the device’s memory
or register space. The memory read and write commands and the Rreg and Wreg commands will only take place
if there is an IdMatch. The IdMatch criteria is ignored for the WRegB commands, with all responding devices
performing the required actions.

The Rambus protocol uses quadbyte resolution in the data packet for register space read and write commands;
i.e. one quadbyte is the smallest data item that may be transferred, and all transfers are an integral number of
quadbytes. The Adr[35:2] field is the quadbyte address. The Adr[1:0] field is Unimp for these commands, and should
be driven with “00” by initiating devices.

The Rambus protocol uses octbyte resolution in the data packet for memory space read and write commands; i.e.
one octbyte is the smallest data item that may be transferred, and all transfers are an integral number of octbytes.
The Adr[35:3] field is the octbyte address.

Some commands use the Adr[2:0] field to specify contiguous byte masking. Refer to “Rambus DRAM user’s
manual (Reference Manual)".

5.2.4 Count[7:0] Field
The following table summarizes the transfer count ranges for 8M RDRAMs:

Table 5-5. Transfer Count Summary

Count Range uPD48830L
Maximum count for memory space 32 octbytes
Minimum count for memory space 1 octbyte
Maximum count for register space 1 quadbyte
Minimum count for register space 1 quadbyte

Register space read and write commands use a transfer count of one quadbyte, regardless of the Count[7:0] field
value.

Memory space read and write commands specify the number of octbytes to be transferred with the Count[7:3] field.
An offset-by-one-encoding is used so that “00000” specifies one octbyte, “00001” specifies two octbytes, and so on
up to “11111” which specifies thirty-two octbytes. The transfer count does include the octbytes containing bitmasks
(for commands using the Bpb subcommand). The transfer count does not include the octbytes containing non-
contiguous ByteMasks (for commands using the Wbns subcommand).

Some commands use the Count[2:0] field to specify contiguous byte masking. Refer to “Rambus DRAM user’'s
manual (Reference Manual)".

Memory space transactions to RDRAMs are not allowed to cross internal row address boundaries within the device.
Attempts to do so have Undef (undefined) results. These row boundaries are at 2kbyte intervals for 8M RDRAMs.
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5.2.5 Adr[2:0] and Count[2:0] Fields for Contiguous Byte Masking

An initiating device wishing to write an arbitrary number of contiguous bytes to a starting address on an arbitrary
byte boundary may do so with the Adr{2:0] and Count[2:0] fields with the Wseq subcommands. The transfer count
and starting address are given by:

»  MasterCount[7:0] specifies the number of bytes which the master device wishes to transfer.
+  Adr[35:0] specifies the starting byte address (this is the same as the Adr[35:0] field in the request packet)

Where the convention used by the initiating device for the count is that Master-Count[7:0] = “00000000” means
one byte, MasterCount[7:0] = “00000001” means two bytes and MasterCount[7:0] = “11111111” means 256 bytes
(an offset-by-one encoding; the data block count is equal to MasterCount[7:0]+1).

The initiating device converts this internal count value into a value for the request packet with the following formula.
Little-endien byte addressing is used for specifying bytes within octbytes.

Count[7:0] = Adr[2:0] + MasterCount[7:0] (Eq 5-1)

Where “+” denotes unsigned integer addition of two bit fields (short fields are zero-extended on the left). If the
value of Adr[2:0] + MasterCount[7:0] is greater than 255 (it may be as much as 262), then the initiating device must
break the request into two transactions.

The Adr[2:0] and Count[2:0] field generate masks for individual bytes within an octbyte. The Adr{35:3] and
Count[7:3] field have the octbyte resolution previously described. The following tables show how the byte masks are
generated. In the case of memory read transactions, the byte masks that are generated do not affect the data that
is returned by the RDRAM; all data bytes in the first and last octbytes are returned in the read data packet.

In the case of memory write transactions, ByteMaskLS[7:0] applies to the first octbyte at Mem[AV][7:0][8:0]. Byte
MaskMS[7:0] applies to the last octbyte at Mem[AV+CV][7:0][8:0]. All intermediate octbytes use a byte mask of
11111111 (a one means the byte is written, a zero means it is not). Here AV is the value of the Adr[35:3] field when
interpreted as an unsigned, 33 bitinteger, and CV is the value of the Count{7:3] field when interpreted as an unsigned,
5 bit interger. If the Count[7:3] is “00000” (one octbyte), the ByteMaskLS[7:0] and ByteMaskMS[7:0] masks are
logically ‘anded’ together to give the effective byte mask.:

Table 5-6. Adr[2:0] to ByteMaskLS([7:0] Encoding

Adr[2:0] | ByteMaskLS[7:0] || Adr[2:0] | ByteMaskLS[7:0]
000 11111111 100 11110000
001 11111110 101 11100000
010 11111100 110 11000000
011 11111000 111 10000000
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Table 5-7. Count[2:0] to ByteMaskMS[7:0] Encoding

Count[2:0]| ByteMaskMS[7:0] {{Count[2:0]| ByteMaskMS[7:0]
000 00000001 100 00011111
001 00000011 101 00111111
010 00000111 110 01111111
011 00001111 111 11111111

The detailed functional description is provided in “Rambus DRAM user’'s manual (Reference Manual)”.

5.2.6 ReqUnimp([8:0] Fields

These fields are unimplemented (Unimp) in the request packet. They should be driven as zeroes by initiating

devices.
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5.3 Acknowledge Packet

The Ack[1:0] field carries the acknowledge encoding from the responding device(s) to the initiating device and any
other listening devices. The following figure shows the format of the acknowledge packet.

Figure 5-2. Acknowledge Packet Format

Device Pins

Clock | Bus- 1| Bus- i Bus- | Bus- i Bus- i Bus- | Bus- 1 Bus-

Cycle 1Enable; Ctl | Data | Data | Data | Data , Data | Data

Number i I X I [5] ) [4] . .[3_]-_1
O

,even

=== 1

HE (¢

! odd

l Acknowledge his means that this pin is not used by this packet. If it is not used
Time Packet ] y another packet, it is pulled to a logic zero value.

The following table summarizes the four combinations of the Ack[1:0] field. The Ack3 combination is Undef. The
Okay combination indicates that the read or write access to the specified space will take place.

When a responding device acknowledges a request with a Nack, then there will be no immediate change in the
state of the device’s memory space or register space. The responding device will take the appropriate steps to make
the requested region of memory or register space accessible when the initiating device makes a subsequent request.
The initiating device will need to wait some device-dependent length of time until the requested region is available.

There are three possible reasons for an RDRAM to respond with Nack. They are summarized below. The detailed
functional description is provided in “Rambus DRAM user’s manual (Reference Manual)”.

*  trostMemwriteDelay OF tPostRegwriteDelay Violation
+  RowMiss (this causes a delay of tretrysensedClean OF tRetrysensedDirty)
+ ongoing refresh (this causes a delay of up to tretryRetresh)
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Table 5-8. Ack[1:0] Encodings

Commands
uasléomzd/\tgk [q\c(l)(] Name Description Sﬁggf
Combination
All 00 Nonexistent | Indicates passive acceptance of the request (WregB), or Spec
commands indicates that the addressed device did not respond (all

other commands).
All 01 Okay Indicates that the request was accepted by the addressed Spec
commands by the addressed (responding) device.
but WregB
All 10 Nack Indicates that the request could not be accepted because Spec
commands the state of the responding device prevented an access

at the fixed timing slot.
All 1 Ack3 This should not be returned by this responding device. Undef
commands Initiating devices will, when presented with this combi-
but WregB nation, have an undefined response.
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5.4 Data Packet

The following figure shows the format of a data packet for register space read and write commands. It consists
of 1 quadbyte driven on the BusData[8:0] wires for RDRAMs.
Other responding devices may support data packet lengths longer than one quadbyte.

Clock
Cycle
Number

Figure 5-3. Data Packet Format (Register Space)
Device Pins

Data | Data | Data ; Data
N ) NN ) I & B -

T pata ! T
[o[o8: 0}

I Data ! T
[0] (1118 O

I Data I
[0][2)[8:0]

T Data ! T
0131 [8:0]

This means that this pin is not used by this packet. If it is not used
by another packet, it is pulled to a logic zero value.

\ Data

Packet

The following figure shows the format of a data packet for memory space read and write commands. For most
of these commands, it consists of 1 to 32 octbytes driven on the BusData[8:0] wires. In the figure, “n” is either the
CV value (if the transaction is allowed to complete) or the last count value (if the transaction is terminated prematurely
by the serial control packet). “CV” is the value of the Count[7:3] field when interpreted as an unsigned, 5 bit integer.

The detailed functional description is provided in “Rambus DRAM user’s manual (Reference Manual)”.

5.4.1 MD Reg [7:0][7:0) = U

This register holds the write data or mask for the persistent per-bit operations (Dpb & Mpb).
The MDreg need not implement the ninth bits when the RDRAM is 8-bit wide.
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Figure 5-4. Data Packet Format (Memory Space)

Device Pins
Clock | Bus- | Bus- 1 Bus- | Bus- | Bus- ' "Bus- | Bus- . Bus- | Bus- | Bus- 1 Bus- |
Cycle ! Data | Data | Data ; Data |, Data , Data ,
Number ) B U R - I P B P N - B 1) IO B
o T T e | T T T
Losven | [0} [0][7:?] . I I
Lo ! " Data
L_odd [0{1[7:0)
Com l " Data | I | |
Losven [01{2][7 : 0]
! ! bata | | T
poodd 0[31[7:0]
ro@ I I Data I T I I
L_sven | 01417 :0)
@ I Data T T T
L_odd B0
! I I I ] T
v B Data
L_sven [01[6](7:0]
D | Data T | 1
L_odd__ [01[7]7:0]
1
i
D) I I | | |
1 _séven _ N} [0][7 : 0}
ol I Data ' ! l
,_odd | 1 7:0)
' atna] ' Data T ‘ '
L_even nEr:o
1
: [4'n+1] I Data I T I
1 _odd In1[3] 7 : 0]
I [4*n+2] I Data I I I
L _seven _ [ [4][7: 0]
! [4*n+2) I Data I f l
L_odd__ (n) 5] 7 : 0]
1
1[4 I Data I I I T
L_sven [n] [6] [7 : O
' [4'n4g] [ I Data I I I I
L. odd M7r:o)
1 | This means that this pin is not used by this packet. If it is not used \ Data <
Time by another packet, it is pulled to a logic zero value. Packet
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5.5 Serial Address Packet Format

The serial address packet is transmitted by the initiating device and received by the responding devices. It provides
eightlow-order address bits for each octbyte which is accessed in memory space (a non-sequential or random-access
transfer). These eight address bits are transferred serially on the BusEnable pin of the RDRAM, and are thus called
a serial address. Each eight bit serial address accesses an octbyte of data within the RowSenseAmpCache of one
of the two banks of the RDRAM. The complete set of serial addresses transmitted by the initiating device during the
transaction are referred to as a serial address packet. The commands which use this packet are the Rnsq, WnsqBbb,
and WbnsBbb classes of commands.

The high order bits for each octbyte are provided by the Adr[35:11] address bits from the request packet. The
low-order address bits for the first octbyte are Adr[10:3], also from the request packet. The low-order address bits
for octbytes [n:1] are provided by the serial address packet. As before, “n” is either the CV value (if the transaction
is allowed to complete) or the last count value (if the transaction is terminated prematurely by the serial control packet).
“CV” is the value of the Count[7:3] field when interpreted as an unsigned, 5 bit integer. The detailed functional
description is provided in “Rambus DRAM user’s manual (Reference Manual)”.

Table 5-9. Serial Address Fields (i = n:1)

Serial Address Field Description UI’::"SP
SAdr(i][10:3] Low-order address bits for each octbyte. Imp
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Figure 5-5. Serial Address Packet Format

Device Pins
Clock | Bus- | Bus- 1 Bus- | Bus- | Bus- | Bus- | Bus- 1 Bus- | Bus- | Bus- | Bus- !
Cycle \Enable| Ctrt | Data |, Data ; Data | Data , Data | Data ; Data | Data | Data ,
Number - - - ; R () D (4 O () I () D ) O ) N v I 1) I (*) I
ro@ | saar
. even | 13
[
v ] saar
1 odd 1| [M@
et
'] 1| SAdr
| _even v (sl
Lo | saar
, odd ! [1] (6]
[ i
N (I -
1 even [
AL
"ol 1| SAdr
L _odd ] [1[8]
bom | san
L_even i[9
i
Pomo1] sad
v odd | [1]1[10]
Fm————— 1
: X
i . ! .
1 . ! .
1 . ' .
! X
R !
o) | sAdr
| even L3l
A
'o[tn] || SAdr
v _odd Cfnl[4)
U @net] 1| sAdr
' even | [n5]
‘‘‘‘‘‘ 1
| fnet] | Sadr
! odd 1| nle)
e
U 4n+2] || SAdr
L even [n] (7]
' [4*n+2] || SAdr
. _odd v | (8]
""" 1
| [4'n+3) | shdr
, even | [n][9]
o= =-- 1
! [4'n+3] | | SAdr
v+ odd ' |[n][10]
l Serial Address This means that this pin is not used by this packet. If it is not used
Time Packet 1 by another packet, it is pulled to a logic zero value.
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5.5.1 Serial Control Packet Format

The serial control packet is transmitted by the initiating device and received by the responding devices. It provides
for the early termination of a memory space read or write transaction (before the specified data count in the Count[7:3]
field has elapsed). It consists of eight bits transferred serially on the BusCitrl pin of the device, thus it is referred to
as a serial control packet. The eightbits have the same timing alignment as the serial address packet. The commands
which use this packet are all of those which access memory space. The register read and write commands do not
use the serial control packet. The 8M RDRAM implements this packet.

The termination occurs on octbyte data packet boundaries. The next figure shows the format of the serial control
packet. The following table summarizes the function of the bits within the serial control packet. Note that the bits
in the even bus ticks mustbe zero in order for framing to work properly (otherwise, one of these bits would be interpreted
as the Start bit of a new request packet). The SCtrl[5] bit is used to control termination, and the other three odd bus
tick bits are unimplemented.

Table 5-10. Serial Control Fields

Serial Control Description Unimp
Fields Imp
SCtri[0] This bit must be a zero due to framing requirements. Imp
SCtri[1] unimplemented Unimp(0)
SCtri[2] This bit must be a zero due to framing requirements. Imp
SCtrl[3] unimplemented Unimp(0)
SCtrl[4] This bit must be a zero due to framing requirements. Imp
SCtrl[5] 0 means don’t terminate the current access. Imp
1 means terminate the current access.

SCitrl[6] This bit must be a zero due to framing requirements. Imp
SCitrl[7] unimplemented Unimp(0)

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl[5] bit to a logical one, the data octbyte
with which itis associated is not transmitted by the responding device. The initiating device may start a new transaction
once the transmission of the read data packet has ceased. The detailed functional description is provided in “Rambus
DRAM user’s manual (Reference Manual)”.
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Figure 5-6. Serial Control Packet Format

Device Pins

Bus- 1 Bus- 1 i 1 Bus-
Enable | Ctrl Data

SCtrl

I.

SCtrl

SCtrl

(2]

,:m
=8

ot st
|

1 Serial Control
Time Packet

This means that this pin is not used by this packet. If it is not used
by another packet, it is pulled to a logic zero value.
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5.5.2 Serial Mode Packet Format

The serial mode packet transmitted by initiating devices, and received by responding device. Its format is shown
in the following figure.

Clock
Cycle
Number

Serial Mode
Packet

Device Pins
"Bus- 1 Bus- 1 Bus- 1 Bus- |
Data | Data , Data , Data , Data
I 1
L}

M. 6

t
L

Figure 5-7. Serial Mode Packet Format

Data | Data
B

”

————

5
5

This means that this pin is not used by this packet. If it is not used
by another packet, it is pulled to a logic zero value.

The serial mode packet modifies the state of the Count00[7:0] and Count11([7:0] counters.
These counters cause operating mode transitions when they reach special values. The detailed functional

description is provided in “Rambus DRAM user’s manual (Reference Manual)”.

A serial mode packet with the SMode[1:0] field set to 00 is the default. Most transitions are caused by blocks of
sequential serial mode packets, each with the SMode[1:0] field set to 11. The serial mode packets should never set
SMode[1:0] field to 01 or 10. This is because in some of the operating modes, the clock generator is unlocked (the
frequency is correct but not the phase). When this happens, the BusEnable receiver is unable to discriminate anything
other than long pulses of zeros or ones. Because the frequency of the clock generator is correct, it can count the
length of these pulses with moderate accuracy.

Table 5-11. Serial Mode Fields

SMode[1:0] Description Spec/Rsrv/
Undef
00 Increments Count00[3:0}, clears Count11[7:0]. Spec
01 - Undef
10 - Undef
11 Increments Count11[7:0], clears Count00[3:0] Spec
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6. State Diagram

The following figure is a state diagram of the Frame state machine. The operating mode of the device depends
upon which of the nine states it is in:

« reset mode - ResetState
« standby mode - StandbyState
« active mode - ActiveState, IdCompareState, DeviceState, OkayState, NackState, AckWindowState

This section will only discuss the first three states (ResetState, StandbyState, ActiveState). The remaining five
states which are shown shaded in the state diagram (IdCompareState, DeviceState, OkayState, NackState,
AckWindowState) will be dealt with in the “Rambus DRAM user’s manual (Reference Manual)”.

The device will enter ResetState when power is initially applied (PowerOn). In ResetState, the device will be in
the reset operating mode, in which all control registers assume a known state. |f power has just been applied, the
device will pass through ActiveState and settle in StandbyState, and remain there until serial mode packets are
received from an initiating device.

Figure 6-1. Frame State Machine - State Diagram

ResetState (reset mode)

(place device in known state) PowerOn

Count11<tmodear. MiN

StandbyState (standby state)
(reduced power dissipation)

Count11> = tmodesa, MiN Count00> = tModepetay, MAX

ActiveState (active mode)
(ready to receive request)

Count11> = tModear, MIN

BusCtrleven = 1
(Start Bit)

IdCompareState (active mode)
(receive request - compare address)

IdMatch |dMatch
AckWindowState (active mode) DeviceState (active mode)
(wait for AckWinDelay to elapse) (this responding device is addressed)
DeviceBusy DeviceBusy
NackState (active mode) OkaysState (active mode)
(send Nack acknowledge) (send Okay acknowledge)
Execute signal
to Command
state machine
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ActiveState is the state in which all decisions are made to transition to the states for the other operating modes.
From here, the device will also enter the transaction-framing states. Refer to “Rambus DRAM user’'s manual
(Reference Manual)”.

After poweron, the device will re-enter ResetState when the value of the Count11[7:0] counter is greater than or
equal to tmodear,MiN. The device will leave ResetState when the value of the Count11{7:0] counter is less than tmodesamin.
This will happen when an SMode({1:0] field of 00 is received, causing the Count11(7:0] counter to clear.

The device will enter StandbyState when the value of the Count00[3:0] counter is greater than or equal to
tmodenelay,MaX. The device will leave StandbyState when the value of the Count11[7:0] counter is greater than or equal
to tModesAMIN.

Caution PD (Mininterval Register [3] [2]) = 0is necessary. Because, BM RDRAM don’t support Power Down
request.

6.1 Parameters for Operating Mode Transitions

The following table summarizes the parameter values associated with operating mode transitions of a responding
device. A minimum and maximum value are given for the parameters to account for implementation differences. In
all cases, the SMode[1:0] field of the consecutive serial mode packets must have the value 11 to cause an operating
mode transition (with the exception of the tmodepelay,Max as mentioned in the previous section). Initiating devices must
use values within the minimum and maximum SMode packet count requirements shown above to control operating
mode transitions.

Table 6-1. Responding Device Parameters for Operating Mode Transitions

410

Count Minimum Maximum
Parameter (clock (clock Description
Name cycles) cycles)
tModesa 1 4 Number of SMode packets to cause a transition from
Standby-Mode to ActiveMode
tModeOffSet 4 7 Offset from beginning of SMode packet to request packet for
standby to active transition
tModeDelay - 20 Delay from end of SMode packet to request packet for
standby to active transition
ModeSwitchReset 320 - Number of SMode packets to cause a transition from Active-
Mode to ResetMode
tReset 32 - Time required for an RDRAM'’s internal nodes to settle to their
reset values.
tLock, Reset 750 - Time required for an RDRAM’s internal clock generator to lock
to the external clock.
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6.2 Standby Mode and Active Mode

The following figure shows the basic transitions between active and standby modes in response to serial mode

packets
Figure 6-2. Basic ActiveMode/StandbyMode Transitions
Clock BusEn BusCtrl BusData [8 : 0]
Cycles
[ tModesaMn ¥ |
tModesa, MAX

tModeDelay, MAX

[TTTTTTTITTTTITITITT T

This is a timing diagram, with time increasing in the downward direction. The time scaleisin clock cycles, as shown
on the left scale. The value of each of the eleven low-swing signal pins of the responding device is shown with the
assumption that ttr is zero (the responding device is located at the master end of the Channel).

Serial mode packets with an SMode[1:0] field are shown as a box with a “11” label in the BusEn column. The
BusEnable defaults to a logical zero value. The initiating device has transmitted tmodesamax serial mode packets with
SMode[1:0] equal to 11 (this is the longest sequence permitted for invoking a standby to active transition). After the
first tModesa,MiN serial mode packets, the device begins the transition to active mode. It reaches active mode after
tmodeottset, MIN clock cycles after the start of the first serial mode packet. It remains there for tmodebelay.MaX clock cycles
after the last serial mode packet.

The responding device is in active mode when it begins framing the request packet. A transaction may begin in
any of the clock cycles with the light shading above (labeled “Active Mode”).

If the serial mode packet(s) causing a standby to active mode transition are not followed by a transaction with
tModeDelay,Max Clock cycles after the last serial mode packet, then the responding device will return to standby mode.
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The next figure shows the case in which a transaction is started as early as possible after a serial mode packet
which causes a standby to active mode transition

Figure 6-3. ActiveMode/StandbyMode Transition - Early Transaction

Clock BusEn BusCtrl BusData [8 : 0]
Cycles

tmodeorfrset, MiN

STTETTT

Transaction (Active Mode)

A transaction is composed of packet types other than serial mode packets, and will be defined in the next chapter.
These other packet types lie entirely inside the heavy black box in the above figure. When atransaction has completed,
the device returns to standby mode. The detailed functional description is provided in “Rambus DRAM user’s manual
(Reference Manual)”.
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6.3 ResetMode

Reset mode is entered when a consecutive sequence of tmedera,Min serial mode packets with a value of 11 are seen
by a responding device (shown in the following figure). In reset mode, all devices enter a known state from which
they may be Initialized. The device remains in reset mode for as long as serial mode packets with 11 value are
received. When one or more serial mode packets with a value of 00 are seen, the responding device enters the active
mode state.

Although devices enter the active mode state immediately, their clock circuitry requires a time trockmn to
resynchronize. Initiating devices must wait this long after the transition out of reset mode before starting any

transactions.
Figure 6-4. ResetMode to ActiveMode Transition
Clock BusEn BusCtr BusData [8 : 0]
Cycles

tModeSwitchReset, MIN

tReset, MIN

tLock, Reset, MIN

FTETTTrTTTTTTT
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7. Transactions
7.1 Read Transactions

The following figure shows the basic form of a memory space or register space read transaction. There are request
and acknowledge packets, with the same tackpelay and tackwinbeiay timing constraints. tackwinoelay will not be shown
explicitly on any further transaction diagrams in this document.

When the responding device transmits an Okay acknowledge packet to the initiating device, it will also transmit
a data packet with read data. This packet is sent a time treadelay after the end of the request packet. The treadDelay
value is in tcvcLe units and is programmed into the ReadDelay field of the Delay register of each responding device.
Itis not required to be the same for all devices within a Rambus system, but the difference (treadpelay - tackpelay) is required
to be the same. This allows initiating devices to use the acknowledge packet to determine when the read data packet
begins. The detailed functional description is provided in “Rambus DRAM user’s manual (Reference Manual)”.

Figure 7-1. Read Transaction

Clock BusEn BusCtrl BusData [8: 0]

tAckDelay

tReadDelay
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7.2 Write Transactions

The following figure shows the basic form of a memory space or register space write transaction. There are request
and acknowledge packets, with the same tackpelay and tackwinbelay timing constraints as already discussed.

When the initiating device transmits a request packet to the responding devices, it will also transmit a data packet
with write data. This packet is sent a time twritepelay cycles after the end of the request packet. The twritepelay is in tcycLe
units and is programmed into the WriteDelay field of the Delay register of each responding device. It is required to
be the same for all devices within a Rambus system. A responding device will see the same twriteDeiay interval between
the request and write data packets whether the device is on the Primary Channel or on a Secondary Channel.

If the responding device returns an Okay acknowledge packet, then the transaction is complete at the end of the
acknowledge window or at the end of the write data packet, whichever is later. The next request packet can be
transmitted in the following clock cycle except for the case in which a register or memory space write to a device is
followed by any other transaction to that device. In that case, one of the following two intervals must be inserted
between the two transactions, where the memory or register case depends upon the first transaction.

«  trostRegwriteDelay if the current transaction is a register space access
+  trostMemwriteDelay if the current transaction is a memory space access

If the responding device returns a Nack or Nonexistent acknowledge packet for a write command, then no write
data packet is required by the responding device. The current transaction is complete at the end of the acknowledge
window, or when the initiating device stops transmitting the write data packet, whichever is later. The next request
packet can be transmitted in the following clock cycle. For the case of a Nack or Nonexistent, the initiating device
must terminate the write data packet before another initiating device is given control of the Rambus Channel for a
transaction. This is part of the arbitration mechanism used by the initiating devices. The arbitration mechanism is
not specified in this document because it does not use the Rambus Channel. The detailed functional description is
provided in “Rambus DRAM user’s manual (Reference Manual)”.

Figure 7-2. Write Transaction

Clock BusEn BusCtrl BusData [8: 0]

Request

Next transaction to same device

Next transaction to different device

415



NEC uPD488031L

7.3 Read Transactions with Serial Address Packet

The following figure shows a memory space read transaction for a command which uses the serial address packet.
For a transaction which moves (n+1) octbytes of read data, the serial address packet will be (4 x n) clock cycles in
length (recall that the low-order address bits for the first octbyte of read data come from the request packet).

Each serial address subpacket (each SAdr{i}[10:3] field) is transmitted by the initiating device a time tseriaiReadotiset
clock cycles before the octbyte of read data to which it corresponds. This means that the serial address packet will
move with the read data packet, with a constant offset.

+  tserialReadofiset is the delay from the beginning of a serial address subpacket to the beginning of the read data
subpacket (octbyte) with which it is associated.

The detailed functional description is provided in “Rambus DRAM user’s manual (Reference Manual)”.

Figure 7-3. Read Transaction with Serial Address Packet

Clock BusEn BusCtrl BusData [8 : 0]

Request

Data[0] [7:0] [8:0] =RData[0] [7: 0] [8:0]

Data[1][7:0][8:0]=RData[1] [7:0] [8:0]

tserialReadOftSet

Data [n-1] [7 : 0] [8 : 0] = RData [n-1] [7 : 0] [8 : 0]

Data[n][7:0][8:0] =RData[n] [7:0] [8:0]
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7.4 Write Transactions with Serial Address Packet

The following figure shows a memory space write transaction for a command which uses the serial address packet.
For a transaction which moves (n+1) octbytes of write data, the serial address packet will be (4 x n) clock cycles in
length (recall that the low-order address bits for the first octbyte of write data come from the request packet).

Each serial address subpacket (each SAdr[i][10:3] field) is transmitted by the initiating device a time tseriawriteottset
clock cycles before the octbyte of write data to which it corresponds. This means that the serial address packet will
move with the write data packet, with a constant offset.

+  tserawriteotiset is the delay from the beginning of a serial address subpacket to the beginning of
the write data subpacket (octbyte) with which it is associated.

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at
either point since the serial address packet and write data packet are moving in the same direction - from initiating

device to responding device.

Figure 7-4. Write Transaction with Serial Address Packet

Clock BusEn BusCtrl BusData {8 : 0]

Cycles

[ SAdr

— 1 Request

t tAckDelay

L Data [0] [7 : 0] [8 : O] = WData [0] [7 : 0] [8 : 0]
L Data[1] [7 : 0] [8 : 0] = WData [1] [7 : 0] [8 : O]
: tseriawriteOfiSet

— Data[n-1] [7: 0] [8: 0] = WData [n-1] [7 : 0] [8 : 0]
E Data[n] [7:0][8:0] = WData [n] [7: 0] [8: 0]
-

Next transaction to same device

Next transaction to different device
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7.5 Read Transactions with Serial Control Packet

The following figure shows a memory space read transaction for a command which uses the serial control packet.
This packet is used to terminate a transaction before the (CV+1) octbytes of read data have been transferred, where
CV is the value of the Count[7:3] Field when interpreted as an unsigned, five bit integer. In the example shown, the
read data is terminated after (n) octbytes have been transferred.

The serial control packet is transmitted by the initiating device a time tseriaireadotiset clock cycles before the end of
the last read data octbyte which is transmitted by the responding device.

The serial control packet is also constrained to lie entirely outside the tackwinbelay interval, as shown in the figure,
in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation
of this constraint will produce undefined (Undef) results. The detailed functional description is provided in “Rambus
DRAM user’s manual (Reference Manual)”.

Figure 7-5. Read Transaction with Serial Control Packet

BusEn BusCtrl BusData [8 : 0]
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Data[0] [7: 0] [8: 0] = RData [0] [7: 0] [8: 0]

Data [n-3) [7 : 0] [8 : O] = RData [n-3] [7 : 0] [8 : O]

tserialReadoffSet

Data [n-2] [7 : 0] [8 : O] = RData [n-2] [7 : 0] [8 : 0]
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Data[n-1) [7 : 0] [8 : 0] = RData [n-1] [7: 0] [8: 0]
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7.6 Write Transactions with Serial Control Packet

The following figure shows a memory space write transaction for a command which uses the serial control packet.
This packet is used to terminate a transaction before the (CV+1) octbytes of write data have been transferred, where
CV is the value of the Count[7:3] field when interpreted as an unsigned, five bit integer. In the example shown, the
write data is terminated after (n) octbytes have been transferred.

The serial control packet is transmitted by the initiating device a time tsenawriteotiset clock cycles before the end of
the last write data octbyte which is transmitted by the initiating device.

Note that this offset interval is measured at the initiating device or the responding device; it will be the same at
either since the serial address packet and write data packet are moving in the same direction - from initiating device
to responding device.

The serial control packet is also constrained to lie entirely outside the tackwindeiay interval, as shown in the figure,
in order to avoid interference with the acknowledge packet which is being returned by the responding device. Violation
of this constraint will produce undefined (Undef) results.

Figure 7-6. Write Transaction with Serial Control Packet

Clock BusEn BusCtrl BusData [8 : 0]

Request

tAckDeiay

Data[0] [7:0) [8:0] = WData [0] [7 : 0] [8 : O]
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The serial control
packet must not lie
inside the acknowledge
window.

Data[1][7:0][8:0] =WData [1][7:0] [8: 0]

Data[n-2] [7 : 0] [8 : 0] = WData [n-2] [7 : 0] [8: O]

tserialwriteOttSet

Data[n-1][7: 0] [8: 0] = WData [n-1] [7: 0] [8 : O]
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8. Nack Acknowledge Response
8.1 Retry and Miss Latency

If a responding device returns a Nack acknowledge packet, then no read or write data packet is transacted. The
current transaction is complete at the end of the acknowledge window. It will be necessary to wait for an interval

of time (called a tretry interval) before resubmitting the transaction. The following figure illustrates this case.

Figure 8-1. Nack Acknowledge Response

Clock  BusEn BusCtrl BusData [8: ()
Cycles
[
- _ R
= Transaction

Nack Acknowledge Response
- tRetrySensedClean
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- tRetrySensedDirty
— or
t tRetryRetresh
-
’: tReadMiss
— or
; I~ twriteMiss
= tReadHit

or

[ Transaction et
— Okay Acknowledge Response

Read Data or Write Data Packet

rerretrt...

Once the tretry interval has elapsed, the transaction may be restarted by the initiating device, and the RDRAM
will return an Okay acknowledge packet and the data packet will be transferred. An RDRAM will Nack any other
transactions which are issued during the tretry interval.

Two miss latency parameters may be derived with the following equations:

tReadMiss = tRETRY + tReadHit (Eq 8-1)

twriteMiss = tRETRY + twriteHit (Eq 8-2)

where trReTRY = {tRetrySensedClean, tRetrySensedDiry, tRetryRefresh}. The treadmiss and twriteMiss parameters are the time from the
beginning of the original (Nacked) request packet to the beginning of the data packet which is eventually transferred.
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8.2 tretry Interval
8.2.1 Retry Due to RowMiss

If an initiating device requests a region of memory space in an RDRAM slave which is not currently held in the
RowSenseAmpCache, the RDRAM will respond with a Nackacknowledge packet. The RDRAM will then begin a
RowMiss operation to get the proper row into the RowSenseAmpCache. During the RowMiss, the RDRAM will Nack
any request it is given. When the RowMiss is complete, the new row may be accessed.

Each bank has a Valid flag and a Dirty flag for its Row register. After reset, both are zero. After a RowMiss has
caused a new row to be placed into the RowSenseAmpCache, the Row register contains its row address and the
Valid flag is set to a one. If the RowSenseAmpCache contents are modified with a memory write transaction, the
dirty flag will be set. These flags are not directly accessible to initiating devices.

A subsequent RowMiss will cause the old row to be written back to the bank (if it was dirty and an explicit restore
was not forced with the Close bit in the request packet) and a new row to be placed into the RowSenseAmpCache.
The time required for this is called the tretay time, and is added to the normal read and write hit latency times, as
shown in the preceding figure. These times are given by the following equations. The component parameters are
shown in a subsequent table. All of these tretry intervals correspond roughly to the cycle time parameter trc of a
conventional page mode DRAM. This is because RDRAMs use CAS-type accesses for all memory read and write
transactions.

After a new row is sensed and placed into the RowSenseAmpCache, a final interval tRowimprestore is used to restore
the row in core back to its original state. This is necessary because the DRAM sense operation is destructive. This
interval is not in the critical timing path, and is performed in parallel with a subsequent data transfer. It can extend
a subsequent retry operation.

There are two treTry equations for the 8M RDRAM:

tRetrySensedClean = tRowOverHead + tRowPrecharge + tRowSense (Eq 8-3)

tRetrySensedDity = tRowOverHead + tF p Rowf (Eq 8—4)

The detailed functional description is provided in “Rambus DRAM user's manual (Reference Manual)”.
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8.2.2 Retry Due to Pending Burst Refresh

In a 8M RDRAM, a refresh burst will first restore the currently accessed row if it is dirty. This requires a tRowExprestore
interval. If the row is clean, this interval is not required. A burst of four rows are precharged/sensed/restored (using
the tRowPrecharge, tR: , and t p intervals), and the current row is precharged/sensed so the RDRAM is left
with its RowSenseAmpCache state unaltered (except the row’s dirty flag will be cleared):

tRetryRefreshClean
= twriteHit + tRefRequestidieOverHead + SXtLessRowRefreshOverHead +

5 x (2 x RowPrecharge [0:4] + RowSense [0:4] + RowlmpRestore [0:4] (Eq 8-5)

{RetryRefreshDirty
= twriteHit + tRefRequestidieOverHead + SXtLessRowRefreshOverHead +

5 x (2 x RowPrecharge [0:4] + RowSense [0:4] + RowimpRestore [0:4] + trRowExpRestore)  (EqQ 8-6)

RowPrecharge [0:4], RowSense [0:4], RowlmpRestore [0:4] are the value of every Register.

When a transaction initiates a manual burst refresh in an RDRAM (transaction “A” in the figure below), the RDRAM
will Nack all further transactions directed to in during the tretryretresh interval after. No information from these Nacked
transactions will be retained after the tretyretresh interval. After the tretryretresh interval, transactions will be handled in
a normal fashion. The detailed functional description is provided in “Rambus DRAM user’s manual (Reference
Manual)”.

Figure 8-2. Transaction Holdoff Due to Burst Refresh
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8.3 Retry Component Intervals

The tretry and trasagain intervals are built from the tRowOverHead, tRowp ge, tF , tF p , tRowExprestore,
tRefRequestidieOverHead, tLessRowRefreshOverHead, and tHoidorf intervals. All eight intervals are measured in tcvcie units, and thus
scale with the clock frequency.

The trowoverHead, tRefRequestidieOverHead, and tressRowRefreshOverHead intervals consists of the RowMiss and Refresh state
machine overheads. The remaining five intervals represent the width of intervals used for timing core operations.
These core operations have minimum times measured in nanosecond units (this is shown in the “core timing(ns)”
columns in the table below). The five intervals are composed of a fixed part and a variable (programmable) part.
If the clock frequency is reduced, the variable part may be reduced so the sum of the fixed and variable parts remain
greater than or equal to the minimum core operation time (in nanoseconds).

Table 8-1. Retry Components

Delay Fixed Part (overhead) 8M RDRAM
Parameter and tevoLe Units core timing (ns)
Variable Parthote 1 (4 ns) with tovoLe = 4ns
tRowOverHead Row overhead 7 28
- n/a
tRefRequestidleoverHead | Row overhead 14 56
- n/a
tLessRowRetreshOverHead | Row overhead 20 80
- n/a
tRowPrecharge RowPrecharge overhead | 6 28
RowPrecharge[4:0] 1
tRowsense RowSense overhead 1 32
RowSense[4:0] 7
tRowimprestore RowlmpRestore overhead | 5 60
RowlmpRestore[4:0] 10
tRowExprestore RowExpRestore overhead | 4 32
RowExpRestore[4:0]Note 2 | 4
tHoldot HoldOff overhead 1 8
RowPrecharge[4:0) 1

Notes 1. The variable part is programmed into the indicated field of the Raslinterval register.
2. The RowPrecharge[4:0] field is used for both the precharge interval and the holdoff
interval.
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9. AddressMapping

The address space decoding logic contained in a 8M RDRAM is shown in the following figure. The initiating device
places a 33 bit physical octbyte address Adr[35:3] on the Channel. This address is received by the RDRAM slave.
The AddressSelect[1][1:0], [0][7:1] control register allows individual bits of the Adr[28:20] and Adr [19:11] fields to
be swapped to produce the AdrS[28:20] and AdrS[19:11] fields. The Adr[35:29] and Adr[10:3] fields pass through
unaltered to the AdrS[35:29] and AdrS[10:3] fields. The figure shows the case when AddressSelect[0][7:1],
[1][1:0] = 111111111, and the two nine bit address fields are exchanged. The detailed functional description is
provided in “Rambus DRAM user’s manual (Reference Manual)”.

Figure 9-1. AddressMapping Hardware

3534 3332313029282726252423222120191817161514131211109 8 7 6 5 4 3

Adr[35:2]

Address in Request Packet D[15:9] I R[8:0] , D[8:0] I C[7:0]
7 9 9 8
AddressSelect [0] [7: 1], (1] [1:0] |9 [0 1 10 |
=111111111 | 1 m'ux l I m!ux
AdrS [35: 2] ) . ) )
Address used by RDRAM Core D[15:9] | D80 I RiB:0] I cr:0

35343332313029282726252423222120191817161514131211109 8 7 6 5 4 3
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10. Electrical Characteristics (Preliminary)

Absolute Maximum Ratings

Symbol Parameter MIN. MAX. Unit Note
Vi,aBs Voltage applied to any RSL pin with respect to GND -0.5 Voo+0.5 \"

Vitriass | Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 \'

Vop,ABs Voltage on Voo with respect to GND -0.5 Voo,max+1.0 Vv
Topt Operation temperature 0 +70 °C 1
TsToRE Storage temperature -55 +125 °C

Caution The following table represents stress ratings only, and functional operation at the maximums
is not guaranteed. Extended exposure to the maximum ratings may affect device reliability.
Furthermore, although devices contain protective circuitry to resist damage from static electric
discharge, always take precautions to avoid high static voltages or electric fields.

Note 1 This parameter apply at the status of using 50 % Rambus channel by Read or Write and a transverse
air flow greater than 1.5 m/s maintained.

Thermal Parameters

Symbol Parameter MIN. MAX. Unit
Ty Junction operating temperature 100 °C
Ouc Junction-to-Case thermal resistance 5 °CW

Capacitance

Symbol Parameter MIN. MAX. Unit
Cwo Low-swing input/output parasitic capacitance 2 pF
Cime TTL input parasitic capacitance 8 pF
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Power Consumption

Mode Parameter MIN. MAX. Unit
lect Standby Current —-A50 135 mA
lcc2 Active Current -A50 380 mA
lccs Read Operation Current -A50 480 mA

(Burst Length = 256)
lcca Write Operation Current —A50 480 mA
(Burst Length = 256)

Caution These do not include the lo. current passing through the low-swing pins to ground.

Recommended Operating Conditions

Symbol Parameter MIN. MAX. Unit
Voo, Vooa | Supply voltage 3.15 3.45 \
VRer Reference voltage 1.95 2.15 \
Vswing Input voltage range 1.0 14 Vv
ViH High level input voltage VRer+0.5 VRer+0.7 \"
Vi Low level input voltage Vrer—0.7 | Vrer—0.5 \"
ViH, T1L High level TTL input voltage 2.0 Vop+0.5 \
Vi, T Low level TTL input voltage -0.5 +0.8 Vv

DC Characteristics (Recommended operating conditions unless otherwise noted)

Symbol Parameter Conditions MIN. MAX. Unit
IREF Vrer current VRer = Maximum -10 +10 uA
loH High level output current 0 < Vour< Voo -10 +10 HA
loL Low level output current Vour= 1.6 V 25 mA
I, 7L TTL input leakage current 0< Vi, L £ Voo -10 +10 HA
Von, 71 | High level TTL output voltage lon, 1L = -0.25 mA 2.4 Voo

Vo, 1. | Low level TTL output voltage lot, L= 1.0 mA 0 0.4 Vv
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Recommended Timing Conditions

serial control packet to the beginning of the write data
subpacket (octbyte) with which it is associated.

Symbol Parameter MIN. MAX. Unit
tPAUSE Pause time after Power On 200 us
tcR, torF TxClk and RxClk input rise and fall times 0.3 0.7 ns
tevcLe TxClk and RxClk cycle times -A50 4 5 ns
trick Transport time per bit per pin (this timing interval is| tcvoLe/2 tcvoLe/2 ns

synthesized by the RDRAM's internal clock generator)
tcH, toL TxClk and RxClk high and low times 47 % 53 % tcvoLe
trr TxClk-RxClk differential 0.25 0.7 ns
tsp Sln-to-SOut propagation delay 50 ns
ta TxClk-to-Data/Control output time 1-0.45 1+0.45 [tcvcie/4
ts Data/Control-to-RxClk setup time 0.45 tevcLe/4
tH RxClk-to-Data/Control hold time 0.45 tevcLe/4
tRer Refresh interval 17 ms
tLock RDRAM internal clock generator lock time 750 tevoLe
Transaction Timing Characteristics
Symbol Parameter MIN. Unit
trostregwriteDelay | Delay from the end of the current transaction to the beginning 6 tcvoLe
of the next transaction if the current transaction is a write to
register space and the next transaction is made to the same
device.
Use zero delay if the next transaction is to a different device.
trostMemwriteDelay | Delay from the end of the current transaction to the beginning 4 teveLe
of the next transaction if the current transaction is a write to
memory space and the next transaction is made to the same
device.
Use zero delay if the next transaction is to a different device.
tPostMemReadDelay | Delay from the end of the current memory read transaction to 2 tovcLe
the beginning of the next transaction.
tserialReadOffSet Delay from the beginning of a serial address subpacket or 12 tcvoLe
serial control packet to the beginning of the read data
subpacket (octbyte) with which it is associated.
tserialWriteOffSet Delay from the beginning of a serial address subpacket or 8 tovoLe
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Data and Transaction Latency Characteristics

Symbol Parameter MIN. Unit Notes

treaspetlay | Delay from the end of a read request packet to the 7 tovoLe 1
beginning of the read data packet.

twritebelay | Delay from the end of a write request packet to the 1 toYoLE 2
beginning of the write data packet.

Notes 1. treadpelay is programmed to its minimum value.
2. twriteDelay is programmed to its minimum value.

Hit, Retry and Miss Delay Characteristics

Symbol Parameter MIN. Unit Notes
tReadHit Start of request packet to start of read data packet for row 10 tovoLe 1
hit (Okay).
tWriteHit Start of request packet to start of write data packet for row 4 tcvoLe 1
hit (Okay).
tRetrySensedClean Start of request packet for row miss (Nack) to start of 22 tevcLe 2

request packet for row hit (Okay).
The previous row is unmodified.

tRetrySensedDirty Start of request packet for row miss (Nack) to start of 30 tcycLe 2
request packet for row hit (Okay).
The previous row is modified.

tRetryRefresh Start of request packet for row miss (Nack) Clean 213 tevoLe 2
to start of request packet for row hit (Okay).
Dirty 221
tReadMiss Start of request packet for row miss (Nack) to start of Read 32 tovoLe 3
Data packet for row hit (Okay).
twriteMiss Start of request packet for row miss (Nack) to start of Write 26 teycLE 3

Data packet for row hit (Okay).

Notes 1. Programmable
2. tRowExprestore, tPrecharge, and tsense are programmed to there minimum value.
3. Calculated with tretrysensedClean(MIN).
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Rise/Fall Timing Chart
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Transmit Data Timing Chart

Serial Configuration Pin Timing Chart
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11. Package Drawing
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NOTE ITEM MILLIMETERS __ INCHES
Each lead centerline is located within 0.13 mm (0.005 inch) of A 25.30 MAX.  0.996 MAX.
its true position (T.P.) at maximum material condition. B 2.575 MAX.  0.102 MAX.
C 0.65 (T.P.) 0.026 (T.P.)
0.003
D 0.24:0.06  0.009%3-303
0.002
E 0.25:0.05 0.010%5:90%5
F 1.6 MAX. 0.063 MAX.
G 1.256 0.049
H 13.0£0.2 0.51240.008
| 11.0+0.1 0.433£0.004
0.009
J 1.0£0.2 0.03923-308
K 017*33%8  0.007x0.001
0.004
L 0.5¢0.1 0.02025'005
M 0.13 0.005
N 0.10 0.004
- 7 3L
Q 0.65 (T.P.) 0.026 (T.P.)
R 22.75 0.896
S 1.275 MAX. 0.051 MAX.
P32G6-65A
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DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

uPD485506

LINE BUFFER
5K-WORD BY 16-BIT/10K-WORD BY 8-BIT

Description

The uPD485506 is a high speed FIFO (First In First Out) line buffer. Word organization can be changed either
5,048 words by 16 bits or 10,096 words by 8 bits.

Its CMOS static circuitry provides high speed access and low power consumption.

The uPD485506 can be used for one line delay and time axis conversion in high speed facsimile machines and
digital copiers.

Moreover, the uPD485506 can execute read and write operations independently on an asynchronous basis. Thus
the uPD485506 is suitable as a buffer for data transfer between units with different transfer rates and as a buffer for
the synchronization of multiple input signals.

There are four versions, E, K, P and X. These versions operate with different specifications. Each version is
identified with its lot number (refer to 7. Example of Stamping).

Features

» 5,048 words by 16 bits (Word mode) /10,096 words by 8 bits (Byte mode)

« Full static operation; data hold time = infinity

+ Suitable for sampling one line of A3 size paper (16 dots/mm)

« Asynchronous read/write operations available

« Variable length delay bits; 21 to 5,048 bits or 10,096 bits (Cycle time: 25 ns)
15 to 5,048 bits or 10,096 bits (Cycle time: 35 ns)

+ Power supply voltage Vcc =5V + 10 %

+ All input/output TTL compatible

+ 3-state output

Ordering Information

Part Number R/W Cycle Time Package
nPD485506G5-25 25 ns 44-pin plastic TSOP (Il) (400 mil)
uPD485506G5-35 35 ns

The information in this d is subject to ch without notice.

9
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Pin Configuration (Marking side)

Douto
Dourt
Dourz
Doura
Doure
Dours
Doure
Dourz
OE
RE
GND
RSTR
RCK
Vee
Dours
Doure
Doutio
Dour11
Douri2
Douria
Doura

Douris

44-pin plastic TSOP (II) (400 mil)

1 v 44
2 43
3 42
4 41
5 40
6 39
7 38
8 37
9 36
10 % 35
o
1 34
12 g 33
13 § 32
14 31
15 30
16 29
17 28
18 27
19 26
20 25 |
21 24
22 23
Dino to Dints~ : Data Inputs
Dourto to Dour1s : Data Outputs
WCK : Write Clock Input
RCK : Read Clock Input
WE : Write Enable Input
RE : Read Enable Input
OE : Output Enable Input
RSTW : Reset Write Input
RSTR : Reset Read Input
MD : Mode Set Input
Vce : +5 V Power Supply
GND : Ground

Dino
Dint
Dinz
Dina
Dina
Dins
Dine
Dine
WE
MD
GND

RSTW

WCK
Vee
Dins
Dine
Dinto
Dintt
Dini2
Dinia
Dinta

Dinis
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Block Diagram

Vee
GND
RSTW . . . RSTR
WCK Write Address Pointer ] I Read Address Pointer I RCK
— Y ’_L..
Dino 1 —— Douto
Dint — —> Doum
Dinz F— . |—> Dourz
5 s| |2
2 = S
Dis £ £ 40,384 bits S| & [ bom
8 = (5,048 by 8) 5 3
Dina et 3 Memory Cell Array g § —> Dours
o £
Dins £ Sl - & > Dours
Dine — — Dours
Dinz — — Dourr
A [ [ Y — OE
Dins ——1 Douts
Ding — Doute
Dinio = — s Dourio
k 5 5 3
Ditt ] £ 40,384 bits S ¢ Dourss
g @ (5,048 by 8) 8
Dint2 g 3 Memory Cell Array é. — Douriz
3 £ §
Dinia £ © — & Douria
Dinia — Douri4
Dints — Dour1s

| Mode Controller |

!

MD
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1. Pin Function

Pin
Pin Symbol Pin /10 Function
Number ymbo Name
23 - 30 Dino Data In Write data input pins.
| Input The data inputs are strobed by the rising edge of WCK at the end of a cycle
37-44 Dinis and the setup and hold times (tos, ton) are defined at this point.
1-8 Douro Data Out Read data output pins.
| Output The access time is regulated from the rising edge of RCK at the beginning of a
156-22 Douris cycle and defined by tac.
33 RSTW Reset In Reset input pin for the initialization of the write address pointer.
Write The state of RSTW is strobed by the rising edge of WCK at the beginning of a
Input cycle and the setup and hold times (trs, ta) are defined.
12 RSTR Reset In Reset input pin for the initialization of the read address pointer.
Read The state of RSTR is strobed by the rising edge of RCK at the beginning of a
Input cycle and the setup and hold times (trs, tr1) are defined.
36 WE Write In Write operation control signal input pin.
Enable When WE is in the disable mode (“H” level), the internal write operation is
Input inhibited and the write address pointer stops at the current position.
10 RE Read In Read operation control signal input pin.
Enable When RE is in the disable mode (“H” level), the internal read operation is
Input inhibited and the read address pointer stops at the current position. The data
outputs remain valid for that address.
9 OE Output In Output operation control signal input pin.
Enable When OE is in the disable mode (“H” level), the data out is inhibited and the
Input output changes to high impedance. The internal read operation is executed at
that time and the read address pointer incremented in synchronization with the
read clock.
32 WCK Write In Write clock input pin.
Clock When WE is enabled (“L” level), the write operation is executed in
Input synchronization with the write clock. The write address pointer is incremented
simultaneously.
13 RCK Read In Read clock input pin.
Clock When RE is enabled (“L” level), the read operation is executed in synchroniza-
Input tion with the read clock. The read address pointer is incremented
simultaneously.
35 MD Mode In Mode set input pin.
Set The level of MD gives the operation mode. When MD is in “L” level,
Input 5,048 words by 16 bits configuration with Dino - Dinis, Douto - Douris is enabled.
When MD is in “H” level, 10,096 words by 8 bits configuration with Dino - Dinz,
Douro - Dout7 is enabled.
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2. Operation Mode
uPD485506 is a synchronous memory. All signals are strobed at the rising edge of the clock (RCK, WCK).
For this reason, setup time and hold time are specified for the rising edge of the clock (RCK, WCK).

(1) Mode Set Cycle (5,048 words by 16 bits or 10,096 words by 8 bits organization)

uPD485506 has a capability of selecting from two operation modes by judging the MD level when RSTW or RSTR
is enabled in the reset cycle.

MD Level Bit Configuration Data Inputs/Outputs Control Signal
L 5,048 words by 16 bits Dio - Dints WCK, WE, RSTW
Douto - Dout1s RCK, RE, RSTR
“H” 10,096 words by 8 bits Dino - Dinz WCK, WE, RSTW
Douro - Dourr RCK, RE, RSTR

Caution Don’t change the MD level during a reset cycle.
5,048 Words by 16 Bits FIFO

WCK WE RSTW

Y Y

5,048 Words
Dino - DlmsD— by -—D Douro - Dour1s

16 Bits

0 00b 0

RCK RE RSTR OE

10,096 Words by 8 Bits FIFO

WCK WE RSTW
Do - Dz [ — 10,096 Words by 8 Bits L[ Dour - Dourr
RCK RE RSTR OE

Remark Fix Dins - Dints to “L” or “H” level in the 10,096 words by 8 bits mode.
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2)

)

4)

Write Cycle

When the WE input is enabled (“L” level), a write cycle is executed in synchronization with the WCK clock input.
The data inputs are strobed by the rising edge of the clock at the end of a cycle so that read data after a one-
line (5,048 bits or 10,096 bits) delay and write data can be processed with the same clock.

When creating a variable length delay line by controliing WE or RSTW, delay bits are as follows.

Part Number Cycle Time Delay Bits
1PD485506-25 25 ns 21 to 5,048 bits/21 to 10,096 bits
1PD485506-35 35 ns 15 to 5,048 bits/15 to 10,096 bits

Unless inhibited by WE, the internal write address will automatically wrap around from 5,047 to 0 and begin
incrementing again.

Read Cycle

When the RE input is enabled (“L” level), a read cycle is executed in synchronization with the RCK clock input.
When the OE input is also enabled (“L” level) at that time, data is output at tac.

When creating a variable length delay line by controlling RE or RSTR, delay bits are as follows.

Part Number Cycle Time Delay Bits
1PD485506-25 25 ns 21 to 5,048 bits/21 to 10,096 bits
1PD485506-35 35 ns 15 to 5,048 bits/15 to 10,096 bits

When read and write cycles contend for the same line for a time axis conversion, etc., the old data (previous
line) may be output for the last 21 bits in the case of 25 ns read cycle time, and the last 15 bits in the case

of 35 ns read cycle time.
Unless inhibited by RE, the internal read address will automatically wrap around from 5,047 to 0 and begin
incrementing again.

Write Reset Cycle/Read Reset Cycle

After power up, the uPD485506 requires the initialization of internal circuits because the read and write address
pointers are not defined at that time.

It is necessary to satisfy setup requirements and hold times as measured from the rising edge of WCK and RCK,
and then input the RSTW and RSTR signals to initialize the circuit.

Caution Write and read reset cycles can be executed asynchronously. However, 1/2 cycle and 500 ns is

required after a write cycle to read the data written in a cycle.

Remark Write and read reset cycles can be executed at any time and do not depend on the state of RE, WE or

OE.

uPD485506
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3. Electrical Specifications
» All voltages are referenced to GND.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on any pin relative to GND Vr -0.5Note to Vee + 0.5 \
Supply voltage Vee -0.5to +7.0 Y
Output current lo 20 mA
Power dissipation Po w
Operating ambient temperature Ta 0to +70 °C
Storage temperature Tsg -55 to +125 °C

Note -3.0 V MIN. (Pulse width = 10 ns)

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification. Exposure to Absolute Maximum Rating

conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MiIN. TYP. MAX. Unit
Supply voltage Vee 4.5 5.0 5.5 v
High level input voltage Vi 24 Vee + 0.5 v
Low level input voltage ViL —0.3Note +0.8 \
Operating ambient temperature Ta 0 70 ‘C
Note -3.0 V MIN. (Pulse width = 10 ns)
DC Characteristics (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Operating current lec 140 mA
Input leakage current It Vi = 0 to Vcc, Other Input 0 V -10 +10 HA
Output leakage current lo Vo = 0 to Vcc, -10 +10 HA
Dour: High Impedance
High level output voltage Vo lon = -1 mA 24 \
Low level output voltage Vou loL =2 mA 0.4
Capacitance (Ta = +25 °C, f = 1 MHz)
Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Input capacitance Ci 10 pF
Output capacitance Co 10 pF
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes 1,2, 3

1PD485506-25

1PD485506-35

Parameter Symbol Unit Notes
MIN. MAX. | MIN. MAX.
Write clock cycle time twek 25 35 ns
Write clock pulse width twew 11 12 ns
Write clock precharge time twep 1" 12 ns
Read clock cycle time trek 25 35 ns
Read clock pulse width trew 11 12 ns
Read clock precharge time trcp 1 12 ns
Access time tac 18 25 ns
Output hold time tor 5 ns
Output low-impedance time tiz 5 18 5 25 ns 4
Output high-impedance time thz 5 18 5 25 ns 4
Input data setup time tos 7 10 ns
Input data hold time toH 3 3 ns
MD Set setup time tms 20 20 ns
MD Set hold time tMH 10 10 ns
MD Set time tvo 0 ns 5
Output low-impedance time (Mode change) tizm 5 18 25 ns 4
Output high-impedance time (Mode change) thzm 5 18 5 25 ns 4
RSTW/RSTR Setup time trs 7 10 ns 6
RSTW/RSTR Hold time thn 3 3 ns 6
RSTW/RSTR Deselected time (1) tnt 3 3 ns 7
RSTW/RSTR Deselected time (2) trnz2 7 10 ns 7
WE Setup time twes 7 10 ns 8
WE Hold time twen 3 3 ns 8
WE Deselected time (1) twent 3 3 ns 9
WE Deselected time (2) twenz 7 10 ns 9
RE Setup time trRes 7 10 ns 10
RE Hold time tren 3 3 ns 10
RE Deselected time (1) tRENT 3 3 ns 11
RE Deselected time (2) then 7 10 ns 11
OE Setup time toes 7 10 ns 10
OE Hold time toen 3 3 ns 10
OE Deselected time (1) toent 3 3 ns 1
OE Deselected time (2) toen 7 10 ns 1
WE Disable time twew 0 0 ms
RE Disable time trew 0 0 ms
OE Disable time toew 0 0 ms
Write reset time tRsTw 0 0 ms
Read reset time tRsTR 0 0 ms
Transition time tr 3 35 3 35 ns
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Notes 1. AC measurements assume tr = 5 ns.
2. AC Characteristics test condition

Input Timing Specification

3.0V / .
ov /o PN
tr=5ns tr=56ns
Output Timing Specification
Highz 20V High-Z
08V
Output Loads for Timing
Vee Vee
1.8kQ 1.8kQ
Dour Dour
) l ) J.
) 1.1 kQ 30 pF 1.1kQ 5pF
(tac,ton) (tez,thz)

3. Input timing reference levels = 1.5 V.

4. tz, tuz, tizw and tvzm are measured at £200 mV from the steady state voltage. Under any conditions,
tiz 2 thz and tizm = tHzm.

5. Mode set signal (MD) must be input synchronously with write reset signal (trstw period) or read reset signal
(trsTrR period). Under this condition, trstw = tmp (tRsTR = tmp).

6. If either trs or trH is less than the specified value, reset operations are not guaranteed.

7. If either tant or trnz is less than the specified value, reset operations may extend to cycles preceding or
following the period of reset operations.

8. If either twes or twen is less than the specified value, write disable operations are not guaranteed.

9. Ifeithertwent ortwenz is less than the specified value, internal write disable operations may extend to cycles
preceding or following the period of write disable operations.

10. If either tres or tren, toes or toeH is less than the specified value, read disable operations are not guaranteed.

11. If either trent or tRenz, toent or toenz is less than the specified value, internal read disable operations may
extend to cycles preceding or following the period of read disable operations.
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Write Cycle

[ Cyclen ] [Cyclen+1] [Cyclen+2 ] | Disable Cycle ] [ Cycle n+3 II

twek

WCK (Input) __/ ’; 7

twew

WE (Input) \

tos

Remark RSTW = “H" level

Read Cycle (RE Control)

[[cyclen | [Cyclen+1] [Cyclen+2] | Disable Cycle | [Cyclen+3]
trek
/L. trcp
RCK (Input) — o \—J,—\_}[—\_} \.?
trent | tres trRen |, tReEN2

— tac y - \ tac
RE (Input) _\ tRew N |

toH ton tou

))
«

Dour (Output) :@] " i®((n+1))®( 02 [<X>: (n+3) X:

Remark OE = “L” level, RSTR = “H” level

Read Cycle (OE Control)

[ cyclen | [Cyclen+1 ] [Cyclen+2] | Disable Cycle | [ cyclem ll

trek
trce
RCK (Input) _/ 5; ;m%t \
trow toen | toes toen | toene
ton N— tae
OE (I / \
o\ / N
tac tz tz
tz W
Dour (Output) .ﬂ@b%‘ (n) W (n+1) m n+2) X X Prev--- ?}.ﬁ!g-l::z.:._.b (m)

Remark RE = “L” level, RSTR = “H” level
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Write Reset Cycle (WE Controlled 1) (Versions E, K and P)

Cyclen } Reset Cycle —{Cycle 0 |— { Cycle 1 ——
WCK (Input) ;/_—\_—/‘ \ ;/—_\__//__\_//
RN | trs trsTw Note tRH L tewe
RSTW (input) 5‘; M /P
(€
WE (Input) " Level )
tos ton |u tos ton 1 tos toH tos

© *X}k © (1)

Note In write reset cycle, reset operation is executed even without a reset cycle (trstw).
WCK can be input any number of times in a reset cycle.

D (Input)  (n=1)

Write Reset Cycle (ﬁ Controlled 2) (Versions E, K, P and X)
Cyclen } {__Disable Cycle  }—————————{ Cycle 0 }——

WCK (Input) _//j_—//__\_{ (_//_\_/f——\*_//

tAnt . trs trsTw Note tRu Lt
RSTW (Input) ’\ ) A{
twen twes A twen twene
/ X
WE (Input) 7 twew \\

XXXXXXXXXXXX)

XXXXXXX

D (Input)  (n-1)

Note [n write reset cycle, reset operation is executed even without a reset cycle (trstw).
WCK can be input any number of times in a reset cycle.
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Write Reset Cycle (WE Controlled 3) (Version X)

Cyclen {Reset Cycle ——— Cycle 0 |- Cycle1 |
WCK (Input) ;/__\__Jf \ /_\__/_\_
tRN1 | trs trsTw Note trH | tRn2
RSTW (Input) 5'. ) /,/
Y
WE (Input) " Level "
tos | tow b tos | o

QUK XXX, XXXXXKXK @)

Note In write reset cycle, reset operation is executed even without a reset cycle (trstw).
WCK can be input any number of times in a reset cycle.

D (Input)  (n=1) ‘I’X’I‘X‘
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Read Reset Cycle (RE Controlled 1)

l—{ Cycle n |}~ Reset Cycle |-+—{ Cycle 0 —+—{ Cycle 1 }|—

TN N

RCK (Input) ;/_\__/ 7
tant  tes tastr Note e taw
RSTR (Input) Jﬁ M *
A\Y
RE (Input) “L” Level )
e h o tac

f—( R 4
©) m R g X
L‘&H—l ) N toﬂ)@k LtOLI

Note In read reset cycle, reset operation is executed even without a reset cycle (trstr).
RCK can be input any number of times in a reset cycle.

Dour (Output) (n—1) (n)

gi’
o
c

Remark OE = “L” level

Read Reset Cycle (RE Controlled 2)

Disable Cycle
oo N\ \of N\ N
tAnt tas tastr Note e tRwe
RSTR (Input) 5\ M *
tRENT tres N treH trenz
)L
— s
RE (Input) ]/ tRew \\
tac tac tac
!_()k) . s
s oo T XXXRN 0 R XX 0 XRX
ton S ton

Note In read reset cycle, reset operation is executed even without a reset cycle (trstr).
RCK can be input any number of times in a reset cycle.

Remark OE = “L” level
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4. Application

« 1 H Delay Line

pPD485506 easily allows a 1 H (5,048 bits/10,096 bits) delay line (see Figure 1, 2).
It is also possible to change the number of delay bits depending on the cycle time as follows.

Part Number Cycle Time Delay Bits
1PD485506-25 25 ns 21 to 5,048 bits/21 to 10,096 bits
1PD485506-35 35 ns 15 to 5,048 bits/15 to 10,096 bits

To change the number of delay bits, you can choose the one of the following methods.

Adjustments of the number of delay bits

(1) Reset the cycle proportionate to the delay length (Figure 3).
(2) Shiftthe inputtiming of write reset (RSTW) and read reset signals (RSTR) according to the delay length (Figure

4).

(3) Shift the address by disabling WE or RE for the period proportionate to the delay length (Figure 5).

Caution After power up, the uPD485506 requires the initialization of internal circuits because the read
and write address pointers are not defined at that time.

Figure 1 1 H Delay Line Circuit

40 MHz Clock

Reset

Data Input
8/16

Dour Data Output
8/16

L
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Figure 2 1 H Delay Line Timing

1H 2H

twek (5,048 Cycles) (5,048 Cycles)
tRek
| | | | |

Cycle 0 le 5,047| | Cycle 5,048 || Cycle 5,049 | Cycle 5,050] | | Cycle 5,051
[Crck 0] e | | ]
twow twee
trow | trcp
WCK/RCK

(Input)

trs
tRH

RSTW/ s

RSTR tos

(Input)

bn VVVV

VV \/ \/
(Input) A/NNN A‘A’ m ‘A‘ m ‘A

KOO 0 XXX @ XXX @

Figure 3 n-Bit Delay Line Timing (1)

1H 2H
twok (n Cycles) (n Cycles)

trok
Cyclen Cycle n+1
(7 |

| I |

Cycle n+3
e

Cycle 0

twow twep
trow | trce

WCK/RCK /_\’\_]
Input
tnput) ___ A,
trH
RSTW/
RSTR to

(Input)

S,

(Input)

VAVAVAVAVAVAV,
(ol,?pi"t; A’A‘A’A‘A’A‘A

RXRXXXKXXXXXAX
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Figure 4 n-Bit Delay Line Timing (2)

twek
trok
I | l. |
[Cycle0 | Cycle n—1 rf())y)clen ’ mclenn ] l %cle n+2] lg)clema l
twew twee
trow | trep
WCK/RCK
(Input) _] ths
_J_ tRH N
RSTW j Al trRs I
(Input) trn
. 7
(Input)
Din
(Input)
n Cycles y
o YXXRRRXRRRXRRRY ;xzxzxxxxm o YRR R e

Remark RE, WE, =“L”" level
Figure 5 n-Bit Delay Line Timing (3)

twek

trek
| | |
[Cycle 0] [Cycle n-1 l Cyclen l lecle n+1
©) () )
twew twer
trow | tace
WCK/RCK
(Input)
trs
™ tan
-1 )
RSTW/ ©
RSTR
(Input) tRen
" tRenz
BE (s
(Input) tos
Din

QA XXX @)

n Cycles

(Input)

XXX ©) DI M o OA@ XXe2X XX+

o2 YRR jxxxxxxxxm T O Y o XX @

Remark E, =“L" level
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Figure 6 Mode Set Cycle (Write) (1)

Cyclen Reset Cycle Cycle 0 Cycle 1
tms tmMp tMH

wo LT JANMIANANARANRNY

RSTW /
(Input) )) /
RN trs thstw tRH tRre

mw N S S S

(s | tow L tos | ton tos | tow
25 XX o XXRX oo XXXXRK. RRXXKRIRK & YK
| tos ' tow | tos ton |

> X0 em XKXRX e XK, KRRXXX O 000000UKRKKKKRRR

Remark WE = “L” level

Figure 7 Mode Set Cycle (Write) (2)

——{Cycle ni———+<——{Reset Cycle| —{Cycle OF (Cyole 1}-
tvs tmo tmH
EHEANNANANN . I
RSTW /
(inpad RNt \1\ trs trsTw \’% trH / tRN2
WCK /
(input) \_//_—L//_\_&_//_\_//_\__J

fos | tow . tos | ton | los, | tou
"2 RO e YRR XRRRX| ( >

0) (1
‘t2§’ ton
18 XX XXX, TR YRR

Remark WE = “L” level
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Figure 8 Mode Set Cycle (Read) (1)
—{Cycle n |———~~— Reset Cycle} Cycle 0 {Cycle T}
tms tmp tvH
(
oo LU JRANERLRARRARARRARNNANY
R-Sﬁ ] )L {
(inpwty RN | trs tRsTR tRH | tRn2
o O\ SN N e
(Input) _/ o /_tm\_(a_/ o o
ton ton ! fou ton ton
oty ) KXAOL_o gNKXXXh_,@KXXXﬁ o KXo X
OH ton
D°”'°(b[3f;ﬁ‘t§ (n-1) KXXX)} ) | GORRTCLPITLOPIEORRPEORE O e,

Remark

MD
(Input)

RSTR
(Input)

RCK
(Input)

Douro - Dour?
(Output)

Douts - Douris
(Output)

E, OE = “L” level

Figure 9 Mode Set Cycle (Read) (2)

clen Reset Cycle {Cycle 0}— {Cycle
tvs tmp M

LT

trsTR

F_\_][_

Remark RE, OE = “L” level .

tac tac
ton ton ton l._ton ton
| )
(n-1) 0 s o 00K o 00K o X
L. : C Y tac tac )
LZM t t

High Z '—wa on ) l oH loH

----------------------------------- )) © Im © - M 1(
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5. Package Drawing

44 PIN PLASTIC TSOP(II) (400 mil)

23
‘EHHHHHHHHHHHHHHHHHH_HEH

detail of lead end

¥ L)
w o
1 22
A
H
- l N
. | ; i
CRE S Tarntuininininisiainiatainisiaininiataian LY, we— —— A
L] 1
L
Dbl M @)

NOTE ITEM MILLIMETERS  INCHES

Each lead centerline is located within 0.13 mm (0.005 inch) of A 18.63 MAX.  0.734 MAX.

its true position (T.P.) at maximum material condition. B 0.93 MAX. 0.037 MAX.
[9 0.8 (T.P.) 0.031 (T.P.)

0.08
D 0.3213:9% 0.013£0.003
E 0.110.05 0.004+0.002
F 1.2 MAX. 0.048 MAX.
G 0.97 0.038
H 11.7610.2 0.463£0.008
| 10.160.1 0.4000.004
J 0.8£0.2 0.031+3-998
K 0.1453:928  0.0060.001
L 0501 0.020+3-904
M 0.13 0.005
N 0.10 0.004
LI 5 I
S44G5-80-7JF5
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6. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the uPD485506.
Type of Surface Mount Device

4PD485506G5: 44-pin plastic TSOP (II) (400 mil)

7. Example of Stamping

Letter E in the fifth character position in a lot number signifies version E, letter K, version K, letter P, version
P, and letter X, version X.

NEC ran

D485506

XXXX[JXXXX

Lot number
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MOS INTEGRATED CIRCUIT

1PD485505

LINE BUFFER
5K-WORD BY 8-BIT

Description
The uPD485505 is a 5,048 words by 8 bits high speed FIFO (First In First Out) line buffer. Its CMOS static circuitry
provides high speed access and low power consumption.
The uPD485505 can be used for one line delay and time axis conversion in high speed facsimile machines and
digital copiers.
Moreover, the uPD485505 can execute read and write operations independently on an asynchronous basis. Thus
the uPD485505 is suitable as ‘a buffer for data transfer between units with different transfer rates and as a buffer for
the synchronization of multiple input signals. There are three versions, E, K, and P. These versions operate with
different specifications. Each version is identified with its lot number (refer to 7. Example of Stamping).

Features
5,048 words by 8 bits
Full static operation; data hold time = infinity

Suitable for sampling one line of A3 size paper (16 dots/mm)

Asynchronous read/write operations available
Variable length delay bits; 21 to 5,048 bits (Cycle time: 25 ns)
15 to 5,048 bits (Cycle time: 35 ns)
Power supply voltage Vcc =5V £ 10 %
All input/output TTL compatible

3-state output

Ordering Information

Part Number R/W Cycle Time Package
1PD485505G-25 25 ns 24-pin plastic SOP (450 mil)
1PD485505G-35 35 ns

The infor in this d is subj

to change without notice.

Document No. M10059EJ4VODSU1
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Pin Configuration (Marking side)

24-pin plastic SOP (450 mil)

Douto O<~—] 1 U 24 f«—0 Dmo

Dourt O<e—— 2 O 23 j«——0 Dmt

Dourz2 Q<«—— 3 22 l«——0O D

Douts O=—— 4 21 f«——0O D

RE 0—>] 5 20 l«——0 WE
%

RSTR 0—| 6 g9 19 ~—o0 RSTW
GND O—— 7 g 18 b——0O Vce
o
RCK 0——| 8 17 J«—0 WCK
Douts O<— 9 16 |«—0O Dwna
Douts O<—— 10 15 f«——0O Dins
Doute Oe— 11 14 }«—0O Dins
Doutr Oe— 12 13 j«——0 D

Divo - Din7 - : Data Inputs

Douro - Dout7 : Data Outputs

WCK : Write Clock Input
RCK : Read Clock Input
WE : Write Enable Input
RE : Read Enable Input
RSTW : Reset Write Input
RSTR : Reset Read Input
Vce : +5 V Power Supply
GND : Ground
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Block Diagram

WCK

Dinvo ——>
Dint —>
Dine —>

Dina —

Input Buffer

Dins —

Ding ——>

Dine —

Vee
GND

Write Address Pointer

-

—_—

o

40,384 bits
(5,048 by 8)

Memory Cell Array

—> Douto
—> Dour1
—> Dourz2
—> Doura

—> Dours

Output Buffer

—— Douts
— Doure

— Dout7

T T

Read Address Pointer

RCK
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1. Pin Function

Pin
Pin Symbol Pin /10 Function
Number ymbo Name
13-16 Dino Data In Write data input pins.
| Input The data inputs are strobed by the rising edge of WCK at the end of a cycle
21-24 Diny and the setup and hold times (tos, ton) are defined at this point.
1-4 Douto Data Out Read data output pins.
I Output The access time is regulated from the rising edge of RCK at the beginning of a
9-12 Dour? cycle and defined by tac.
19 RSTW Reset In Reset input pin for the initialization of the write address pointer.
Write The state of RSTW is strobed by the rising edge of WCK at the beginning of a
Input cycle and the setup and hold times (trs, tr+) are defined.
6 RSTR Reset In Reset input pin for the initialization of the read address pointer.
Read The state of RSTR is strobed by the rising edge of RCK at the beginning of a
Input cycle and the setup and hold times (trs, tau) are defined.
20 WE Write In Write operation control signal input pin.
Enable When WE is in the disable mode (“H" level), the internal write operation is
Input inhibited and the write address pointer stops at the current position.
5 RE Read In Read operation control signal input pin.
Enable When RE is in the disable mode (“H” level), the internal read operation is
Input inhibited and the read address pointer stops at the current position. The output
changes to high impedance.
17 WCK Write In Write clock input pin.
Clock When WE is enabled (“L” level), the write operation is executed in
Input synchronization with the write clock. The write address pointer is incremented
simultaneously.
8 RCK Read In Read clock input pin.
Clock When RE is enabled (“L” level), the read operation is executed in synchroniza-
Input tion with the read clock. The read address pointer is incremented
simultaneously.
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2.

(L)

(2)

)]

Operation Mode
1PD485505 is a synchronous memory. All signals are strobed at the rising edge of the clock (RCK, WCK).
For this reason, setup time and hold time are specified for the rising edge of the clock (RCK, WCK).

Write Cycle

When the WE input is enabled (“L” level), a write cycle is executed in synchronization with the WCK clock input.
The data inputs are strobed by the rising edge of the clock at the end of a cycle so that read data after a one-
line (5,048 bits) delay and write data can be processed with the same clock.

When creating a variable length delay line by controlling WE or RSTW, delay bits are as follows.

Part Number Cycle Time Delay Bits
1PD485505-25 25 ns 21 to 5,048 bits
pPD485505-35 35 ns 15 to 5,048 bits

Unless inhibited by WE, the internal write address will automatically wrap around from 5,047 to 0 and begin
incrementing again.

Read Cycle

When the RE input is enabled (“L” level), a read cycle is executed in synchronization with the RCK clock input
and data is output at tac.

When creating a variable length delay line by controlling RE or RSTR, delay bits are as follows.

Part Number Cycle Time Delay Bits
pPD485505-25 25ns 21 to 5,048 bits
1PD485505-35 35 ns 15 to 5,048 bits

When read and write cycles contend for the same line for a time axis conversion, etc., the old data (previous
line) may be output for the last 21 bits in the case of 25 ns read cycle time, and the last 15 bits in the case
of 35 ns read cycle time.

Unless inhibited by RE, the internal read address will automatically wrap around from 5,047 to 0 and begin
incrementing again.

Write Reset Cycle/Read Reset Cycle

After power up, the uPD485505 requires the initialization of internal circuits because the read and write address
pointers are not defined at that time.

Itis necessary to satisfy setup requirements and hold times as measured from the rising edge of WCK and RCK,
and then input the RSTW and RSTR signals to initialize the circuit.

Caution Write and read reset cycles can be executed asynchronously. However, 1/2 cycle and 500 ns is

required after a write cycle to read the data written in a cycle.

Remark Write and read reset cycles can be executed at any time and do not depend on the state of RE or WE.
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3. Electrical Specifications
« All voltages are referenced to GND.

Absolute Maximum Ratings

Parameter Symbol Condition ' Rating Unit
Voltage on any pin relative to GND Vr —0.5Note to Vee + 0.5 v
Supply voltage Vce -0.510 +7.0 v
Output current lo 20 mA
Operating ambient temperature Ta 0to +70 °C
Storage temperature Tstg 55 to +125 °C

Note 3.0V MIN. (Pulse width = 10 ns)

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification. Exposure to Absolute Maximum Rating
conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee 4.5 5.0 5.5 \
High level input voltage Vin 2.4 Vee + 0.5 v
Low level input voltage ViL —0.3Note +0.8 \
Operating ambient temperature Ta 0 70 °C

Note -3.0 V MIN. (Pulse width = 10 ns)

DC Characteristics (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Operating current lec 80 mA
Input leakage current It Vi = 0 to Ve, Other Input 0 V -10 +10 HA
Output leakage current lo Vo = 0 to Vce, -10 +10 HA

Dour: High Impedance
High level output voltage Vou lon = =1 mA 2.4
Low level output voltage Vou lo. =2 mA 0.4

Capacitance (Ta = +25 °C, f = 1 MH2)

Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Input capacitance Ci 10 pF
Output capacitance Co ’ 10 pF
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes 1. 2,3

4#PD485505-25

1PD485505-35

Parameter Symbol Unit Notes
MIN. MAX. MIN. MAX.
Write clock cycle time twek 25 35 ns
Write clock pulse width twew 11 12 ns
Write clock precharge time twee 11 12 ns
Read clock cycle time trok 25 35 ns
Read clock pulse width trew 11 12 ns
Read clock precharge time trep 11 12 ns
Access time tac 18 25 ns
Output hold time ton 5 5 ns
Output low-impedance time tz 5 18 25 ns 4
Output high-impedance time thz 5 18 5 25 ns 4
Input data setup time tos 7 10 ns
Input data hold time to 3 3 ns
RSTW/RSTR Setup time trs 7 10 ns 5
RSTW/RSTR Hold time thH 3 3 ns 5
RSTW/RSTR Deselected time (1) tAn 3 3 ns 6
RSTW/RSTR Deselected time (2) tanz 7 10 ns 6
WE Setup time fwes 7 10 ns 7
WE Hold time twen 3 3 ns 7
WE Deselected time (1) twent 3 3 ns 8
WE Deselected time (2) twene 7 10 ns 8
RE Setup time tres 7 10 ns 9
RE Hold time then 3 3 ns 9
RE Deselected time (1) thens 3 3 ns 10
RE Deselected time (2) trEN2 7 10 ns 10
WE Disable time twew 0 0 ms
RE Disable time tReEW 0 0 ms
Write reset time tRsTW 0 0 ms
Read reset time trsTR 0 0 ms
Transition time tr 3 35 3 35 ns
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Notes 1. AC measurements assume tr = 5 ns.
2. AC Characteristics test condition

Input Timing Specification

30V
ov
tr=5ns tr =5ns
Output Timing Specification
Highz 20V High-Z
08V
Output Loads for Timing
Vee Vee
1.8 kQ 1.8kQ
Dour Dour

J. ) l
1.1kQ 30 pF 1.1kQ

5 pF

(tac, tow) (tiz, thz)
3. Input timing reference levels = 1.5 V.
4. tz and tHz are measured at 200 mV from the steady state voltage. Under any conditions, t.z > tuz.
5. If either trs or trH is less than the specified value, reset operations are not guaranteed.
6. If either tan1 or trnz is less than the specified value, reset operations may extend to cycles preceding or
following the period of reset operations.
7. If either twes or twen is less than the specified value, write disable operations are not guaranteed.

8. If either twen1 or twenz is less than the specified value, internal write disable operations may extend to cycles
preceding or following the period of write disable operations.
9. If either tres or treH is less than the specified value, read disable operations are not guaranteed.
10. If either tren1 or trenz is less than the specified value, internal read disable operations may extend to cycles
preceding or following the period of read disable operations.
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Write Cycle
[ Cyclen | [Cyclen+1] [Cyclen+2] | Disable Cycle ] [ Cycle n+3 ll
twek
twep

WCK (Input) _Jf \ ;[——\_/—\_/ \

twow twent | twes twen | twenz

) W

'W_E(Input) \ / v \’\

tos

j twew
ton tos| ton

Remark RSTW = “H" level

XXXXXXXX -9 XXXX

Read Cycle
[ cyclen | [Cyclen+1] [Cyclen+2 ] | Disable Cycle | [ Cycle n+3 I‘
trek
trcp
e eV ava

trow trent  tres tren | tREn2
— tow (\(\ - tac
RE (Input) / \

\ _/ thew \
tLZtAC thz tz
Ny i@ High-Z
Dour (Output) HQE—%E ") XXX (n+1))®( ms2) XX P-eeee 2}'9.% m3) X g

Remark RSTR = “H” level

463



NEC uPD485505

Write Reset Cycle (WE Controlled 1) (Versions E, K)

Cyclen ; Reset Cycle —~<——— Cycle 0 } Cycle 1
WCK (Input) /_\_/l \ ,/—\_)/'—\_//
tant ) tas trsTw Note taH L tawe

RSTW (Input) £ 0 A/

WE (Input)  “L” Level

tos toH |, tos ton | ! tos | toH tos
© )‘(X)k © B

Note In write reset cycle, reset operation is executed even without a reset cycle (trstw).
WCK can be input any number of times in a reset cycle.

Dw (Input)  (n—1)

Write Reset Cycle (W_E Controlled 2) (Versions E, K, and P)

1 _Cyclen Disable Cycle Cycle 0

WCK (Input) 4/1)/ \ /—_—\_/V—\_//
tRN1 L trs trsTw Note tRH } tanz

RSTW (Input) %2
twen twes twen twenz

J— Y/ {6
WE (Input) / twew 1\

QXXX XXXXX

Note In write reset cycle, reset operation is executed even without a reset cycle (trstw).

tos

RXCKXKKXKXXK KX KX KXY

WCK can be input any number of times in a reset cycle.
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Write Reset Cycle (WE Controlled 3) (Version P)

-—( Reset Cycle Cycle 0 mﬁ
WCK (Input) / _\__41 \ ,/_\_//—\_—

ANt ) trs trsTw Note thH | tawe

RSTW (Input) \ )) A/

{(

WE (Input)  “L” Level "

o XXX, XXXXXXXX @ XXXXX

Note In write reset cycle, reset operation is executed even without a reset cycle (trstw).
WCK can be input any number of times in a reset cycle.

D (Input)  (n=1)

QXXX
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Read Reset Cycle (RE Controlled 1)

~— Cycle n |—{{ Reset Cycle | { Cycle 0 } — Gycle 1 |—

s NN\ N\

tant | tes tastr Note tn | tewe
RSTR (Input) N\ ) A[
(s
RE (Input) “L” Level N

s
tac

tac tac

tac
4 (_?() 4 4 y
ton ton l——vtcm

Note In read reset cycle, reset operation is executed even without a reset cycle (trstr).
RCK can be input any number of times in a reset cycle.

Read Reset Cycle (RE Controlled 2)

Disable Cycle
rxm AN N N N\
v tes tastr Note tn | teae
RSTR (Input) 5L *
b))
trEN tres - tReH trREN2
))
. /4 10
RE (Input) 7 tRew N\
tac thz lac

' |tz
SCTIED v ST S S vy D v

Note In read reset cycle, reset operation is executed even without a reset cycle (trstr).
RCK can be input any number of times in a reset cycle.
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4. Application

* 1H Delay Line

uPD485505 easily allows a 1 H (5,048 bits) delay line (see Figure 1, 2).
It is also possible to change the number of delay bits depending on the cycle time as follows.

Part Number Cycle Time Delay Bits
uPD485505-25 25 ns 21 to 5,048 bits
puPD485505-35 35ns 15 to 5,048 bits

To change the number of delay bits, you can choose the one of the following methods.

Adjustments of the number of delay bits

(1) Reset the cycle proportionate to the delay length (Figure 3).
(2) Shiftthe inputtiming of write reset (RSTW) and read reset signals (RSTR) according to the delay length (Figure

4).

(3) Shift the address by disabling WE or RE for the period proportionate to the delay length (Figure 5).

Caution After power up, the uPD485505 requires the initialization of internal circuits because the read
and write address pointers are not defined at that time.

Figure 1 1 H Delay Line Circuit

40 MHz Clock

Reset

Data Input Din

RCK

Dour Data Output

WE
RSTW

RE
RSTR
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Figure 2 1 H Delay Line Timing
1H 2H
twek (5,048 Cycles) (5,048 Cycles)
trek
le " | | | |
[Cycle 0 ]|[ Cycle 1] Cycle 5,047 [Cycl(e0 g,0481 lecl(e1 3,049]
twew twee
trow | trcp
WCK/RCK
(Input)
trs
™ tan
RSTW / i
RSTR
(Input)
Din
(Input) A

Dour VVV \/ VVV
©output) AA ’A’A‘A’A‘A‘A‘A‘A"A’A’A’A‘ OOXX :XXXXXXXXXXX @ M )@( @ XXX ®
Remark RE, WE = “L” level
Figure 3 n-Bit Delay Line Timing (1)
1H 2H
twek (n Cycles) (n Cycles)
trek
| | |
[ Cycle 0 ]|[ Cycle 1 ]|[ Cycle2 ] Cycle n-1 I C);((:)I,?n |
twew  twep
trow | trep
WCK/RCK [_\—/
(Input) trs trs
*<_ tRH " trH
RSTW/ i
RSTR
(Input)
DNV
(Input) A\

Dour
(Output) A\

DR DR

XXX R KRR XRKXRK XK XXHRX

Remark RE, WE = “L” level
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Figure 4 n-Bit Delay Line Timing (2)

twek
trek

| | | ! |
[Cycle n=1] |[ Cycle n ]|[Cycle n+1]| [Cycle n+2]|[Cycle n+3]
WCK/RCK

(Input) e [_\_/

I trRH
™ ))
RSTW « ts) |
(Input) tn

RSTR
(Input)

[