


NEG Electronics Inc. NEe 

Application-Specific Memory 
Summer 1996 Data Book 

Document No. Ml1375EJ2VODBUl 
©1996 NEe Electronics Inc. All rights reserved. 

Printed in the United States of America. 

No part of this document may be copied or reproduced in any form or by any means without prior written consent of NEC Electronics Inc. 
(NECEL). The information in this document is subject to change without notice. ALL DEVICES SOLD BY NECEL ARE COVERED BY THE 
PROVISIONS APPEARING IN NECEL TERMS AND CONDITIONS OF SALE ONLY, INCLUDING THE LIMITATION OF LIABILITY, 
WARRANTY, AND PATENT PROVISIONS. NECEL makes no warranty, express, statutory, implied or by description, regarding information 
setforth herein or regarding the freedom of the described devices from patent infringement. N ECEL assumes no responsibility for any errors 
that may appear in this document. NECEL makes no commitments to update or to keep current information contained in this document. The 
devices listed in this document are not suitable for use in applications such as, but not limited to, aircraft control systems, aerospace 
equipment, submarine cables, nuclear reactor control systems and life support systems. "Standard" quality grade devices are recommended 
for computers, office equipment, communication equipment, test and measurement equipment, machine tools, industrial robots, audio and 
visual equipment, and other consumer products. For automotive and transportation equipment, traffic control systems, anti-disaster and anti­
crime systems, it is recommended that the customer contact the responsible NECEL salesperson to determine the reliability requirements 
for any such application and any cost adder. NECEL does not recommend or approve use of any of its products in life support devices or 
systems or in any application where failure could result in injury or death. If customers wish to use NECELdevices in applications not intended 
by NECEL, customer must contact the responsible NECEL sales people to determine NECEL's willingness to support a given application. 





Index 

I Selection Guide 1..----------------------1 

I Dual Port Graphics Buffer 1-1 _________________ 7_ 

I Synchronous GRAM 1-1 __________________ 1_9_5 

I Rambus™ DRAM ~1-------------~--2-8-7 

ILmeBufferl-l-----------------------4-33-

I Field RAM ~I __________________ 4_73_ 

I NEC Semiconductor Device Reliability/Quality Control System t-1 _____ 
4_97_ 

iii 



Iv 

r------- 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. u!ied. It is 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 VDD 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, 110 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 

r-------,r-V cc 

I I No Letter: 5.0 V + 10% 
L-A : 3.3 V ± 0.3 V 

JlPD48 2 445 L GW - A 70 
NEC CMOS __ -,I 
Application Specific Memory 

Device code -----.-1 

Capacity-------....... 

2: 2M bits 
4: 4M bits 

Words organization-------..I 
3: x 8 bits 
4: x 16 bits 

Function---------....... 

4 : Fast page mode 
5 : Hyper page mode 

Package ------------.-1 
LE : SOl 
GW : Shrink SOP 
G5 : TSOP (II) 

RAS access time -----------------1 
60: 60ns 
70: 70ns 
80: 80ns 



Synchronous GRAM 

,u PD48 1 8 5 0 GF - A 10 

NEC CMOS __ -II 
Application Specific Memory 

Device code _____ -1 

2 : Dual Port Graphics Buffer 
5: Line Buffer 
8 : Rambus DRAM 

Capacity ---------1 
8: 8M bits 

Word organization-----...J 

5: x 32 bits 

Function----------I 

Package ------------' 
GF: QFP 

Vcr--------------------' 
A : 3.3V ± O.3V 

Cycle time ---------------' 

10: IOns 
12: 12ns 
15: 15ns 

3 



4 

RambusDRAM 

JlPD488 170 L VN - A50 - 9 
NEC CMOS ___ ----II 
Application Specific Memory 

Device code -----------1 
1 : Graphics RAM 
2 : Dual Port Graphics Buffer 
5 : Line Buffer 

Capacity ------------' 
170 : IBM bits (1 M words x 9 bits x 2 banks) 
130 : 16M bits (1 M words x 8 bits x 2 banks) 
031 : 8M bits (1M words x 9 bits x 1 bank) 

Operating voltage -----------' 
L: 3.3 V ± 0.15 V 

Package -----------------1 
VN : 32 pin plastic SVP (11 x 25) 
G6 : 72/36 pin plastic SSOP type 

Clock frequency ------------------1 
A50: 250 MHz 
A45: 225 MHz 

SVPlead-------------------....... 

9 : 0.65 mm (pitch) 



Line Buffer 

Jl PD48 5 506 G5 - 25 

NEC CMOS --..... , 
Application Specific Memory 

Device code _____ ...J 

1 : Graphics RAM 
2 : Dual Port Graphics Buffer 

8 : Rambus DRAM 

Function----------' 
505 : 5K x 8 bits 
506 : 5K x 16bits/lOK x 8 bits 

Package----------~ 

G :SOP 
G5 : TSOP (II) 

Read/Write cycle time-----------.I 

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

5 
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Field RAM 

,uPD48 7000 GC - 30 
_ ____ ....... 1 -r- -r-

NECCMOS . 
Application Specific Memory 

4.75 M bits Field RAM --------' 

Package -------------1 
GC: l00-pin plastic QFP (0.5 rom pitch) (014 rom) 

Serial cycle time 

30: 30ns 
4O:40ns 



Dual Port Graphics Buffer 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

~PD482444,482445 
4M-Bit Dual Port Graphics Buffer 

256K-WORD BY 16-BIT 

Description 
The ~PD482444 and ~PD482445 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 ~PD482445 is provided with the hyper page mode, an improved version of the fast page mode of the 

~PD482444. 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 % (~PD482444, 482445) or 3.3 V ± 0.3 V (~PD482445L). 

Features 
Dual port structure (Random access port, Serial access port) 

• Random access port (262, 144-word x 16-bit structure) 

~PD482444 ---- ~PD482444-60 ~PD482444-70 

RAS access time 60 ns(MAX.) 70 ns(MAX.) 

Fast page mode cycle time 35 ns(MIN.) 40 ns(MIN.) 

~PD482445 

----------- ~PD482445-60 
~D482445-70 

~PD482445L-A70 

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 information In this document Is subject to change without notice. 

Document No. M11097EJ2VODSU1 

9 



10 

NEe 

• Serial access port (512 words x 16 bits organization) 

• Serial read/write cycle time 

,uP0482444-60 ,uP0482444-70 

,uP 0482445-60 ,uP0482445-70, 482445L-A70 

20 ns(MIN.) 22 ns(MIN.) 

• Serial data read/write 

• Split buffer data transfer 

Binary boundary jump function 

Ordering Information 

Part Number 
RAS Access Time 

Package 
ns (MAX.) 

,uP0482444GW-60 60 64-pin plastic shrink 

,uP0482444GW-70 70 SOP (525 mil) 

,uP0482445GW-60 60 64-pin plastic shrink 

,uP0482445GW-70 70 SOP (525 mil) 

,uP0482445LGW-A 70 70 

yPD482444,482445 

Power Supply 
Page Mode 

Voltage 

5 V ± 10 % Fast page mode 

5V±10% Hyper page mode 

3.3 V ± 0.3 V 



NEe yPD482444, 482445 

Pin Configurations (Marking Side) 

64-Pin Plastic Shrink SOP (525 mil) 

Vee 

0 
64 8C 

DT/OE 63 8E 

GND 3 62 GND 
8100 4 

WOIIOO 5 
8101 6 

W1/101 7 

Vee 8 
8102 

W2/102 
8103 11 

W3I103 12 

GND 13 
8104 14 

W4/104 15 
8105 16 

W5I105 17 
Vee 18 

8106 19 
W61106 

8107 
W7/107 

GND 
LWE 

UWE 
RA8 

A8 

A7 
A6 

A5 
A4 

Vee 

AO to A8 

WO to W15/100 to 1015 

SIOO to SI015 

RAS 

CAS 

DT/OE 

UWE, LWE 
SE 

SC 

QSF 

DSF 

Vcc 

GND 
NcNole 

61 81015 

60 W1511015 

59 81014 

58 W14/1014 
57 Vee 
56 81013 
55 W1311013 

54 81012 

53 W1211012 

52 GND 
1:1:1: 51 81011 'V 'V 'V 

iii 50 W11/1011 
49 51010 

~~t 48 W10/1010 

r-Ci)Ci) 47 Vee 
~~~ 46 8109 

45 W9/109 
44 8108 
43 W8I108 

42 GND 
41 D8F 
40 NC 
39 CA8 
38 Q8F 

37 AD 

0 
36 A1 

35 A2 
34 A3 
33 GND 

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-bitlWrite 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 



NEe yPD482444,482445 

[MEMO] 

12 
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Block Diagram 

RAS---'---' 

CAS 

DT/OE 

UWE 

LWE 

DSF-~ __ .... 
Vcc--

GND-

Refresh 
Counter 

yPD482444,482445 

WOIIOO W15/1015 

o Column Decoder 511 

..... ------ 512 columns x 16 ------t---I 

Memory Celi Array 
(512 x 512 x 16) 

§E---------r-----------------, 

QSF Sioo SI015 

13 
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NEe yPD482444,482445 

1. Pin Functions 

This product is equipped with the RAS, CAS, UWE, LWE, DT/OE, AO to A8, DSF, SC, SE inputs, QSF output, 

and WO to W15/100 to 1015, SIOO to SI015 input/output pins. 

(1/3) 

Pin Name 
Input/ 

Function 
Output 

RAS Input This signallatphes the row addresses (AO 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 (AO 

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 (AO 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 

AO 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 atotal 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 (IASR, IAsc) and hold 

time (tRAH, tCAH) are specified for activating the RAS and CAS signals. 

TAP Register Input 

In the 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 olthe RAS.) 



NEe pPD482444,482445 

(2/3) 

Pin Name 
Input/ 

Output 
Function 

DT/OE Input These are the data transfer control signal and read operation control signal 

(Data transferl respectively. They have different functions in the data transfer qycle 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 UWE and LWE signals are activated while the DTI 

OE signals are activated, the DT/OE signals are invalid in the memory and 

read operations cannot be performed. 

UWE, LWE These are the write operation control signal and mask write cycle (write-per-

(Write enable) bit function) mask data input control signal, respectively. 

UWE controls the upper bytes (Wa to W15/10a to 1015) and LWE controls 

the lower bytes (WO 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 ....... a or 16-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 write cycle of each CAS clock changes to the block write cycle. 

WO to W15/100 to 1015 Input/ These are normally 16-bit data bus and are used for inputting and outputting 

(Mask data selectsl Output data. (100 to 1015). 

Data inputs, outputs) 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 WO 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 



NEe yPD482444,482445 

(3/3) 

Pin Name 
Input! 

Output 
Function 

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 SIOO to SI015 pins and kept until the next SC 

rising edge. 

Serial Write 

The data from the SIOO to SIO 15 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). 

SIOO to 81015 Input! These are the serial data input and output pins of the serial access port. 

(Serial data inputsl Output 

outputs) 

QSF Output This is a position discrimination pin of the serial pointer (upper side or lower 

(Special function side). 

output) 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) 

16 



NEe JLPD482444, 482445 

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 

CAS 
RAS Falling Edge 

Falling Edge Operation Mode 

CAS DT/OE UWE LWE DSF DSF 

H 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 cycleNota 1 
II 

H H L H L L U Upper byte mask write cycleNota 1 >-
0 

Lower byte mask write cycleNota 1 H H H L L L 
~ 

H H L L L H ~ Block mask write cycleNota 1 

H H L H L H III Upper byte block mask write cycleNota 1 II a: 
H H H L L H Lower byte block mask write cycleNota 1 

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 ~ 
u 

H L H H H x t Split read data transfer cycle 

'" Single write data transfer cycleNota 1 H L L L L x ! 
H L L L H x I Split write data transfer cycleNota 1 Q 

L x x x L x II CAS before RAS refresh cycle (Option reset)Nota 1, 2 
i. 

L x H H H x 0 CAS before RAS refresh cycle (No reset) 
.c 

L x L L H 
III CAS before RAS refresh cycle (STOP register set)Nota 2 x 2! 

H H 
li 

RAS only refresh cycle x x x x a: 

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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NEe yPD482444,482445 

2.1 Random Read Cycle 

This product has a common 16-bit inpuVoutput 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 failing 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 tOHH (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 (JLPD482445, 482445L) 

The JLPD482445 and JLPD482445L adopt the hyper page mode cycle which is a faster read/write cycle than the 

fast page mode of the JLPD482444 (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 IOE 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) 

CAS (Input) 

AO to A8 (Input) 

DT/OE (Input) 

W/IO (Output) 

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 ( III part: Extended data 

output). 



NEe yPD482444,482445 

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 B bits (upper byte and lower byte). UWE controls the upper bytes (WB to W151 

lOB to 1015) while LWE controls the lower bytes (WO to W7/100 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 UWE 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 UWE 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 tRWD (MIN.), tewD (MIN.), and tAWD (MIN.). 

Follow the tOEZ and tOED 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 tOED (MIN.) from the rising edge of DT/OE. 

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 readlwrite 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. 
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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· 10 = 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 WIIO pin to which the data selected for the column is to be 

input. 

The eight columns (1 st to 8th) correspond to WO to W151100 to 1015 to which the data selected for column will 

be input (The following table shows the 1 st to 8th columns specified by AO, A 1, and A2 and the corresponding WI 
10 pins to which the data selected will be input.). 

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 W151100 to 1015 corresponding to columns 1st to 8th. 

By using the write-per-bit (new mask data/old mask data) function, only the required WIIO 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) 

Column Address Column Address 

Selected 8 and Corresponding Column 

Columns WIIO Pin Select Writing 
Data 

Selected 8 and Corresponding Column 

Columns WIIOPin Select Writing 
Data 

A2 Al AO 10 A2 Al AO 10 

1st column 0 0 0 100 1 Ves 1st column 0 0 0 108 1 Ves 

0 No 0 No 

2nd column 0 0 1 101 1 Ves 2nd column 0 0 1 109 1 Ves 

0 No 0 No 

3rd column 0 1 0 102 1 Ves 3rd column 0 1 0 1010 1 Ves 

0 No 0 No 

4th column 0 1 1 103 1 Ves 4th column 0 1 1 1011 1 Ves 

0 No 0 No 

5th column 1 0 0 104 1 Ves 5th column 1 0 0 1012 1 Ves 

0 No 0 No 

6th column 1 0 1 105 1 Ves 6th column 1 0 1 1013 1 Ves 

0 No 0 No 

7th column 1 1 0 106 1 Ves 7th column 1 1 0 1014 1 Ves 

0 No 0 No 

8th column 1 1 1 107 1 Ves 8th column 1 1 1 1015 1 Ves 

0 No 0 No 

21 



22 

NEe 

512 

pPD482444, 482445 

Figure 2-2. Memory Cell Range That can be Written in Block Write Cycle 

'----- 6th Column (W1311013) 

'------- 51hColumn(WI211012) 

'-------- 4th Column (Wl1nOll) 

'--------- 3rd Column (WI 01101 0) 

'----------- 2nd Qolumn (W9/I09) 

'------------ 181 Column (W8l108) 

'-----6th Column (W5II05) 

'-------5th Column (W4JI04) 

'--------4th Column (W3l103) 

'---------3rd Column (W2II02) 

'-----------2ndCoIumn (WM01) 

'-------_----181 Column (WOIIOO) 

Remarks 1. IIIlIII is the memory cell range that can be written in one block write cycle. 

2. ( ) is the WIIO 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 Wrlte-Per-Blt 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 Wrlte-Per-Blt 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 W151108 

to 1015) and LWE controls the lower byte (WO to W71100 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 S), 512 cycles/S 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 AO to AS 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, WO to W15/100 to 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 I/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 randqm access port and serial access port are selected as follows according 

to the DSF, UWE, 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 AO to AS 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 
Transfer 

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 transferNota Serial access Random access 

H L L H Split mask write data transferNota 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 (512 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 AO 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. 

(b) 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 tSOH if the SC is active, and after tSDHR 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. 



NEe yPD482444,482445 

3.1.2 Single Mask Write Data Transfer Cycle 

This cycle transfers SK-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) 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 WD 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 AD to AS at the falling edge of RAS. The address data input to AD to AS at 

the falling edge of CAS is input as the TAP register data. 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 tSDHR. 

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 r---------, Random Access Port r----------, 

Serial Access Port Serial Access Port LI_"""T _____ ---J 

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 256 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 olthe 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 is 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. 
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3.2.2 Split Mask Write Data Transfer Cycle 

This cycle divides the BK-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 

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 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 AB 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 AB. Refer to 3.4 TAP Register. 

(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 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 ...----...,....---....., 

TAP register 

I "Empty" I 

Serial Access Port Serial Access portc===J ~ 

'-----1------' ~ata 1 

Serial write start 

Before transfer (Lower column) After transfer (Lower column) 
Random Access Port ...----...,....---....., Random Access Port ...----...,....---....., 

TAP register 

I "Empty-I 

.... """ P"'P Serial Access Port I c===J 

'---___ -' L....J... __ ..J ~data2 

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, th" 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 SIOO to SI015 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, SIOO to SI015 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 SIOO to SI015 pins. Be 

sure to follow the specifications for the setup time (tSES) and hold time (tSEH) 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 (AB) of the column address of !he 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. 

QSF Output Access Address of Following SC clock 
Transfer Destination 

(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 (AO 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 O. 

In addition, because the serial address pointer will not Jump to the column specified by the STOP 

register, the binary boundary Jump function cannot be 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 Qumping 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 set the 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 AO to A7 will be input as the STOP register data. 

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

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

Jump Source Bit Column (Decimal Number) 

255 
1 1 1 1 1 1/2 256 

511 

0 1 1 1 1 1/4 128 
127,255 

383,511 

0 0 1 1 1 1/8 64 
63,127,191,255 

319,383,447,511 

0 0 0 1 1 1116 32 
31,63,95,127,159,191,223,255 

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

0 0 0 0 1 1/32 16 
15,31,47,63,79,95,111,127,143,159, 175, 191,207,223,239,255 

271,287,303,319,335,351,367, 363,399,415, 431,447,463,479,495, 511 

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 controlled 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 JlS after Vcc reaches the specified voltage in the 

recommended operation conditions. 

If RAS, CAS, DT/OE, UWE, LWE are kept at high level when the power is turned on, the following will be set 

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 JLPD482444, 482445 (Power Supply Voltage Vee = 5 V ± 10 %) 

Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Pin voltage VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 rnA 

Power dissipation Po 1.5 W 

Operating ambient temperature TA o to 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 4.5 5.0 5.5 V 

High level input voltage VIH 2.4 5.5 V 

Low level input voltage Vil -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 ilL VIN = 0 V to 5.5 V, -10 +10 pA 

Other inputs are 0 V 

Output leakage current IOL WIIO, 510, QSF are inactive, -10 +10 pA 

VOUT = 0 V to 5.5 V 

Random access port VOH (R) IOH (R) = -1.0mA 2.4 V 

high level output voltage 

Random access port VOL (R) IOL (R) = 2.1mA 0.4 V 

low level output voltage 

Serial access port VOH (5) IOH (5) = -1.0mA 2.4 V 

high level output voltage 

Serial access port VOL (5) IOL (5) = 2.1mA 0.4 V 

low level output voltage 

Capacitance (T A = 25°C, f = 1 MHz) 

Parameter Symbol Test conditions MIN. TYP. MAX. Unit 

Input Capacitance CI1 RAS, CAS, UWE, LWE, DT/OE, DSF, SE, SC 8 pF 

CI2 AO to A8 5 

Input/Output Capacitance CIO WIIO (0 to 15), 510 (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 pPD482444-70 

Random Access Port Access Port Symbol pPD482445-60 pPD482445-70 Unit Conditions 

Standby Active MIN. MAX. MIN. MAX. 

Random ReadlWrite Cycle 0 Icc1 110 95 rnA 
RAS, CAS cycle, 

tRC = tRC (MIN.), 10 = OmA 0 Icc7 130 110 

Standby 0 Icc2 10 10 rnA Note 2 
RAS = CAS = VIH, 
Dour = high impedance 0 Iccs 50 45 rnA Note 2 

RAS only refresh cycle 0 Iccs 100 85 rnA Note 3 
RAS cycle, CAS = V'H, 

tRC = tRC (MIN.) 0 Icco 140 120 

Fast/Hyper page mode cycle 0 ICo. 120 105 rnA Notes 4, 5 
RAS = VIL, CAS cycle, 

tpc = tpc (MIN.) or tHPC = tHPC (MIN.) 0 Icc10 150 130 

CAS before RAS refresh cycle 0 Ices 100 95 rnA 
tRC = tRC (MIN.) 

0 Icc11 130 120 

Data transfer cycle 0 Icc6 120 105 rnA 
tRC = tRC (MIN.) 

0 Icc12 150 130 

Color/Mask write register set cycle 0 Icc1. 90 80 rnA 
tRC = tRC (MIN.) 

0 Icc1. 120 105 

Flash write cycle 0 Icc1s 90 80 rnA 
tRC = tRC (MIN.) 

0 Icc16 120 105 

Block write cycle 0 Icc17 110 100 rnA 
IRC = IRC (MIN.) 

0 Icc1. 140 125 

Fast/Hyper page mode block write cycle 0 Icc1. 135 120 rnA 
tpc = Ipc (MIN.) or tHPC = tHPC (MIN.) 

0 ICC20 155 135 Notes 4, 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. 

3. 

4. 

5. 

A change in row addresses must not occur more than once in tRC = tRC (MIN.). 

When the address input is set to VIH or VIL during the tRAS period. 

Value when the address in tpc one cycle is changed once when JlPD482444 tpc = tpc (MIN.). 

Value when the address in tHPC one cycle is changed once when JlPD482445 tHPC = tHPC (MIN.). 
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4.2 jlPD482445L (Power Supply Voltage Vee = 3.3 V ± 0.3 V) 

Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Pin voltage Vr -1.0 to +4.6 V 

Supply voltage Vee -1.0 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 1.0 W 

Operating ambient temperature TA o to 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 Vee + 0.3 V 

Low level input voltage VIL -0.3 +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 ilL VIN = 0 V to 3.6 V, -5 +5 JtA 
Other inputs are 0 V 

Output leakage current 10L WIlD, SID, QSF are inactive -5 +5 JtA 
VOUT = 0 V to 3.6 V 

Random access port VOH (R) 10H (R) = -1.0mA 2.4 V 

high level output voltage 

Random access port VOL (R) IOL (R) = 2.0mA 0.4 V 

low level output voltage 

Serial access port VOH (S) IOH (S) = -1.0mA 2.4 V 

high level output voltage 

Serial access port VOL (S) IOL (S) = 2.0mA 0.4 V 

low level output voltage 

Capacitance (TA = 25°C, f = 1MHz) 

Parameter Symbol Test conditions MIN. TYP. MAX. Unit 

Input Capacitance CI1 RAS, CAS, UWE, LWE, DT/OE, DSF, SE, SC 8 pF 

CI2 AO to AS 5 

Input/Output Capacitance CIO WilD (0 to 15), SID (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 pPD482445L-A70 
Random Access Port Symbol Unit Condition 

Standby Active MIN. MAX. 

Random Read/Write Cycle 0 IccI 75 mA 
RAS. CAS cycle. 

tRC = tRC (MIN.). 10 = OmA 0 Icc7 110 

Standby 0 Icc2 7 mA NOle2 
RAS = CAS = V,H. 
DouT = high impedance 0 Icee 35 mA NOIe 2 

RAS only refresh cycle 0 Icco 75 mA Nota 3 
RAS cycle. CAS = V,H. 

tRC = tRC (MIN.) 0 Icc. 110 

Hyper page mode cycle 0 Icc. S5 mA Note 4 
RAS = VIL. CAS cycle. 

tHPC = tHPC (MIN.) 0 Icclo 120 

CAS before RAS refresh cycle 0 Iccs S5 mA 
tRC = tRC (MIN.) 

0 Iccl1 120 

Data transfer cycle 0 Icc6 95 mA 
tRC = tRC (MIN.) 

0 ICCI2 130 

Color/Mask write register set cycle 0 Iccl. 70 mA 
tRC = tRC (MIN.) 

0 IccI' 105 

Flash write cycle 0 IccIs 70 mA 
tRC = tRC (MIN.) 

0 IccI6 105 

Block write cycle 0 Icc17 90 mA 
tRC = tRC (MIN.) 

0 IccI8 125 

Hyper page mode block write cycle 0 Iccl. 100 mA NOle4 
tHPC = tHPC (MIN.) 

0 ICC20 135 

Notes 1. No load on W/IO. 510. aSF. 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. When the address input is set to V'H or V'L during the tRAS period. 

4. Value when the address in tHPC one cycle is changed once when JlPD482445L tHPC = tHPC (MIN.). 
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4.3 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 lIS after Vee ~ 4.5 V (IlPD482444, 

482445), Vee ~ 3.0 V (IlPD482445L), then supplying at least 8 RAS clock cycles. The RAS clock only requires 
tRe, tRAS, and tRP are satisfied; there is no problem if other signals are in any state. 

• Measure at tr = 5 ns 
• AC characteristic measuring conditions 

(1) Input voltage, timing 

• .- ~-3.0V VIH(MIN.). 2.4 v -- - - - --
2.0V I I 

I I 

V,L (MAX.) = 0.8 v - - - - - I I 0 V 
I I I I 

~ --4-1--
IT.5ns 

Note 2.4 V: pPD482444, 482445 

2.0 V: IlPD482445L 

(3) Output load conditions 

Random Access Port 
Vee 

1,8380 

WIIO ----..--~ 

50pF 

CL J 9930 

(2) Output voltage determined 

VOL (MAX.) - 0.8 V 

Serial Access Port 
Vee 

1,8380 

SIO ----..-----i 

9930 
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[Common] (112) 

IIPD482444-60 
IIPD482444-70 

IIPD482445-70 
Parameler Symbol IIPD482445-60 

IIPD482445L-A70 
Unil Condilions 

MIN. MAX. MIN. MAX. 

Random read or wrile cycle lime IRC 110 130 ns 

Access lime from RAS IRAe 60 70 ns Note 1 

Access lime from CAS tCAC 18 18 ns Note 1 

Access lime from column address tM 30 35 ns Note 1 

Access lime from OE 10EA 18 18 ns 

RAS precharge time tRP 40 50 ns 

CAS precharge lime tCPN 10 10 ns 

(Non page mode) 

CAS precharge lime Icp 10 10 ~s 

(Fasl page/Hyper page mode) 

CAS high 10 RAS low precharge lime ICRP 10 10 ns 

RAS high 10 CAS low precharge lime tRPC 10 10 ns 

RAS pulse width (Non page mode) lRAS 60 10,000 70 10,000 ns 

RAS pulse widlh tRASP 60 125,000 70 125,000 ns 

(Fast page/Hyper page mode) 

CAS pulse width tCAS 15 100,000 15 100,000 ns 

CAS pulse width tHCAS 10 100,000 10 100,000 ns 

Write command pulse width twp 12 12 ns 

RAS hold lime tRSH 15 18 ns 

CAS hold time tCSH 60 70 ns 

Row address selup lime tASR 0 0 ns 

Row address hold lime tRAH 15 15 ns 

Column address setup time tASC 0 0 ns 

Column address hold time ICAH 10 10 ns 

Read command setup time IRCS 0 0 ns 

Dala in setup time tos 0 0 ns Note 2 

Dala in hold lime tOH 15 15 ns Note 2 

DT high setup time tOHS 0 0 ns 

DT high hold time IOHH 15 15 ns 

Write-per-bil setup time twBS 0 0 ns 

Write-per-bit hold time tweH 15 15 ns 

DSF selup lime from RAS tFRS 0 0 ns 

DSF hold lime from RAS IFRH 15 15 ns 

DSF selup lime from CAS IFCS 0 0 ns 

DSF hold lime from CAS IFCH 12 12 ns 
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(212) 

pPD482444-60 
pPD482444-70 

pPD482445-70 
Parameter Symbol pPD482445-60 

pPD482445L-A70 
Unit Conditions 

MIN. MAX. MIN. MAX. 

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 tewL 15 15 ns 

RAS to CAS delay time tRCD 25 40 30 50 ns Nota 1 

RAS to column address delay time tRAD 15 30 15 35 ns Nota 1 

Output disable time from RAS high tOFR 0 15 0 15 ns Notas 3, 4 

Output disable time from CAS high tOFC 0 15 0 15 ns Notes 3, 4 

Output disable time from OE high tOEZ 0 15 0 15 ns Notas 3, 4 

Output disable time from LWE, UWE twEZ 0 15 0 15 ns Notes 3, 4 

low 

Write command pulse width twpz 12 12 ns Nota 4 

Transition time (Rise/Fall) IT 3 35 3 35 ns 

Masked byte write setup time tMCS 0 0 ns 

Masked byte write to RAS hold time tMRH 0 0 ns 

Masked byte write to CAS hold time tMCH 0 0 ns 

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

Input conditions Access time Access time from RAS 

tRAO :s; tRAO (MAX.) and tRCO :s; tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAO > tRAO (MAX.) and tRCO :s; tRCO (MAX.) tAA (MAX.) tRAD + fAA (MAX.) 

tRCD > tRCD (MAX.) tCAC (MAX.) tACO + tCAC (MAX.) 

tRAO (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, fAA, tCAC) is to be used for finding 

out data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) and tRCD ~ tRCD (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, tOFF, tOFR, and tOFC define the time when the output achieves the condition of high 

impedance and is not referenced to VOH or VOL. 
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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 (pPD482444) 

~ RAS CAS DT/OE UWE, LWE Remark 

tOFF x L~H L H 

twEZ X L L H~L twpz should be met. 

tOEZ x L L~H H 

Hyper page mode (pPD482445, 482445L) 

~ RAS CAS DT/OE UWE, LWE Remark 

tOFR L~H H L H 

tOFC H L~H L H 

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] 

/lPD482444-60 
/lPD482444-70 

/lPD482445-70 
Parameter Symbol /lPD482445-60 

/lPD482445L-A70 
Unit Conditions 

MIN. MAX. MIN. MAX. 

Random read or write cycle time tAC 110 130 ns 

Fast page mode cycle time tpc 35 40 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 18 18 ns Note 1 

Access time from column address 1M 30 35 ns Note 1 

Access time from OE tOEA 18 18 ns 

Access time from CAS trailing edge tACP 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 tRCH 0 0 ns Note 2 

high 

Output hold time from CAS tDHC 3 5 ns 

Output disable time from RAS high tOFR 0 15 0 15 ns Notes 3, 4 

Output disable time from CAS high tOFF 0 15 0 15 ns Notes 3,4 

Output disable time from CAS high tOFC 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 UWE, LWE twEZ 0 15 0 15 ns Notes 3, 4 

low 

Write command pulse width twpz 12 12 ns Note 4 

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

Input conditions Access time Access time from RAS 

tRAD :S tRAD (MAX.) and tACO :S tRCD (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD :S tACO (MAX.) tAA (MAX.) tRAD + 1AA (MAX.) 

tRCD > tRCD (MAX.) tCAC (MAX.) tRCD + tCAC (MAX.) 

tRAD (MAX.) and tRCD (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 tRAD ;:: tRAD (MAX.) and tRCD ;:: tACO (MAX.) 

will not cause any operation problems. 

2. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

3. t5EZ, tOEZ, twEZ, tOFF, tOFR, and tOFC define the time when the output achieves the condition of high 
impedance and is not referenced to VOH or VOL. 

" 
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4. Control pins RAS, CAS, DT/DE, UWE, LWE to set pin W/ID to high impedance. Because the timings 

at which RAS. CAS and DT/DE 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 (JlPD482445, 482445Ll. 

Fast page mode (JlPD482444) 

~ RAS CAS DT/DE UWE. LWE 

tOFF x L~ H L H 

tWEZ X L L H~L 

tOEZ x L L~H H 

Hyper page mode CJLPD482445, 482445L) 

~ RAS CAS DT/DE 

tOFR L~H H L 

tOFC H L~H L 

tWEZ L L L 

tOEZ L L L~H 

Remark H : High level 

L : Low level 

x : Don't care 

~: Transition 

UWE, LWE 

H 

H 

H~L 

H 

Remark 

twpz should be met. 

Remark 

twpz should be met. 
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Read Cycle (JtPD482444) 

tAC 

RAS(lnput) V'H-
V'L-

CAS (Input) V'H-
V,L-

Address (Input) V,H-
V'L-

UWE (Input) V,H-
V'L-

LWE (Input) V'H-
V'L-

DT/OE (Input) V,H-
Vn.-

WO to Wl51 VOH- ________ I-!i~~-~ _______________________ _ 
100 to 1015 (Output) VOL- - - - - - - - -- DATA OUT 

tFRS tFRH 

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: jlPD482445, 482445L) 

RAS (Inpul) V'H­
V'L-

CAS (Inpul) V'H­
V'L-

Address (Inpul) V'H-
V'L-

UWE (Inpul) V'H-
V'L-

LWE (Inpul) V'H-
V'L-

V'H­
DT/OE (Inpul) V'L-

WOIOWI5I(OUlp I) VOH-
100101015 u VOL-

V'H­
DSF (Inpul) V'L-

IRC 

IRA. IRP 

leSH 
IRCO 

lRAL 

10FC 

IOFR 

-------~!~~~----------------------- DATA OUT 

IFAS IFRH 

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 (pPD482444) 

- V'H­
RAS (Input) V'L-

tACO 

- V'H- -,...-++----,1 
CAS (Input) V'L-

V'H­
Address (Input) V'L-

yPD482444,482445 

tAC 

tAP 

tCAS 

-- V'H- "I-r7-lrT+t-~H------!-+-H-----r+-+-----++--H-t--'7 
UWE (Input) V'L­

'-I..~-f-I 

LWE (Input) V'H­
V'L- '-I.'-L+,.l.J 

-_ V'H_-,...+t""""'lI-T"T"""r'I~ 
DT/OE (Input) V'L-

tA 

WOto WI51 VOH- High Z 
100 to lOIS (Outpul) VOL-····· ••••• : ••••••• 

~----" 

tFRS tFRH 

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

to control the SC, SE, 510 pins in this cycle. 



NEe yPD482444,482445 

Hyper Page Mode Read Cycle (Extended data output: pPD482445, 482445L) 

- V'H­
RAS (Input) V'L-

- V'H­
CAS (Inpul) V'L-

V'H­
Address (Input) V'L-

-- V'H­
UWE (Input) V'L­

L...L-4.,LJ 

LWE (Input) V'H­
V'L-L..,j~+'LJ 

-- V'H­
DT/OE (Input) V'L-

tOCD tHCAS 

tOA 

WO10 WI5I VOH- __ }"!!qh:~ _____ _ 
100 to 1015 (Output) VOL - - - - - -

tFOS tFOH 

lAC 
top 

DSF (Input) VV'H­
'L - -->'-l'-_~f...L..L..L-J.'-'-..L..L-J.<-L...L..""""""...L...L..L-J.-4.L..L-J.'-'-..L..L-J.<-L...L...L..L-J.-4..L..L-J.<-L_ 

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

to control the SC, SE, 510 pins in this cycle. 
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[Write cycle] 

pPD482444-60 
pPD482444-70 

pPD482445-70 
Parameter Symbol pPD482445-60 

pPD482445L-A70 
Unit Conditions 

MIN. MAX. MIN. MAX. 

Random read or write cycle time tRC 110 130 ns 

Fast page mode cycle time tpc 35 40 ns 

Hyper page mode cycle time tHPC 30 35 ns 

Write command setup time twcs 0 0 ns Note 

Write command hold time tWCH 12 12 ns 

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

low 

Write-per-bit setup time tWBS 0 0 ns 

Write-per-bit hold time twBH 15 15 ns 

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

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

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

the cycle. 

tRWD;:: tRWD (MIN.), tewD;:: tCWD (MIN.), tAWD;:: tAwD (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 

RAS (Inpul) V,V'H -
IL-

- V,H­
CAS (Inpul) V,L-

V,H­
Address (Inpul) V,L-

-- V'H­
UWE (Inpul) V'L-

- V,H­
LWE (Inpul) V'L-

-- V'H­
DT/OE (Inpul) V,L-

WOtoWt51 V'H-
100 to 1015 (Inpul) V,L-

V,H­
DSF (Inpul) V,L-

Note teAs for the JLPD482444 

IRCD 

tHCAS for the JLPD482445, 482445L 

IRAS 

ICSH 

Remarks 1. When DSF is high level : Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

yPD482444,482445 

IRC 

IRP 

IRSH 

lOA tHCAS-

tRAL 

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 

- V,H­
RAS (Inpul) V'L-

tRCD 

_ V,H- ----ir-++-----~ 
CAS (Input) V,L-

V'H­
Address (Input) V'L-

- V,H­
UWE (Input) V,L-

- V,H­
LWE (Input) V,L-

-- V,H­
DT/OE (Input) V,L-

W810WI5J V,H-
108101015 (Input) V,L-

V,H­
DSF (Input) V,L­

-->. ......... "--__ ......... I-L...J 

Note tCAS for the JLPD482444 

tHCAS for the JLPD482445, 482445L 

Remarks 1. WO to W71100 to 107: Don't care 

tRAS 

tCSH 

2. When DSF is high level : Block write cycle 

When DSF Is low level : Write cycle 

3. WPB: Write-per-bit 

tRC 

teA t~ 

tRAL 

yPD482444,482445 

tCRP 

tCPN 

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

S. 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. 



NEe 

Lower Byte Early Write Cycle/Lower Byte Early Block Write Cycle 

- V'H­
RAS (Input) V'L-

- V,H­
CAS (Input) V,L-

V,H­
Address (Input) V'L-

-- V,H­
UWE (Input) V'L-

- V'H­
LWE (Input) V'L-

-- V'H­
DT/OE (Input) V'L-

WOloW71 (Input) V,H-
10010 107 V,L-

V'H­
DSF (Input) V'L-

IRCD 

........................ __ ............... ..r 

Note tCAS for the IlPD482444 

tHCAS for the IlPD482445, 482445L 

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

tRAS 

tcSH 

2. When DSF is high level: Block write cycle 

When DSF is low level : Write cycle 

3. WPB: Write-per-bit 

tAC 

tRSH 

tRAL 

yPD482444,482445 

IRP 

t RP 

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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Late Write Cycle/Late Block Write Cycle 

- V,H­
RAS (Input) V .. -

- V'H­
CAS (Input) V'L-

V'H­
Address (Input) V'L- CJ.I.~yl'-':';':":'-j 

-- V,H­
UWE (Input) V'L-

- V,H­
LWE (Input) V'L-

tACO 

yPD482444,482445 

tAC 

tRAS tRP 

tCSH 
tASH 
t~ 

__ V,H- ---,-r+-++------+t---++--+~~"T""~rT"""'"T"""r'"T"""'""T""l""""I:~"T""r_ 
DT/OE (Input) V'L-

WOloWl51 V,H-
100101015 (Input) VIL-

V,H­
DSF (Input) V'L­

................. '--__ ...L...I-I...J 

Note tCAS for the JlPD482444 

tHCAS for the JlPD482445, 482445L 

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. 



NEe 

Upper Byte Late Write Cycle/Upper Byte Late Block Write Cycle 

RAS(lnpul) 

CAS (Inpul) 

Address (Inpul) 

UWE (Inpul) 

LWE (Inpul) 

DT/OE (Inpul) 

V'H­
V'L-

V'H-
V'L-

V'H-
V'L-

V'H-
V'L-

V'H-
V'L-

V'H-
V'L-

W8toWI51 V'H-
108 to 1015 (Inpul) V'L-

DSF (Input) 

Note tCAS for the JlPD482444 

IRCD 

tHCAS for the JlPD482445, 482445L 

Remarks 1. WO to W7/IOO to 107: Don't care 

llIAS 

ICSH 

2. When DSF is high level : Block write cycle 

When DSF is low level : Write cycle 

3. WPB: Write-per-bit 

IRC 

IRSH 

Iwp 

yPD482444,482445 

IRP 

ICRP 

IcPN 

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

S. 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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NEe 

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

- V'H­
RAS (Input) V'L-

- V'H­
CAS (Input) V'L-

V'H­
Address (Input) V'L-

- V'H­
UWE (Input) V'L-

- V'H­
LWE (Input) V'L-

DTIOE (Input) VV'H-
'L-

WOto W71 V'H-
100 to 107 (Input) V'L-

DSF (Input) V'H­
V'L-

Note tCAS for the JlPD482444 

tHCAS for the JLPD482445, 482445L 

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

tRAS 

2. When DSF is high level : Block write cycle 

When DSF is low level : Write cycle 

3. WPB: Write-per-bit 

yPD482444,482445 

tRe 
tAP 

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

S. 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. 



NEe yPD482444,482445 

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

- V'H­
RAS (Input) VIL-

- V'H­
CAS (Input) VIL-

V'H­
Address (Input) V'l-

__ V'H­
UWE (Input) V'l-

- V'H­
LWE (Input) V'l-

_ _ V'H- """T+-++-!:,.......'T""" ...... -+~ ............... ,.......'T""" ...... -+''T""" ...... ,........"''T''" ............. ~'T""" ...... ,........"''T''" .................... ''T''" ....... ,..... 

DT/OE (Input) V'l-

WO10 Wl51 V'H-
100 10 1015 (Input) V'l- LJI "L-_---.Jr 

V'H­
DSF (Input) V'l-

Notes 1. tpc for the JLPD482444 

tHPC for the JLPD482445, 482445L 

2. tCAS for the JLPD482444 

tHCAS for the JLPD482445, 482445L 

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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NEe 

Fast Page, Hyper Page Mode Upper Byte Early Write Cyclel 

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

- V'H­
RAS (Input) V'L-

- V,H­
CAS (Input) V'L-

V'H­
Address (Input) V'L-

-- V'H­
UWE (Input) V'L-

-- V'H­
LWE (Input) V'L-

-- V'H­
DT/OE (Input) V'L-

W810W151 V'H-
108101015 (Input) V'L-

V,H­
DSF (Input) V,L-

Notes 1. tpc for the ,uPD482444 

tHPC for the ,uPD482445, 482445L 

2. tCAS for the ,uPD482444 

tHCAS for the ,uPD482445, 482445L 

Remarks 1. WO to W7/100 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 

tAASP 

yPD482444,482445 

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. 



NEe 

Fast Page, Hyper Page Mode Lower Byte Early Write Cycle! 

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

- V,H­
RAS (Input) V,L-

- V,H- -+-++----"\1 
CAS (Input) V,L-

V,H­
Address (Input) V,L-

UWE (Input) VV'H -
IL-

_ V,H­
LWE (Input) V'L-

-- V,H­
DT/OE (Input) V,L-

WOloW71 V,H-
10010 107 (Input) V,L-

V,H­
DSF (Input) V,L­

-.jI--04-L..L.J 

Notes 1. tpc for the JLPD482444 

tHPC for the JLPD482445, 482445L 

2. tCAS for the JLPD482444 

tHCAS for the JLPD482445, 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 

yPD482444,482445 

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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NEe yPD482444,482445 

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

- V'H­
RAS (Input) V'L-

- V'H­
CAS (Input) V'L-

V'H­
Address (Input) V'L-

- V'H­
UWE (Input) V'L-

_ V'H­
LWE (Input) V'L-

-- V'H­
DT/OE (Input) V'L-

woto Wl51 V'H-
100 to 1015 (Input) V'L-

V'H­
DSF (Input) V'L­

-+-'--4-1 

Notes 1. tpc for the JlPD482444 

tHPC for the JlPD482445, 482445L 

2. tCAS for the JlPD482444 

tHCAS for the JIPD482445, 482445L 

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. 



NEe 

Fast Page, Hyper Page Mode Upper Byte Late Write Cyclel 

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

- V,H­
RAS (Input) V'L-

- V,H­
CAS (Input) V'L-

V'H­
Address (Input) V,L-

-- V,H­
UWE (Input) V,L-

- V'H­
LWE (Input) V'L-

-- V,H­
DT/OE (Input) V'L-

W8toWl51 V'H-
108 to 1015 (Input) V,L-

V'H­
DSF (Input) V,L-

Notes 1. tpc for the IlPD482444 

tHPC for the IlPD482445, 482445L 

2. tCAS for the IlPD482444 

!HCAS for the IlPD482445, 482445L 

Remarks 1. WO to W7/100 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 

yPD482444,482445 

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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NEe 

Fast Page, Hyper Page Mode Lower Byte Late Write Cyclet 

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

- V'H­
RAS (Input) V,L-

- V'H­
CAS (Input) V'L-

V'H­
Address (Input) V'L-

yPD482444,482445 

tRP 

--- V~- ~~-H~~~+r--------~---H------~--~H---------+-~~~~ 
UWE (Input) V'L-

- V'H­
lWE (Input) V,L-

-- V~­
DT/OE (Input) V'L-

WOloW71 V,H-
100 to 107 (Input) V'L-

V,H­
DSF (Input) V'L-

Notes 1. tpc for the JlPD482444 

tHPC for the JlPD482445, 482445L 

2. tCAS for the JlPD482444 

tHCAS for the JlPD482445, 482445L 

Remarks 1. W8to W15tl08to 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. 



NEe yPD482444,482445 

[Read modify write cycle] 

pPD482444-60 
pPD482444-70 

pPD482445-70 
Parameter Symbol pPD482445-60 

pPD482445L-A70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Read modify write cycle time tAWe 160 180 ns 

Fast page mode read modify write tPRwe 90 95 ns 

cycle time 

Hyper page mode read modify write tHPRwe 80 90 ns 
cycle time 

Access time from CAS trailing edge IAcp 30 35 ns 

Write-per-bit setup time twos 0 0 ns 

Write-per-bit hold time tWBH 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 tOEH 0 0 ns 
low 

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

RAS to UWE, LWE delay time tRWD 85 90 ns Note 

Column address to UWE, LWE delay tAWD 55 55 ns Note 
time 

OE high to data in setup delay time tOED 15 15 ns 

Note twcs 2: twcs (MIN.) is the condition for early write cycle to be set. DouT becomes high impedance during 

the cycle. 

tRWD 2: tRWD (MIN.), tCWD 2: tcwD (MIN.), tAWD 2: tAWD (MIN.), are conditions for read modify write cycle to be 

set. The data of the selected address is output to DouT. 

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

Read Modify Write Cycle/Read Modify Block Write Cycle 

- v .. -
RAS (Input) VIL-

VIH­
CAS (Input) VIL-

VIH­
Address (Input) VIL-

-- VIH­
UWE (Input) VIL-

- VIH­
LWE (Input) VIL-

-- VIH­
DT/OE (Input) VIL-

VIH­

WO { (Input) VIL­
to 

W151 
100 
to 

1015 (Output) VOH­
VOL-

VIH­
DSF (Input) VIL-

Note tCAS for the IlPD482444 

tHCAS for the PPD482445, 482445L 

tRAS 

Remarks 1. When DSF is high level: Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

yPD482444,482445 

tAWe 

toez 

DATA OUT ----------~!~~~---------

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, SID pins in this cycle. 



NEe pPD482444,482445 

[MEMO] 
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NEe yPD482444,482445 

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

RAS(lnput) V'H-
V,L-

tRCD 

CAS (Input) V'H-
V,L-

Address (Input) V'H-
V'L-

UWE (Input) 
V,H-
V'L-

LWE (Input) 
V,H-
V'L-

DT/OE (Input) 
V,H-
V,L-

WO { (Input) ~,~= Z).--- _l-!i~h:~ 
to 

W71 
100 

to VOH- H' h Z 
107 (Output) VOL- - !It: - - - - --

tRWC 
tRA 

tCSH tCRP 

tASH tCPN 
tCAS,t~ 

tRAL 

__________ ~~b:Z _______ _ 

tRAC 

1------tl-f--it:.:AA'-! tOED 

W8 (Input) V,L-

{ 

V,H-

to 
W151 
108 
to V 

1015 (Output) vc;.= 

V,H­
DSF (Input) V,L-

High-Z 
----------- --------------------~~~~--------



NEe yPD482444,482445 

Note tCAS lor the JlPD482444 

tHCAS lor the JlPD482445, 482445L 

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 olthe random access port, there is no need 

to control the SC, SE, SIO pins in this cycle. 
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NEe pPD482444,482445 

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

RAS(lnput) 
V,H-
V'L-

CAS (Input) 
V,H-
V,L-

Address (Input) 
V.,-
V,L-

UWE(lnput) V,H-
V,L-

LWE(lnput) 
V,H-
V,L-

DT/OE (Input) 
V,H-
V,L-

WO (Input) V,L-

{ 

V,H-

to 
W71 
100 
10 V, 

107 (Output) V:' = 

%8 { (Input) ~,~= D---
WI51 
108 

to VOH-
1015 (Outpul) VOL-

V,H­
DSF (InpuI) V,L-

tAWe 

ICSH lCAP 
IACO tASH tCPN 

lRAL 

tAwe 
tcwo 

tDEII 

tOED 

tos tDH 

tlWl 
tM tOED 

1----H-+--:'tCAC""'""-! 

High-Z 

--------------------~~~:~-------



NEe yPD482444,482445 

Note tCAS for the ttPD482444 

tHCAS for the ttPD482445, 482445L 

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, 510 pins in this cycle. 
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NEe 

Fast Page Mode Read Modify Write Cycle (JtPD482444)1 

Fast Page Mode Read Modify Block Write Cycle (JtPD482444) 

VIH­
RAS (Input) VIL-

tRCD 

VIH- ---++---"'\1 tCSH 
CAS (Input) VIL- I---~I--=:::':"---III 

VIH­
Address (Input) VIL-

VIH­
UWE (Input) VIL-

VIH­
LWE (Input) VIL-

VIH­
DT/OE (Input) VIL-

wo {(output) ~OH= . ____ _ 
to OL 

W151 
100 
to 

1015 VIH-
(Input) VIL-

VOi­
DSF (Input) VIL­

...... ..L-_..A..I 

Remarks 1. When DSF is high level : Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

pPD482444, 482445 

tRP 

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. 



NEe yPD482444,482445 

[MEMO] 
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NEe pPD482444,482445 

Fast Page Mode Read Modify Upper Byte Write Cycle (uPD482444)1 

Fast Page Mode Read Modify Upper Byte Block Write Cycle (uPD482444) 

RAS(lnput) 

CAS (Input) 

Address (Input) 

VIH­
V,l-

V,H­
V,l-

V,H­
V,l-

UWE (Input) VIH­V,l-

LWE(lnput) 

DT/OE (Input) 

~r-to 
W71 
100 
to 

107 (Input) 

Mr~' to 
W151 
lOB 
10 

1015 
(Input) 

DSF (Input) 

V,H­
V,l-

VIH­
V,l-

VOH-
VOL-

V,H-
V,l-

VOH-
VOl-

V,H-
V,l-

V,H-
V,l-

lRASP lAP 

----. ~-
L 

IRSH 
tPRWC \PRWC ~ IRCo ~ ~ ~ 

IcSH r----, r-, , 
~ leAs lCAS bw. 

IASA IRAH ~ ~ ~ ~ ~ ~ 
ROW COL."1" XXXXX X). COL."2' y.y.yx J COL."N" XXXX) XXX 

tAwo ~ tAwo ~ tAwo ~ 
Iwss twSH IA~ Icwo ~ 

~ 
~ lewD ty ~ Icwo ~ !wp 

WPB I ...... ...!.el~ 
IRWO 

I...- ~ 
~ lMeH 

'r ~ I~ _ I-IMRH 

LJ \/ ~ 
IAAC !AcP t...cp 

tAil- ~ -0 r.;: ~ ~ f-o~ ~ ~ 
~ \~ 

~ 

-1: II r.-V 1\ [iiV "-
~ ~ 

-"5 
OEZ toez 

-_ .... - lji9~-f - - -- - - - "2" .. .... _- - -~ "N" 
__ I-!jqh.:~ _____ 

RAe !AcP !AcP 
I .. ~ ~ ~ 

I- ~ I-~ ~ ~ 
--_ .. - ~~~-f ____ -- - :x XX--- -- -<X XX --- -- -<X ~xx.xxfJ 

~ I.~ ~ ~ ~ I·~ 
1_ OEZ r-~I'- I·~I"-

.... --- ~i~~-~ ____ -~Q - ~~~-f ___ -~~- _ H2!!.h.:-~ ___ -~S - I:!ig~-~ _____ 

W 

.... Efj. FR ~ ~~~ ~~I~ M~I~ 
M High-Z High-Z High-Z JIk- ---- ~ '" -- ----~ -- ---:<~ 

IFAS tFAH ~ ~ ~~ ~ 1; 
wr:~~ectXXXXXX 'wrH~k!cI J<XXXX){, ,PAock .l(XXXXXXXX 



NEt:: yPD482444,482445 

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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NEe yPD482444, 482445 

Fast Page Mode Read Modify Lower Byte Write Cycle {JtPD482444)1 

Fast Page Mode Read Modify Lower Byte Block Write Cycle (JtPD482444) 

tRASP tRP 
~----------------------------------------~~ 

_ VIH- -----.., nr--
RAS (Input) Vll- ~ 

- VIH­
CAS (Input) Vll-

VIH­
Address (Input) Vll-

tRCD 

tRSH 
tPRWC 

teSH 

-- VIH- U Y \\\ UWE (Input) Vll- ~ 

IAWD t~ tAWO ~ IAWD ~ 

- VIH­
LWE (Input) Vll-

twB:p:BH lIAr tewD F~1wP 1 t~ tcwo DtwP I--!!!$ tcwo ~J'twP rt_RWl __ 

select 1 
tAWD 

tRAC 

--r-v-tl--t-"'" t- ~ 
DT/OE (Input) ~:= / t 1\ \ I 

LJ t; d \ teA to~D 

tAC 

'- r-I 
teAC tOEP 

{ 

VOH- High-Z ~~.~ __ "N~~- _H_ig_h_-Z ____ _ 
WO (Output) VOl- ,- - - - - - - - - - - - "1" - - - - - - - ~ "2" - - - - --
to tRAC;.J IAcp J 1Ac;.J 

W71 

100 tws twH 4- t;; ~ ~ ~ ffiloH ~ ~tDH 
to I- ~ Et08 - r 1--"2t,,08 __ - rt _ ~ - toe 107 VIH - • _ Mask _ _ _ _ _ -' "1" \. _ _ "N" 

(Input) VIL- data --, I 

~ ~ ~ 

----- ~""--- -S--~~---- -~--~---- -S---~""----
to 

W151 
108 
to 

W8{(Output) VvOH
-Ol-

1015 (Input) ~I~=------ _..Hl11h;L -----<:ttlIJ-- Ii!Qh:~<XXXX}-- !lJ.9!l:Z-OOOOOOOO 



NEe yPD482444,482445 

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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NEe yPD482444,482445 

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

- V,H­
RAS (Input) V'L-

tRCO 

- V,H- --~~==:::j IcsH 
CAS (Input) V,L- 1------j\l----'==''----iII 

V'H­
Address (Input) V,L-

-- V'H­
UWE (Input) V,L-

- V'H­
LWE (Input) V'L-

-- V,H­
DT/OE (Input) V'L-

WO{ (Output) ~:= 
to 

W151 
100 
to 

1015 V,H-
(Input) V,L-

V .. -
DSF (Input) V,L-

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. 



NEe yPD482444,482445 

[MEMO] 

77 



78 

NEe pPD482444,482445 

Hyper Page Mode Read Modify Upper Byte Write Cycle (Extended data output: ~PD482445, 482445L)! 

Hyper Page Mode Read Modify Upper Byte Block Write Cycle (Extended data output: ~PD482445, 482445L) 

tRASP tRP 
~----------------------------------------~L:~ 

_ V'H- ---, ,--,,--
RAS (Input) V'L- I\-

- V'H­
CAS (Input) V'L-

V'H­
Address (Input) VIL-

- V'H­
UWE (Input) V'L-

IRSH 
IHpAWe IHpAWe 

tRCD 

tCSH 

tRAD IHCAS tHCAS 

IAsR I;-~!; '= ~ ~ ~ 
K"W...,....,,~.l-..-"K""7 

COL."1" XX)()() ~ COL."2" xxxxx: ) COL."N" Xf.XI.. XXX ROW 

I-----+t--,IA",W",-D _~tf."!l IAwo ~ IAWD ~ 

~p: ~t...J,"f!--I+ __ tew_D---.I ~ 1t /!!!i! tewD ~ t~! tcwo r-~-P"r1r--
select I " ~ _ 

1----_r--+tt~~~D_~ ~ t~H 
___ IMRH 

LWE (Input) ~,~= U \j ~ 
tRAC lAc. ~ -~ ~ ~ I. toeH +:: ~ ~ 

§V 
, 
~V '--- V'H- if I t \+ ~CAC/ 

DT/OE (Input) V'L- ---I I-- H ' 
IoEZ 

r r- _ _l:!i9~-~ _____ -- - - - "2" - ---. - - "N" WO{""'" ~:= .. : ~. ~·5 
to tRAC IACP "- ~ .... 

W71 
100 1M ~ .. ~ 
to i- ~ .. ~ I§i 

107 (Input) ~,~= ----- tI!9~:Z ____ -- +(~X:X~:Xnl. -- -- -I-(X:XX --- -- I-<X ':xxxxx> 
IleAc toeD 

-~ -"1 
High-Z d High-Z Q~ ~!!I~:Z ____ _ ------- - ~-- -------- - ~-



NEe yPD482444,482445 

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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NEe yPD482444,482445 

Hyper Page Mode Read Modify Lower Byte Write Cycle (Extended data output: JtPD482445, 482445L)1 

Hyper Page Mode Read Modify Lower Byte Block Write Cycle (Extended data output: JtPD482445, 482445L) 

- V,H­
RAS (Input) V,L-

V,H­
CAS (Input) V,L-

V,H­
Address (Input) V,L-

UWE (Input) ~,~= 

- V,H­
LWE (Input) V,L-

-- V,H­
DT/OE (Input) V,L-

WO 
to 

W71 
100 
to 

107 

VOH­
(Output) VOL-

V,H­
(Input) V'L-

W8{ (Output) VOH­to VOL-
Wl51 
108 
to (I t) V,H-

1015 npu V'L-

V,H­
DSF (Input) V,L-

IRASP tRP 

---. h ,....-

~ 
ASH 

tHPRWC IHPRWC ~ 
IReD ~ ~ IHCAS 

~ 
tCSH r---. r--. 

\ 
~ tHCAS IHCAS IRAL 

IASR tRAH lAse ~ lAse teAH 
~~ I-~ 

RO§o~L."l" xxro K) COL."2" ~XX ~ COL."N" :xro :xxx 
!MeH 

tr- h 1Mer- __ tMRH 

U Y IAwo t~ tAWD ~ IAwo ~ 
ffi 

twas !waH I~Q !cwo ~ 

~ 
~ tCWD 

J ~t~ 
!cwo 

QrtRWL r-
WPB / select 

"'-tRWD 

tRAe IAcP 1AcP. 

~ Ii t: ~ ~ ~ ~ 

LIl ~\ V -~V ~ iCAC 
II L-

eA to~D ~ toEP_ toED 

tDHS tOEl toJ. i'"'~El I-H- I-HI'-
... ---- tllg,!l:~ - - - 1I1~ -- -- - - - "2~-" ---- - - "N~ -

tllQ.h:~ ____ 
'rJ .... ;.:A J 

tRAC IAcp lAc 

tws twH -t: ~ iflt Ii ~r ~ ~ ~ 
~:DS ~ 

_los I-

-- Mask ---- --- -'1~ --- -- - .~ "N" 
data 

~ ~ ~ 
tOEl OEZ .,0-.. ~~ .... __ HJ2~~ __ g,Hi9h-Z 8- H!llh-Z ._---- _~ "111 _________ 

-1 "2" --- ------

._- -_ .. _ tllQ.h:~_ ----~--- liiQ~-~ fI.XI.Y} -- tllg,!l:Z-OOOOOOOO 

~W~ ~4 ~4 
writ=~ :XXXXXXwri::ect :XXXXXXw!:ect ~ 



NEe pPD482444,482445 

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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NEe pPD482444,482445 

[Refresh cycle] 

pPD482444-60 
pPD482444-70 

Parameter Symbol pPD482445-60 
pPD482445-70 

Unit Conditions 
pPD482445L-A70 

MIN. MAX. MIN. MAX. 

Refresh period tREF 8 8 ms 

RAS high to CAS low precharge time tRPC 10 10 ns 

CAS setup time (for CAS before tCSR 5 5 ns 

RAS refresh cycle) 

CAS hold time (for CAS before RAS tCHR 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 I, 2, 3 

SC hold time from RAS tSRH 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 tSRH 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. 

tSDHR (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 tSDHR (Referto 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 tSDHR (Refer to Note 2 at the Split Read/Write Data Transfer Cycle Timing 

Chart.) 

3. 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. 



NEe 

RAS Only Refresh Cycle 

RAS (Input) V,H­
VIL-

CAS (Input) V,H-
V,L- ___ ..I 

Address (Input) V,H­
V,L-

DT/OE (Input) VV'H -
IL-

yPD482444,482445 

tRC 
tRAS 

teRP tRPC 

WO to W151 (Output) VOH- _ _ _ _ _ _ _ _ _ _ _ _ ______________ HJqh.:-~ __________________________________ _ 
100 to 1015 VOL-

DSF (Input) V'H­
V,L-

tFRS tFRH 

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, 510 pins in this cycle. 
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CAS Before RAS Refresh Cycle (Optional Reset) 

RAS (Input) ~:= 

CAS (Input) V,H­
V,L-

tAC 

tAOS 

tClt" 

Hlgh-Z WOloWI5I (Output) VOH- ___________________ _ -------------------------100101015 VOL-

tFRS tFRH 

SC (Input) ~:= ____ J 

Remarks 1. AO to A8, UWE, LWE, DT/OE: Don't care 

yPD482444,482445 

tAP 

tAPe 

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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CAS Before RAS Refresh Cycle (STOP Register Set) 

RAS (Input) VIH­
VIL-

CAS (Input) VIH-
VIL-

Address (Input) VIH-
VIL-

UWE (Input) VIH-
VIL-

LWE (Input) VIH­
VIL-

tCSA tCHA 

tASA tRAH 

BOUNDARY CODE 

twas tWBH 

tWBS tWBH 

WO10 WI5I VOH-
100 to 1015 (Output) VOL- - - - - - - -- - --- - - - -- ---

DSF (Input) VIH­
VIL-

SC (Input) VIH-VIL- _____ ..J 

Remarks 1. DT/OE: Don't care 

tFAS tFAH 

tSAS 

yPD482444,482445 

tAC 

tAAS tAP 

tAPC 

tSAH 

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. 

85 



86 

NEe 

CAS Before RAS Refresh Cycle (No Reset) 

V'H­
RAS (Input) V'L-

CAS (Input) 
V,H­
V,L-

V'H­
UWE (Inpul) V,L­

V,H­

£...L ......... I...L..L..I....I 

LWE (Inpul) V,L - L...<"-L-L.L...<"-L.J 

leSR ICHR 

IwBS IWaH 

IWBS IWOH 

yPD482444,482445 

IRC 

lRAS IRP 

IRPC 

WOto W151 VOH-
100 to 1015 (Output) VOL- .................................................... .. -----~~~~~------------------------------------. 

tFRS IFRH 

DSF (Inpul) 
V,H­
V,L - L...<"-L-L.L...<"-L.J 

Remarks 1. AO to AS, 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. 
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Hidden Refresh Cycle (pPD482444) 

RAS (Input) 
V,H-
V,L-

CAS (Input) 
V'H-
V,L-

V,H­
Address (Input) V'L-

tCRPt--

-' tRAO 

tRCO 

tRCS 

UWE (Input) ~,~ = I I I I I. 'It 

tRA. 

yPD482444,482445 

RC RC 

F tRA. tRP 

\ 
tCRP 

tRSH tCHR tCPN 
tCAS 

tRAL 

, 1\\\\\\\\\\\\\ 
~ 

tRCS ~ tWEl 

LWE (Input) ~,~ = I I I I I.' I! ~ 1\\\\\\\\\\\\\ 
~ 

tWEl ~~ 
I I I ~ 

-r~--~--~~rT~ 

DT/OE (Input) ~,~= LLI ,'-'\+-.\ ...... \ ..... '+.\' ...... '+-__ -++-_-.11 

WOtoWI5J VOH-
100 to 1015 (Output) VOL-

tRAC 

IA. 
tCAC 
tOEA 

___ I-!i~~-~ _____________ .. 
tOEl 

DATA OUT 
High-Z 

~----------

tfRS tfRH ~ ~ 

DSF(lnpul) ~,~= ~ ~ Resetselect l\.XXXXXX~ 
tSRH 

V'H­
SC (Input) V'L- A ~ ____ J ~ ______________ ~ 

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. 
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Hidden Refresh Cycle (Extended data output: JlPD482445, 482445L) 

V,H­
RAS (Inpul) VIl-

CAS (Inpul) ~,:= 

V'H­
Address (Inpul) V'L-

UWE (InpuI) ~,:= 

LWE (Inpul) 

DT/OE (Inpul) 
V'H-
V'L-

WOtoW151 VOH-
100 to 1015 (Output) VOL-

V'H-
DSF (Inpul) V'L-

V,H­
SC (Inpul) V'L-

IRC 

IRAS 

tRAC 

1M 

lCAC 
IOEA 

... __ .. _ .. _- ___ I-!.i~~-~ _____________ 

IFRS IFRH tFRH 

Remarks 1. When DSF is high level : Reset select = No Reset 

When DSF is low level : Reset select = Optional Reset 

yPD482444,482445 

IRC 

lRAS 

ICRP 

IOFe 

loez 

DATA OUT 

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. 



NEe yPD482444,482445 

[Register set cycle] 

pPD482444-60 
pPD482444-70 

Parameter Symbol pPD482445-60 
pPD482445-70 

Unit Condition pPD482445L-A70 

MIN. MAX. MIN. MAX. 

RAS high to CAS low precharge time tRPC 10 10 ns 

Write command setup time twcs 0 0 ns Note 

Write command hold time tWCH 12 12 ns 

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

the cycle. 

tRWD ~ tRWD (MIN.), tCWD ~ tCWD (MIN.), tAWD ~ tAwD (MIN.), are conditions for read modify write cycle to be 

set. The data of the selected address is output to DoUT. 

If any of the above conditions are not met, pin WIlD will become undefined. 
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NEe yPD482444,482445 

Register Set Cycle (Early Write) 

RAS (Inpul) 
VIH-
VIL-

CAS (Inpul) 
VIH-
VIL-

VIH-
Address (Inpul) VIL-

UWE (InpuI) 
VIH-
VIL-

LWE (Input) 
VIH-
VIL-

VIH­
DT/OE (Inpul) VIL-

WOtoWI51 VIH-
100 to 1015 (Inpul) VIL _ 

VIH­
DSF (Inpul) VIL-

Notes 1. tCAS for the ItPD482444 

IRCD 

tHCAS for the ItPD482445, 482445L 

2. Refresh address (RAS only refresh) 

tAC 
lRAS 

IOSH 
IRSH 

I IHCASN .... 

IDH 

IFCH 

Regisler select 

Remarks 1. When DSF is high level: Register select = Color Register Select 

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

IRP 

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. 



NEe yPD482444,482445 

Register Set Cycle (Upper Byte Early Write) 

- V,H­
RAS (Input) VIL-

- V'H­
CAS (Input) V'L-

V'H­
Address (Input) VIL-

tRCD 

-- V,H _ -r-rir---t+---,r--r"" 
UWE (Input) V,L-

-- V,H­
LWE (Input) V,L-

-- V,H­
DT/OE (Input) V'L-

W810WI51 V,H-
10810 lOIS (Input) V,L­

V,H­
DSF (Input) V,L-

............... '-"-Kr'f ................ ;JL.Jf 

Notes 1. tCAS for the JLPD482444 

tHCAS for the JLPD482445, 482445L 

2. Refresh address (RAS only refresh) 

Remarks 1. WO to W71100 to 107: Don't care 

tAC 
tRAS 

tCSH 
tRSH 

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

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

tRP 

tCRP 
lePN 

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. 

91 



92 

NEe yPD482444,482445 

Register Set Cycle (Lower Byte Early Write) 

- V'H­
RAS (Inpul) V'L-

CAS (In utI V,H-
p V,L-

V,H­
Address (Inpul) V,L-

- V,H­
UWE (Input) V'L-

- V'H­
LWE (Input) V'L-

-- V,H­
DT/OE (Input) V'L-

V'H­
DSF (Input) V,L-

Notes 1. tCAS for the JlPD482444 

tHCAS for the JlPD482445, 482445L 

2. Refresh address (RAS only refresh) 

Remarks 1. W8 to W15/10B to 1015: Don't care 

lAC 
IRAS 

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

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

IRP 

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. 



NEe 

Register Set Cycle (Late Write) 

RAS (Input) 
V,H-
V,L-

CAS (Input) 
V,H-
V,L-

V,H-
Address (Input) V,L-

UWE (Input) 
V,H-
V,L-

LWE (Input) 
V,H-
V,L-

DT/OE (Input) 
V,H-
V,L-

WOto Wl51 V,H-
100 to 1015 (Input) V,L-

V,H­
DSF (Input) V,L _ 

Notes 1. tCAS for the JlPD482444 

tHCAS for the JlPD482445, 482445L 

2. Refresh address (RAS only refresh) 

yPD482444,482445 

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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NEe yPD482444,482445 

Register Set Cycle (Upper Byte Late Write) 

- V,H-
RAS (Inpul) V,L-

CAS (Inpul) 
V,H-
V'L-

V,H-
Address (Input) V,L-

-- V,H-
UWE (Inpul) V,L-

LWE (Input) 
V,H-
V,L-

DT/OE (Input) 
V,H-
V'L-

W8to Wl51 V,H-
lOS to 1015 (Input) V'L-

V'H­
DSF (Input) V'L-

Notes 1. teAs for the JlPD482444 

tACO 

tHCAS for the JlPD482445, 482445L 

2. Refresh address (RAS only refresh) 

Remarks 1. WO to W7/100 to 107: Don't care 

IAAS 

IcSH 
lASH 

lCAS IHCASN ... ' 

tos tDH 

DATA IN 

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

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

IRP 

teRP 
ICPN 

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. 



NEe yPD482444,482445 

Register Set Cycle (Lower Byte Late Write) 

RAS(lnpul) V'H-
V'L-

CAS (Input) V'H-
V'L-

V'H-
Address (Inpul) 

V'L-

UWE (Input) V'H-
V'L-

LWE (Inpul) V'H-
V'L-

DT/OE (Input) 
V'H-
V'L-

WOloW71 V'H-
100 to 107 (Input) V'L-

V'H­
DSF (Inpul) V'L-

Notes 1. tCAS for the pPD482444 

IRCD 

tHCAS for the pPD482445, 482445L 

2. Refresh address (RAS only refresh) 

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

tRC 
IRAS 

IcsH 
IRSH 

lCAS IHCAs-' 

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

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

IRP 

ICRP 
IcPN 

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. 

95 



NEe yPD482444, 482445 

[Data transfer cycle] 

pPD482444-60 
pPD482444-70 

pPD482445-70 
Parameter Symbol pPD482445-60 

pPD482445L-A70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Serial clock cycle time lace 20 22 ns 

Serial oulpul access lime from SC IsCA 15 17 ns 

Propagation delay time from SC to tPD 0 20 0 20 ns 

QSF 

Propagalion delay lime from RAS 10 tRQD 0 80 0 95 ns 

QSF 

Propagalion delay lime from CAS 10 leoD 0 60 0 65 ns 
QSF 

Propagalion delay lime from DT/OE 1000 0 30 0 30 ns 

10 QSF 

Propagalion delay lime from RAS IOOR 0 40 0 40 ns 

high 10 QSF 

Serial input enable lime from RAS tSZH 40 40 ns 

SC precharge lime IseL 5 5 ns 

SC pulse widlh lacH 5 5 ns 

DT high pulse widlh IDTP 20 20 ns 

DT low selup lime IDLS 0 0 ns 

Serial oulpul hold lime after SC high ISOH 3 5 ns 

Serial dala in selup lime ISIS 0 0 ns 

Serial dala in hold lime tSIH 10 10 ns 

SC selup lime from RAS ISRS 10 10 ns Notes 1, 2, 3 

DT low hold lime after RAS low IRDH 55 60 ns Note 4 

DT low hold lime after RAS low IRDHS 15 15 ns Note 4 

DT low hold lime after CAS low leDH 20 20 ns Note 4 

DT low hold lime after address IADD 25 25 ns Note 4 

SC low hold time after DT high ISDH 60 60 ns Note 4 

SC low hold lime after DT high tSDHR 60 60 ns Notes 2, ~ 

SO high 10 CAS low Isse 10 10 ns Notes 2, 3, 4 

SC high 10 DT high ISDD 0 0 ns Note 4 

DT high 10 RAS high delay lime IOTR 0 0 ns Note 4 

Serial inpul disable lime from SC IslZ 0 0 ns 

Serial oulpul disable lime from RAS ISRZ 0 0 ns 
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NEe yPD482444,482445 

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 tSRH 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. 

tSDHR (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 tSOHR (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 ReadlWrlte Data Transfer Cycle Timing 

Chart.) 

3. 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. 

4. 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, tCOH, tADo, tOTR 

• For SC inputs : tSDo, tsOH 

(2) Self control: Satisfy the following specification. 

• For DT/OE edge inputs: tROHS 

• For SC inputs : tssc, tsDHR 
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Read Data Transfer Cycle (SC Active) 

RAS (Input) V,H­
V'L-

CAS (Input) V'H-
V,L-

Address (Input) V,H-
V'L-

UWE (Input) V,H-
V,L-

LWE (Input) V,H-
VIL-

tRC 

IosH 
tRCD tRSH 

lAse tCAH 

DT/OE (Input) V,H-
V,L- ..................... _++-___________ -'\ 

WO to Wl51 (Output) VOH-
100 to 1015 VOL- ----------~~~:~-----------

tFRS IFRH 

yPD482444,482445 

SE (Input) V,H-V,L- _..;:L _______________ ++ _____________ _ 

SC (Input) V,H­
V'L-

5100 to 51015 (Output) VVOH -
OL-

QSF (Output) VvOH -
OL-

Note tCAS for the JlPD482444 

tHCAS for the JlPD482445, 482445L 

tscc tSDD IsOH 



NEe 

Read Data Transfer Cycle (SC Inactive) 

RAS (Inpul) V,H­
V,L-

CAS (Inpul) V,H­
V,L-

Address (Inpul) V,H­
V,L-

UWE (Inpul) V,H­
V,L-

LWE (Inpul) V,H­
V,L-

DT/OE (Inpul) V,H­
V,L-

WOloW15J VOH-
100 10 1015 (Outpul) VOL-

DSF (Inpul) V,H­
V,L-

________ _ f-!!~h.:-~ 

tFRS IFRH 

yPD482444,482445 

IRC 
IRAS 

SE (Inpul) V,H-V,L- _L~ __ + _____ -+_-+!-_______ -+ ________ _ 

SC (Inpul) V,H­
V,L-

SIOOIOSI015(Output) ~:: 

lROD 
lcoo 

tOOD 

tSOHR 

!seH 

n 

QSF (Oulpul) ~:: 
----------------~--------------------~~---------

Note tCAS for the JLPD482444 

tHCAS for the JLPD482445, 482445L 
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Read Data Transfer Cycle (Serial Write -+ Serial Read Switching) 

RAS (Input) V'H­
VIL-

CAS (Input) V'H­
V'L-

Address (Input) V'H­
V'L-

UWE (Input) V'H­
V'L-

LWE (Input) V'H­
VIL-

DT/OE (Input) V'H­
VIL - ....l.....l....L---++-__ -J' 

WOloW15 VOH-
100 to 1015 (Output) VOL-

pPD482444,482445 

SE (Input) V'H-
V'L- _L ___ +-___ -+-__ --++-_______ +-_______ _ 

SI015 

SC (Input) V'H­
V'L-

IRaD 

tssc leaD 

teaD 

SIOO{ (Input) ~:: .---­
to 

(Output) ~:: - --- - - - --- - - - - - -- - -- -------~I!I~-~-- - __________ _ 

tsOHR 

tscH 

loll 

teaR New data output start 

QSF (Output) VOH-VOL- _________ .L-" ____________ ....L.L_ ____ _ 

Note tCAS for the ,uPD482444 

tHCAS for the ,uPD482445, 482445L 



NEe yPD482444,482445 

[MEMO] 
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Split Read Data Transfer Cycle 

RAS (Input) 
V,H-
VIL-

CAS (Input) 
V,H-
VIL-

Address (Input) 
V,H-
V,L-

UWE (Input) 
V,H-
VIL-

LWE (Input) V,H­
V,L-

pPD482444, 482445 

tRC 

RAS RP 

tACO 

tCPN 

DT/OE (Input) V,H­
V,L- --> ............. _t+-_-4-<r.....L...L..L..I.....L.f--'<-L..L..L...L....L..L..<<-L..L..~..L..L...L...L..L...L ....... L..I. ....... L..I.....L. .... 

WOtoW151 VOH- ________ _ 
100 to 1015 (Output) VOL-

V,H­
DSF (Input) V,L _ 

SE (Input) V,H-
V,L- ...,;;;;L----------t---------t----------

V,H­
SC (Input) V'L-

(Input) V,H­
V,L-

tscc 
tssc lsoHR 

Note 2 

QSF (Output) VvOH -OL- ____ ~ ______________________ ~~ __ 



NEe yPD482444,482445 

Notes 1. tCAS for the IlPD482444 

tHCAS for the IlPD482445, 482445L 

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 

RAS (Input) V'H-
VIL-

CAS (Input) V'H-
V'L-

Address (Input) V'H-
V'L-

UWE (Input) V'H-
V'L-

LWE (Input) V'H-
V'L-

DT/OE (Input) V'H-
V'L-

WO 10 WI51 (Input) V'H-
100101015 V'L-

DSF (Input) V'H-
V'L-

SE (Input) V'H-
V'L-

SC (Input) V'H­
V'L-

SIOO 
to 

SI015 
(Input) V'H­

V'L-

L 

yPD482444,482445 

tAC 
RAS 

tCSH 
tRSH 

leAs lHeAs.'" 

lsoHR 

tcao 

QSF (Output) VvOH -
OL- ______________ ~--------------------------------~---------

Note tCAS for the }lPD482444 

tHCAS for the }lPD482445, 482445L 
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Write Data Transfer Cycle (Serial Read ~ Serial Write Switching) 

RAS (Input) V,H­
VIL-

CAS (Input) V,H­
V,L-

Address (Input) V,H­
V'L-

UWE (Input) V,H­
V,L-

LWE (Input) V,H-
V,L-

DT/OE (Input) V,H-
V,L-

WO 10 WI51 (Input) V,H-
100101015 V,L-

DSF (Input) V,H-
V'L-

SE (Input) V,H-
V,L-

SC (Input) V,H­
V,L-

tRC 
tRA' 

L 

tROO 

tszH 

(Input) V,H - • _______________ .!ilQ.h:~ _____________ _ 
V,L-

IsRZ 

pPD482444, 482445 

tRP 

IsOHR 

teoo 

;~05{ 
(Output) VOH­

VOL - ----r---Jl 

__________ ~i91.:~ _________ _ 

QSF (Output) VOH-V~- ________ ~~ _______________ ~ ____ __ 

Note tCAS for the IlPD482444 

tHCAS for the IlPD482445. 482445L 
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Split Write Data Transfer Cycle 

RAS (Input) V,H-
VIL-

CAS (Input) V'H-
V'L-

Address (Input) V'H-
V,L-

UWE (Input) V,H-
V'L-

LWE (Input) V'H-
V,L-

OT/OE (Input) V,H-
V'L-

~ ~~ ~1~ (Input) 
V,H-
V'L-

OSF (Input) V,H-
V'L-

SE (Input) V,H-
V'L-

SC (Input) V,H­
V'L-

SIOO{ (Input) ~,~= 
to 

SI015 

(Output) VOH­
VOL-

aSF (Output) VvOH -
OL-

L 

yPD482444,482445 

tRC 
tRP 

tcsH 
tRSH 

tCAS tHCA.-' 
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Notes 1. tCAS for the tLPD482444 

tHCAS for the tLPD482445, 482445L 

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] 

JlPD482444-60 
JlPD482444-70 

Parameter Symbol JlPD482445-60 
JlPD482445-70 

Unit Condition 
JlPD482445L-A 70 

MIN. MAX. MIN. MAX. 

Serial clock cycle time tscc 20 22 ns 

Serial output access time from SE tSEA 15 17 ns 

Serial output access time from SC !seA 15 17 ns 

Propagation delay lime from SC to tPD 0 20 0 20 ns 

QSF 

SC precharge time tSCL 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 lime tSES 0 0 ns 

SE hold time from SC tSEH 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 IsoH 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, tOFF, tOFR, and tOFC define the time when the output achieves the condition of 

high impedance and is not referenced to VOH or VOL. 
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Serial Read Cycle 

SE (Input) V'H­
VIL-

SC (Input) V'H­
VIL-

SIOO 
to (Output) VVOH - ___ !i.!.!!.h:~ - - - -

SI015 OL-

!sec 

yPD482444,482445 

tSEE 

tSEZ 

tsccNote 1 !seeN"" 

IsoH 

DATA OUT 

QSF (Output) VOH-VOL- ______________ J 1'-________________ _ 

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 

SC (Input) ~~ = 

SE (Input) V,H­
V'L-

SIOO 
to (Input) VOH-

SI015 VOL-

QSF (Output) VvOH -
OL-

tsec tsccNote 1 

!seL tseH 

IsES IsEH tSES IsEH 

Notes 1. Last address of data register (Address 255 or 511) 

!seL tSCH !seL 

IsES IsEH IsES IsEH 

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 1525 mil) 

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

ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

yPD482444,482445 

detail of lead end 

H 

P64GW-80-525A-l 

MILLIMETERS INCHES 

26.30 MAX. 1.036 MAX. 

0.75 MAX. 0.030 MAX. 

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

0.35±0.05 0.014~:gg~ 

0.15±0.05 0.006±0.002 

2.3 MAX. 0.091 MAX. 

2.0 0.079 

13.8±0.3 0.543~g:m 

11.8±0.1 0.465~:grs 

1.0±0.2 0.039~g:gg~ 

0.20~g:~g 0.008~:g~ 

0.5±0.2 0.020~g:gg~ 

0.10 0.004 

0.10 0.004 
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[MEMO] 
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6. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the IlPD482444, 482445 and 482445L. 

Types of Surface Mount Device 
IlPD482444GW : 64-Pln Plastic Shrink SOP (525 mil) 

IlPD482445GW : 64-Pin Plastic Shrink SOP (525 mil) 

IlPD482445LGW-A : 64-Pin Plastic Shrink SOP (525 mil) 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

~PD482234,482235 
2M-Bit Dual Port Graphics Buffer 

256K-WORD BY 8-BIT 

Description 
The I'PD482234 and I'PD482235 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 I'PD482235 is provided with the hyper page mode, an improved version of the fast page mode of the 

I'PD482234. 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) 

I'PD482234 ----RAS access time 

Fast page mode cycle time 

I'PD482235 ----RAS access time 

Hyper page mode cycle time 

Flash write functionNote 

Block write function (4 columns)Note 

Mask write (Write-per-bit function) 

512 refresh cycles /8 ms 

ILPD482234-60 ILPD482234-70 

60 ns (MAX.) 70 ns (MAX.) 

40 ns (MIN.) 45 ns (MIN.) 

ILPD482235-60 ILPD482235-70 

60 ns (MAX.) 70 ns (MAX.) 

30 ns (MIN.) 35 ns (MIN.) 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

Note Write-per-bit can be specified. 

The information in this document is subject to chlnge without notice. 

Document No. M11096EJ4VODSU1 
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• Serial access port (512 words x 8 bits organization) 

. Serial read/write cycle time 

~PD482234-60, 482235-60 

18 ns (MIN.) 

Serial data read/write 

Split buffer data transfer 

Binary boundary jump function 

Version B, A, F, and E 

~PD482234-70, 482235-70 

22 ns (MIN.) 

yPD482234,482235 

There are four versions, B, A, F, and E, to both the ~PD482234 and ~PD482235. This data sheet can be applied 

to the versions Band 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.) 

~PD482234LE-60 60 40-pin plastic SOJ (400mil) Fast page mode 

~PD482234LE-70 70 

~PD482234G5-60 60 44-pin plastic TSOP (II) 

~P D482234G5-70 70 (400mil) 

~P D482235LE-60 60 40-pin plastic SOJ (400mil) Hyper page mode 

~PD482235LE-70 70 

~P D482235G5-60 60 44-pin plastic TSOP (II) 

~PD482235G5-70 70 (400mil) 
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Pin Configurations (Marking Side) 

Vee 

SC 

5100 

5101 

5102 

5103 

DT/OE 

WO/IOO 

W1/101 

W2/102 

W3/103 

GND 

WBIWE 

RAS 

A8 

A7 

A6 

A5 

A4 

Vee 

AO to AS 

WO to W7/100 to 107 

SIOO to SI07 

RAS 

CAS 

DT/OE 

WBIWE 

SE 

SC 

QSF 

DSF 

Vcc 

GND 
NcNole 

uPD482234,482235 

40-pln plastic SOJ (400 mil) 

40 GND 

2 5107 

3 5106 

4 5105 

5 5104 

6 SE 

7 W7/107 

8 W6/106 

9 1::1:: W5/105 
'11'11 

10 
CC 

31 W4/104 

11 ml GND 

12 r-r- DSF 
mm 

13 NC 

14 CAS 

15 aSF 

16 AO 

17 A1 

18 A2 

19 A3 

20 21 GND 

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-bitlWrite enable 

Serial data inputlOutput 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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Vee 

SC 

SIOO 

SIOl 

SI02 

SI03 

DT/OE 

WO/IOO 

Wl/101 

W2/l02 

W3I103 

GND 

WBIWE 

RAS 

A8 

A7 

A6 

A5 

A4 

Vee 

AO to AS 
WO to W7/100 to 107 
SIOOto SI07 
RAS 
CAS 
DT/OE 
WB,WE 
SE 
SC 
QSF 
DSF 
Vcc 
GND 
NcNote 

.uPD482234,482235 

44-pln plastic TSOP (II) (400 mil) 

10 44 GND 

2 SI07 

3 SI06 

4 SI05 

5 SI04 

6 SE 

7 W7/107 

8 W6I106 

9 'l::'l:: W5I105 
'V 'V 

10 CI 
Is 

W4I104 

13 GND 

14 DSF 

15 NC 

16 CAS 

17 QSF 

18 AO 

19 Al 

20 A2 

21 

0
24 

A3 

22 23 GND 

: 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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[MEMO] 
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Block DIagram 

RAS 

CAS 

DT/OE 

WBIWE 

DSF---""---I 
Vcc­

GND-

Refresh 
Counter 

pPD482234,482235 

o Column Decoder 511 

1+------ 512 columns x 8 ---------+_~ 

Memory Cell Arrey 
(512x512x8) 

8 

SE---------+----------------~ 

aSF SIOO SI07 
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1. Pin Functions 

This product is equipped with the RAS, CAS, WBIWE, DT/OE, AO to AS, DSF, SC, SE inputs, QSF output, and 

WO to W7/100 to 107, SIOO to SI07 input/output pins. 

Pin Name 

RAS 

(Row address strobe) 

CAS 

(Column address 

strobe) 

AO to AS 

(Address inputs) 

Input/ 

Output 

Input 

(1/3) 

Function 

This signal latches the row addresses (AO 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 (AO 

to AS). 

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 (AO to AS), 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 1S 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 S 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 (lASR, lAse) and hold 

time (tRAH, tCAH) are specified for activating the RAS and CAS signals. 

TAP Register Input 
In the 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 atthe falling edge ofthe RAS.) 
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(2/3) 

Pin Name 
Input! 

Output 
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. 

WBIWE 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 

WBIWE 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 W71100 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 
Input! 

Output 
Function 

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 outputfrom the SIOOto SI07 pins and kept until the next SC rising 

edge. 

Serial Write 

The data from the SIOO to SI07 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). 

SIOO to SI07 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 side). 

output) 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, WBIWE, and DSF level at the falling edge of RAS and 

DSF level at the falling edge of CAS. 

Table 2-1. Operation Mode 

CAS 
RAS Falling Edge 

Falling Edge Operation Mode 

CAS DT/OE WB/WE DSF DSF 

H H x L x Read cycle 

H H H L L Write cycle 
CD 

H H H L H U Block write cycle ::0. 
(.) 

Mask write cycle (New mask/Old mask)Note 1 H H L L L S 
;: 

Block mask write cycle (New mask/Old mask)Note 1 H H L L H l! 
'I:J 

H H H H H :g Color register set cycle 
II: 

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 ~ Single read data transfer cycle 

H L H H x .m Split read data transfer cycle 

H L L L 
c 

Single write data transfer cycle (New mask/Old mask)Note 1 x ~ 
H L L H x ~ Split write data transfer cycle (New mask/Old mask)Note 1 

L x x L x GI CAS before RAS refresh cycle (Option reset)Note 1, 2 

~ 
L x H H x (.) CAS before RAS refresh cycle (No reset) 

.c 
L x L H x 1/1 CAS before RAS refresh cycle (STOP register set)Note 2 I!! 
H H x L x '&i 

II: 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 WBIWE 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 of·the RAS clock, data transfer cycle operations will 

be initiated. Therefore, to set the read cycle, input a high level above tOHH (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 (JlPD482235) 

The JlPD482235 adopt the hyper page mode cycle which is a faster read/write cycle than the fast page mode 

of the JlPD482234 (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) 

CAS (Input) 

Address (Input) 

DT/OE (Input) 

WIlD (Output) 

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 ( !lim part: Extended data 

output). 
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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 WBIWE to low level. 

The WBIWE also controls the mask data for the wrlte-per-blt function (mask write cycle). Therefore, when 

performing the normal write cycle which does not use the write-per-blt 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 WBIWE 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 failing edge of WB/WE. To set the output to high impedance at this time, keep DT/CE at high level until we/ 
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 WB/WE from the late write cycle by tRWD (MIN.), tCWD (MIN.), and tAWD (MIN.). Follow 

the tOEZ and tOED specifications so that the output data and input data do not clash in the data bus. The data aiter 

modification can be Input after more than tOED (MIN.) from the rising edge of DT/CE. 
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2.4 Fast Page Mode Cycle C#LPD482234) 

The JlPD482234 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 (JlPD482235) 

The JlPD482235 adopt a hyper page mode cycle which is a faster read/write cycle than the fast page mode of 

the JlPD482234 (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 JlPD482234. 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(lnput) \\. _______________________ _ 

CAS (Input) \I....-_.....JI \I....-_.....JI 

Address (Input) 

WEIWB (Input) 

DT/OE (Input) 

WIIO (Output) . -----~~~:~---.-- __ • ~ip~.~ __ • 
DATA 2 

(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) \---_--11 \---_--11 
Address (Input) 

WEIWB (Input) J 

::~~:: ~\.~:-z_-_-_-_-__ -_-{-~-_-_-D~AT~A~1~~~-Z--- <r--D-AT-A-2-~ 
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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 WBIWE 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 WIIO can be selected 

and written. 

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

In ""'711()n In 107 

512 

Remark _ 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 WIIO pin to which the data selected for the column is to be 

input. 

The four columns (1 st to 4th) correspond to WO to W31100 to 103 to which the data selected for column will be 

input (The following table shows the 1st to 4th columns specified by AO and A1 and the corresponding 

WIIO 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, WBIWE), input the "1" column select data or "0" column select 

data to WO to W31100 to 103 corresponding to columns 1st to 4th. 

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

written. 

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

Column Address and Corresponding 

Selected 4 Columns 
WIIO Pin Column Select Data Writing 

A1 AO 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 

512 Columns 

'---- 3rc! Columns (W2II02) 

'------ 2nd Columns (W1/101) 

'------- 1st Columns (WOIIOO) 

Remarks 1. III is the memory cell range that can be written in one block write cycle. 

2. ( ) is the WilD 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, 

DTIDE, WBIWE 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 wrlte-per-blt function In 

the mask write cycle will be set for the old mask register. Refer to 2.9.1 Wrlte-Per-Blt 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 

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. 

2.9.1 Write-Per-Bit Function 

The write-per-bit function writes data using the mask data only in the required IO-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 

WBIWE 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 AO 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/IOO 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 "'" 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, WBIWE 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 WBIWE, and DSF at the falling edge of AAS. 

Table 3-1. Serial Access Port Operation Mode 

At RAS Falling Edge Transfer Direction 

CAS DT/OE WBIWE DSF 
Data Transfer Type 

Transfer Source 
Transfer 

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 transferNo1e Serial access Random access 

H L L H Split mask write data transferNo1e 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 lime. 

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 

To set the data transfer cycle, input a high level to CAS and WBIWE and low level to OTtOE and OSF at 

the falling edge of RAS. 

Using the row address input to AO 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 AO 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. 

(b) 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 OTt 

OE and RAS. 

When SC is active (edge control), data transfer will be executed at the rising edge of OTIOE. 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 tSDH if the SC is active, and after tSDHR 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. Reier 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, WBIWE, 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 AO to A8 at the falling edge 6f RAS. The address data input to AO to A8 at 

the falling edge of CAS is input as the TAP register data of serial access port. Reier 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 r----------, Random Access Port r---------, 

TAP register 

I "Empty" I 

Serial Access Port Serial Access Port IL....-_..-_____ -J 

L TAP 
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3.2 Split Data Transfer Method 

With this method, the 512 words x S 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 S 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 S 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, WBIWE and DSF, and low level to DT/OE at the falling edge 

of RAS. 

The memory cells (512 words x S bits) of the transfer source of the random access port are selected 

using the row address input to AO to AS 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. Refer to 3.4 TAP 

Register. There is no need to control address data input to AS). 

(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 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 B 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 WBIWE 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 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, WBIWE 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 WD 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 B bits) of the transfer destination of the random access port are selected 

using the row address input to AD to AB at the falling edge of RAS. The address data input to AD 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 AB. 

(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) 

Random Access Port r----...,-----, 

Serial Access Port 

Serial wr~e start 

Before transfer (Lower column) 
Random Access Port r----...,-----, 

__ Po"P 
Serial write start (TAP data 1) 

3.3 Serial Read/Write 

After transfer (Upper column) 

Random Access Port r----...,-----, 

After transfer (Lower column) 
Random Access Port r----.,.------, 

TAP register 

I "Empty" I 

TAP register 

I "Empty" I 

Serial Access portl 
'--''--_ ...... ~data2 

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 810 

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 SIOO to SI07 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, SIOO to,S107 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 SIOO to SI07 pins. Be sure 

to follow the specifications for the setup time (tSES) and hold time (tSEH) 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. 

QSF Output Access Address of Following SC clock 
Transfer Destination 

(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 (AO 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 O. 

In addition, because the serial address pointer will not Jump to the column specified by the STOP 

register, the binary boundary Jump function cannot be 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 Uumping 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 set the 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 AO 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- Bit Jump Source Bit Column (Decimal Number) 
A7 A6 A5 A4 A31oAO sion Width 

1 1 1 1 1 1/2 256 
255 

511 

0 1 1 1 1 1/4 12B 
127,255 

383,511 

0 0 1 1 1 118 64 
63,127,191,255 

319,383,447,511 

0 0 0 1 1 1/16 32 
31,63,95,127,159,191,223,255 

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

0 0 0 0 1 1/32 16 
15,31,47,63,79,95,111,127,143,159, 175, 191,207,223,239,255 

271,287,303,319,335,351,367,383,399,415,431,447,463,479,495,511 

Remark AB: 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 data in 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 JIS after Vcc ~ 4.5 V, then supplying 

at least 8 RAS clock cycles. The RAS clock only requires that tAC, tRAS, and tAP 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 WBIWE 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 -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 rnA 

Power dissipation Po 1.5 W 

Operating ambient temperature TA o to 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 coridltlons 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 4.5 5.0 5.5 V 

High level input voltage VIH 2.4 5.5 V 

Low level input voltage VIL -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 III VIN = 0 V to 5.5 V, -10 +10 JJA 
Other inputs are 0 V 

Output leakage current 10l WIIO, SIO, QSF are inactive, -10 +10 JJA 
VOUT = 0 V to 5.5 V 

Random access port VOH (R) IOH (R) = -1.0mA 2.4 V 

high level output voltage 

Random access port Val (R) IOl (R) = 2.1mA 0.4 V 

low level output voltage 

Serial access port VOH (S) IOH (S) = -1.0mA 2.4 V 

high level output voltage 

Serial access port Val (S) IOl (S) = 2.1mA 0.4 V 

low level output voltage 

Capacitance (TA = 25°C, f = 1MHz) 

Parameter Symbol Test conditions MIN. TYP. MAX. Unit 

Input Capacitance Cil RAS, CAS, WBIWE, OTlOE, OSF, SE, SC 8 pF 

CI2 AO to A8 5 

Input/Output Capacitance Cia WIIO (0 to 7), SIO (0 to 7) 7 pF 

Output Capacitance Co QSF 7 pF 
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NEe pPD482234,482235 

DC Characteristics 2 (Recommended operating conditions unless otherwise noted)Note 1 

(1tPD482234) 

Serial Access Port PPD482234-60 ppD462234-70 

Random Access Pori 
Standby Active 

Symbol 
MIN. MAX. MIN. MAX. 

Random Read/Write Cycle 0 Icc1 110 130 
RAS. CAS cycle. 

tRC = tRC (MIN.). 10 = OmA 0 Icc7 155 195 

Standby 0 Icc2 10 10 
RAS = CAS = VIH. 
DoUT = high impedance 1 1 

0 Ices 55 70 

RAS only refresh cycle 0 Icc. 110 115 
RAS cycle. CAS = VIH. 

tRC = tRC (MIN.) 0 1009 155 180 

Fast page mode cycle 0 Icc. 100 100 
RAS = VIL. CAS cycle. 

tpc = t.e (MIN.) 0 Icc10 145 165 

CAS before RAS refresh cycle 0 Ices 110 90 
tRC = tRC (MIN.) 

0 Icc11 155 155 

Data transfer cycle 0 Ices 120 140 
tRC = tRC (MIN.) 

0 Icc12 165 205 

Color/Mask write register set cycle 0 Icc13 100 120 
tRC = tRC (MIN.) 

0 Icc1. 145 185 

Flash write cycle 0 Icc1. 100 120 
tRC = tRC (MIN.) 

0 Icc1. 145 185 

Block write cycle 0 Icc17 120 130 
tRC = tRC (MIN.) 

0 Icc1. 165 195 

Fast page mode block write cycle 0 Icc1. 100 110 
tpc = t.e (MIN.) 

0 IcC20 130 175 

Unit CondHions 

rnA Note 2 

rnA 

rnA Note 3 

rnA 

rnA Note 4 

rnA Note 5 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

NoteS 

Notes 1. No load on WIIO, 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 tAO = tRC (MIN.). 

3. RAS, CAS, and SE remain at VIH ~ Vcc - 0.2 V, and AO to AB, WBIWE, DT/OE, DSF, SC remain at 

VIH ~ Vcc - 0.2 V or VIL ~ GND + 0.2 V. 

4. When the address input is set to VIH or VIL during the tRAS period. 

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

(,uPD48223S) 

Serial Access Port I'P0482235-60 pP0482235·70 

Random Access Port 
Standby Active 

Symbol 
MIN. MAX. MIN. MAX. 

Random ReadlWrite Cycle a Icc. 110 130 
RAS, CAS cycle, 

tRC = tRC (MIN.), 10 = OmA a ICC1 155 195 

Standby a ICC2 10 10 
RAS = CAS = V'H, 
DouT = high impedance 1 1 

a Icc. 55 70 

RAS only refresh cycle a ICC3 110 115 
RAS cycle, CAS = V'H, 

tRC = tRC (MIN.) a lceo 155 180 

Hyper page mode cycle a Icco 120 130 
RAS = VIL, CAS cycle, 

tHPC = tHPC (MIN.) a Icc •• 155 195 

CAS before RAS refresh cycle a Icc. 110 90 
tRC = tRC (MIN.) 

a Iccl1 155 155 

Data transfer cycle a Icc. 120 140 
tRC = tRC (MIN.) 

a ICC'2 165 205 

Color/Mask write register set cycle a ICC'3 100 120 
tRC = tRC (MIN.) 

a ICC14 145 185 

Flash write cycle a Icc •• 100 120 
tRC = tRC (MIN.) 

a Icc •• 145 185 

Block write cycle a Iccl1 120 130 
tRC = tRC (MIN.) 

a Icc •• 165 195 

Hyper page mode block write cycle a Icc •• 140 135 
tHPC = tHPC (MIN.) 

a ICC2. 190 200 

Unit Conditions 

mA Note 2 

mA 

mA Note 3 

mA 

mA NOl84 

mA Note 5 

mA 

mA 

mA 

mA 

mA 

mA 

NoteS 

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 tRe = tRC (MIN.). 

3. RAS, CAS, and SE remain at V,H ~ Vcc - 0.2 V, and AO to AB, WBIWE, DT/OE, DSF, SC remain at 

V,H ~ Vcc - 0.2 V or V,L S GND + 0.2 V. 

4. When the address input is set to V,H or V,L during the tRAS period. 

S. Value when the address in tHPC one cycle is changed once when tHPC = tHPC (MIN.). 

/ 
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NEe yPD482234,482235 

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 JJS after Vee ~ 4.5 V, 

then supplying at least 8 RAS clock cycles. The RAS clock only requires IRC, tRAS, and tRP are satisfied; there 

is no problem if other signals are in any state. 

Measure at tr = 5 ns 

AC characteristic measuring conditions 

(1) Input voltage, timing 

V'H (M'N., = 2.4 V ~
-3.0V 

: : 
----- I I 

I I I I OV 
VIL (MAX.) = 0.8 V 

--r--}-- --4--t--
tr = 5 ns tr=5ns 

(3) Output load conditions 

Random Access Port 
Vee 

1,8380 

W/IO --__t_-----; 
50pF 

9930 

(2) Output voltage determined 

VOH (M'N.) = 2.0 V 

VOL (MAX.' = 0.8 V 

Serial Access Port 

Vee 

1,8380 

SIO --__t_---+ 
30pF 

9930 
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(Common) (1/2) 

/lPD482234-60 /lPD482234-70 

Parameter Symbol /lP 0482235-60 /lPD482235-70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Random read or write cycle time tRC 120 140 ns 

Access time from RAS tRAC 60 70 ns Note 1 

Access time from CAS tCAC 15 20 ns Note 1 

Access time from column address tAA 30 35 ns Note 1 

Access time from DE tOEA 15 20 ns 

RAS precharge time tRP 50 60 ns 

CAS precharge time tCPN 10 10 ns 
(Non page mode) 

CAS precharge time tcp 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 tRPe 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 tCSH 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 tCAH 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 tFRS 0 0 ns 

DSF hold time from RAS tFRH 10 10 ns 

DSF setup time from CAS tFCS 0 0 ns 

DSF hold time from CAS tFCH 10 12 ns 
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(212) 

pPD482234-60 pPD482234-70 
Parameter Symbol pPD482235-60 , pPD482235-70 Unit Conditions 

MIN. 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 ~ lead time tCWL 15 15 ns 

RAS to CAS delay time tRCo 20 40 20 50 ns Note 1 

RAS to column address delay time tRAO 15 30 15 35 ns Note 1 

Output disable time from RAS high tOFR 0 15 0 15 ns Notes 3, 4 

Output disable time from CAS high tOFF 0 15 0 15 ns Notes 3,4 

Output disable time from CAS high tOFC 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 WBIWE 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 ~ tRAD (MAX.) and tRCO ~ tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCD ~ tRCO (MAX.) tAA (MAX.) tRAD + 1M (MAX.) 

tRCD > tRCD (MAX.) tcAc (MAX.) tRCD + tCAC (MAX.) 

tRAD (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, 1M, tCAC) is to be used for finding 

out data will be available. Therefore, the input conditions tRAO ~ tRAD (MAX.) and tRCO ~ 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 WBIWE 

(3) Read modify write cycle : The falling edge of WBIWE 

3. tSEZ, tOEZ, twEZ, tOFF, tOFR, and tOFC define the time when the output achieves the condition of high 

impedance and is not referenced to VOH or VOL. 



NEe uPD482234,482235 

4. Control pins RAS, CAS, DT/OE, WBIWE to set pin WIIO to high impedance. Because the timings 

at which RAS, CAS and DT/OE are set to high level and WBIWE 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 (IlPD482235). 

Fast page mode (IlPD482234) 

~ RAS CAS 

tOFF x L~ H 

twEZ X L 

tOEZ x L 

Hyper page mode (IlPD482235) 

---------
RAS CAS 

tOFR L~ H H 

tOFC H L~ H 

tWEZ L 

tOEZ L 

Remark H : High level 

L : Low level 

x : Don't care 

~ : Transition 

L 

L 

DT/OE WBIWE Remark 

L H 

L H~L twpz should be met. 

L~ H H 

DT/OE WBIWE Remark 

L H 

L H 

L H~L twpz should be met. 

L~H H 
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(Read cycle) 

StPD482234-60 StPD482234-70 

Parameter Symbol StPD482235-60 StPD482235-70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Random read or write cycle time tRC 120 140 ns 

Fast page mode cycle time tpc 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 Note 1 

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 tACP 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 tRCH 0 0 ns Note 2 
CAS high 

Output hold time from CAS tOHC 3 5 ns 

Output disable time from RAS high tOFR 0 15 0 15 ns Notes 3, 4 

Output disable time from CAS high tOFF 0 15 0 15 ns Notes 3, 4 

Output disable time from CAS high tOFC 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 WBIWE low twEZ 0 15 0 15 ns Notes 3, 4 

Write command pulse width twpz 10 12 ns Note 4 

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

Input conditions Access time Access time from RAS 

tRAO ~ tRAO (MAX.) and tRCO ~ tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAO > tRAO (MAX.) and tRCO ~ tACO (MAX.) tAA (MAX.) tRAO + fAA (MAX.) 

tRCO > tRCO (MAX.) tCAC (MAX.) tRCO + tCAC (MAX.) 

tRAO (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 tACO ~ tACO (MAX.) 

will not cause any operation problems. 

2. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

3. tsEZ, tOEz, tWEZ, tOFF, tOFR, and tOFC define the time when the output achieves the condition of high 

impedance and is not referenced to VOH or VOL. 
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4. Control pinsRAS, CAS, DT/DE, WBIWE to set pin WilD to high impedance. Because the timings 

at which RAS, CAS and DT/DE are set to high level and WBIWE 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 (IlPD482235). 

Fast page mode (IlPD482234) 

~ RAS CAS 

tOFF x L~H 

tWEZ X L 

tOEZ x L 

Hyper page mode (IlPD482235) 

~ RAS CAS 

tOFR L~ H H 

tOFC H L~ H 

tWEZ L 

tOEZ L 

Remark H : High level 

L : Low level 

x : Don't care 

~ : Transition 

L 

L 

DT/DE WBIWE Remark 

L H 

L H~L twpz should be met. 

L~ H H 

DT/DE WBIWE Remark 

L H 

L H 

L H~L twpz should be met. 

L~ H H 
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Read Cycle (,uPD482234) 

RAS (Input) V,H­
V'L-

CAS (Input) V,H -
V,L-

Addresj! (Input) V'H­
V,L-

WBIWE (Input) V'H­
V'L-

DT/OE (Input) V,H­
V'L-

WO to W71 VOH -
100 to 107 (Output) VOL-

V,H­
DSF (Input) V,L _ 

yPD482234,482235 

tRC 

RAS tRP 

tCSH 

tAco tRSH 

tRAL 

EZ 

OFF 

________ t:!.i~~-~ _______________________ _ 
DATA OUT 

tFRS tFAH 

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: JlPD482235) 

RAS (Input) 
V,H-
VIL-

CAS (Input) V,H-
VIL-

Address (Input) V,H-
V,l-

WBIWE (Input) 
V,H-
V'l-

V'H­DT/OE (Inpul) V,l-

tACO 

lAse 

uPD482234,482235 

IRe 
RAS lAP 

tcsH 
lASH 

lRAl 
lCAH 

IOEl 
IoFC 
IOFA 

WOloW71 (0 VOH-
10010 107 utput) VOl- -------~~~~~----------------------- DATA OUT 

V'H­
DSF (Input) V,l _ 

tFAS IFAH 

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) 

V'H­
RAS (Input) V,L _ 

CAS (Input) V,H­
V,L-

Address (Input) 
V,H-
V,L-

WBfWE (Input) 
V,H-
V,L-

DT/OE (Input) 
V,H-
V'L-

tRCO 

t A 

tCAS 

WO 10 W71 VOH - Hinh Z 
10010107 (Output) VOL- - - - - - - - - -"'; --- - - --

tFRS IFRH 

yPD482234,482235 

tAC 
tRASP tRP 

1M 1M 

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: JlPD482235) 

V'H­
RAS (Input) VIL-

- V,H­
CAS (Input) VIL _ 

V'H­
Address (Input) V,L _ 

WBIWE (Input) ~: = 

V'H­
DT/OE (Input) V'L-

'-'-.L-f~ 

tRASP 

tHPC 

tACO tHCAS 

tRA 

WO to W71 VOH - Hinh Z 
100 to 107 (Output) VOL - - - - - - - - - -'" : - - - - - - - "--__ --II 

tRC 

uPD482234,482235 

tRP 

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

to control the SC, SE, 510 pins in this cycle. 
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Hyper Page Mode Read Cycle (WE controlled) 

(Extended data output: ~PD482235) 

V,H­
RAS (Inpul) V,L _ 

V'H­
CAS (Inpul) V,L _ 

V,H­
Address (Inpul) V,L _ 

WBIWE (Inpul) V,H -
V,L - 1-I. ........ -tTL.J 

IRCo IHCAS 

yPD482234,482235 

lAC 
tRASP IRP 

V,H _ -+.,.,f--,h ....... -r-M. 1---+----+--++---1----1-++--+-==--1 
DT/OE (Inpul) V'L-

IRA 

WO to W71 VoH - High Z 
100 to 107 (Output) VOL - - - - - - - - - - : - - - - - - - "--__ .....J< 

IFRS IFRH 

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 (OE controlled: Latched control) 

(Extended data output: IlPD482235) 

V,H­
RAS (Input) VIL _ 

V'H­CAS (Input) V,L _ 

V,H­
Address (InpuI) V,L _ 

WBIWE (Inpul) V'H­
V,L - I-J:...L+,.LJ 

IRCO 

V,H - -++t--,I-'t""T"""'~ 
OT/OE (InpuI) V'L-

tRe 

IRASP 

IHpc 

IHCAS 

uPD482234,482235 

IRP 

IHpc 
teRP 

IRSH 

WO to W71 VOH -
100 to 107 (Outpul) VOL _ - - - - - OAT A OUT "N" 

tFRS IFRH 

OSF (Input) VIH­
V,L - ...... .,....._--'1-"--'-................................... ....1... ............. ....1... ............. '-'--'-................................... ....1... ............. '-'--'-.............. _ 

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

to control the SC, SE, 510 pins in this cycle. 
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(Write cycle) 

/lPD482234-60 /lPD482234-70 

Parameter Symbol JlPD482235-60 /lPD482235-70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Random read or write cycle time tRC 120 140 ns 

Fast page mode cycle time tpc 40 45 ns 

Hyper page mode cycle time tHPC 30 35 ns 

Write command setup time twcs 0 0 ns Note 

Write command hold time twCH 10 12 ns 

OE high hold time after WB/WE low tOEH 0 0 ns 

Write-per-bit setup time twBS 0 0 ns 

Write-per-bit hold time twBH 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 ~ twcs (MIN.) is the condition for early write cycle to be set. DOUT becomes high impedance during 

the cycle. 

tRWD ~ tRWD (MIN.), tCWD ~ tCWD (MIN.), tAWD ~ tAWD (MIN.), are conditions for read modify write cycle to be 

set. The data of the selected address is output to DOUT. 

If any of the above conditions are not met, pin WIIO will become undefined. 
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Early Write Cycle/Early Block Write Cycle 

RAS (Input) 
V,H-
V,L-

CAS (Input) 
V,H-
V,L-

Address (Input) 
V,H-
V,L-

WBIWE (Input) 
V,H-
V,L-

DT/OE (Input) 
V,H-
V,L-

WOtoW71 V,H-
100 to 107 (Input) V'L-

V'H­
DSF (Input) V,L _ 

Note tCAS for the J.lPD482234 

tHCAS for the J.lPD482235 

tACo 

RAS 

tOSH 

Remarks 1. When DSF is high level : Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

uPD482234,482235 

tRC 

RP 

tRSH 

leAS IHcAs-

tRAL 

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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Late Write Cycle/Late Block Write Cycle 

RAS(lnpul) 
V,H-
V'L-

CAS (Input) 
V,H-
V,L-

Address (Input) V'H-
V,L-

WBfWE (Input) 
V'H-
V,L-

V'H­
DT/OE (Input) V,L _ 

wo tD W71 V,H -
100 to 107 (Input) V,L-

tRCD 

V,H­
DSF (Input) V,L _ -->.........,'--_____ ....... ,x 

Note tCAS for the IlPD482234 

tHCAS for the IlPD482235 

tRAS 

leSH 

Remarks 1. When DSF is high level : Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

yPD482234,482235 

tRC 
RP 

lASH 
tCAS IHCAS-

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

V,H­
RAS (Input) V,L _ 

V'H­CAS (Input) V,L _ 

V,H­
Address (Input) V,L-

V,H­
WBIWE (Input) V,L _ 

V'H- ~~~~~~~-r~~~~~~~~~-r~~~~~~-r~~~~~~­
DT/OE (Input) V,L-

V,H­
DSF (Input) V,L _ 

Notes 1. tpc for the JtPD482234 

tHPC for the JtPD482235 

2. tCAS for the JtPD482234 

tHCAS for the JtPD482235 

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

RAS (Input) V,H -VIL-

CAS (Input) V'H-
V'L-

V'H-
Address (Input) 

V'L-

WBIWE (Input) 
V'H-
V'L-

DT/OE (Input) 
V'H-
V'L-

WO to W71 V,H -
100 to 107 (Input) V,L _ 

V,H­
DSF (Input) V,L _ 

Notes 1. tpc for the I'PD482234 

tHPC for the I'PD482235 

2. tCAS for the I'PD482234 

tHCAS for the I'PD482235 

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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Flash Write Cycle 

V,H­
RAS (Input) VIL-

CAS (Input) 
V'H-
VIL-

Address (Input) 
V,H-
VIL-

WBIWE (Input) 
V,H-
V,L-

V,H­
DTiOE (Input) V,L-

V,H­
DSF (Input) V,L _ 

yPD482234,482235 

tRe 
tRAS 

teRP teHR 

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

to control the SC, SE, 510 pins in this cycle. 
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(Read modify write cycle) 

jtP0482234-60 jtP0482234-70 

Parameter Symbol jtP0482235-60 jtP0482235-70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Read modify write cycle time tRWC 165 185 ns 

Fast page mode read modify tpRWC 90 90 ns 
write cycle time 

Hyper page mode read modify tHPRWC 80 90 ns 
write cycle time 

Access time from CAS trailing edge lAcp 35 40 ns 

Access time from previous c;4S lACE 60 65 Note 1 

Access time from previous WB/WE tAWE 55 60 Note 1 

Write-per-bit setup time twBS 0 0 ns 

Write-per-bit hold time twBH 10 10 ns 

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

Write-per-bit selection hold time twH 10 10 ns 

DE high hold time after WBIWE low tOEH 0 0 ns 

CAS to WBIWE delay time lewo 40 40 ns Note 2 

RAS to WBIWE delay time IRWD 85 90 ns Note 2 

Column address to WBIWE lAwo 55 55 ns Note 2 
delay time 

DE high to data in setup delay time tOED 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. twes ~ twes (MIN.) is the condition for early write cycle to be set. DoUT becomes high impedance during 

the cycle. 

tRWD ~ tRWD (MIN.), tCWD ~ tCWD (MIN.), tAWD ~ lAWD (MIN.), are conditions for read modify write cycle 

to be set. The data of the selected address is output to DouT. 

If any of the above conditions are not met, pin WilD will become undefined. 



NEe 

Read Modify Write Cycle/Read Modify Block Write Cycle 

RAS (Input) 
V,H-
V,L-

CAS (Input) 
V,H-
V,L-

Address (Input) 
V,H-
V,L-

WBIWE (Input) 
V,H-
V,L-

DT/OE (Input) 
V,H-
V,L-

V,H­
WO{ (Input) V,L­to 
W71 
100 
to 

107 (outPut)~: = 

V,H­
DSF (Input) V,L _ 

Note tCAS for the IlPD482234 

tHCAS fo r th e IlP D482235 

Remarks 1. When DSF is high level: Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

uPD482234,482235 

toez 

DATA OUT 

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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NEe 

Fast Page Mode Read Modify Write Cycle (,uPD482234)1 

Fast Page Mode Read Modify Block Write Cycle (,uPD482234) 

V'H­
RAS (Input) V .. _ 

CAS (Input) ~: = 

V'H­
Address (Input) V'L _ 

VIH­
WBIWE (Input) V'L _ 

DT/OE (Input) ~: = 

wo {(output) ~: = to 
W71 
100 
to 

107 V'H-
(Input) V'L _ 

VIH­
DSF (Input) V'L _ 

Remarks 1. When DSF is high level: Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

pPD482234,482235 

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. 



NEe uPD482234,482235 

Hyper Page Mode Read Modify Write Cycle (Extended data output: JlPD482235)1 

Hyper Page Mode Read Modify Block Write Cycle (Extended data output: JlPD482235) 

RAS (Input) 
V'H-
VIl-

CAS (Input) 
V'H-
VIl-

Address (Input) 
V'H-
V'L-

V'H­
WBIWE (Input) V'L _ 

DT/OE (Input) ~: = 

WO{ (Output) ~: = 
to 

W71 
100 
to 

107 V'H-
(Input) V'L _ 

V'H­
DSF (Input) V'L _ 

IRCD 

tCSH 

tHCAS 

Remarks 1. When DSF is high level : Block write cycle 

When DSF is low level : Write cycle 

2. WPB: Write-per-bit 

tRASP 

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

tRP 

_ -'ji9~-.? ___ _ 

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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NEe yPD482234,482235 

(Refresh cycle) 

~PD482234-60 ~D482234-70 

Parameter Symbol ~PD482235-60 ~PD482235-70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Refresh period tREF 8 8 ms 

RAS high to CAS low precharge time tRPC 10 10 ns 

CAS setup time tCSR 0 0 ns 
(for CAS before RAS refresh cycle) 

CAS hold time tCHR 10 10 ns 
(for CAS before RAS 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 tSRH 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 tSRH 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 readslwrites the address of the jump source in the binary boundary jump function. 

tSDHR (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 tsse to that of 

the SC specifying tSDHR (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 tSDHR (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. 

(2) 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. 



NEe 

RAS Only Refresh Cycle 

RAS (Input) V'H-
V'L-

CAS (Input) V'H-
V'L-

Address (Input) V'H-
V'L-

DT/OE (Input) V'H­
Vu.-

uPD482234,482235 

tAC 
tRA. 

teRP tRPC 

WO 10 W71 (Output) VOH - _ _ _ _ _ _ _ _ _ _ _ _ ______________ Hj!lh.:~ __________________________________ _ 
100 10 107 VOL -

DSF (Input) V'H­
V'L-

tFRS tFRH 

Remarks 1. WBIWE: 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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NEe 

CAS Before RAS Refresh Cycle (Optional Reset) 

RAS (Input) V,H­
V,L-

CAS (Input) V,H -
V,L-

wo to W71 (Output) VOH - ___________________ _ 

100 to 107 VOL -

IFRS 

yPD482234,482235 

tRP 

IRpc 

IeHR 

High-Z 

IFAH 

SC (Inpul) ~,~= ____ -Jh .... ______________ 'Y---L 
Remarks 1. Address, WB/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. 



NEe 

CAS Before RAS Refresh Cycle (STOP Register Set) 

RAS (Input) V,H­
V'L-

CAS (Input) VIH-

V'L-

Address (Input) V,H-
V,L-

WBIWE (Input) V,H-
V,L-

WO to W71 VOH -
100 to 107 (Output) VOL-

DSF (Input) V,H­
V,L - ...... '-L-L-.L....J'-LJ 

SC (Input) V,H-
VIl-_____ -' 

Remarks 1. DT/OE: Don't care 

teHR 

IASR tAAH 

BOUNDARY CODE 

twBS twaH 

tFRS tFRH 

yPD482234,482235 

tRe 
tRAS tRP 

tRPC 

tSRH 

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

to control the SE, 510 pins in this cycle. 
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NEe 

CAS Before RAS Refresh Cycle (No Reset) 

RAS (Input) V,H­
V'L-

- V,H­
CAS (Input) V,L _ 

WBfWE (Input) ~~ : 
L.L...L..Jt...L..L..t.J 

pPD482234,482235 

tAC 
tRAIl tRP 

tRPC 

tCliR 

~~~'f6i (Output) ~:: ________________________ ~~g_h:~ --- - --- - ----- - - - -- ------ - --- --------. 

V,H­
DSF (Input) V,L _ 

L.L...L..Jt...L..L..t.J 

tFRS tFRH 

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. 



NEe 

Hidden Refresh Cycle (pPD482234) 

V,H­
RAS (Input) VIL-

CAS (Input) ~,: = 

V,H­
Address (Input) V,L _ 

V'H­
WBIWE (Input) V'L-

tRe 
tRAS 

V,H _ ""7""Tr-tt--T--,rLr"'T"-r-.r'""'\ 
DT/OE (Input) V,L-

tRAC 

lA, 

tOEA 
WO to W7! VOH-
100 to 107 (Output) VOL-

___ ~i2~-~ ____________ _ 

V,H­
DSF (Input) V,L-

V,H­
SC (Input) V,L _ 

tFRS IFRH tFRS IFRH 

Remarks 1. When DSF is high level: Reset select = No Reset 

When DSF is low level : Reset select = Optional Reset 

uPD482234,482235 

tRAS 

tCRP 

toFF 

DATA OUT 
High-Z ----------

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. 

173 



174 

NEe 

Hidden Refresh Cycle (Extended data output: IlPD482235) 

V,H­
RAS (Input) V,L _ 

CAS (Input) 
V,H-
V,L-

Address (Input) 
V,H-
V,L-

V,H­
WBIWE (Input) Va.-

V,H­
DT/OE (Input) V,L-

WOtoW71 VOH-
100 to 107 (Outpul) Va.-

VIH­
DSF (Input) V,L-

V'H­
SC (Input) V,L _ 

tAC 

tACO lASH 
tHCAS 

tRAL 

tRAC 

tM 

tCAC 

tOEA 
___ t-:!i~~-~ ____________ _ 

Remarks 1. When DSF is high level: Reset select = No Reset 

When DSF is low level : Reset select = Optional Reset 

JlPD482234,482235 

tRC 

toEZ 

DATA OUT 

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. 



NEe uPD482234,482235 

(Register set cycle) 

JlPD482234-60 JlPD482234-70 

Parameter Symbol JlPD482235-60 JlPD482235-70 Unit Condition 

MIN. MAX. MIN. MAX. 

RAS high to CAS low precharge time tRPC 10 10 ns 

Write command setup time twcs 0 0 ns Note 

Write command hold time tWCH 10 12 ns 

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

the cycle. 

tRWD ~ tRWD (MIN.), tCWD ~ tCWD (MIN.), IAWD ~ tAWD (MIN.), are conditions for read modify write cycle to be 

set. The data of the selected address is output to DouT. 

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

Register Set Cycle (Early Write) 

V'H­
RAS (Input) V,l _ 

CAS (Input) 
V,H-
V,l-

V'H-
Address (Input) V,l-

WBIWE (Input) V'H-
V,l-

V,H­
DT/OE (Input) V,l-

WOloW71 V'H-
100 10 107 (Input) V,l _ 

VIH­
DSF (Input) V,l-

Notes 1. teAs for the ~PD482234 

tHCAS for the ~PD482235 

IReD 

2. Refresh address (RAS only refresh) 

yPD482234,482235 

t.AS 

tCSH 

tCAS, tHCAS .010' 

tOH 

tFCH 

Resister select 

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. 



NEe 

Register Set Cycle (Late Write) 

RAS (Inpul) 
V'H-
V,L-

CAS (Inpul) 
V,H-
V,L-

V,H-
Address (Input) V,L-

WBIWE (Input) 
V,H-
V,L-

DT/OE (Inpul) 
V,H-
V'L-

V,H-WOloW71 
100 to 107 (Inpul) V,L-

V .. -
DSF (Input) V,L _ 

Notes 1, tCAS for the pPD482234 

tHCAS for the pPD482235 

"'CO 

2. Refresh address (RAS only refresh) 

yPD482234.482235 

"'c 
AAII 

tcSH 
lASH 

lCAS, !HCAS NOlo 1 

twp 

!oEM 

los tOH 

DATA IN 

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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NEe yPD482234,482235 

(Data transfer cycle) 

JlPD482234-60 JlPD482234-70 

Parameter Symbol JlPD482235-60 JlPD482235-70 Unit Conditions 

MIN. MAX. MIN. MAX. 

Serial clock cycle time tscc 18 22 ns 

Serial output access time from SC tSCA 15 17 ns 

Propagation delay time tpo 20 20 ns 
from SC to QSF 

Propagation delay time tROD 80 95 ns 
from RAS to QSF 

Propagation delay time tcoo 60 65 ns 
from CAS to QSF 

Propagation delay time toaD 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 tSZH 20 20 ns 

SC precharge time tSCL 5 5 ns 

SC pulse width tSCH 5 5 ns 

DT high pulse width tOTP 20 20 ns 

DT low setup time tOLS 0 0 ns 

Serial output hold time after SC high tSOH 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 tRDH 55 65 ns Note 4 

DT low hold time after RAS low tROHS 10 25 ns Note 4 

DT low hold time after CAS low tCOH 15 20 ns Note 4 

DT low hold time after address tAOO 20 25 ns Note 4 

SC low hold time after DT high tSDH 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 Notes 2, 3, 4 

SC high to DT high tSDD 0 0 ns Note 4 

DT high to RAS high delay time tOTR 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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NEe yPD482234,482235 

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 tSRH 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 tSOHR (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. 

(2) 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. 

4. 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, tCOH, tAOO, tOTR 

• For SC inputs : tsoo, tSOH 

(2) Self control: Satisfy the following specification. 

For DT/OE edge inputs tROHS 

• For SC inputs : tssc, tSOHR 
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NEe 

Read Data Transfer Cycle (SC Active) 

RAS (Input) V'H­
V'L-

CAS (Input) V'H­
V'L-

Address (Input) V'H­
V'L-

WBIWE (Input) V'H­
V'L-

DT/OE (Input) V'H­
V'L-

lAc 

IAcD tASH 

lAse tCAH 

tROH 

wo to Wli VOH -
100 to 107 (Output) VOL- ----------~~~:~-----------

DSF (Input) V'H­
V'L-

yPD482234, 482235 

SE (Input) V'H-
V'L- __ L ____________________________ ~~-------------------------

SC (Input) V'H­
V'L-

8100 to 8107 (Output) VVOH -
OL-

QSF (Output) VvOH -
OL-

Note tCAS for the #PD482234 

tHCA8 for the #PD482235 

!soc Isoo !sOH 



NEe 

Read Data Transfer Cycle (SC Inactive) 

RAS (Inpul) VIH­
V'L-

yPD482234,482235 

lAC 
IAAS 

ICSH 

ICAP 1--_-"IA.::c=-o ____ ~+----iI:7ASH:::..=-=:--__I 
ICAS IHCAS NOlo 

CAS (Inpul) V'H­
V,L-

Address (Inpul) V'H­
V,L-

WBIWE (Inpul) V,H­
V,L-

DT/OE (Inpul) V'H­
V'L-

WO to W71 (output) VVOH - ___ _ _ __ _ _ _______ _ HJllh:~ 
100 to 107 OL -

DSF (Inpul) V,H­
V'L-

SE (Inpul) V,H­
V,L-

V,H­
SC (InpuI) V,L _ 

SIOO to SI07 (Output) VVOH -
OL-

QSF (Outpul) VOH­
VOL-

tFR5 tFRH 

L 

Note tCAS for the ILPD482234 

tHCAS for the ILPD482235 

IsoHA 

loaD 

1Re0 
iceD 

Fixed at eKher a low or high level 

n 
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NEe 

Read Data Transfer Cycle (Serial Write ~ Serial Read Switching) 

tAC 
AS 

RAS (Input) ~: = 

CAS (Input) V,H-
V'L-

Address (Input) V,H-
V'L-

WBIWE (Input) V,H-
V,L-

DT/OE (Input) V'H-
V,L-

WOloW7 VOH-
10010 107 (Outpul) VOL-

DSF (Input) V,H-
V,L-

SE (Input) V,H-
V,L - L 

1000 

tROD 
~ ______ =~=-__ ~ 1000 

SC (Input) V,H - Fixed either I hi h I I V'L- at a awor 9 eve 

SIOO { (Input) ~': = 
to 

SI07 

(Output) VOH­
VOL-

_______________ J:!i!!~-~ _____________ _ 

pPD482234,482235 

tsOHR 

New data output start 

aSF (Output) VvOH -OL- __________________ ~~ ________________________ ~~ ________ _ 

Note tCAS for the IlPD482234 

tHCAS for the IlPD482235 



NEe gPD482234,482235 

Split Read Data Transfer Cycle 

RAS (Input) V,H­
VIl-

CAS (Input) V,H­
VIl-

V,H -
Address (Input) VIl-

V,H­
WBIWE (Input) VIl-

wo to W71 VOH-
100 to 107 (Output) VOL-

V,H­
DSF (Input) VIl-

tASR tRAH 

tReD 

tCPN 

tRC 

RAS RP 

tCSH 

tRSH 

teAs tHCAS Note 1 

tAse teAH 

SE (Input) V'H-VIl- ~~ ____________________ +-________________ ~ ____________________ __ 

V,H­
SC (Input) VIl-

(Input) V'H­
VIl-

QSF (Output) VVOH -
OL-

Notes 1. tCAS for the ,uPD482234 

tHCAS 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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NEe 

Write Data Transfer Cycle 

RAS (Input) 
V,H-
VIL-

CAS (Input) 
V,H-
VIL-

Address (Input) V,H-
VIL-

WBIWE (Input) 
V,H-
VIL-

DT/OE (Input) 
V,H-
VIL-

woto W71 V'H-
100 to 107 (Input) VIL-

DSF (Input) V,H-
V,L-

SE (Input) V,H-
VIL-

SC (Input) V,H­
V,L-

SIOO V,H-
to (Input) V,L­

SI07 

L 

yPD482234,482235 

tRC 

RAS tRP 

tSDHA 

tcaD 

tROD 

Fixed at either a low or high level 

QSF (Output) VOH-VOL- ______________ ~~ __________________________________ ~~---------

Note tCAS for the .uPD482234 

tHCAS for the .uPD482235 



NEe 

Write Data Transfer Cycle (Serial Read ~ Serial Write Switching) 

RAS (Input) V'H­
V'L-

CAS (Input) V'H-
V,L-

Address (Input) V,H-
V,L-

WBIWE (Input) V,H-
V'L-

DT/OE (Input) V,H-
V,L-

WOIoW71 (Input) V'H-
10010107 V,L-

DSF (Input) V'H-
V,L-

SE (Input) V,H-
V'L-

SC (Input) V,H­
V'L-

to 
SI07 

RAS 

tACO tRSH 
leAs IHCAS-

tePN 

L 

teoD 
lReo 

Fixed at either a low or high level 

---~!~~~--------------
tsRz 

uPD482234,482235 

tRP 

tsoHR 

SIOO{ (Input) ~,~ = 

-----''--~ 
(Output) VvOH -

__________ ,:!i!1~-~ _________ _ 
DATA OUT OL- ___ -.-_...JI 

QSF (Output) ~: = 
-----------~------------------------~~-------

Note tCAS for the JtPD482234 

tHCAS for the JtPD482235 
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NEe 

Split Write Data Transfer Cycle 

RAS (Input) V,H-
VIL-

CAS (Input) V'H-
V'L-

Address (Input) V'H-
V'L-

WBfWE (Input) V,H-
V'L-

DT/OE (Input) V'H­
V,L-

WO to W71 (Input) V,H-
100 to 107 V,L-

DSF (Input) V,H-
V,L-

SE (Input) V,H-
V'L-

SC (Input) V'H­
V,L-

{

(Input) V,H-
V'L-

:~ (~VVOH-
OL-

QSF (Output) VOH­
VOL-

yPD482234,482235 

tAC 
RAS RP 



NEe uPD482234,482235 

Notes 1. tCAS for the ,uPD482234 

tHCAS 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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NEe yPD482234,482235 

(Serial read, write cycle) 

/lPD482234-60 /lPD482234-70 

Parameter Symbol /lPD482235-60 /lPD482235-70 Unit Condition 

MIN. MAX. MIN. MAX. 

Serial clock cycle time tscc 18 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 tPD 20 20 ns 
from SC to QSF 

SC precharge time tSCL 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 tSEH 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 tSOH 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, tOFF, tOFR, and tOFC define the time when the output achieves the condition of high impedance 

and is not referenced to VOH or VOL. 



NEe 

Serial Read Cycle 

SE (Input) V,H­
V,L-

V,H­
SC (Input) V,L-

SIOO 

Iscc 

yPD482234,482235 

IsEE 

tsEZ 

IsccNOIo' !sec-' 

IsoH 

to (Output) VVOH - - - - !ilQ.h:~ -- - -
SI07 OL - ~~IL-"""",,!:l..!J~.lLL_-+LJ .... .Lf'_ ... D"'A""T.:..:A...,O""U""'T:..-.-'I-'1J '--"-1'-"":::":"'''1-"--1 

QSF (Output) VvOH -
OL- ______________ J~-----------------

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/CE, WI/C, DSF pins in this cycle. 

Serial Write Cycle 

SC (Input) V,H­
V'L-

SE (Input) V'H­
V'L-

SIOO 
to (Input) VvOH -

SI07 OL-

QSF (Output) VvOH -
OL-

tscc tscc No181 

!seH tSCL tSCH 

Notes 1. Last address of data register (Address 255 or 511) 

Iscc-' 

!seL !seL 

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/CE, WI/C, DSF pins in this cycle. 
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5. Package Drawings 

40 PIN PLASTIC SOJ (400 mil) 

B 

21 

~-----------------+ ------------------+ 

F 

N ~I 

NOTE 
Each lead centerline is located within 0.12 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

20 

E 

yPD482234,482235 

U Cl 

d-----~----~===F~ 

P 

ITEM MILLIMETERS INCHES 

B 26.29~8:~5 1.035::.8:8?~ 
C 10.16 0.400 

0 11.18:0.2 0.440:0.008 

E 1.08:0.15 0.043::.8:889 

F 0.7 0.028 
G 3.5:0.2 0.138,00.008 

H 2.4:0.2 0.094::.8:88~ 
0.8 MIN. 0.031 MIN. 
2.6 0.102 

K 1.27(T.P.) 0.050(T.P.) 

M 0.40:0.10 0.016::.8:88~ 
N 0.12 0.005 
P 9.40±0.20 0.370:0.008 
a 0.15 0.006 
T RO.85 RO.033 

U 0.20::.8:6g 0.008::.8:8~ 
P40LE-400A-2 
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44 PIN PLASTIC TSOP(ll) (400 mil) 

detail of lead end 

;-r-------------+---------------r {~ 
w a. 

1,. ~ ·a· J 

~~-_ -------1---_ ------

NOTE 
Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

L 

ITEM 

A 
B 
C 

D 

E 
F 
G 
H 

K 

L 

M 
N 

P 

MILLIMETERS 
18.63 MAX. 
0.93 MAX. 
0.8 (T.P.) 

0.32~8:8~ 
0. hO.05 
1.2 MAX. 
0.97 
11.76",0.2 
10.16",0.1 

0.8",0.2 

0.145~8:m 

0.5",0.1 

0.13 
0.10 

3°+7• 
-3· 

INCHES 
0.734 MAX. 
0.037 MAX. 
0.031 (T.P.) 

0.013",0.003 

0.004",0.002 
0.048 MAX. 
0.038 
0.463",0.008 
0.400",0.004 

0.031 ~8:88R 

0.006",0.001 

0.020~8:88~ 
0.005 
0.004 

3°+70 

-3· 

S44G5-80-7JF4 
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[MEMO) 
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6. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the ~PD482234, ~PD482235. 

Types of Surface Mount Device 

~PD482234LE-xx : 40-pin plastic SOJ (400 mil) 

~PD482235LE-xx 

~PD482234G5-xx 

~PD482235G5-xx 

: 4D-pin plastic SOJ (400 mil) 

: 44-pin plastic TSOP (II) (400 mil) 

: 44-pin plastic TSOP (II) (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. 

NEe JAPAN 

D482235 

xxxxoxxxx 
• 

Lot number 
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[MEMO] 
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DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

,uPD481850 

8M-bit Synchronous GRAM 

Description 
The pPD481850 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 OFP (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 controlled by A9 (Bank Address: BA) 
• Byte control using DOMO to DOM3 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 
• L VTIL compatible inputs and outputs 

• 100-pin Plastic OFP (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 

Part number 
Cycle time Clock frequency 

ns (MIN.) MHz (MAX.) 
Package 

IlPD481850GF-A 1 O-JBT 10 100 loa-pin Plastic QFP (14 x 20 mm) 

IlPD481850GF-A12-JBT 12 83 

IlPD481850GF-A 15-JBT 15 66 

The information in this document is subject to change without notice. 

Document No. M10235EJ2VODSU1 
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Part Number 

Synchronous GRAM 

JlPD48 1 8 5 o 
NEC CMOS Application Specific Memory =o=J 

-- -r- -, --

Device code ---------------' 
1: Graphics RAM 

C~c~-----------------------------------' 

8: 8M bits 

Words organization 
5: x32 

Function 

Package 
GF: QFP 

yPD481850 

GF A 10 
--.-- -- -r-

Voo------------------------------------------------------------~ 
A: 3.3V±0.3V 

Cycle time 
10: 10 ns 
12: 12ns 
15: 15 ns 
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Pin Configuration (Marking Side) 

100-pln Plastic QFP (14 x 20 mm) 

OQ29 A7 
VssQ A6 
0030 A5 
0031 A4 

Vss Vss 
NC NC 
NC NC 
NC NC 
NC NC 
NC 

PPD48185OGF-Axx-JBT 
NC 

NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
Vee Vee 

OQO A3 
OQl A2 
VssQ Al 
OQ2 AO 

AD-AS Row address inputs 

AO-A7 Column address inputs 

A9 Bank address 

000-0031 Data inputs/outputs 

CS Chip select 
RAS Row address strobe 
CAS Column address strobe 

WE Write enable 

DOMO-DOM3: DO mask enable 

DSF Special function enable 

CKE Clock enable 
ClK System clock input 

Vee Supply voltage 

Vss Ground 

VccO Supply voltage for DO 

VssO Ground for DO 

NC No connection 
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Block Diagram 

AO 
A1 
A2 

Address 
Buffer 

A9 

256001. x 3211 

Memory Cell Array 
Bank A 

Sense Amp. 

Column Decoder 

256001. x3211 

Memory Cell Array 
BankB 

Sensa Amp. 

I ~====>L~~32 '--- Column Decoder 

ClK 
CKE 

CS 
RAS 
CAS 
WE 
DSF 

Timing 
Generator 

Color 
Register 
(32 bits) 

Mask 
Register 
(32 bits) 

yPD481850 

000 to 31 



NEe yPD481850 

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 pP0481850 suspends operation. 

When the IIP0481850 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. 

CS Input CS low starts the command input cycle. When CS is 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. 

OSF Input OSF is part of the inputs of graphics command of the pP0481850. 

If OSF is inactive (low level), pP0481850 operates as same as SORAM. 

AO - A8 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. 

A8 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 

aller the burst access. 

A9 A9 is the bank address signal (BA). In command cycle, A9 low selects bank A and 

A9 high selects bank B. 

OQMO-OQM3 Input OQM controls 1/0 buffers. OQMO corresponds to the lowest byte (OQO to OQ7), 

OQMl corresponds to OQ8 to OQ15, OQM2 corresponds to OQ16 to OQ23. OQM3 

corresponds to OQ24 to OQ31. 

In read mode, OQM controls the output buffers like a conventional OE pin. 

OQM high and OQM low turn the output buffers off and on, respectively. 

The OQM latency for the read is two clocks. 

In write mode, OQM controls the word mask. Input data is written to the memory 
cell if OQM is low but not if OQM is high. 

The OQM latency for the write is zero. 

OQO- OQ31 Input/Output OQ pins have the same function as 1/0 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 aller Active command with WPB (old 

mask data) . 

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

Vee (Power supply) Vee and Vss are power supply pins for internal circuits. VecQ and VssQ are 
Vss power supply pins for the output buffers. 
VeeQ 

VssQ 
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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 pPD481850 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 A9 (BA) and a row 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 this command, 

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 

,uPD481850 

Mode register set 

command 

ClK r-L.II....J 
CKE H 

CS~ 

RASD, m 
CASD, m 
WED, m 
DSFD, m 
A9~ 

A8~ 

Add~ 

Fig. 2 Row address strobe and 

bank active command 

ClK r-L.II....J 
CKE H 

CS~ 

RASD, m 
CAS d' 'i!888S 
WE d' 'i!888S 
DSFD, ;R 
A9~ 

(Bank address) 

A8~ 

Add~ 

Fig. 3 Row address strobe and 

bank active command 

with WPB enable 

ClK r-L.II....J 
CKE H 

cs~ 
RAS ~ ~ 

CAS~ ~ 

WE~ ~ 

DSFd' 'i!888S 
(Bank..:!)~ 
A8~ 

Add~ 
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Precharge command 

(CS, RAS, WE, DSF = Low, CAS = High) 

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 JLPD481850 can't accept the activate command 

to the precharging bank during tRP (precharge to activate command period). 

This command can terminate the current burst operation (2, 4, 8, full page 

burst length). 

This command corresponds to a conventional DRAM's RAS rising. 

Refer to 10. Precharge and 11. Auto Precharge. 

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 

(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. 

,uPD481850 

Fig. 4 Precharge command 

CLK~ 

CKE H 

cs~ 
RASa, m 
CAS" .. 

WE a, m!i 
DSF m. m!i 

A9 ec::::>R 
(Bank address) 

AS ec::::>R 
(Precharge select) 

Add 

Fig. 5 Column address and 

write command 

CLK~ 

CKE H 

CS~ 

RAS" .. 

DSF m. m!i 
(Bank .J'!.) ec::::>R 

AS ec::::>R 
Add~ 

Fig. 6 Column address and 

read command 

CLK~ 

CKE H 

CS~ 

RAS" 'd 
CAS m. m!i 
WE" .. 

DSF m. m!i 

(Bank add~S) ec::::>R 
AS ec::::>R 
Add~ 
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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 JtPD481850 cannot accept any other command. 

Self refresh entry command 

(CS, RAS, CAS, DSF, CKE = Low, WE = High) 

After the command execution, self refresh operation continues while CKE 
remains low. When CKE goes high, the JtPD481850 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 

(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. 

Refer to 14. ReadlWriteCommand Interval and 15. Burst Termination. 

,uPD481850 

Fig. 7 CBR (auto) refresh 
command 

CLK~ 

CKE H 

CS~ 

RASD. Am 

CAS m.. Am 

WED" 

DSFm.. 

Fig. 8 Self refresh entry 
command 

CLK~ 
CKE~ .... __ _ 

CS~ 

RAS m.. AS!8!l§ 
CAS m.. AS!8!l§ 

WED" 'd 
DSF m.. AS!8!l§ 
A9 

(Bank address) 

AS 

Add 

Fig. 9 Burst stop command 
In Full Page mode 

CLK~ 

CKE H 

CS~ 

RASD" 'd 
CAS. 'd 
WE'm.. AS!8!l§ 

DSF m.. AS!8!l§ 
A9 

(Bank address) 

AS 

Add~ 
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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 IlPD481850 has two special registers for graphics commands. One 

is color register and the other is mask register. In this command, AO 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 IlPD481850 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. In this 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. 

yPD481850 

Fig. 10 No operation 

Fig. 11 Special register set 

command 

ClK rLrl-...J 
CKE H 

CS~ 

RAS m. Alm 
CAS m. Alm 
WE m. Alm 
DSFD' ~ 

A9~ 

A8~ 

Add~ 

DQi~ 

Fig. 12 Masked block write 

command 

ClK rLrl-...J 
CKE H 

CS~ 

RASD' ~ 

CAS m. Alm 
WE m. Alm 
DSFD' ~ 

A9~ 

A8~ 

Add~ 

DQi~ 
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3. Simplified State Diagram 

206 

pPD481850 

Automatic sequence 

----... Manual input 
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4. Truth Table 

4.1 Command Truth Table 

Symbol 
CKE 

CS RAS CAS WE DSF 
Address 

Function 
n-1 n A9 AS A7·AO 

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 L 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 OPo CODE 

Special register set SRS H x L L L L H OPo 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 

402 DQM Truth Table 

Function Symbol 
CKE 

DQMi 
n-1 n 

Data write/output enable ENBi H x L 

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 eKE Truth Table 

Current state Function Symbol 
CKE 

CS RAS CAS WE DSF Address 
n-1 n 

Activating Clock suspend mode entry H L x 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 

L H L H H H x x 
Self refresh Self refresh exit 

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 x 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 Nap or Power down 2 

L H H H x x NOP Nop or Power down 2 

L H H L H x Undefined ILLEGAL 

L H H L L x BST ILLEGAL 3 

L H L H H x Undefined ILLEGAL 

L H L H L BA,CA,A8 READ/READA ILLEGAL 3 

L H L L H BA,CA,A8 BW/BWA ILLEGAL 3 

L H L L L BA,CA,A8 WRITIWRITA ILLEGAL 3 

L L H H H BA,RA ACTWPB Bank active with WPB: Latch RA 

L L H H L BA,RA ACT Bank active: Latch RA 

L L H L H x Undefined ILLEGAL 

L L H L L BA,A8 PRE/PALL Nap 11 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/sELF CBR refresh/Self refresh 4,12 

L L L L H Op-COde SRS Special register aocess 

L L L L L Op-Code MRS MOde register aocess 12 

Bank active H x x x x x DESL Nap 

L H H H x x NOP Nap 

L H H L H x Undefined ILLEGAL 

L H H L L x BST ILLEGAL 3 

L H L H H x Undefined ILLEGAL 

L H L H L BA,CA,A8 READ/READA Bagln read; Latch CA: Determine AP 5 

L H L L H BA,CA,A8 BWIBWA Begin block write: Latch CA: Determine AP 5 

L H L L L BA,CA,A8 WRITIWRITA Bagin write; Latch CA: Determine AP 5 

L L H H H BA,RA ACTWPB ILLEGAL 3 

L L H H L BA,RA ACT IllEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA,A8 PRE/PALL Precharge • 
L L L H H x Undefined ILLEGAL 

L L L H L x REF/SELF ILLEGAL 

L L L L H Op-COde SRS Special register access 

L L L L L Op-Code MRS ILLEGAL 
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(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 

L H H L H x Undefined ILLEGAL 

L H H L L x BST I, 2, 4, S burst length; Nop (Continue burst 

to end ..... Bank active) 

Full page burst; Burst stop ..... Bank active 

L H 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,AS BW/BWA Term burst, Start block write: Determine AP 7,8 

L H L L L BA,CA,AS WRITIWRITA Term burst, start write: Determine AP 7,8 

L L H H H BA, RA ACTWPB ILLEGAL 3 

L L H H L BA, RA ACT ILLEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA,AS PRE/PALL Term burst, precharge timing for reads 

L L L H H x Undafined ILLEGAL 

L L L H L x REF/SELF ILLEGAL 

L L L L H Op-Coda SRS ILLEGAL 

L L L L L Op-Coda MRS ILLEGAL 

Write/Block write H x x x x x DESL Continue burst to end ..... Write recovering 

L H H H x x NOP Continue burst to end ..... Write recovering 

L H H L H x Undefined ILLEGAL 

L H H L L x SST I, 2, 4, S burst length; Nop (Continue burst 

to end ..... Bank active) 

Full page burst; Burst stop ..... Bank active 

L H L H H x Undefined ILLEGAL 

L H L H L BA,CA,AS READ/READA Term burst, start read: Determine AP 7,8 

L H L L H BA,CA,AS BW/BWA Term burst, new block write: Determine AP 7 

L H L L L BA,CA,A8 WRITIWRITA Term burst, new wrne: Determine AP 7 

L L H H H BA,RA ACTWPB ILLEGAL 3 

L L H H L BA,RA ACT ILLEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA, A8 PRE/PALL Term burst, precharge timing for writes 3,9 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/sELF ILLEGAL 

L L L L H Op-Code SRS ILLEGAL 

L L L L L Op-Coda 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 
L H H 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,AS BW/BWA ILLEGAL 

L H L L L BA,CA,AS WRITIWRITA ILLEGAL 

L L H H H BA,RA ACTWPB ILLEGAL 3 

L L H H L BA,RA ACT ILLEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA,AS PRE/PALL ILLEGAL 3 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/SELF ILLEGAL 

L L L L H Op-Code SRS ILLEGAL 

L L L L L Op-Code MRS ILLEGAL 

Wr~e/Block write H x x x x x DESL Continue burst to end --+ Write recovering 

with auto with auto precharge 
precharge 

L H H H NOP Continue burst to end --+ Wr~e recoVering x x 

~h auto precharge 

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,AS READ/READA ILLEGAL 

L H L L H BA,CA,AS BW/BWA ILLEGAL 

L H L L L BA,CA,AS WRITIWRITA ILLEGAL 

L L H H H BA,RA ACTWPB ILLEGAL 3 

L L H H L BA,RA ACT ILLEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA,AS PRE/PALL ILLEGAL 3 

L L L H H x Undefined ILLEGAL 

L L L H 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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(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 tRP 

L H H H x x NOP Nop ~ Enter idle after tRP 

L H H L H x Undefined ILLEGAL 

L H H L L x BST ILLEGAL 3 

L H L H H x Undefined ILLEGAL 

L H L H L BA,CA,A8 READ/READA ILLEGAL 3 

L H L L H BA,CA,A8 BW/BWA ILLEGAL 3 

L H L L L BA,CA,A8 WRITIWRITA ILLEGAL 3 

L L H H H BA,RA ACTWPB ILLEGAL 3 

L L H H L BA,RA ACT ILLEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA,A8 PRE/PALL Nop ~ Enter idle after tRP 11 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/SELF ILLEGAL 

L L L L H Op-Code SRS Special register access 

L L L L L Op-Gode MRS ILLEGAL 

Bank activating H x x x x x DESL Nop ~ Enter bank active after tFICO 

(tRCO) 
L H H H x x NOP Nop ~ Enter bank active after tRCO 

L H H L H x Undefined ILLEGAL 

L H H L L x BST ILLEGAL 3 

L H L H H x Undefined ILLEGAL 

L H L H L BA,CA,A8 READ/READA ILLEGAL 3 

L H L L H BA,CA,A8 BW/BWA ILLEGAL 3 

L H L L L BA,CA,A8 WRITIWRITA ILLEGAL 3 

L L H H H BA,RA ACTWPB ILLEGAL 3,10 

L L H H L BA,RA ACT ILLEGAL 3,10 

L L H L H x Undefined ILLEGAL 

L L H L L BA, A8 PRE/PALL ILLEGAL 3 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/SELF ILLEGAL 

L L L L H Op-Code SRS Special register access 

L L L L L Op-Code MRS ILLEGAL 
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(517) 

Current state CS RAS CAS WE DSF Address Command Action NOles 

Write recovering H x x x x x DESL Nop ... Enter blink active after tD" 

(tOeL) 
L H H H x x NOP Nop ... Enter bank active after to" 

L H H L H x Undefined ILLEGAL 

L H H L L x BST ILLEGAL 3 

L H L H H x Undefined ILLEGAL 

L H L H L BA,CA,A8 READ/READA Begin reed; Latch CA: Determine AP 8 

L H L L H BA,CA,A8 BW/BWA Begin block write; Latch CA: Detennine AP 

L H L L L BA,CA,A8 WRITIWRITA Begin wr"e; Latch CA: Determine AP 

L L H H H BA,RA ACTWPB ILLEGAL 3 

L L H H L BA,RA ACT ILLEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA,A8 PRE/PALL ILLEGAL 3 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/sELF ILLEGAL 

L L L L H Op-Code SRS Special register access 

L L L L L Op-Code MRS ILLEGAL 

Write recovering H x x x x x DESL Nop ... Enter precharge alter to" 

with auto 
L H H H NOP Nop ... Enter precharge alter to" x x 

precharge 
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 3,8 

L H L L H BA,CA,A8 BWIBWA ILLEGAL 3 

L H L L L BA,CA,A8 WRITIWRITA ILLEGAL 3 

L L H H H BA,RA ACTWPB ILLEGAL 3 

L L H H L BA,RA ACT ILLEGAL 3 

L L H L H x Undefined ILLEGAL 

L L H L L BA,A8 PRE/PALL ILLEGAL 3 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/sELF ILLEGAL 

L L L L H Op-Code SRS Special register access 

L L L L L Op-Code MRS ILLEGAL 
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(617) 

Current stale cs m CAS WE DSF Address Command Action Notes 

Refreshing H x x x x x DESL Nop -+ Enter Idle alter IRe 

L H H H x x NOP Nop -+ Enter Idle alter IRe 

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,AS READ/READA ILLEGAL 

L H L L H BA,CA,AS BW/BWA ILLEGAL 

L H L L L BA,CA,AS WRITIWRITA 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,AS PRE/PALL ILLEGAL 

L L L H H x Undefined ILLEGAL 

L L L H L x REF/sELF ILLEGAL 

L L L L H Op-Code SRS ILLEGAL 

L L L L L Op-Code MRS ILLEGAL 

Mode register H x x x x x DESL Nop -+ Enter idle alter tAlC 

accessing 
L H H H x x NOP Nop -+ Enter idle alter tAlC 

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,AS READ/READA ILLEGAL 

L H L L H BA,CA,AS BW/BWA ILLEGAL 

L H L L L BA,CA,AS WRITIWRITA 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,AS PRE/PALL ILLEGAL 

L L L H H x Undefined ILLEGAL 

L L L H 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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(7/7) 

Current state CS RAS CAS WE OSF Address Command Action Notes 

Special moda H x x x x x DESl Nop .... Enter previous state alter tROC 

register 

accessing 

Notes 1. 

2. 

3. 

4. 

5. 
6. 
7. 

8. 
9. 

10. 

l H H H x x NOP Nop .... Enter previous state after tROC 

l H H l H x Undafined IllEGAL 

l H H l l x BST IllEGAL 

l H l H H x Undafined IllEGAL 

l H l H l BA,CA,AS READ/READA IllEGAL 

l H l l H BA, CA, AS BW/BWA IllEGAL 

l H l l l BA,CA,A8 WRITIWRITA 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,AS PRE/PAll IllEGAL 

l l l H H x Undefined IllEGAL 

l l l H l x REF/SELF IllEGAL 

l l l l H Op-Code SRS IllEGAL 

l l l l l Op-Code MRS IllEGAL 

All entries assume that CKE was active (High level) during the preceding clock cycle. 

If both banks are idle, and CKE is inactive (Low level), JtPD481850 will enter Power down mode. 

All input buffers except CKE will be disabled. 

Illegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA), 

depending on the state of that bank. 

If both banks are idle, and CKE is inactive (Low level),/lPD481850 will enter Self refresh. All input buffers 

except CKE will be disabled. 

Illegal if tRCO is not satisfied. 

Illegal 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 tOPL. 

Illegal if tRRO is not satisfied. 

11. Nop to bank precharging or in idle state. May precharge bank(s) indicated by BA (and A8). 

12. Illegal 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 stale 
CKE 

CS RAS CAS WE DSF Address Action Notes 
n-l n 

Self refresh H x x x x x x x INVALID, CLK(n-f) would exit S.R. 

(S.R.) 
L H H x x x x x S.A. Recovery 1 

L H L H H x x x S. A. Recovery 1 

L H 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.A. 

Self refresh H H H x x x x x Idle after t.e 

recovery 
H H L H H H x x Idle after t.e 

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 

H L H 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 

H L L L x x x x ILLEGAL 

L H 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-l) would exit P.O. 

(P.O.) 
L H x x x x x x EXIT P.O ..... 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 H L H x x x x Refer to operations in Operative Command Table 

H H L L H x x x Refer to operations in Operative Command Table 

H H L L L H L x Refresh 

H H L L L L x Op-Code Refer to operations in Operative Command Table 

H L H x x x x x Refer to operations in Operative Command Table 

H L L H x x x x Refer to operations in Operative Command Table 

H L 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 H H x x x x x x Refer to operations in Operative Command Table 

than listed 
H L Begin clock suspend next cycle 3 

above 
x x x x x x 

L H x x x x x x Exij clock suspend next cycle 

L L 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 OSF A9 (SA) AS A7·AO Action "FROM" Stat~ 1 "TO"State- Z 

H 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 (RlW/A)O(I/A) 1 AO(I/A)1 

10(I/A)1 10(I/A)1 

(RlW/A) 1 (I/A)O AI (I/A)O 

11 (I/A)O 11 (I/A)O 

L H L H L H H CA Read (RIWIA)1 (I/AlO RP1(I/A)0 

H H CA AI (RIW)O RPIAO 

H L CA (RlW/A) 1 (I/A)O Rl(I/A)O 

H L CA AI (RIW)O RIAO 

L H CA (RlW/A)O(I/A)1 RPO(I/A)1 

L H CA AO(RIW)1 RPOAI 

L L CA (RlW/A)O(I/A) 1 RO(I/A)1 

L L CA AO(RIW)1 ROAI 

L H L L LJH H H CA Write/Block Write (RIWIA)1 (I/A)O WP1(I/A)0 

H H CA AI (RIW)O WPIAO 

H L CA (RIWIA)1 (I/A)O WI (I/A)O 

H L CA .Al(RIW)O WIAO 

L H CA (RIWIA)O(I/A)l WPO(I/A)1 

L H CA AO(RlW)l WPOAI 

L L CA (RlW/A)O(I/A) 1 WO(I/A)1 

L L CA AO(RIW)I WOAI 

L L H H LJH H RA Activate Row 11AnyO A1AnyO 

L RA 10Anyl AOAnyl 

L L H L L x H x Precharge (RIWIAlI)O(I/A) 1 10/1 

x H x (RIWIAlI)1 (I/A)O 1110 

H L x (RIWIAlI)1 (I/A)O 11 (I/A)O 

H L x (I/A)1 (RIWIAlI)O 11 (RIWIAlI)O 

L L x (RIWIAlI)O(I/A) 1 10(I/A)1 

L L x (VA)O(RlWIAlI) 1 10(RlW/AII)1 

L L L H L x x x Refresh 1011 1011 

L L L L L Op-Code Mode Register 1011 1011 

Aocess 

L L L L H Op-Code Special Register (I/A)O(VA)1 (VA)O(VA)1 

Access 

Notes 1. If the 1tPD481850 is in a state other than above listed in the "From State" column, the command is illegal. 

2. The states listed under ''To" might not be entered on the next clock cycle. 

Timing restrictions apply. 
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Remark H = High level, L = Low level, x = High or Low level (Don't care), 

BA = Bank address (A9) 

State abbreviations 

I = 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 

XOY1 = BankO is in state "X", Bank1 = in state "Y" 
(XIY)OZ1 = Z1 (X/Y)O = BankO is in state "X" or "Y", Bank1 is in state "Z:' 

5. Initialization 

The synchronous GRAM is initialized in the power-on sequence according to the following. 

,uPD481850 

(1) To stabilize internal circuits, when power is applied, a 1 OD-JlS 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 tRP 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 AO as data 

inputs. The register retains data until it is reprogrammed or the device loses power. 

The mode register has four fields; 

Options 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 (IRsc) 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 JlPD481850 supports "Sequential 

mode" only. 

The table on the page 221 shows the addressing sequence for each burst length. 
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7. Mode Register 

9 8 7 6 5 4. 3 2 0 

0 0 I 1 JEDEC Standard Test Set (refresh counter test) 

9 8 7 6 5 4 3 2 0 

I 1 0 0 I LTMODE I WT I BL Burst Read and Single WrHe 
(for WrHe Through Cache) 

9 8 7 6 5 4 3 2 0 

I 1 0 I Use In future 

9 8 7 6 5 4 3 2 0 

I x 1 I 1 I V V I V I V I V I V V I Vender Specific 

V = Valid 
98765432 o x Don'care . 

1 0 1 0 101 LTMODE 1WTI BL J Mode Register Set 

A2-D WT=O 
000 1 
001 2 
010 4 

- Burst length 011 8 
100 R 
101 R 
110 R 
111 Full page 

I Wrap type 
I 0 I Sequential I 

1 11 I R 1 

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~ 

CKE 

CAS 

WE 

DSF 

AO-A9 
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7.1 Burst Length and Sequence 

[Burst of Two] 

Starting Address (column Sequential Addressing 

address AO. binary) Sequence (decimal) 

0 0,1 

1 1,0 

[Burst of Four] 

Starting Address (column Sequential Addressing 

address A 1 - AO, binary) Sequence (decimal) 

00 0.1,2,3 

01 1,2,3,0 

10 2,3,0,1 

11 3,0,1,2 

[Burst of Eight] 

Starting Address (column Sequential Addressing 

address A2 - AO, binary) Sequence (decimal) 

000 0, 1, 2, 3, 4, 5, 6, 7 

001 1,2,3,4,5,6,7,0 

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 

111 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 AO 

and data bits 000 through 0031. The color and mask register retain data until it is reprogrammed or the device 

losed power. 

The special register has four fields. 

Reserved A9 through A7 

Color register: A6 

Mask register : A5 

Reserved A4 through AO 

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 000 through 0031 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 000 through 0031 is stored to mask 

register as write mask data. 

8.3 Special Register 

Mask Register 

Color Register 

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 I AO I A1 I A2 I A3 I A4 I A5 I AS I A7 I A8 I A9 I---- 0 Select Bank A 
"Activate" command 

Ie command) 1 Select Bank B 
"Activate" command 

(Activa 

I~IMI~I~IMIMI~IMIMI~I 

(Prech arge command) A8 A9 Result 
0 0 Precharge Bank A 
0 1 Precharge Bank B 
1 x Precharge All Banke 

x: Don' care 

0 
disables Auto-Precharge 

I (End of Burst) 
enables Auto-Precharge 

I~IMI~I~IMIMIMIMIMI~I 1 
(End of Burst) Col. 

(CAS st robes) L 0 
enables ReadlWrlte 
commands for Bank A 

1 enables ReadlWrite 
commands for Bank B 

Precharge for Bank A I Precharge for Bank B I Precharge for All Banks 

ClK ~ ClK ~ ClK ~ 
CKE H CKE H CKE H 

CS ~ CS ~ CS ~ 
RAS \\\\\\\\\ /1/11//11 RAS \\\\\\\\\ /11/1/111 RAS \\\\\\\\\ 1///////1 
CAS l!llIllll \\\\\\\\\ CAS l!llIllll \\\\\\\\\ CAS l!llIllll \\\\\\\\\ 
WE \\\\\\\\\ 1//1/1111 WE \\\\\\\\\ 11//11/11 WE \\\\\\\\\ 111//1111 
DSF \\\\\\\\\ 1//1/1111 DSF \\\\\\\\\ II/II/III DSF \\\\\\\\\ I/I//II!I 

A8 ~ IIl11l1lI A8 \\\\\\\\\ HIIII/ll A8 lllllllII \\\\\\\\\ 
A9 \\\\\\\~ P////III A9 lllllllII \\\\\\\\\ A9 ~ 
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10. Precharge 

The precharge command can be asserted anytime after tRAS(MIN.) is satisfied. 

Soon after the precharge command is asserted, precharge operation performed and the synchronous GRAM enters 

the idle state after tRP is satisfied. The parameter tRP 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. 

ClK 

CAS latency = 2 

Command 

DO 

CAS latency = 3 

Command 

DO 

TO T1 T2 T3 T4 

, 

® 

T5 

, 

@ 

Burst length=4 

T6 T7 

, 
, , 

I 'I I I 

:: :~:Hi-Z: t----.. --.. ~------·----~---- 01 02 Q3 04 ---~ ••• -••• --.~ 
I , I I I 
It' I I I , 1 I 

I I I I I , I I 
1 t I I 
, I I , I 
I I I , 

<R~ad) :: @ 
, , 

I I I I I I , , I 

: : : : t'li-Z: :··· .... ·· .... -t-_ .. ··· .. · .... :· ...... · .. _· .... ·t···.. _ ... -: 
, I I I I I I I I 
I I I I , I I , I .. .. 

(tRAS is satisfied) 

In order to write all data to the memory cell correctly, the asynchronous parameter "toPL" must be satisfied. The 

tOPL(MIN.) specification defines the earliest time that a precharge command can be asserted. Minimum number of clocks 

are calculated by dividing tOPL (MIN.) 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, AS controls whether auto precharge is selected. AS 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 tRP 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. 

ClK 

CAS latency = 2 

Command 

DO 

CAS latency = 3 

Command 

DO 

TO T1 

I 
I 
I 
I 
I 
I 
I 
I 

~EA~A~ 
I 
I 
I 
I 
I 

T2 

r •••• .. •• .. _· .... ,· .... •• .. • ............ -r .......... .. 
I 
I 
I 
I 
I 
I 
I 
I 

~EA~A~ 
I 
I 
I 
I 

T3 

r ........ -............ • .. ~-.......... · .... · ........ r ........................ , .......... .. 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

Remark READA means Read with Auto precharge 

Burst length = 4 

T4 T5 T6 

I 
I 
I 
I 
I 
I 
I 

I I I 

:Auto precharge starts : 
I I 
I I 
I I 
I I 
I I 
I I 

T7 T8 

I Hi-Z .. ......... , ..... _ ................. ,. ............ . 
I 
I 
I 
I 
I 
I 
I 
I 

I I I 

: Auto precharge starts : 
I I 
I I 
I I 
I I 
I I 
I I 

Hi-Z 
---··-1-······ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(tRAS is satisfied) 
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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 leAL 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 (CAS latency of 2) or two clocks after (CAS latency of 3). 

elK 

CAS latency = 2 

Command 

DO 

CAS latency = 3 

Command 

DO 

TO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ ..... . 

I 
~ ........ .. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

T1 

~RI~A9 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

<WRI~A9 
I 

T2 

Remark WRIT A means Write with Auto precharge 

T3 T4 T5 T6 

Burst length. 4 

T7 

I 
I 
I 
I 
I 
I 

T8 

: Auto preChl"arge starts i : i 
I I I 
I I I 
I • I I 

··-·-·,-······-·····~······~~:~·---t···-·---·---·J ._ .. _-_. 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I " I 
I Auto precharge starts I 

: I' : I I 
I I 

...... i............. . .... ~!:~ .... i. __ ..... _ ......... _ ...... . 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

(tllAS is satisfied) 
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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). 

ClK 

CAS latency = 2 

Command 

DO 

CAS latency = 3 

Command 

DO 

TO T1 T2 T3 T4 T5 

, , , 
, , ,Auto precharge, : : 8' : startsl : : 
, BWAB' " I , I t 
I I I I 
I I I I I 
I I I • I 

~ ...... 0B ...... ~ ............. .............. : .... !:!:~ .... l.. .......•..... 
I I t I I 
I I I I I , " , " , " 
, I I 

I " , " 

: , , : Auto precharge , : 8' : : startsl : 
I BWAB " , 
I I t I 
I J J I 
I I I I I 
I I I . I 

L ........ 0 B ............ ~ .......... _ ........... J ...................... ______ .. ~!:~ ........ J ....... __ .. __ ...... __ . 
I I I I I 
I I I I I 
I I J 1 1 I 
I I I I I I 
t I I I I I 
I I I I I I 
I I I I r I 
I I I I I I 
lit I I I 
I J I I I I 
I I I I I I 
I I I " I I 

(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 DOi 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 tASC (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) + DOMi 

DOMi 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 1I0s) 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 8'00 = 64 bits by DOMO to DOM3 input. Color register data is written 

to the memory cell if DOM is low but not if DOM is high. DOMO corresponds to the lowest byte (000 to 007), 

DOM1 corresponds to 008 to 0015, DOM2 corresponds to 0016 to 0023, DOM3 corresponds to 0024 to 

0031. 

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 tRCO period from ACT or ACTWPB. 

In case new Write/Block write is executed or, it is necessary to take tBWC 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 DO pin Column select data Writing 

A3 A2 Al OOi (OOi) 

i 0 0 0 000/0081 1 Yes 

(1 st column) 0016/0024 0 No 

i+l 0 0 1 00110091 1 Yes 

(2nd column) 0017/0025 0 No 

i+2 0 1 0 002100101 1 Yes 

(3rd column) 001810026 0 No 

i+3 0 1 1 003/00111 1 Yes 

(4th column) 0019/0027 0 No 

i+4 1 0 0 004100121 1 Yes 

(5th column) 0020/0028 0 No 

i+5 1 0 1 00510013/ 1 Yes 

(6th column) 0021/0029 0 No 

i+6 1 1 0 006100141 1 Yes 

(7th column) 0022/0030 0 No 

;+7 1 1 1 007100151 1 Yes 

(8th column) 0023/0031 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 

I r * COLOR .J r?<>lor_ 
flEGISTE1 Data 

r * ,,, , ... 

I " , ... 

1 

Column Address 

__ C\I (fl "lilt LO <D r-­
+ + + + + + + .- .- .- .- .- .- .-

000 ~IIII~~~~~~~ 001-

002 

oo3 __ ~~~~~ 
DQ4 

005 

D06 
007 

OOMO-O 4#+H MASK REGISTER 

007toOQO 
01001011 

: ) Write Data 

00...- ...... 0 
II II II II II II II • 

§ g § § g g g § 

o Mask Write, keep original Data 

Remarks 1. i is times of 8 numeric. 

2. This diagram shows only for DOD - 7. The other DO is similar as this. 

,uPD481850 
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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. 

ClK 

Command 

DO 

TO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T1 

I I 
I I I 

T2 

~····--··-·-·-i·-"-----"-----~------
I I I 
I I I 
I I I 
I I I 
I It ,I 

: : 1cycle : 
I I I 
I I I 
I I I 
I I I 

14.2 Write to Write Command Interval 

T3 T4 T5 

Burst length = 4, CAS latency - 2 

T6 T7 TB 

Hi·Z ..... t· .. ·· .. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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. 

ClK 

Command 

DO 

TO 

I 
I 
I 
I 
I 

r""" I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T1 T2 T3 T4 T5 

Burst length = 4, CAS latency - 2 

T6 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T7 TB 

: Hi.Z I 

...... 1 .... • ........ + .... · ...... · I ...... • 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 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 DoUT. 

ClK 

CAS latency = 2 

Command 

00 

CAS latency = 3 

Command 

DQ 

TO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I "' .... -.. 

~ ...... . 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T1 

I 
I 
I 
I 

T2 T3 T4 

: Hi-Z : 
.. ••• .... t .. ••••• .... • .. • .... +·· ...... ······· ..... ····· 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

IlPD481850 

Burst length = 4 

T5 T6 T7 T8 
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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. 

TO T1 T2 T3 T4 
ClK 

T5 T6 T7 

I 
I 

I , I 

T8 

Command : CAS latency = 2 : 
I I I 
I I I 
I I I I 
I I I I 

Hi-Z : : 
DQ •• .. ·i-........ -.. -.... i-.. ----.. -.... ~--- .. -- .... -.. i--.. -.. -.... -.. ~ 

I I I I I 
I I I I I 

- - - -- - -- - -- - -1- - -- - - + - - - - - -I- - - - - - .... - - _ --- -+ - - _ - - _+- - -- ___ 1_ - - - __ -1_ - --- -+ - --
I tBWC I : : : : : 

I I I I I 

Command : Burst length = 4, CAS latency = 2 : 
I I I t I 
I I I I 
I I I I 
I I I I 
I I I I 

DO 

14.5 Block Write to Read Command Interval 

BLOCK WRITE command and READ command is also tswc or minimum 1 cycle. The data bus must be Hi-Z at 

least one cycle prior to the first DouT. 

TO T1 
ClK 

I 
I 
I 
I 

CAS latency = 2 I 
I 
I 

Command I 
I 
I 
I 
I 
I 
I 
I 

DO L ........ 
I 

CAS latency = 3 I 
I 

Command I 
I 
I 
I 
I 
I 
I 
I 

DO L __ ._ 
I 
I 
I 
I 
I 
I 

T2 

I 
I 
I 
I 

tewe 

I 
I 
I 
I 
I 
I 
I 

T3 T4 T5 

: Hi-Z I I I 
....... J ................ .I ................ _ • .I. ...... ______ L ...... _ 

1 I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

T6 T7 T8 
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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 DaM before WRITE/BLOCK WRITE to avoid data conflict. And DaM must be kept being 

High from at least 3 clocks to 1 clock before the Write/Block Write command. 

CAS lalency = 2 

TO Tl T2 T3 T4 T5 T6 T7 T8 
ClK 

, I I 
I I I 

Command ee ! 
I I I 

DOM 
1---'1-.... I I 

: \ i i 
I I I I 

I I I I I I I I I 

:Hi-Z:~:: : r··········,···· DBI DB2 DB3 DB4 ····,·········· ... ··········r···· 
I I I I I 

DO 
, I I I I I I I , 
I ~ I I I I I I 

I I 1cycle I I I I I I I 

Bursllength = 8, CAS lalency = 2 

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 
ClK 

I 
I 
I CAS latency = 2 

Command e 
I 

DOM I 

DO 

For CAS latency of 3, the READ and WRITE command interval is [Burst length + 1) cycles. The data bus must 

be Hi-Z using DaM before WRITE to avoid data conflict. And DaM 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 Tl T2 T3 T4 T5 T6 T7 T8 
CLK 

Command 

DOM 

DO 
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15. Burst Termination 

Burst termination is to terminate a burst operation other than using a read or write command. 

15.1 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. 

ClK 

Command 

CAS latency = 2 

00 

CAS latency = 3 

00 

TO Tl 

I 
I 

9 

T2 T3 T4 

I 
I 
I 

@ 

Burst length = Full page, CAS latency = 2, 3 

T5 T6 T7 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I I I I I I 

[ ~ : ~t I r rHi-Z: : l ........... l................. 01 02 03 _ .•.• l ........... l ........... , 
I I I I I I 
I I I I I I 
I I I I I I I I I 
t I I I I I I I I 

: : : :~:Hi-Z: .......................................... 01 02 03 ................. . 
I I I I I I 
I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

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. 

ClK 

Command 

CAS latency = 2, 3 

00 

Burst length = Full page. CAS latency = 2, 3 

TO Tl T2 T3 T4 T5 T6 T7 

I I I 
I I I 

@ ~ i 
I ~ I 
I I 
I I 
I I 

I I I I I I I I I 

:=111 I: :Hi-Z:: 
~..... 01 02 03 04 ..... ~ ........... : ........... : ........... ~ 
I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I J 

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 DaM 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 DaM may be high to mask the invalid data. 

TO T1 T2 

ClK 

I 

Command <S> 
I 
I 
I 

DQM I 

DQ 

T3 T4 

Burst length = X, CAS latency = 2 

T5 T6 T7 

I 

® , 
I 

I 

@ 
I 
I 
I 
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 DaM may be high to mask the invalid data. 

Burst length - X, CAS latency - 3 

TO T1 T2 T3 T4 T5 T6 T7 T8 

ClK 

I I I 

Command <S> ® @ 
I I I 
I I 
I I 

DQM I I 

DQ 
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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 DaM 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, 

DaM must be high at the same clock as the precharge command. This will mask the invalid data. 

TO T1 T2 T3 
ClK 

I 

Command ® 
DOM 

I 
I 
I 
I 
I 

DO I. ........ 
I 
I 
I 
I 
I 
I 

T4 

Burst length = X, CAS latency = 2 

T5 T6 T7 

I 

® 
I 

I 

® 
I 
I 
I 
I 

Masking: 
I 

: Hi-Z I 
""',. ......... ,.'" ................................ 01. ................... _-

I I I 
I I I 
I I I 

:. tRP • : 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, DaM must be high from one clock prior to the precharge command until the 

precharge command. This will mask the invalid data. 

TO T1 T2 T3 
ClK 

I 

Command ® 
DOM 

I 
I 
I 
I 
I 

DO I. .......... 
I 
I 
I 
I 
I 
I 

T4 T5 

I 

® 
I 

Burst length = X, CAS latency = 3 

T6 T7 T8 

I 

® 
I 
I 
I 
I 

I 
I 
I 

I Hi-Z : 
f""'P'''.''''''''''''.C''''' .. mT ····+··········I···········j···········~ 

I 
I :. 

I I I I 
I I I I 

I tRP I • : 1 
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16. Electrical Specifications 
• All voltage are referenced to Vss (GND). 

• After power up, wait more than 100 JlS and then, execute Power on sequence and Auto Refresh before proper 

device operation is achieved. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Un~ 

Voltage on power supply pin relative to GND Vee, VecQ -1.0 to +4.6 V 

Voltage on input pin relative to GND VT -1.0 to +4.6 V 

Short circuit output current 10 50 mA 

Power dissipation Po 1 W 

Operating ambient temperature T. o to 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 

described In the operational section of this specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Un~ 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

low level input voltage V,L -0.3 +0.8 V 

Operating ambient temperature T. 0 70 ·C 

Capacitance (TA=25°C, f=1MHz) 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Input capacitance CI1 AO to A9 2 4 pF 

C,. ClK, CKE, CS, RAS, CAS, WE, DSF, 2 4 pF 

DOMOto DOM3 

Data input/output capacitance ClIO DOOto D031 2 5 pF 
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test cond~ion Grade MAX. Unit Notes 

Operating current Icci Burst length= 1 -10 105 mA 1 
tAAS <!: tAAS (MIN.) 
tAP <!: tAP (MIN.) 

-12 90 

10-OmA -15 85 

Precharge standby current ICC2P CKE!> VIL(MAX.) tCK-15ns 7 mA 
in Power down mode IcC2PS CKE !> V,L (MAX.) tCK-~ 6 

Precharge standby current ICC2N CKE <!: V,H (MIN.) tCK=15ns 36 mA 
in Non power down mode CS <!: V,H (MIN.) 

Input signals are changed one time during 30ns. 

ICC2NS CKE <!: V,H (MIN.) tCK-~ 22 
Input signals are stable. 

Active standby current in ICOOP CKE!> V'L(MAX.) tCK=15ns 7 mA 
Power down mode Ico3PS CKE!> V'L(MAX.) tCK=~ 6 

Active standby current Ico3N CKE <!: V,H (MIN.) tCK-15ns 36 mA 
in Non power down mode CS <!: V,H (MIN.) 

Input signals are changed one time during 30 ns. 

ICooNS CKE <!: V,H (MIN.) tCK-OO 22 
Input signals are stable. 

Operating current 1004 tCK <!: tCK (MIN.) CAS latency = 2 -10 280 mA 2 
(Burst mode) 10-OmA -12 235 

-15 220 

CAS latency = 3 -10 385 

-12 310 

-15 285 

Refresh current Iccs iAC <!: tAC (MIN.) -10 85 mA 3 

-12 80 

-15 75 

Self refresh Current Icce CKE!> 0.2V 6 mA 

Operating Current Ico7 tCK <!: tCK (MIN.), 10 = 0 mA, 250 mA 
(Block Wr~e Mode) CAS cycle = 20 ns 

Notes 1. ICCI depends on output loading and cycle rates. Specified values are obtained with the output open. 

In addition to this, ICCI is measured on condition that addresses are changed only one time during tCK(MlN.). 

2. Icc4 depends on output loading and cycle rates. Specified values are obtained with the output open. 

In addition to this, Icc4 is measured on condition that addresses are changed only one time during tCK(MlN.). 

3. IcC5 is measured on condition that addresses are changed only one time during tCK(MlN.). 
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DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. TYP. MAX. Unit 

Input leakage current h(L) v ... o to 3.6V. all other pins not -1.0 +1.0 pA 
under test -OV 

Output leakage current IO(L) DOUT is disabled. Vo-O to 3.6V -1.0 +1.0 pA 

High level output voltage Voo lo-2mA 2.4 V 

low level output voltage VOL lo-+2mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Test Conditions 
• AC measurements assume l1"=lns. 

• Reference level for measuring timing of input signals is l.4V. Transition times are measured between VIH and 

VIL. 

If tT is longer than 1 ns, reference level for measuring timing of input signals is VIH (MIN.) and VIL (MAX.). 

An access time is measured at l.4V. 

2.0 V 

ClK 1.4 V 

0.8V 

2.0 V 

Input 1.4 V 

0.8 V 

Output 

Synchronous Characteristics 

-10 -12 -15 
Parameter Symbol Un~ 

MIN. MAX. MIN. MAX. MIN. MAX. 

Clock cycle time CAS latency=3 tCKa 10 (100MHz 12 (83MHz) 15 (66MHz) ns 

CAS latency=2 tCK2 15 (66MHz) 18 (55MHz) 19.5 (50MHz) ns 

Access time from ClK CAS latency=3 tACO 9 11 14 ns 

CAS latency=2 IACO 12 15 16.5 ns 

ClK high level width ICH 3.5 4 5 ns 

ClK low level width ICl 3.5 4 5 ns 

Oala-out hold lime leH 4 4 4 ns 

Oata-oul low-impedance time tlZ 0 0 0 ns 

Data-out high-impedance lime CAS latency = 3 IHZ3 4 8 4 8 4 10 ns 

CAS latency = 2 IHZ2 4 11 4 11 4 11 ns 

Oala-in setup time IDS 3 3.5 3.5 ns 

Data-in hold lime leH 1 1.5 1.5 ns 

Address selup time tAS 3 3.5 3.5 ns 

Address hold time IAH 1 1.5 1.5 ns 

CKE selup time lex. 3 3.5 3.5 ns 

CKE hold lime leKH 1 1.5 1.5 ns 

CKE setup time (Power down exil) IcKSP 3 3.5 3.5 ns 

Note 1. Loading capacitance is 30 pF. 

(1/2) 

Note 

1 

1 
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Synchronous Characteristics (2/2) 

-10 -12 -15 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. MIN. MAX. 

Command (CS, RAS, CAS, WE, DSF, DQM) teMs 3 3.5 3.5 ns 
setup time 

Command (~, ~, CAS, WE, DSF, DQM) teuH 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 IRe 100 120 130 ns 

ACT to PRE Command period IRAS 70 120,000 84 120,000 90 120,000 ns 

PRE to ACT Command period IRp 30 36 39 ns 

Delay time ACT to READIWRITE Command IReD 30 36 39 ns 

ACT(O) to ACT(I) Command period IRAD 30 36 39 ns 

Data-in to PRE CAS latency=3 toPL3 lCLK+l0 lCLK+12 lCLK+15 ns 

Command period CAS latency=2 tDP12 15 18 19.5 ns 

Data-in to ACT (REF) 
Command period 

CAS latency=3 tDAL3 2CLK+30 2CLK+36 2CLK+45 ns 

(Auto precharge) CAS latency=2 tOAL2 lCLK+30 lCLK+36 lCLK+39 ns 

Block write cycle time tBWC 20 24 30 ns 

Block write data-in to CAS latency=3 IePL3 lCLK+20 lCLK+24 lCLK+30 ns 

PRE Command period CAS latency=2 IeP12 30 36 39 ns 

Block write data-in CAS latency=3 IeAL3 2CLK+40 2CLK+48 2CLK+60 ns 
Active (REF) Command 
Period (Auto Precharge) CAS latency=2 IeA12 lCLK+40 lCLK+48 lCLK+52 ns 

Mode register set cycle time tASC 20 20 20 ns 

Transition time IT 1 30 1 30 1 30 ns 

Refresh time IREF 16 16 16 ms 
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16.1 AC Parameters for Read/Write Cycles 
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16.2 Relationship between Frequency and Latency 

Speed version -10 -12 -15 

Clock cycle time Ins] 10 15 12 18 15 19.5 

Frequency [MHz] 100 66 83 55 66 50 

CAS latency 3 2 3 2 3 2 

[IReD] 3 2 3 2 3 2 

RAS lalency 6 4 6 4 6 4 
(CAS lalency + [IRCo]) 

[IRc] 10 7 10 7 10 7 

[IRAS] 7 5 7 5 7 5 

[IRRo] 3 2 3 2 3 2 

[IRP] 3 2 3 2 3 2 

[loPL] 2 1 2 1 2 1 

[loAL] 5 3 5 3 5 3 
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* 16.3 CS Function 
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16.4 Basic Cycles 

16.4.1 Initialization 

ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DaM 
0-3 

DQ 

I\) 

"'" ..... 

Power on Sequence and Auto Refresh 

TO T1 T2 I T3 I T4 I T5 I T6 T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

I }J I 

Hiah level is necessary 
T I I 

: Hi-Z : : I I I I I I I I I I I I I I I I I I I I 

...... ..!- ... -J.,'.!. --- ...... !. --- -_!.. ...... __ .2_ -- ...... .! ............... .!. ... --- ... ~ ... -_ ...... !- ............ .! ............... .!. ............... !. ...... -- ... !-- ......... ..!- ............ .!- ............ !. ...... -- ... !.. ............ -!_ ............ .! ......... -_.!. ......... --!. -- ...... ~-- ......... .! 

f t f t t 
All Banks 
Precharge 
Command 

is necessary 

Mode Register 
Set Command 
is necessary 

tRP 

Refresh 
Command 

is necessary 

tRC 

Refresh 
Command 

is necessary 

tAC 

Activate 
Command 

z 
~ 

'"0 
C 
~ 
00 ... 
00 en 
o 



~ 
ex> 

16.4.2 Mode Register Set 
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16.4.3 Refresh Cycle 
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16.4.4 Cycle with Auto Precharge 
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16.4.5 Full Page Mode Cycle 
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16.4.6 Precharge Termination Cycle 
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16.4.7 Clock Suspension 
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RAa CAa 
. . . . 

I 1 I I I I I I I I I I I I I I I I I 1 
I I I I I I 1 I I I I I I I I I ! 
I 1 I I I I I I I I I I I I 
ILl I 1 I I I I I I t I I I 
, ' __ ~. __ ..L _~ __ ~ __ L--------.l ___ "----- __ ' ___ 1 I ~ ___ I 
--- T I --1"._- r -,----,--- -,---,--- -,- , 

I I I I I I I 1 I I I 

I I I I I I I I I I I I '" 'g'" " '" '" " -------------------------- OAal OAa2 X OAa3 X OAa4 ) ________________ u __________________ • _____ _ 

t ttl Activate Read I-CLOCK 2-ClOCK 3-ClOCK 
Command Command SUSPENDED SUSPENDED SUSPENDED 
for Bank A for Bank A Hi-Z 

(turn off) 
at end of burst 

z 
~ 

"tI 
C 
~ 
(X) ..... 
(X) 
UI 
o 
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I\) 

ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

OOM 
0-3 

00 

Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst length = 4, CAS latency = 3) I Z 
m 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I no I n1 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I In 

I 
I 
I 

I I I I ... ... 
.~ 
.~ 

I I 
I L I I 
~ ---.l __ -.-L 
I I I I I I I I I I i 
I I I I I I I I I r I 

I I I I I I 'g' I I I I I I I I 
I I I I I I I I I I I I I 

---------------------.--------------------- QAa1 QAa2 X QAa3 X QAa4 }------------------------------

t t f 
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 

'tJ 
C 
oIiIo 
CO .... 
CO 
01 
o 



ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(SA) 

AS 

ADD 

DaM 
0-3 

I\) 
0> 
UJ 

DO 

Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst length = 4, CAS latency = 2) 

I TO I T1 

1 
1 
1 
1 

T2 I T3 I T4 T5 T6 I T7 I T8 T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

1 I \ I I 1 1 I I I --I I I I I I I I I I I I I I J I I I J I I --I I I I I I I I I I I 1 I I I I I I I I I -­•• •• 1 : I I I 1 I 1 I 1 I 1 I I I I I I I I I I 

~ 
1 I! I 1 I I I I I I I I I I 1 I I 1 I I I 

RAa CAa 

I I f 1 I 1 I I I I I I I 1 I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 
1 1 I I I I I I I I I I I I I I I I I 
I L I I I I I 1 I I I I 
I I __ ---.l ~ __ ~ I __ 1__ r I I I I 
I ! I 1 1 I iii I iii iii iii i i 
1 I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I ""~!~!~""""" 
u _______________ { DAa1 DAa2 DAa3 DAa4 -------------------------------------------------------

t t 
Activate 

Command 
for Sank A 

Write 
Command 
for Sank A 

I 

1-ClOCK 
SUSPENDED 

2-ClOCK 
SUSPENDED 

3-ClOCK 
SUSPENDED 

z 
~ 

"'IJ 
C 
.J;:o. 
CO .... 
CO c.n 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DQM 
0-3 

DQ 

Clock Suspension during Burst Write (using CKE Function) (212) (Burst length = 4, CAS latency = 3) I Z 
m 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I In 

t I ,I 
I I I I I 
I I I t I I .,.. 
I I I I I t I I I J I [ 1 I I I 1 I I I I 
_~ 111111111111111111 

I I I I I I I I I I I I I I I I I I I I I 

-~ I I I I I I I t I I I I I I I I I I I I I 
_~ 111111111111111111 

I 
I I I I I I I I I I I I I I I I I I I I I I 

_'~ 111111111111111111 : 
I : I I I I I I J I I I I I I I I 1 I I I I 

~""""""""" RAa 

I I I I : I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I t I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I 

: L: : : : : : : : : : : : : : : : : : : : : : 
Ii' iii iii iii Iii Ii' , , iii 
I I I I I I I I I I I I I I I I I I I I I I I 

1 I I 1 1 I I I t I I I I ""!~'~!~"""'" • __ nnn ____ n_nn ___ -( DAa1 DAa2 DAa3 DAa4 ___ nn ___ n __ '_nn ___ nn __ n_nn __________ nn 

t r t t t Activate 1-ClOCK 2-ClOCK 3-ClOCK 
Command SUSPENDED SUSPENDED SUSPENDED 
for Bank A WrHe 

Command 
for Bank A 

"tJ 
C 
0l:Io 
00 ...., 
00 
en 
o 



z 
16.4.8 Power Down Mode ~ 

Power Down Mode and Clock Suspension (Burst length = 4, CAS latency = 2) 

TO I T1 
I 

T2 
I 

T3 
I 

T4 
I 

T5 
I 

T6 
I 

T7 
I 

T8 
I 

T9 I T10 I T11 I T12 I T13 T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

.--. .--. .--. .--. .--. .--. .--. .--. .--. .--. .--. .--. 
ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

AS 

ADD 

DOM l 
0-3 

DO 
"0 
C 

Activate Read Precharge ~ 
Command Command Command (X) 

for Bank A for Bank A .... 
(X) 

Power Down Power Down Clock Mask Clock Mask Power Down Power Down UI 
Mode Entry Mode Exit Start End 

Mode Entry 
Mode Exit 0 

I\:) ACTIVE STANDBY PRECHARGE STANDBY 
(]) 
01 
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~ 
16.4.9 Other Cycles 

ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DOMO 

DOM1 

Byte ReadlWrite Operation (by DQM) (Burst length = 4, CAS latency = 2) 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

i H 

,---,----:----.---,--------,- ---~ -, -- I .---- -------.--- ---,---,------, 

I I I I I I 
I I I I I 1 

I 
I 

I 
I 

DO 0 -7 ----i-----~-----+--
I I I 

(?Ba1 X ?Ba2X ?Ba3pj-----~--I I 

I I I I 

-----~----~-----~-----1 I I I I 
I I I 
I I I 

I I 

I I I f DO 8 - 15 ____ .!. _____ ~ _____ ' _____ J ___ _ t --(~Ba2X~Ba3XfBa4}J--
Activate 

Command 
for Bank B 

t 
Read 

Command 
for Bank B 

Byte of Byte of Byte of DO 0 - 7 
D08-15 DOO-7 not Write 
not Read not Read WrHe Command 

for Bank B 

Byte of 
D08-15 
not Write . 

Byte of DO 0-7 
not Wr~e 

Remark The timings of 00M2, 00M3, and the corresponding D016-23, 0024-31 are omitted. 

Byte of 
DOO-7 
not Reed 

I I r I 
I I J I 
I I I I 
I I I I 

""'D~I\. \of~ r-----------------., 

Byte of 
DOO-7 
not Reed 

z 
~ 

"tJ 
C 
0l:Io 
CO 
..a. 
CO 
C1I 
o 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

AS 

ADD 

DOMO 

DOM1 

DOO-7 

DO 8 -15 

Burst Read and Single Write (Burst length = 4, CAS latency = 2) 

TO T1 T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

, , , 
I I I I I I 
I I I I I I t J I r I I I 

~ _____ 'W@M 

,.~ •• ~­
,.~ •• ~-

I I I I I r I I I I I I I I I I I I 

~_~._~i_ 
I I I I I I I I I I I 
I ~ I I I I l ___ ~ I ___ ~ 1 

',~----~ IR~a.~ •• ~_ 
: ::::::: ::::::; 

IR~DijI{G~_C~bmijKC~Cm=rC~d_C~~~ 

: : : : :: .1::"" ..... <0.» Maskin : : 
Iii iii I I i i.rite; i : 

----,-----~-----T-----r---_{ ?Ba1X ?Ba2X ~Ba3X ~Ba4}"'--fDii'\--..,-- W"4",:,W --,--2-- T ----- r -
1 I I I I~I······'·I 1 I 

: : : : I I I I : I : I : : : 

----:-----J-----l-----L---=J--9-L-~--J-----l-----L--
Activate 

Command 
for Bank B 

Read 
Command 
for Bank B 

Single 
Write 

Command 

Single 
Write 

Command 

Read 
Command 

0' :ei i i 
'-- DBe -~-----~ --- + I I 

I I I I 

~ l __ ~ __ L ____ J 
---'---A-J t 

Single 
Write 

Command 

~ Remark The timings of DOM2, DOM3, and the corresponding D016-23, D024-31 are omitted. 

z 
~ 

" C 
~ 
CO ...... 
CO 
(J1 
o 
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16.5 

ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(SA) 

A8 

ADD 

DaM 
0-3 

DQ 

Graphics Cycles 

Special Register Set (Burst length = 4, CAS latency = 2) 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

: : : ra'°-ororMaskd~ 1 1 1 1 1 : 1 Hi-Z 1 1 : 1 : 1 1 ---... -----~----- ... ----_I-- -- ... ----- .. -----)------1----- .. -----+-----1------1----- ... -----.----- .. ----_1- ____ -1 _____ .. _____ + _____ 1- _____ 1 _____ -1 
I I I I I I I I I I I I I I I I I I I I I I 

All Banks 
Precharge 
Command 

If necessary 
IRP 

Special 
Register Set 
Command 

Activate 
Command 

is valid 

Remark Special Register Set command is able to input at any state. 

z 
~ 

"'0 
C 
~ 
Q) 
..a. 
Q) 
en 
() 
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Ol co 

CLK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

AS 
(BA) 

AS 

ADD 

DOM 
0-3 

DO 

Random Row Write with WPB (Pingpong banks) (1/2) (Burst length = 8, CAS latency = 2) 

Irolnl~lnlul~I~IITI~ TS I no I T11 I T12 I T13 I T14 I T15 I T16 I T17 I ns I ns I T20 I T21 I 

,------ --.----- - -.----- I 
I I I I 
I I I I 
I I I I 
I L I I I 

I : : 
I I 

: :~III 
----------- ---- DAb2 DAb3 DAb4 

t ttl 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 
for Bank A WPB is enable. WPB is disable Write 

Precharge Command 
Command for Bank A 

tACO for Bank A toPL WPB is disable 
-.... tOPl tRP -----.. 

z 
~ 

"tI 
C 
.f:Io, 
CO .... 
CO 
en 
o 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DOM 
0-3 

DO 

Random Row Write with WPB (Pingpong banks) (212) (Burst length = 8, CAS latency = 3) Z 

I Tol Tl I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I Tl0 I Tll I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I ~ 

l 

Activate 
Command 
withWPB 
for Bank A 

tReO 

Write Command 
for Bank A 

WPB is enable. 

Activate 
Command 
for Bank B 

Write Command 
for Bank B 

WPB is disable. 

tDPl 

Precharge 
Command 
for Bank A 

tRP 

Activate 
Command 
for Bank A 

Write Command 
for Bank A 

WPB is disable. 

tDPl 

Precharge 
Command 
for Bank B 

"U 
C 
~ .... 
(X) 
en 
Q 



ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

OOM 
0-3 

DQ 

~ .... 

Block Write (page at same bank) (CAS latency = 3) 

TO T1 

--! 
I 

........J.....-
I 
I H 

Activate 
Command 
for Bank B 

T2 

tRCO 

T3 T4 

Block Write 
for Bank B 

tawe 

T5 T6 

Block Write 
for Bank B 

tawc 

T7 T8 

Block Write 
for BankB 

tawe 

T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I 

Block Write 
for Bank B 

IBPt. 

Precharge 
Command 
for Bank B 

tRP 

Activate 
Command 
with WPB 
for BankB 

IReD 

Block Write 
for Bank B 

WPB is enable. 

z 
~ 

-a 
c 
~ 
Q) -m 
o 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DaM 
0-3 

Da 

Block Write (page at same bank) changing color and mask data (CAS latency = 3) 

TO Tl 

Activate 
Command 
for Bank B 
withWPB 

T2 

tACO 

T3 T4 

Block Write 
for Bank B 

T5 T6 

Special Register 
Write Command 

(Mask data) 

T7 T8 

Block Write 
for Bank B 

tswc IRsc (20 ns) 

T9 I Tl0 I TIl I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I 

Special Register 
Write Command 

(Color data) 

Block Write 
for BankB 

tswc tRSC (20 ns) lBwe 

Block Write 
for Bank B 

taPl. 

Precharge 
Command 
for Bank B 

tACO 

Activate 
Command 
for Bank B 

z 
~ 

'U 
C 
.a=o. 
Q) ..... 
Q) 
UI 
o 
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16.6 Application Cycles 

16.6.1 Page Cycles with Same Bank 

ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DOM 
0-3 

DO 

Random Column Read (Page with same bank) (1/2) (Burst length = 4, CAS latency = 2) 

TO T1 T2 T3 T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

-, I --, --, ----. --, --, I ~ --I --, -, 
I I I I I I I I I I , , 
L I I I I I I I I I , , --, 

H ' 

r---~---- -,----- - -----,--------, ------.----------.--------
I I I I I I I 
I I I I I I I 
I I I I I I I 
I L ttl I I I 
I I I I I I I 

I I I i I I I I 
, I I I I I t I I 

I I I I I I I I I I 111'~ 
----------.--------------------- ---------------------- OAd1 OAd2 OAd3 

Activate 
Command 
for Bank A 

Read 
Command 
for Bank A 

Read 
Command 
for Bank A 

Read 
Command 
for Bank A 

Precharge 
Command 
for Bank A 

tRP 

t t 
Activate 

Command 
for Bank A 

Read 
Command 
for Bank A 

z 
~ 

"tJ 
C 
~ 
Q) 
...a. 
Q) 
UI 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DQM 
0-3 

DQ 

Random Column Read (Page with same bank) (2/2) (Burst length = 4, CAS latency = 3) 

I TO I T1 I T2 I 
~ 

I 
----l...-:H 

I 
I 
I 

----'---

Activate Command 
for Bank A 

T3 I T4 I T5 I T6 

Read Command 
for Bank A 

I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

Read Command 
for Bank A Read Command 

for Bank A 

Precharge Command 
for Bank A 

tRP 

Activate Command 
for Bank A 

Read Command 
for Bank A 

z 
~ 

"0 
C 
~ 
CD .... 
CD 
C1I 
o 



N ....., 
(11 

ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DOM 
0-3 

DO 

Random Column Write (Page with same bank) (1/2) (Burst length = 4, CAS latency = 2) 

I TO I Tl T2 I T3 I T4 TS T6 I T7 I T8 T9 I Tl0 I Tll I T12 I T13 I T14 I T1S I T16 I T17 I T18 I T19 I T20 I T2l I 

, I I - T -----.---------

I I I I I I 
I I I I I I I 
I I I I I I I 

L I I I I I I I 
L ~ ~ _L t 

Activate 
Command 
for Bank B 

Write 
Command 
for Bank B 

Write 
Command 
for Bank B 

Write 
Command 
for Bank B 

Precharge 
Command 
for Bank B 

tRP 

Activate 
Command 
for Bank B 

Write 
Command 
for Bank B 

z 
~ 

"'tJ 
C 
~ 
CO .. 
CO 
U'I 
o 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DQM 
0-3 

DQ 

Random Column Write (Page with same bank) (212) (Burst length = 4, CAS latency = 3) 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

:~~~!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~!~~~!~. :~~!~!~!~!~!;!~!~!~!1!~!~!~!~!~!;!~!~!~!~!~!~!~!1!1!~! 
,-----,----,----,------.---------. ----I I I - ---.----- ---------,-----,----,----,-----,----,----, 

I I I I I I I 
I I I I I I I 
I I I I I I I L I I I I I I I I I 
I 1__ ~ __ J ~_.l _L.__ I I 

I I I I I I I I I I 

: : : : : : : : ~ ____ l _____ ~ _____ ~ ____ J__ --~----t-----l-----~-----t----J-----l-- ~~ 

Activate Command Write Command Write Command I Precharge Command Activate Command Write Command 
for Bank B for Bank B for Bank B Write Command for Bank B for Bank B for BankB 

tRP 

z 
~ 

" C 
~ 
Q) .... 
Q) 
en 
o 
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16.6.2 Cycles with Pingpong Banks 

CLK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DQM 
0-3 

DQ 

Random Row Read (Pingpong banks) (1/2) (Burst length = 8, CAS latency = 2) 

TO T1 T2 I T3 I T4 I T5 I T6 I T7 I T8 T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

--, --, --I -1 --, --, --, --, ---, --, --, --, --, --, --, --, --, --, --, --, 
I I I I I I I I I I I 
I I I I I I I I I I I ;_----;_----;_----,_--- ~T,----_;----_;----_;----_;----_;------;_----;_----;_----;_----;_----;_----,_----;_----,_----,_----_r--

H , 

, , 

, , , 
r--!---.. r--!---.. 

I I I I I 
tit I I I I I l. __ \ __ ~ 
'.~.I.""~ 
Wi.~.\.~~ 
li.~ •• ~~ '[ ...... I.,~~ 

I I I I 

~ --: L ___ ::::::: ::: :: ::: 
iR~aIlijHC~a_C~~R~b_C~b~ 

I I I I I I I I I I I I I I I I I I I 
I I 1 I I I I I I I 1 I I I I I I I 
I I I I I I I I I I I I I I I I I 
I L I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 

I I I ' 

: :~': I I I I I 

------------------------ ---- QAb1 

Activate 
Command 
for Bank B 

tRCO 

Read 
Command 
for Bank B 

CAS latency 

Activate 
Command 
for Bank A 

Read 
Command 
for Bank A , 

Precharge 
Command 
for Bank B 

tRP 

Activate 
Command 
for Bank B 

Read 
Command 
for Bank B 

z 
~ 

"'tJ 
C 
~ 
CO ..... 
CO en 
o 
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CLK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DaM 
0-3 

DO 

Random Row Read (Plngpong banks) (212) (Burst length = 8, CAS latency = 3) 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I Tl0 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

----' L 
I 
I 
I 
I 
I H 
I 
I 
I 
I 

Activate 
Command 
for Bank B 

t.co 

Read 
Command 
for Bank B 

CAS latency 

Activate 
Command 
for Bank A 

Read 
Command 
for Bank A 

Precharge 
Command 
for Bank B 

tRP 

Activate 
Command 
for Bank B 

Read 
Command 
for Bank B 

Precharge 
Command 
for Bank A 

z 
~ 
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C 
.1:1-
CIO 
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CIO 
CI'I 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DOM 
0-3 

DO 

Random Row Write (Pingpong banks) (1/2) (Burst length = 8, CAS latency = 2) 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

, , 
I I 
I I 
I I 

l I I 

I I i 
I I I I I I 

I I I '~ ----------- ---- DAb1 DAb2 DAb3 DAb4 

Activate 
Command 
for Bank A 

tRCD 

Write 
Command 
for Bank A 

Activate 
Command 
for Bank B 

Write 
Command 
for Bank B 

Precharge 
Command 
for Bank A 

toPL tRP 

Activate 
Command 
for Bank A 

t 1 Precharge 
Command 
for Bank B 

tDPL 

Write 
Command 
for Bank A 

z 
~ 

"'tJ 
C 
.e:. 
00 -00 
en 
o 
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ClK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DOM 
0-3 

DO 
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16.6.4 Full Page Random Cycles 

CLK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(BA) 

A8 

ADD 

DaM 
0-3 

Da 

Full Page Random Column Read (Burst length = Full Page. CAS latency = 2) 

I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I 

i H 

I 
, I I I ____ ~ ____ ~ _____ l _____ ~ _____ ~ ___ _ 

t 
Activate 

Command 
for Bank A 

Activate r 
Command 
for Bank B for Bank B 

Read 
Command 
for Bank A 

Read 
Command 
for Bank A 

Read 
Command 
for Bank B 

Read 
Command 
for Bank A 

Read 
Command 
for Bank B 

Precharge Command 
for Bank B 

(PRE Termination) 

z 
~ 

-a 
c 
~ 
CO .... 
CO 
UI 
o 



~ 

CLK 

CKE 

CS 

RAS 

CAS 

WE 

DSF 

A9 
(SA) 

A8 

. ADD 

DQM 
0-3 

DQ 

Full Page Random Column Write (Burst length = Full Page. CAS latency = 2) I Z 
m I TO I T1 I T2 I T3 I T4 I T5 I T6 I T7 I T8 I T9 I T10 I T11 I T12 I T13 I T14 I T15 I T16 I T17 I T18 I T19 I T20 I T21 I In 

I 
I 

I I I --------------------t 
Activate 

Command 
for Bank A 

t 
Activate 

Command 
forBankB Write 

Command 
for Bank B . 

Write 
Command 
for Bank A 

Write 
Command 
for Bank A 

Write 
Command 
for Bank B 

Write 
Command 
for Bank A 

Write 
Command 
for Bank B 

Precharge Command 
for Bank B 

(PRE Termination) "'U 
C 
~ 
Q) ... 
Q) 
en 
o 



NEe 

17. Package Drawing 

100PIN PLASTIC QFP (14 x 20) 

NOTE 
Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

,uPD481850 

detail of lead end 

tTEM MILLIMETERS tNCHES 

A 23.2:1:0.2 0.913~8:88g 

B 20.0:1:0.2 0.787~:88X 

C 14.0:1:0.2 0.551~:88X 
0 17.2:1:0.2 0.677:1:0.006 
F 0.825 0.032 
G 0.575 0.023 

H 0.32~:89 0.013:1:0.003 

0.13 0.005 
J 0.85 (T.P.) 0.028 (T.P.) 
K 1.6:t0.2 0.063:t0.008 

L O.8:t0.2 0.031~8:88g 

M 0.17~8:8B 0.007:t0.002 

N 0.10 0.004 
P 2.7 0.108 
Q 0.125:1:0.075 0.005:1:0.003 

R 3°~: 
S 3.0 MAX. 0.119 MAX. 

S100GF ..... BT 
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18. Recommended Soldering Conditions 
Please consult with our sales offices for soldering conditions of the #,PD481850. 

Type of Surface Mount Device 

#,PD481850GF·JBT: 10o-pln Plastic QFP (14 x 20 mm) 
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PRELIMINARY DATA SHEET 

MOS INTEGRATED CIRCUIT 

,uPD488170L 
18M·BIT Rambus DRAM 

1 M·WORD X 9·BIT X 2·BANK 

Description 
The 18-Megabit Rambus™ DRAM (RDRAMTM) 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 
• 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 

• Dual 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 

lIPD488170LVN-A50-9 250M Hz 3.3±O.15 V 32-pin plastic SVP (11 x 25) 

lIPD488170LVN-A45-9 225MHz 3.3±0.15 V 32-pin plastic SVP (11 x 25) 

lIPD488170LG6-A50 250M Hz 3.3±0.15 V 72/36-pin plastic SSOP type 

lIPD488170LG6-A45 225M Hz 3.3±O.15 V 72/36-pin plastic SSOP type 

The Informallon In Ihls documenl Is sublecllo change wlthoul notice. 

Document No. Ml0BOl EJ4VODSUl 
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Pin Configuration (Marking Side) 

32-pin plastic SVP 111 x 25) 
72/36-pin plastic SSOP typa 

Voo 

GND 2 

BusData8 3 

GND 4 

BusData7 5 

IC 6 

BusEnable 7 

Voo 8 

BusData6 9 

GND 10 

BusData5 11 

VODA 12 

RxClk 13 

GNDA 14 
'l:: 'l:: 

TxClk 15 'V 'V 

Voo 16 i i ...... 
BusData4 17 ~ ~ 

GND 18 i i 
BusCtrl 19 

Sin 20 

VREF 21 

SOut 22 

BusData3 23 

GND 24 

BusData2 25 

IC 26 

BusDatal 27 

GND 28 

BusDataO 29 

NC 30 

GND 31 

Voo 32 

Bus Data 0 - Bus Data 8 : Bus Data (Input/Output) 

RxClk : Receive Clock (Input) 

TxClk : Transmit Clock (Input) 

VRE' : Logic Threshold Voltage (Input) 

BusCtrl : BusCtrl (Input/Output) 

Bus Enable : BusEnable (Input) 

Voo. VOOA : Power Supply 

GND. GNDA : Ground 

Sin : Serial Input (Input) 

SOut : Serial Output (Output) 

NC : No Connection IC 

IC- : Internal Connection 

290 Nota Leave this pin unconnected. 
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Block Diagram 

DRAM Array - Bank 0 DRAM Array - Bank 1 

Control Logic 

Primary or Secondary Channel 
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1. Pin Function 

Signal 1/0 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 VREF. 

RxClk I Receive clock. Incoming request and write data 

packets are aligned to this clock. This is a low-swing, 

active-low signal referenced to VREF. 

TxClk I Transmit clock. Outgoing acknowledge and read 

packets are aligned with this clock. This is a low-

swing, active-low signal referenced to VREF. 

VREF I Logic threshold voltage for low swing signals. 

BusCtrl 1/0 Control signal to frame packets, to transmit part of the 

operation code, and to acknowledge requests. Low-

swing, active-low signal referenced to VREF. 

Bus Enable I 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 VREF. 

VDD, VDDA - +3.3 V power supply. VDDA is a separate analog 

supply. 

GND,GNDA - Circuit ground. GNDA is a separate analog ground. 

Sin I Initialization daisy chain input. TIL 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. 

Rambus 
Channe 
Maste 

I 
r 

Figure 2-1. Logical Repre.entatlon 

Controller 

DRAM 
Core 

Rambus Interface Rambus Interface 

Rambua Channel = 9 bits every 2 na 

RDRAMs 
(Rambus 
Channel 
Slaves) 

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 RSocketTIA 

is included on the Channel for memory upgrade using RModuieTIA expansion cards. 

Figure 2-2. A Rambus System Example 

Memory Modules 

· 1 to 320 RDRAMs 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 Rambussystems. 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 TIL 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 

II 
_7 

... k8 

II - BriO 

I - I ...... ... ., "'1<2 

Sense amp cache page 1 Sense amp cache page 2 ---J - AddreosC...,...... ~"OI 
I Byte" 
I Byte. Byte, 
I Bytee _ChI""", 

I Byte" 9 bits every 2 AS 
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I Byte b 
I Byte. 

Hb!,!"!e!,!.!"! 

I I 

" 
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-·M 
bus Intefface Cel 

acroc:eII in Embedded _ ... -
CoIl ... -·C onverts fWnbus 
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signelttoASIC ... _CMOS_ 
2 .. 
ConvefIJ 9 bhI fNOfY 

1072bihl(x21 
1Mt/'Y10ns 
c.mo;nsPUs 
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4. Register Space Map 

The following table summarizes the registers included in all IBM 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 

Minlnterval[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 

(1) Device Type Register 
This register specifies RDRAM configuration and size. 

(2) Devlceld Register 
This register specifies RDRAM base address. 

(3) Delay Register 
This register specifies RDRAM programmable CAS delay values. 

(4) Mode Register 
This register specifies RDRAM programmable output drive current. 

(5) Ref Row Register 

This register specifies RDRAM refresh row and bank address. 

The Ref Row 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) Raslnterval Register 

This register specifies RDRAM programmable RAS delay values. The Raslnterval 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 Raslnterval Register. 

(7) Mlnlnterval 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 (tcYCLE) units. 

Caution Mlnlnterval Reglster[3][2] = 0 Is necessary. Because, IBM RDRAM don't support Power Down 
request. 

(8) AddressSelect Register 

This register specifies RDRAM address mapping. 

(9) DevieeManufacturer 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 ~PD488170L 

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. 

Clock 
Cycle 
Number 

: --[0]- --: 
I even : 
1------- 1 

: 10] : 
I odd I L ______ 4 

: 11] : 
: even I 
r------J 
I 11] : 
: odd : 
.... ------1 
: [2] : 
I even I 
L------i 

: [2} : 

:- - -~~ --: 
! 

Time 

Figure 5-1. Request Packet Format 

Device Pins 
-Bu-s: -:- Bus-- ~ -Bus: -i -Bus~ -:- Bus-- i -SU; -~ -B-us-- ~- BuS--~ -Su-; -:- Bus-- ~ -BuS: -: 
Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
____ J _____ ~ _!81 __ :_ )?! _1_ }~] __ ~ _ 151_ L _[~L_ ~ _1~] __ : __ L2! _ J __ [!t _ ~ _ !OL_: 

Count 
[1: 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. 

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 Encoding. 

Op[3:0] OpX[l :0] - 00 OpX[l :0] - 01 OpX[l :0] - 10 OpX[1:0]- 11 

0000 Rseq Rnsq Rsrv Rsrv 

0001 Rsrv Rsrv Rsrv Rsry 

0010 Rsrv Rsrv Rsrv Rsrv 

0011 Rsry Rsrv Rsrv Rsrv 

0100 WseqNpb WseqDpb WseqBpb WseqMpb 

0101 Rsrv Rsrv Rsrv Rsrv 

0110 Rreg Rsry Rsrv Rsrv 

0111 Wreg Rsry Rsry Rsrv 

1000 WnsqNpb WnsqDpb WnsqBpb WnsqMpb 

1001 Rsrv Rsry Rsrv Rsrv 

1010 Rsrv Rsry Rsrv Rsrv 

1011 Rsrv Rsry Rsrv Rsrv 

1100 WbnsNpb WbnsDpb Rsrv WbnsMpb 

1101 Rsry 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. Opb. Bpb. Mpb} 

Table 5-4. Write Commands 

Wwww subcommands 

Bbb Wseq 
Wnsq 

subcommand (seqential-access (non-sequential-
with contiguous access) 
!>}tte masking} 

Npb WseqNpb WnsqNpb 

Opb WseqOpb WnsqOpb 

Mpb WseqMpb WnsqMpb 

Bpb WseqBpb WnsqBpb 

Wbns 
(non-sequential-access 

with non-contiguous-byte-
masking) 

WbnsNpb 

WbnsOpb 

WbnsMpb 

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 Bus Enable 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, 

but is modified as a side effect (the WwwwBpbcommandsare used to load the MDReg 
for the WwwwDpband WwwwMpbcommands). 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 (ldMatch), 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 quad byte 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 quad byte 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 "Ram bus DRAM user's 

manual (Reference Manual)". 

5.2.4 Count[7:0] Field 

The following table summarizes the transfer count ranges for IBM RDRAMs: 

Table 5·5. Transfer Count Summary 

Count Range ,uPD488170L 

Maximum count for memory space 320ctbytes 

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 "Ram bus 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 IBM 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. 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 "Ram bus DRAM user's manual (Reference Manual)". 

5.2.6 ReqUnlmp[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 
Cycle 
Number 

~ -Bu-s= -:- Bus·- ~ -Bus: - ~ -BU& -:- Bus-- i-Bus: -~ -Su$.-- ~- Bus.. -~ -B~s: -:- -Bus-- ~ -BuS- -: 
: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
: _____ ~ _____ ~ _181 __ :_ -'7L _1_ J~I __ ~ _151_ J _ )~'- _ ~ _ 13) __ : __ 1.2! _ ~ _ J!I __ ~ _101_ J 

1- - - - - --

I (01 
I 
I even J r------1 

(01 : 
I odd I L ______ ..J 

Time 
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 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-<lependent 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 "Ram bus DRAM user's manual (Reference Manual}". 

tpostMemWrileDelay or tPostRegWriteDeiay violation 

RowMiss (this causes a delay of tRetrySensodClean or tRetrySensodDirty) 

ongoing refresh (this causes a delay of up to tRetryRefresh) 

Table 5·8. Ack[1 :0] Encodings 

Commands 
allowed to Ack Name Description 

use the Ack [1:0) 
Combination 

All 00 Nonexistent Indicates passive acceptance of the request (WregB), or 
commands indicates that the addressed device did not respond (all 

other commands). 
All 01 Okay Indicates that the request was accepted by the addressed 
commands by the addressed (responding) device. 
but WregB 
All 10 Nack Indicates that the request could not be accepted because 
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. 
commands Initiating devices will, when presented with this combi-
but WregB nation, have an undefined response. 

Spec 
Undef 

Spec 

Spec 

Spec 

Undef 
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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 

.. ------ .. 
: [01 : 
I even I !.... ______ l 
I 

[01 
I odd I 
r------l 
I [11 I 
I I 
1 even I 
1-------1 

: [lJ : 
I odd I 1 _______ 1 

Time 

Figure 5-3. Data Packet Format (Register Space) 

Device Pins 
-Bu-s~ -:- Bus-- ~ -Bus: - ~ -Sus: -:- Bus-- i-Bus: -~ -s-us-- i - Bus--~ -Bu-; -:- Bus-- i-Bus: -: 
Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
____ 1 _____ ~ _ !8J __ :_ In _l_ J~I __ ~ _ !51_ ~ __ [~L _~_1~1 __ : __ ~2! _1_ )!I __ ~ _ !OL_: 

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 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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Clock 
Cycle 
Number 

,-------, 
[0) : 

I even I 
r------ 4 

: [0) : 
I odd I I- ______ J 

: [1) I 

I even I L ______ ~ 

I [1) I 

I odd : 
r------ 1 

(2) I 

I even 
~ ______ J 

: (2) I 

I odd I L ______ ~ 

I I 
I [3) I 
I I 
I even I 
.------1 

[3) : 
I odd I 
I------- J 

I 

I I r------- 1 

I [4*n) I 

I even I 
r------~ 

[4*n) : 
~ __ o~~ __ ~ 

: [4*n+l) : 
I 

I even I 
1------ 1 

I [4*n+l) I 

: odd I 

r------ 4 

: [4*n+2) : 
I even I 
I- ______ J 

: [4*n+2) : 
I odd I 

~------: 
I [4*n+3) I 
I I 
r even I 
r------ I 

: [4*n+31 : 
I odd I .. ______ J 

Time 

,uPD488170L 

Figure 5-4. Data Packet Format (Memory Space) 

Device Pins 

~ -Sus: -:- Bus-- i-Bus: - i -BuS:- -:- Bus-- ~ -B~s: -~ -Sus..- i- B~s-- ~ -BuS: -:- B~s-- ~ -Bus: -: 
:~~:~:~:~:~:~:~:~:~:~:~: 
: _____ 1 _____ ~ _!81_ ~ __ [?~ _ ~ _1~1 __ ~ _ !51_ ~_ )~t _ ~_ PL _: __ L2L 1_J!I __ ~ _ !OL~ 

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 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 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) orthe 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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Clock 
Cycle 
Number 

,-------, 
[4[ I 

I 
I even I 
r------~ 

I [4[ : 
I odd I 
~ ______ J 

(5) : 

I even : 
.------1 
I (5) I 

: odd : 
r------ t 

: (6) : 
I even ... ______ J 

: (6) : 
I odd I 
L ______ ! 
I I 
I (7) I 
I I 
I even I 
r------ 1 

[71 : 
I odd I 
t------- J 

I 

I 
I 

I I 
1------ 1 

: [4*nl : 
I even I 
r------~ 

I [4*n) : 
I odd I 
L.. ______ J 

: [4*n+1) : 
J even : 
,-------1 
I [4*n+1) I 

: odd I 

r------ 4 

: [4*n+2) : 
I even I 
L.. ______ J 

: [4*n+2) : 
I odd I 

~------~ 
I [4*n+3) I 
I I 
I even I 
r------ t 

: [4*n+3) : 
I odd I 
L ______ .J 

Time 

,uPD488170L 

Figure 5·5. Serial Address Packet Format 

Device Pins 

~ -Bu-s= -:- B~;"- ~ -Bus: - i-BuS:- -:- B~~- ~ -B~s: -:- -B-u;: i- B~;' - i -B~; -:- -B~s-- ~ -B~s: -: 
: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
: _____ ~ _____ ~ _181_": __ [?~ _1_1~) __ ~ _ ~51_ J __ [~) __ ~_ !3J __ : __ L2! _~ _ J!) __ ~ _1°1_": 

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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5.5.1 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 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 IBM 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 must be zero in order for framing to work properly (otherwise, one ofthese 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 Im~ 

SCtrl[O] This bit must be a zero due to framing requirements. Imp 

SCtrl[l] unimplemented Unimp(O) 

SCtrl[2] This bit must be a zero due to framing requirements. Imp 

SCtrl[3] unimplemented Unimp(O) 

SCtrl[4] This bit must be a zero due to framing requirements. Imp 

SCtrl[5] o 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{O) 

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl[5] bit to a logical one, the data octbyte 

with which it is associated is nottransmitted 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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Clock 
Cycle 
Number 

-------1 
: [0) : 
: even I 
i------~ 

: [0) : 
~ __ o~~ __ ; 

[1) : 
I even : 
L.------ 1 

: [1) I 

: odd I 
r------ 4 

: [21 : 
I even I ,... ______ J 

[2) I 

I odd : 
L..------ 1 
I [3) I 

: even : 
j'------t 

I [31 I 

~ __ o_d~ __ ; 

Time 

IlPD488170L 

Figure 5·6. Serial Control Packet Format 

Device Pins 
~-----r----'-----r----'-----T-----r----'-----r-----r-- --,-----. 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

:~~:~:~:~:~:~:~:~:~:~:~: 
: _____ ~ _____ ~ _ !81 __ : __ [!l_l_ J~I __ ~ _ !51_ ~_ )~L _1_!~ __ : __ L2! _ ~ _ J!I __ ~ _ !01 __ : 

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 

,-------
I [0] 
, I 
I even I ,..------t 
: [0] : 
I odd I I ______ .J 

Time 

Figure 5·7. Serial Mode Packet Format 

Device Pins 
~-----r----,-----r----'-----~-----r----,-----r-----I-----,-----, 
I Bus- , Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
: _____ 1 _____ ~ _ !8L.:_ J?L _l_J€!I __ ~ _ !51_~_ J~L l_ 13J __ : __ If! _1_ J!I __ ~ _ !01_ J 

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 CountO0[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[l :0) field set to 00 is the default. Most transitions are caused by blocks of 

sequential serial mode packets, each with the SMode[l :0] field set to 11. The serial mode packets should never set 

SMode[l :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/Rsrvl 
Undef 

00 Increments CountOO[3:0), clears Count11 [7:0). Spec 

01 - Undef 

10 - Undef 

11 Increments Count11 [7:0), clears CountOO[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 (ldCompareState, 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) 

Count11 <tModeAA. MIN 

Count11 > = tModeAR, MIN 

PowerOn 

AckWindowState (active mode) 
(wait for AckWinDelay to elapse) 

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 ofthe Count11 [7:0) counter is less than tModeSA.MfN. 

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 CountOO[3:0) counter is greater than or equal to 
tModeDel.y.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 (Mlnlnterval Register [3][2]) = 0 Is necessary. Because, IBM 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 lModeDelay.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 

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 

lModeSwllchReaet 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 

Clock 
Cycles 

Figure 6-2. Basic ActlveModelStandbyMode Transitions 

tModeSA. MIN I 
tModeSA. MAX 

tModeOelav. MAX 

BusEn BusCtrl BusData (8 : 01 . 

This isa timing diagram, with time increasing in the downward direction. Thetime 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 Bus En 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 

tModeOflSei. MIN clock cycles after the start of the first serial mode packet. It remains there for tModeDelay,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 

tModeoelay.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. 

Clock 
Cycles 

r 
E 

Figure 6-3. ActlveModelStandbyMode Transition - Early Transaction 

tMod.SA. MIN ::r T 
tModeOffSet. M~ 

Bus En BusCtrl 
• I •• 

BusData 18 : 01 

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 tLock.MIN to 

resynchronize. Initiating devices must wait this long after the transition out of reset mode before starting any 

transactions. 
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Cycles 

~ · • · 
~ 
• · · L 
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Figure 6-4. ResetMode to ActiveMode Transition 

BusEn BusCtrl BusOata[8:0] 

1_. 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 tAckOeiay and tAckWlnOeiay timing constraints. tAckWlnDalay 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 tAoadDalay after the end of the request packet. The tA_oelay 

value is in tCYCLE units and is programmed into the ReadDelay field of the Delay register of each responding device. 

It is not required to be the same for all devices within a Rambus system, butthe difference (tA_Delay - tAckoelay) 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)". 

Clock 
Cycles 

Figure 7-1. Read Transaction 

BusEn BusCtrl BusData [B : 0) , 

tReedDelay 
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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 tAckOeiay and tAckwinOeiay 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 tw~leDe/ay cycles after the end of the request packet. The tw~Delay is in tCYCLE 

units and is programmed into the Write Delay 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 tW~Deiay 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. 

tpOSIRegW~I.O.iay if the current transaction is a register space access 

tPoslMemWrileOelay 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 "Ram bus DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

BusEn BusCtrl . 
Figure 7-2. Write Transaction 

BusData (8 : 0) 

Request 

Next transaction to same device 

Next transaction to different device 



NEe JLPD488170L 

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 tser;.IReadOIISet 

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. 

tsarialRaadOIISet 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 "Ram bus DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

Figure 7-3. Read Transaction with Serial Address Packet 

BusEn BusCtrl BusOata [8 : 01 . 

tSerialReadOffSet 

Data [n·l] [7: 0] [8: 01 = ROata [n·l] [7: 0] [8: 0] 

Data In] [7 : 0] [8 : 0] = ROata [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 tsan.IWriteOffSet 

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. 

tSariaJWriteOflSet 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. 

Clock 
Cycles 

Figure 7-4. Write Transaction with Serial Address Packet 

BusEn BusCtrl BusData 18 : 0) . 
Request 

Data 10) [7 : 0) [8 : 0) = WData [0) [7 : 0) 18 : 0) 

Data [I) [7 : 0) [8 : 0) = WData [I) [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 tSerialReadOlfSet 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 tAckWinOe,ay 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 "Ram bus 
DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

Figure 7-5. Read Transaction with Serial Control Packet 

'tAckWindDeley 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

tSerialReadOffSet 

BusEn BusCtrl Bus Data [8 : 01 . 

Data [n-31 [7 : 01 [8 : 01 = RData [n-31 [7 : 01 [8 : 01 

Data [n-21 [7 : 0118 : 01 = RData [n-21 [7 : 01 [8 : 01 

Data [n-11 [7 : 01 [8 : 01 = RData [n-l[ [7 : O[ [8 : 01 
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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 lserialWrIteOHSet 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 IAckWinDeiay 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 
Cycles 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

BusEn BusCtrl . BusData [8 : OJ 

Request 

Data [OJ [7 : OJ [8 : OJ = WData [OJ [7 : OJ [8 : OJ 

Data [lJ [7: OJ [8: OJ = WData [lJ [7: OJ [8: OJ 

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 11-1. Nack Acknowledge Response 

Clock BusEn BusCtrl BusData [8 : 01 
Cycles • 

~ 

Transaction 
Okay Acknowledge Response 

Read Data or Write Data Packet 

tRetrySensedClean 

or 
tAetrySensedDiny 

or 
tAetryAefresh 

tReadHit 

or 
twriteHit 

tReadMiss 

or 
twriteMiss 

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 + tReadHn 

tw,neMiss = tRETRY + twriteHil 

(Eq 8-1) 

(Eq 8-2) 

where tRETRY = {tRetrySensedClean, tRetrySensedDirty, tRetryRefreSh}. The tReadMiss and twrlteMis. 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 RowMlss 

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 IRe 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 tRowlmp_ore 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 IBM RDRAM: 

tRetrySenseciClean = tRowOverHead + tRowPrecharg. + tROWSens. 

tRetrySenseciDirly = tRowOverHead + tRowExprestore + tRowPrecharge + tRowSen .. 

(Eq 8-3) 

(Eq 8-4) 

The detailed functional description is provided in "Ram bus DRAM user's manual (Reference Manual)". 
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8.2.2 Retry Due to Pending Burst Refresh 

In a IBM 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, tRow5en.e and tRowlmprestore 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): 

tRetryRefreshClesn 

= twriteHit + tRefRequestldleOvorHeed + 5xtLo •• RowRefreshOverHeed 

+ 5x(2xRowPrecharge[O:4] + RowSense[O:4] + RowlmpRestore[O:4]) (Eq 8-5) 

tRetryRefreshDirty 

= twriteHit + tRefRequo.tldleOverHoed + 5xtLossRowRefroshOverHeed 

+ 5x(2xRowPrecharge[O:4] + RowSense[O:4] + RowlmpRestore[O:4] + tRowExpRestore) (Eq 8-6) 

RowPrecharge[O:4], RowSense[O:4], RowlmpRestore[O: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 tRefryRefresh interval after. No information from these Nacked 

transactions will be retained after the tRetryRefresh interval. After the tRefryRefresh 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 : OJ 

~ 
~ 

~ 

~ 
~ 

Transaction B 
Normal Response 

tRetryRefresh 
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8.3 Retry Component Intervals 

The tRETRY and tRasAgain intervals are built from the tRowOverHead, tRowPrec:harge, tRowSense, tRowlmprestore, tRowExpreatore, 
tRefReque.tldleOverHead, tLessRowRefreshOverHead, and tHoIdOff intervals. All eight intervals are measured in tCYCLE units, and thus 

scale with the clock frequency. 
The tRowOverHead, tRefReque.tldleOverHead, and tL ... RowRefreohOVerHead 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 

Fixed Part (overhead) IBM RDRAM 
Delay 

and Parameter tCYCLE Units core timing (ns) 
Variable PartNote 1 (4 ns) with tCYCLE = 4ns 

tRowOverHead Row overhead 7 28 

- nla 

tRefRequestldleOverHead Row overhead 14 56 

- nla 

tL ... RowRefreohOverHead Row overhead 20 80 

- nla 

tRowPrecharge RowPrecharge overhead 6 28 

RowPrecharge[4:0) 1 

tRowSense RowSense overhead 1 32 

RowSense[4:0) 7 

tRowlmprestore RowlmpRestore overhead 5 60 

RowlmpRestore[4:0) 10 

tRowExprestore RowExpRestore overhead 4 32 

RowExpRestore[4:0)Note 2 4 

tHo/dOff HoldOff overhead 1 8 

RowPrecharge [4:0) 1 

Notes 1. The variable part is programmed into the indicated field of the Raslnterval 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 IBM RDRAM is shown in the following figure. The initiating device 

places a 33 bit physical octbyte address Adr[35:3J on the Channel. This address is received by the RDRAM slave. 

The AddressSelect[l](l :OJ. [O](7:1J control register allows individual bits of the Adr[28:20J and Adr [19:11J 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[O][7:1].[lJ[1:0] 

= 111111111. and the two nine bit address fields are exchanged. The detailed functional description is provided in 

"Ram bus DRAM user's manual (Reference Manual)". 

Figure 9-1. AddressMapplng Hardware 

35343332313029282726252423222120191817161514131211109876 543 

Adr [35 : 2] I D [15 : 9] I R [S : 0] 1 D [S 0] I C [7 : 0] J 
Address in Request Packet '-----=--'---~--........ --.,.::---_i ....... --....,..,.S-..... 

7 91-- ~9 

J C :J 1 
I AddressSelect [0] [7: 1]. [1] [1: 0] 11-=-9_-+ ___ ~J 0 1 

= 111111111 I mux 
1 0 I 

mux 

AdrS[35:2] I D[15:9] I D[S:O] I R[S:O] I C[7:0] I 
Address used by RDRAM Core L-_~~_..I-_~_";""_.J...._""';'_~_J....._"';"'''''';'_..I 

353433323130292827262524232221201918171615141312111098 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 V 

VI.TTL,ABS Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 V 

VOO.ABS Voltage on Voo with respect to GND -0.5 VOO.MAX+ 1.0 V 

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 1.5m/s maintained. 

Thermal Parameters 

Symbol Parameter MIN. MAX. Unit 

TJ Junction operating temperature 100 ·C 

E>JC Junction-to-Case thermal resistance 5 ·C/w 

Capacitance 

Symbol Parameter MIN. MAX. Unit 

ClIO Low-swing input/output parasitic capacitance 2 pF 

CI.TTL TTL input parasitic capacitance 8 pF 
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Power Consumption 

Mode Parameter MIN. MAX. Unit 

ICCl Standby Current -A45 125 mA 

-A50 135 

Icc2 Active Current -A45 350 rnA 

-A50 380 

Icc3 Read Operation Current -A45 440 rnA 

(Burst Length = 256) -A50 480 

Icc4 Write Operation Current -A45 440 mA 

(Burst Length = 256) -A50 480 

Caution These do not Include the IOL 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 V 

VREF Reference voltage 1.95 2.15 V 

Vowing input voltage range 1.0 1.4 V 

VIH High level input voltage VREF+0.5 VREF+0.7 V 

VIL Low level input voltage VREF-O.7 VREF-O.5 V 

VIH, TTL High level TTL input voltage 2.0 Voo+0.5 V 

VIL, TTL Low level TIL input voltage -0.5 +0.8 V 

DC Characteristics (Recommended operating conditions unless otherwise noted) 

Symbol Parameter Conditions MIN. MAX. Unit 

IREF V REF cu rrent VREF=Maximum -10 +10 pA 

IOH High level output current O~VouTSVoo -10 +10 pA 

IOL Low level output current VouT=1.6 V 25 mA 

II, TTL TTL input leakage current O~VI, TTL~VOD -10 +10 pA 

VOH, TTL High level TTL output voltage IOH, TTL=-O.25 mA 2.4 Voo V 

VOL, TTL Low level TIL output voltage IOL, TTL=1.0 mA 0 0.4 V 
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Recommended Timing Conditions 

Symbol Parameter MIN. MAX. Unit 

tPAUSE Pause time after Power On 200 ps 

tCR, tCF TxClk and RxClk input rise and fall times 0.3 0.7 ns 

tCYClE 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 tcycu;l2 tCYCLel2 ns 
synthesized by the RDRAM's internal clock generator) 

tCH, tCl TxClk and RxClk high and low times 47% 53% tCYCLE 

trR TxClk-RxClk differential 0.25 0.7 ns 

tso Sln-to-SOut propagation delay 50 ns 

to TxClk-to-DataiControl output time 1-0.45 1+0.45 tCYCLel4 

ts DataiControl-to-RxClk setup time 0.45 tCYCLel4 

tH RxClk-to-DataiControl hold time 0.45 tCYCLel4 

tREF Refresh interval 17 ms 

\LOCK RDRAM internal clock generator lock time 750 tCYCLE 

Transaction Timing Characteristics 

Symbol Parameter MIN. Unit 

tPostRegWriteOeiay Delay from the end of the current transaction to the beginning 6 !cYCLE 

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. 

tPostMemWr~eDelay Delay from the end of the current transaction to the beginning 4 !cYCLE 

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. 

tPostMemReadOelay Delay from the end of the current memory read transaction to 2 tCYCLE 

the beginning of the next transaction. 

tSerlalReadOffSet Delay from the beginning of a serial address subpacket or 12 tCYCLE 

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 tCYClE 

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. 

tR.adOolay Delay from the end of a read request packet to the 

beginning of the read data packet. 

twr"oOolay Delay from the end of a write request packet to the 

beginning of the write data packet. 

Notes 1. tRoadO.lav is programmed to its minimum value. 

2. tWrit.Oolav is programmed to its minimum value. 

Hit, Retry and Miss Delay Characteristics 

Symbol Parameter 

tReadH" Start of request packet to start of read data packet for row 

hit (Okay). 

tWriteHit Start of request packet to start of write data packet for row 

hit (Okay). 

tRetrySonsodCloan Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is unmodified. 

tRetrySensedOlrty Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is modified. 

tRetryRofresh Start of request packet for row miss (Nack) 
to start of request packet for row hit (Okay). 

Clean 

Dirty 

tRoadMiss Start of request packet for row miss (Nack) to start of Read 

Data packet for row hit (Okay). 

twriteMiss Start of request packet for row miss (Nack) to start of Write 

Data packet for row hit (Okay). 

Notes 1. Programmable 

7 

1 

Unit 

tCYCLE 

tCYCLE 

MIN. 

10 

4 

22 

30 

213 

221 

32 

26 

2. tRowExprestore, tPrecharg., and tsonse are programmed to there minimum value. 

3. Calculated with tRotrySensedCI •• n(MtN). 

yPD488170L 

Notes 

1 

2 

Unit Notes 

tCYCLE 1 

tCYCLE 1 

tCYCLE 2 

tCYCLE 2 

tCYCLE 2 

tCYCLE 3 

tCYCLE 3 
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Rise/Fall Timing Chart 

VAxClk, VTxClk 

V,HIMINI ---1s-----------------------------------------------------f----
V,UMAXI ------- -- _ ----------------------------------------------. 

b b 

Clock Timing Chart 

tCVCLE tCVCLE 

VTC& VREF-

VRe. VREF-

Receive Data Timing Chart 

VACO 

VOetaIn 

or 
VControlln 
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Transmit Data Timing Chart 

tCYClE levCLE 

VTCl. VREF-

VoataOut 

or VREF-

VContrOlOut 

Serial Configuration Pin Timing Chart 

VSI" V&N. TIL -

tSD. TTL (MAX.) 

!sOIMIN.1 

VSOut V&N. TIL -

!sao Isol 

VSOut V&N. TIL -

Remark Vsw, TTl = 1.5 V 
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11. Package Drawings 

32 PIN PLASTIC SVP (11 X 25) 

A 
'I K 

D I co ...J 

@ 
1 1 32 

.w.u. III.IUIIUUI 
--I 

. .u ... ----

® 
q;I--GT--

* -~cl$1 Di8I W 

NOTE 

* Each 110 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. 

F 

Detail of @ - @' part 

~: 
ITEM MILLIMETERS INCHES 

A 25.30 MAX. 0.996 MAX. 

B 11.0:1:0.1 0.433:1:0.004 

C 0.24:1:0.06 0.009~8:88~ 
0 0.13 0.005 

E 0.65 (T.P.) 0.026 (T.P.) 

F 2.575 MAX. 0.102 MAX. 
G 0.10 0.004 

H 0.52:1:0.06 0.020:1:0.002 
0.9 (T.P.) 0.035 (T.P.) 
23.20 0.913 

K 1.25 0.049 

L 11.80 MAX. 0.465 MAX. 

M 0.5:1:0.1 0.020~:883 
N 3.70 MAX. 0.146 MAX. 

P O.17~:m 0.007:1:0.001 

Q 0.9:1:0.25 0.035~:813 

R 3°~: 30 +7• 
-3' 

S 1.90 MAX. 0.075 MAX. 
T 0.18 0.007 

S32VN-8M 
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72/36 PIN PLASTIC SSOP TYPE 

~ ____________ ~R~ ____________ +-+-S 

++-------+----------+ 

I. A 

NOTE 

Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

.1 

ITEM 
A 
B 
C 

0 

E 

F 
G 
H 

J 

K 

L 

M 
N 

P 

Q 

R 
5 
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detail of lead end 

0.. 

MILLIMETERS INCHES 
25.30 MAX. 0.996 MAX. 
2.575 MAX. 0.102 MAX. 
0.65 (T.P.) 0.026 (T.P.) 

0.24:1:0.06 0.009~g:gg~ 

0.25:1:0.05 0.010~g:gg~ 
1.6 MAX. 0.063 MAX. 
1.25 0.049 
13.0:1:0.2 0.512:1:0.008 
11.0:1:0.1 0.433:1:0.004 

1.0:1:0.2 0.039~g:g8B 

0.17~8:m 0.007:1:0.001 

0.5:1:0.1 0.02o~:883 
0.13 0.005 
0.10 0.004 

3°~~: 30 +70 
-3' 

0.65 (T.P.) 0.026 (T.P.) 
22.75 0.896 
1.275 MAX. 0.051 MAX. 

P32G8-85A 
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[MEMO] 
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PRELIMINARY DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

,uPD488130L 
16M· BIT Rambus DRAM 

1 M·WORD X a·BIT X 2·BANK 

Description 
The 16-Megabit Rambus™ DRAM (RDRAMTM) 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. 

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 

• Dual 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 

JLPD488130LVN-A50-9 250M Hz 3.3±0.15 V 32-pin plastic SVP (11 x 25) 

JLPD488130LVN-A45-9 225MHz 3.3±O.15V 32-pin plastic SVP (11 x 25) 

JLPD488130LG6-A50 250MHz 3.3±O.15 V 72/36-pin plastic SSOP type 

JLPD488130LG6-A45 225MHz 3.3±0.15 V 72/36-pin plastic SSOP type 

The information in this document Is subJect to change without notice. 

Document No. M10111EJ2VODSU1 
337 



NEe ,uPD488130L 

Pin Configuration (Marking Side) 

32-pin plastic SVP (11 x 25) 
72/36-pin plastic SSOP typa 

VDD 

GND 2 

BusData8 3 

GND 4 

BusData7 5 

IC 6 

BusEnable 7 

VDD 8 

BusData6 9 

GND 10 

BusData5 11 

VDDA 12 

RxClk 13 

GNDA 14 
1:: 1:: 

TxClk 15 "II "II 

VDD 16 i i .. .. 
BusData4 17 ~ ~ 

GND 18 Ei ~ '" BusCtrl 19 

Sin 20 

VRE' 21 

SOut 22 

BusData3 23 

GND 24 

BusData2 25 

IC 26 

BusData1 27 

GND 28 

BusDataO 29 

NC 30 

GND 31 

VDD 32 

Bus Data 0 - BusData 8 : Bus Data (Input/Output) 

RxClk : Receive Clock (Input) 

TxClk : Transmit Clock (Input) 

VRE' : Logic Threshold Voltage (Input) 

BusCtrl : BusCtrl (Input/Output) 

Bus Enable : BusEnable (Input) 

VDD. VDDA : Power Supply 

GND. GNDA : Ground 

Sin : Serial Input (Input) 

SOut : Serial Output (Output) 

NC : No Connection 

ICNo.. : Internal Connection 

338 Note Leave this pin unconnected. 
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Block Diagram 

DRAM Array - Bank 0 DRAM Array - Bank 1 

Control Logic 

Clock To Master Primary or Sacondary Channa' 
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1. Pin Function 

Signal 1/0 Description 

BusData [8:0] 1/0 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 VREF. 

Bus Data [8] is "Don't Care" in data packet of the 

accessing memory space. 

RxClk I Receive clock. Incoming request and write data 

packets are aligned to this clock. This is a low-swing, 

active-low signal referenced to VREF. 

TxClk I Transmit clock. Outgoing acknowledge and read 

packets are aligned with this clock. This is a low-

swing, active-low signal referenced to VREF. 

VREF I Logic threshold voltage for low swing signals. 

BusCtrl 1/0 Control signal to frame packets, to transmit part of the 

operation code, and to acknowledge requests. Low-

swing, active-low signal referenced to VREF. 

BusEnable I 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 VREF. 

Voo, VOOA - +3.3 V power supply. VOOA is a separate analog 

supply. 

GND,GNDA - Circuit ground. GNDA is a separate analog ground. 

Sin I 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. 

Rambus 
Channe 
Maste 

I 
r 

Figure 2·1. Logical Representation 

Controller 

DRAM 
Core 

Rambus Interface Rambus Interface 

Rambus Chennel = 8 bits every 2 ns 

RDRAMs 
(Rambus 
Channel 
Slaves) 

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 

· 1 to 320 RDRAMs 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 

ciocking, systems reliably transfer data at 2 nanosecond intervals on a Rambus Channel with signal quality 

that is superior to TIL or GTL-based jnterfaces. 

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: ..... 7 Be"1<8 

JI Be"kS Boo1<8 

II Be"k3 Boo" 

Be"'" Ben1c2 

Sense amp cache page 1 Sense amp cache page 2 

1Re9~ Ad!Hsa Comparators --[000""" 

I 8"'0' 
I ""0. 
I 8y1e' 

Rambus Channel I 8y1e 0 
I 8y1ed 8 bits everv 2 ns 

8y1ec 
I 8y1e b 
I By tea 

10Iblcldl·I'I_I'1 

I I 

RDRAM4 

R DRAM3 

AM' RDR 

RDRAM 

Ram 
-Mac 

bus Intefface Celt 
rocellin Embedded 

"",BOdS_ 
CellI -eon.ensRlrnbu. 
C hannel smaI swing 

nels to ASICcore­.~ 

2", 
_CMOSIeve~ 

Converts 8 bits fIVfJlV 
to64bitslx21 

f!N8fY161'11 
ConteinsPLLs 

-AI -" .... are' 00% compatible 
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4. 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 

Minlnterval[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 

(1) 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) Devlceld Register 

This register specifies RDRAM base address. 

(3) Delay Register 

This register specifies RDRAM programmable CAS delay values. 

(4) Mode Register 

This register specifies RDRAM programmable output drive current. 

(5) Ref Row 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) Raslnterval Register 

This register specifies RDRAM programmable RAS delay values. The Raslnterval 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 (tcYCLE) for four 

intervals. This is done with a counter which is loaded successively with three values from the Raslnterval Register. 

(7) Minlnterval 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 (tCYCLE) units. 

Caution Mlnlnterval 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 ¢>D488130L 

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. 

Clock 
Cycle 
Number 

: - - [01- --: 
I 
, even I 1------- 1 

: [01 I 

I odd I L ______ l 

: [11 : 
: even I 
r------J 
I [11 : 
: odd : 1-------, 
I 121 : 
I even I 
L------i 

I [21 : 
I ___ O~~ __ : 

Time 

Figure 5-1. Request Packet Format 

Device Pins 
-Su; -:- B~s·- ~ -Sus: -i-sus: -:-sus·- i -Sus: -~-B-us..-i- B~s--i -suS= -:- Bus·- ~ -Bu;' -: 
~~:~:~:~:~:~:~:~:~:~:~: 
____ ~ _____ ~ _181_ ~ __ [!L _l_J~I __ ~ _L51_L )~t _ ~ _ !3L _: __ ~! _ ~ _}!I __ ~ _ !OL ~ 

Count 
[1: 01 

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 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 Encodlngs 

Op[3:0) OpX[l :0) = 00 OpX[l :0) = 01 OpX[1:0) = 10 OpX[l :0) - 11 

0000 Rseq Rnsq Rsrv Rsrv 

0001 Rsrv Rsrv Rsrv Rsrv 

0010 Rsrv Rsrv Rsrv Rsrv 

0011 Rsrv Rsrv Rsrv Rsrv 

0100 WseqNpb WseqDpb WseqBpb WseqMpb 

0101 Rsrv Rsrv Rsrv Rsrv 

0110 Rreg Rsrv Rsrv Rsrv 

0111 Wreg Rsrv Rsrv Rsrv 

1000 WnsqNpb 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 3x4 matrix 

of the Wwww and Bbb subcommands. 

WwwwBbb Wwww = {Wseq, Wnsq, Wbns} 

Bbb = {Npb, Opb, Bpb, Mpb} 

Table 5·4. Write Commands 

Wwww subcommands 

Bbb Wseq 
Wnsq 

subcommand (seqential-access 
(non-sequential-

with contiguous access) 
byte masking) 

Npb WseqNpb WnsqNpb 

Opb WseqOpb WnsqOpb 

Mpb WseqMpb WnsqMpb 

Bpb WseqBpb WnsqBpb 

Wbns 
(non-sequential-access 

with non-contiguous-byte-
masking) 

WbnsNpb 

WbnsOpb 

WbnsMpb 

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. I n 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, 

but is modified as a side effect (the WwwwBpbcommandsare used to load the MDReg 

for the WwwwDpbandWwwwMpbcommands). 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[l :0) 

fields. Devices extract a portion of the Adr field to match against their Deviceld register (ldMatch), 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[l :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 JlPD488130L 

Maximum count for memory space 320ctbytes 

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 "Ram bus 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 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. 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[l :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 

1-------. 
, (01 ' , , 
I even I 
r------t 

(01 ' 
, odd L ______ J 

Time 

Figure 5-2. Acknowledge Packet Format 

Device Pins 
p-----r----'-----r----~-----'-----r----'-----T-----I-----'-----1 , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , 
: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
: _____ 1 _____ ~ _ ~81 __ : __ (7L_l_J~I __ ~_ L51_ ~_ -'~'- _ ~ _13L _: __ 1.2! _1 __ I~L~ _!01_~ 

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 following table summarizes the four combinations of the Ack[l :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 "Ram bus DRAM user's manual (Reference Manual)". 

tPostMemWriteOelay or tPostRegWriteOolay violation 

RowMiss (this causes a delay of tRetrySensedClean or tRetrySenSedOirty) 
ongoing refresh (thiS causes a delay of up to tRetryRetresh) 

Table 5-8. Ack[1 :0] Encodlngs 

Commands 
allowed to Ack 

Name Description use the Ack [1:0] 
Combination 

All 00 Nonexistent Indicates passive acceptance of the request (WregB), or 

commands indicates that the addressed device did not respond (all 

other commands). 

All 01 Okay Indicates that the request was accepted by the addressed 
commands by the addressed (responding) device. 
but WregB 
All 10 Nack Indicates that the request could not be accepted because 
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. 
commands Initiating devices will, when presented with this combi-
but WregB nation, have an undefined response. 

Spec 
Undef 

Spec 

Spec 

Spec 

Undef 
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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 

.. ------ .. 
: (OJ : 
I even I L ______ I 

: [OJ : 
: odd : 
r------l 
: (1] 
I even I 
1-------1 

: [11 : 
I odd I 1 _______ 1 

Time 

Figure 5-3. Data Packet Format (Register Space) 

Device Pins 

-Bu-s= -:- B~;-- ~ -B~s: - i -Bu~:- -:- B~;--i -B~s: -~ -Su;-- i - B~;-- ~ -Bu-; -:- -B~s-- ~ -B~s: -: 
Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
____ ~ _____ ~ _ 1.81 __ : __ (?L _1_ J~J __ ~ _ 1.51_ L J~'- _ ~ _13L _: __ '-21_ ~ _ )!J __ ~ _ 1.01_ J 

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 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 a-bit wide. 
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Clock 
Cycle 
Number 

:- --101 --: 
I I 
I even I 
r------ I 

I 101 : 
I odd I 
I--- ____ J 

111 : 
I even I 
L ______ : 

I 111 
I odd 
r------ t 

121 I 
I 
I even 
1-------, 

I 
121 

I odd L ______ ! 
I I 
I 131 

I 
I even I 
r------ I 

I 131 I 

: odd I 
1"'"------
I 
I 

I .------
I 14*nl 
I even 
r------
I 14*nl 
I odd 
1-------

: 14*n+11 
: even 

: (4*~~11-
: odd 
r------

: 14*n+21 
even 

1-------
: 14*n+21 
I odd L _____ _ 

: 14*n+31 
: even 
r------ I 

: 14*n+31 : 
I odd I .. ______ J 

Time 
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FIgure 5-4. Data Packet Format (Memory Space) 

Device Pins 
~-----r----'-----r-----'-----T-----r----'-----T-----'- ----,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

: Enable: Clrl : Data : Data : Data : Data :. Data : Data : Data : Data : Data : 
: _____ 1 _____ ~ _ 181_j __ I?L _1_ J~I __ : __ 151_ ~ __ I~I __ ~ _13) __ : __ ~1 _1 __ I!I __ ~ _ 10L j 

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. 



NEe ,uPD488130L 

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 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[l 0:3], 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 "Ram bus DRAM user's manual (Reference Manual)". 

Table 5-9. Serial Address Fields (I = n:1) 

Serial Address Field Description Unimp 
Img 

SAdr[iJ[10:3] Low-order address bits for each octbyte. Imp 
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Clock 
Cycle 
Number .- - - - - --, 

141 I 

I even I 
r------ i 

I 141 : 
I odd I 
~ ______ J 

151 I 

I even I L ______ { 

I 151 
I odd I 
r------ 1 

I 
161 I 

I even I- ______ J 

I 161 I 

I odd I 
L ______ ! 
I 171 I 

I even 
1------ 1 

I 171 I 

I odd I 
t-------; 

I i------, 
14*nl I 

I even I 
r-------~ 

I 14*nl : 
I odd I 
1- ______ 1 

: 14*n+11 : 
I even : 1-------, 
I 14*n+11 I 

: odd : 
r------{ 

: 14*n+21 : 
I even I 
I- ______ J 

: 14*n+21 : 
I odd I 

~------~ 
I 14*n+31 I 
I I even I I r------ 1 

: 14*n+31 : 
I odd I '" ______ J 

Time 

,uPD488130L 

Figure 5-5. Serial Address Packet Format 

Device Pins 
~-----I-----'-----r----'-----T-----r----,-----r-----I- ----,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
: _____ ~ _____ ~ _181 __ :_)?L _l_ J~I __ ~ _151_~ __ I~I __ ~ _l~ __ : __ ~L ~ __ I!I __ ~ _101 __ : 

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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5.5.1 Serial Control Packet Format 

The serial control packet is transmitted by the initiating device and received by the responding devices. It provides 

forthe 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 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 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 

in the even bus ticks must be 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 

SCtrl[O] This bit must be a zero due to framing requirements. Imp 

SCtrl[1] unimplemented Unimp(O) 

SCtrl[2] This bit must be a zero due to framing requirements. Imp 

SCtrl[3] unimplemented Unimp(O) 

SCtrl[4] This bit must be a zero due to framing requirements. Imp 

SCtrl[5] o 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(O) 

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl[5] bit to a logical one, the data octbyte 

with which it is 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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Clock 
Cycle 
Number 

-------, 
: [01 : 
: even I 
r------~ 
I [01 : 
: odd : 
t-------. 

: [11 : 
I even : 
L.------ 1 
I [I) : 
: odd I 
r------~ 

: [21 : 
I even I 
t"------J 

: [21 : 
I odd : 
L..------ 1 

: [31 I 

: even I 

: -- ~i --1 
~ __ o.?~ __ : 

Time 

JlPD488130L 

FIgure 5-6. Serial Control Packet Format 

Device Pins 
r-----r----'-----r----'-----T-----r----'-----T-----r----,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

:~~:~:~:~:~:~:~:~:~:~:~: 
: _____ 1 _____ ~ _ [81_ ~ _ J!L _ ~ _ J~I __ ~ _ L5! _ ~ _ J~L _ ~ _ !3L _: __ !?! _1_ J!t _ ~ _101_ ~ 

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 

,-------, 
, (OJ ' , , 
I even , .... ------i 
: (OJ : 
, odd ' 1 ______ J 

Time 

Figure 5-7. Serial Mode Packet Format 

Device Pins 
r-----r----'-----r----'-----T-----r----'-----r-----'-----,-----, , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , 
: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 

: .... _ ~ ... _. ~ .181 .. :. J?~ .1. J~J .. ~ .151. L .(~t. ~ .13) .. : .. L2!.~ .. (!J .. ~. !01 .. : 

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 "Ram bus DRAM user's manual (Reference Manual)". 

A serial mode packet with the SMode[l :0) field set to 00 is the default. Most transitions are caused by blocks of 

sequential serial mode packets, each with the SMode[l :0) field set to 11. The serial mode packets should never set 

SMode[l :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[l:0) Description Spec/Rsrvl 
Undef 

00 Increments CountOO[3:0). clears Count11 [7:0). Spec 

01 - Undef 

10 - Undef 

11 Increments Count11 [7:0), clears CountOO[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 (ldCompareState, 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) 

Count11 <tModeAR. MIN 

Count11> = tModeAR. MIN 

PowerOn 

AckWindowState (active mode) 
(wait for AckWinDelay to elapse) 

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 D.RAM user's manual 

(Reference Manual)". 
After poweron, the device will re-enter ResetState when the value of the Count11 [7:0] counte'r is greater than or 

equal to tModeAR.MtN. The device will leave ResetState when the value ofthe Count11 [7:0] counter is less than tModeSA.MtN. 

This will happen when an SMode[l :0] field of 00 is received, causing the Count11 [7:0] counter to clear. 

The device will enter StandbyState when the value of the CountOO[3:0] counter is greater than or equal to 

tModeDetay.MAX. The device will leave StandbyState when the value of the Count11 [7:0) counter is greater than or equal 

to tModeSA.MtN. 

Caution PD (Mlnlnterval 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[l :0) field of the consecutive serial mode packets must have the value 11 to cause an operating 
mode transition (with the exception of the tModeOetay.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 c)'cles) cycles) 

tModeSA 1 4 Number of SMode packets to cause a transition from 

Standby-Mode to ActiveMode 

tModeOHSet 4 7 Offset from beginning of SMode packet to request packet for 

standby to active transition 

tModeOetay - 20 Delay from end of SMode packet to request packet for 

standby to active transition 

tModaSwitchRaset 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 

Clock 
Cycles 

Figure 6-2. Basic ActlveModeJStandbyMode Transitions 

tModeSA, MIN:.c 

tModeSA. MAX 

tModeDeIay, MAX 

BusData [8 : OJ 

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 

Bus Enable 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 

tModeOffSet. MIN clock cycles after the start of the first serial mode packet. It remains there for tModeOelay.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 

tModeOelay.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. 

Clock 
Cycles 

~ 
E 

Figure 6-3. ActlveMode/StandbyMode Transition· Early Transaction 

tMod.SA. MIN I T 
tModeOHSet. M~ 

BusEn BusCtrl 
I I 

BusData [8 : 01 

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 a transaction 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 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 tLock.MIN to 
resynchronize. Initiating devices must wait this long after the transition out of reset mode before starting any 

transactions. 

Clock 
Cycles 

f= 
• · · 
~ · · 
L 

Figure 6-4. ResetMode to ActlveMode Transition 

BusEn BusCtrl BusData[8:0] 

tModeSA. 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 tAckoelay and tAckWinOelay 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 tReadDalay after the end of the request packet. The tReadDalay 

value is in tCYCLE units and is programmed into the ReadDelay field of the Delay register of each responding device. 

It is not required to be the same for all devices within a Rambus system, butthe difference (tReadOeiay - tAckoelay) 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)". 

Clock 
Cycles 

Figure 7-1. Read Transaction 

BusEn BusCtrl Bus Data (8 : 0) 
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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 tAckDelay and tAckwlnDeiay 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 twriteDeiay 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 tWriteDelay 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. 

tPostRegWritoOelay if the current transaction is a register space access 

tPostMemWritoOolay 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)". 

Clock 
Cycles 

BusEn BusCt~ 

Figure 7-2. Write Transaction 

BusData 18 : 0) 

Request 

Next transaction to same device 

Next transa~ion 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][1 0:3] field) is transmitted by the initiating device a time tseriaJReadOffSet 

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. 

tSeriaJReadOffSet 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)". 

Clock 
Cycles 

Figure 7-3. Read Transaction with Serial Address Packet 

BusEn BusCtrl BusData [B : OJ . 

tSerialReadOffSet 

Data [n·1J [7: OJ [8: OJ = RData [n·1J [7: OJ [8: OJ 

Data [nJ [7 : OJ [8 : OJ = RData [nJ [7 : OJ [8 : OJ 
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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 lseriaIWriteOffSot 

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. 

tSerialWrlteOlISet 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 Ihe same direction - from initiating 

device 10 responding device. 

Clock 
Cycles 

Figure 7-4. Write Transaction with Serial Address Packet 

BusEn BusCtrl Bus Data [8 : 01 . 
Request 

Data [OJ [7 : OJ [8 : OJ = WData [OJ [7 : OJ [8 : OJ 

Data [lJ [7: OJ [8: OJ = WData [lJ [7: OJ [8: OJ 

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 tSeriaiRoadOffSoI 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 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. The detailed functional description is provided in "Ram bus 

DRAM user's manual (Reference Manual}". 

Clock 
Cycles 

Figure 7-5. Read Transaction with Serial Control Packet 

'tAckWindDelav 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

tSerialReadOffSet 

BusEn BusCtrl BusData 18 : 01 
• I 

Data 1n-3) 17 : 01 18 : 0) = RData In-3) 17 : 0) 18 : 0) 

Data 1n-2) 17 : 0) 18 : 0) = RData In-2) 17 : 0) 18 : 0) 

Data In-1) 17: 0) 18: 0) = RData In-1)17 : 0) 18: 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 transmittl;!d by the initiating device a time tSerialWriteOflSet 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 tAckWinDoiay 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 
Cycles 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

BusEn Busetrl BusData 18 : 01 

Request 

Data [01 [7 : 01 [8 : 01 = WData [01 [7 : 01 [8 : 01 

Data [11 [7 : 01 [8: 01 = WData [11 [7: 01 [8: 01 

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 : 01 
Cycles 

~ 

Transaction 
Okay Acknowledge Response 

Read Data or Write Data Packet 

tAetrySensedClean 

or 
tRetrySensedDirty 

or 
tRetryAefresh 

tReadHit 

or 
'twriteHit 

tReadMiss 

or 
twriteMiss 

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: 

tRead Miss = tRETRY + tReadHit 

twriteMiss = tRETRY + twriteHn 

(Eq 8-1) 

(Eq 8-2) 

where tRETRY = {tRetrySensedClean, tRelrySensedDirty, tRetryRefresh}. The tReadMiss and tw,neMiss 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 RowMlss 

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 tAC 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 tRowlmprestore 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: 

tReirySensedClean = tRowOverHeaci + tROWPrecharge + tRowSen.e 

tRetrySensedDirty = tRowOverHeaci + tRowExp_ore + tRowPrecharge + tRowSen .. 

(Eq 8-3) 

(Eq 8-4) 

The detailed functional description is provided in "Ram bus DRAM user's manual (Reference Manual)". 
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8.2.2 Retry Due to Pending Burst Refresh 

In a 16M 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, tRowSense, and tRowlmprestore 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 

= twr~eHit + tRefRequestldleOverHead + 5xtLessRowRefreshOverHeed 

+ 5x(2xRowPrecharge [0:4) + RowSense [0:4) + RowlmpRestore [0:4)) (Eq 8-5) 

tRetryrefreShDlrIy 

= tWriteHit + tRefRequestldteOverHeed + 5xtLessRowRefreshOverHeed 

+ 5x(2xRowPrecharge [0:4) + RowSense [0:4) + RowlmpRestore [0:4) + tRowExpRestore) (Eq 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 tRetryRefreSh interval after. No information from these Nacked 

transactions will be retained after the tRetryRefresh interval. After the tRetryRetresh interval, transactions will be handled 

in a normal fashion. The detailed functional description is provided in "Ram bus DRAM user's manual (Reference 

Manual)". 

Figure 8-2. Transaction Holdoff Due to Burst Refresh 

Clock 
Cycles BusEn BusCtfl Bus Data IB : 01 

~ 
~ 

~ 

~ 
~ 

Transaction B 
Normal Response 

tRelryAefresh 
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8.3 Retry Component Intervals 

The tRETRY and tRasAgain intervals are built from the tRowOverHead, tRowPrecharge, tRowSense, tRowlmprestore, tRowExprestcre, 

tRefRequestldleOverHead, b.e •• RowRefreshOverHead, and tHoldOlf intervals. All eight intervals are measured in tCYCLE units, and thus 

scale with the clock frequency. 

The tRowOverHeed, tRefRequestldleOverHead, and b.e •• RowRefreshOverHeed 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 

and 
Parameter tCYCLE Units core timing (ns) 

Variable PartNote 1 (4 ns) with tCYCLE = 4ns 

tRowOverHeed Row overhead 7 28 

- nla 

tRelRequestldleOverHeed Row overhead 14 56 

- nla 

tLessRowRefreshOverHead Row overhead 20 80 

- nla 

tRowPrecharge RowPrecharge overhead 6 28 

RowPrecharge[4:0) 1 

tRowSen.e RowSense overhead 1 32 

RowSense[4:0) 7 

tRowlmprestore RowlmpRestore overhead 5 60 

RowlmpRestore[4:0) 10 

tRowExprest .... RowExpRestore overhead 4 32 

RowExpRestore[4:0)Note 2 4 

tHoldOff HoldOff overhead 1 8 

RowPrecharge [4:0) 1 

Notes 1. The variable part is programmed into the indicated field of the Raslnterval register. 
2. The RowPrecharge [4:0) field is used for both the precharge interval and the hold off interval. 
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9. AddressMapplng 

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[O)[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. AddressMapplng Hardware 

35343332313029282726252423222120191817161514131211109876 5 4 3 

Adr 135: 21 L DI15 :91 I R [8: 01 I D[8:01 I C [7: 01 J Address in Request Packet 
7 9~ ~9 8 

l. tl 
I AddressSelect [01 [7 : 11. [11 [1 : 0] I 9 0 1 1 0 I = 111111111 I mux mux 

AdrS [35 : 21 I 
Address used by RDRAM Core 

D(15 :9] I D [8: 0] I R [8: 0] I C [7: 0] I 
353433323130292827262524232221201918171615141312111098 7 6 543 
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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 V 

VI.TTl.ABS Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 V 

VOO.ABS Voltage on Voo with respect to GND -0.5 VOO.MAX+ 1.0 V 

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 1.5m/s maintained. 

Thermal Parameters 

Symbol Parameter MIN. MAX. Unit 

TJ Junction operating temperature 100 ·C 

QJC Junction-to-Case thermal resistance 5 ·CIW 

Capacitance 

Symbol Parameter MIN. MAX. Unit 

CliO Low-swing input/output parasitic capacitance 2 pF 

CI.TTl TTL input parasitic capacitance 8 pF 
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Power Consumption 

Mode Parameter MIN. MAX. Unit 

ICCl Standby Current -A45 125 rnA 

-A50 135 

Icc2 Active Current -A45 350 rnA 

-A50 380 

Icc3 Read Operation Current -A45 440 rnA 

(Burst Length = 256) -A50 480 

Icc4 Write Operation Current -A45 440 rnA 

(Burst Length = 256) -A50 480 

Caution These do not Include the IOL 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 V 

VREF Reference voltage 1.95 2.15 V 

Vswing Input voltage range 1.0 1.4 V 

VIH High level input voltage VREF+0.5 VREF+0.7 V 

VIL Low level input voltage VREF-O.7 VREF-O.5 V 

VIH, TTL High level TTL input voltage 2.0 Voo+0.5 V 

VIL, TTL Low level TTL input voltage -0.5 +0.8 V 

DC Characteristics (Recommended operating conditions unless otherwise noted) 

Symbol Parameter Conditions MIN. MAX. Unit 

IREF VREF current VREF=Maximum -10 +10 pA 

IOH High level output current OSVouTSVoo -10 +10 pA 

IOL Low level output current VOUT=1.6 V 25 rnA 

h, TTL TTL input leakage current Os VI, TTLSVOO -10 +10 pA 

VOH, TTL High level TTL output voltage IOH, TTL=-O.25 rnA 2.4 Voo V 

VOL, TTL Low level TTL output voltage IOL, TTL=1.0 rnA 0 0.4 V 
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Recommended Timing Conditions 

Symbol Parameter MIN. MAX. Unit 

tPAUSE Pause time after Power On 200 IJS 

tCR, tCF TxClk and RxClk input rise and fall times 0.3 0.7 ns 

tCYCLE 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 tCYCLE/2 tCYCLE/2 ns 
synthesized by the RDRAM's internal clock generator) 

tCH, tCL TxClk and RxClk high and low times 47% 53% tCYCLE 

tTR TxClk-RxClk differential 0.25 0.7 ns 

tSD Sln-to-SOut propagation delay 50 ns 

to TxClk-to-Data/Control output time 1-0.45 1+0.45 tCYCLE/4 

ts Data/Control-to-RxClk setup time 0.45 tCYCLE/4 

tH RxClk-to-Data/Control hold time 0.45 tCYCLE/4 

tREF Refresh interval 17 ms 

tLOCK RDRAM internal clock generator lock time 750 tcYCLE 

Transaction Timing Characteristics 

Symbol Parameter MIN. Unit 

tPostRegWriteDeiay Delay from the end of the current transaction to the beginning 6 tCYCLE 

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. 

tPostMemWriteDalay Delay from the end of the current transaction to the beginning 4 tCYCLE 

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. 

tPoslMemReadDalay Delay from the end of the current memory read transaction to 2 tCYCLE 

the beginning of the next transaction. 

tSerialReadOffSet Delay from the beginning of a serial address subpacket or 12 tCYCLE 

serial control packet to the beginning of the read data 

subpacket (octbyte) with which it is associated. 

tSerialWritaOffSet Delay from the beginning of a serial address subpacket or 8 tCYCLE 

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. 

tAeadOelay Delay from the end of a read request packet to the 

beginning of the read data packet. 

twriteDelay Delay from the end of a write request packet to the 

beginning of the write data packet. 

Notes 1. tAeadOolay is programmed to its minimum value. 

2. twriteDelay is programmed to its minimum value. 

Hit, Retry and Miss Delay Characteristics 

Symbol Parameter 

tAeadHlt Start of request packet to start of read data packet for row 

hit (Okay). 

twriteHil Start of request packet to start of write data packet for row 
hit (Okay). 

tAetrySonSadClean Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is unmodified. 

tAetrySonsedOirty Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is modified. 

tAetryAefreSh Start of request packet for row miss (Nack) Clean 
to start of request packet for row hit (Okay). 

Dirty 

tAeadMiss Start of request packet for row miss (Nack) to start of Read 

Data packet for row hit (Okay). 

tWrileMiss Start of request packet for row miss (Nack) to start of Write 

Data packet for row hit (Okay). 

Notes 1. Programmable 

7 

1 

MIN. 

10 

4 

22 

30 

213 

221 

32 

26 

2. tAowExprestoro, tPrechargo, and tsen.o are programmed to there minimum value. 

3. Calculated. with tAotrySonsadClean(MIN). 

.uPD488130L 

Unit Notes 

tCYCLE 1 

tCYCLE 2 

Unit Notes 

tCYCLE 1 

tCYCLE 1 

tCYCLE 2 

tCYCLE 2 

tCYCLE 2 

tCYCLE 3 

tCYCLE 3 
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Rise/Fail Timing Chart 

VRxClk, VTxClk 

V,H,M,N., ---~----------------------------------------------~ 

------- -- -----------------------------------------------
D b 

VIL{MAltI 

Clock Timing Chart 

VrOk VREF-

VROk VREF-

Receive Data Timing Chart 

tCYCLE tCVCLE 

VRCIk VREF-

VOetaln 
or 

VControlln 
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Transmit Data Timing Chart 

VTCIk 

VoataOut 

or 
VControlOut 

Serial Configuration Pin Timing Chart 

VStn VSW,TIL-

VSOut VSW, TIL -

tCYCLE 

tso TIL AX.' 

tso M.N.' 

VS.n VSW,TIL- \. I 

.uPD488130L 

tevCLE 

-~ "':1 '~.." l,--
VSOut VSW, TIL - \" 

Remark Vsw, TTL = 1.5 V 

381 



382 

NEe 

11. Package Drawings 

32 PIN PLASTIC SVP (11 X 25) 

I' 
A 

D , 

@ 
1 : 32 

JoILJ_ IIULII 
-l 

.u .. 

* ® 
- f-CI$I D@I W 

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. 

yPD488130L 

K 

ID 

---q;(GT--
F 

Detail of @ - @' part 

~: 
ITEM MILLIMETERS INCHES 

A 25.30 MAX. 0.996 MAX. 
B 11.0:1:0.1 0.433:1:0.004 

C 0.24:1:0.06 0.009:!:8:88~ 
D 0.13 0.005 
E 0.65 {T.P.1 0.026 {T.P.1 
F 2.575 MAX. 0.102 MAX. 
G 0.10 0.004 
H 0.52:1:0.06 0.020:1:0.002 

0.9 {T.P.1 0.035 {T.P.1 
J 23.20 0.913 
K 1.25 0.049 
L 11.80 MAX. 0.465 MAX. 

M 0.5:1:0.1 0.020:!:8:88g 

N 3.70 MAX. 0.146 MAX. 

P 0.17:!:8:8~g 0.007:1:0.001 

Q 0.9:1:0.25 0.035:!:8:81 ~ 

R 3°~~: 30 +70 
-3' 

S 1.90 MAX. 0.075 MAX. 
T 0.18 0.007 

S32VNo8II-8 
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72/36 PIN PLASTIC SSOP TYPE 

~ ____________ ~R~ ______________ +-~S 

++-------------+---------------+ 

I. A 

NOTE 

Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

.1 

ITEM 

A 
B 

C 

0 

E 

F 
G 
H 

K 

L 

M 
N 

P 

Q 

R 
S 

uPD488130L 

detail of lead end 

a.. 

MILLIMETERS INCHES 

25.30 MAX. 0.996 MAX. 
2.575 MAX. 0.102 MAX. 
0.65 (T.P.) 0.026 (T.P.) 

0.24:1:0.06 0.009~8:88~ 

0.25:1:0.05 0.01 0~8:88§ 
1.6 MAX. 0.063 MAX. 
1.25 0.049 
13.0:1:0.2 0.512:1:0.008 
11.0:1:0.1 0.433:1:0.004 

1.0:1:0.2 0.039~8:88B 

017+8.025 . - .015 0.007:1:0.001 

0.5:1:0.1 0.020~8:883 
0.13 0.005 

0.10 0.004 

3°~~: 3°~~: 
0.65 (T.P.) 0.026 (T.P.) 
22.75 0.896 
1.275 MAX. 0.051 MAX. 

P32GH6A 
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[MEMO] 
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DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

jlPD488031 L 
8M-BIT Rambus DRAM 

1 M-WORD X 8-BIT X 1-BANK 

Description 
The B-Megabit Rambus ™ DRAM (RDRAMTM) is an extremely-high-speed CMOS DRAM organized as 1 M words 

by B 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 

JtPD488031 LG6-A50 250 MHz 3.3 ±O.15 V 

Package 

72136-pin plastic SSOP type 

The information in this document Is subject to change without notice. 

Document No. MIII19EJ1VODSUI 
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Pin Configuration (Marking Side) 

72/36-pln plastic SSOP type 

VDD 

GND 2 

BusDala8 3 

GND 4 

BusData7 5 

IC 6 

Bus Enable 7 

VDD 8 

BusData6 9 

GND 10 

BusData5 11 

VDDA 12 

RxClk 13 
'1:: 

GNDA 14 'V 
C 

TxClk 15 i 
VDD 16 ~ 

BusData4 17 
r-
IO) 
CII 

GND 18 

BusClrl 19 

Sin 20 

VREF 21 

SOul 22 

BusData3 23 

GND 24 

BusData2 25 

IC 26 

BusDatal 27 

GND 28 

BusDataO 29 

NC 30 

GND 31 

VDD 32 

BusDala 0 - BusDala 8: Bus Dala (Input/Output) 

RxClk : Receive Clock (Input) 

TxClk : Transmil Clock (Inpul) 

VREF : Logic Threshold Voltage (Input) 

BusCtrl : BusC1r1 (Input/Output) 

BusEnable : BusEnable (Input) 

VDD. VDDA : Power Supply 

GND.GNDA : Ground 

Sin : Serial Input (Inpul) 

SOul : Serial Oulput (Outpul) 

NC : No Connection 

ICN018 : Inlernal Connection 

386 
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Block Diagram 

! 
c 

I 
t 
< 

Clock To Master 

,uPD488031 L 

DRAM Array 

Control Logic 

Primary or Secondary Channel 
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1. Pin Function 

Signal 1/0 Description 

BusData [8:0] 1/0 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 VREF. 

RxClk I Receive clock. Incoming request and write data packets 

are aligned to this clock. This is a low-swing, active-

low signal referenced to VREF. 

TxClk I Transmit clock. Outgoing acknowledge and read 

packets are aligned with this clock. This is a low-

swing, active-low signal referenced to VREF. 

VREF I Logic threshold voltage for low swing signals. 

BusCtrl 1/0 Control signal to frame packets, to transmit part of the 

operation code, and to acknowledge requests. Low-

swing, active-low signal referenced to VREF. 

Bus Enable I 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 VREF. 

Voo, VOOA - +3.3 V power supply. VOOA is a separate analog 

supply. 

GND,GNDA - Circuit ground. GNDA is a separate analog ground. 

Sin I 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. 

Rambus 
Channe 

Maste 
I 
r 

Figure 2-1. Logical Representation 

Controller 

DRAM 
Core 

Rambus Interface Rambus Interface 

Rambus Channel = 8 bits every 2 ns 

RDRAMs 
(Rambus 
Channel 
Slaves) 

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 fol/owing figure shows a typical physical implementation of a Rambus system. It includes a control/er 

ASIC that acts as the Channel master and a base set of RDRAMs soldered directly to the board. An RSocketTO• 

is included on the Channel for memory upgrade using RModule™ expansion cards. 

Figure 2·2. A Rambus System Example 

Memory Modules 

· 1 to 320 RDRAMs 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 
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4. Register Space Map 

The following table summarizes the registers included in all 8M 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 

Minlnterval[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 

(1) Device Type Register 

This register specifies RDRAM configuration and size. 

(2) Devlceld Register 

This register specifies RDRAM base address. 

Id Field is extended to include Id Field(20) in location Deviceld[O)[2). 

(3) Delay Register 
This register specifies RDRAM programmable CAS delay values. 

(4) Mode Register 

This register specifies RDRAM programmable output drive current. 

(5) Ref Row Register 
This register specifies RDRAM refresh row and bank address. 

The Ref Row 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[O)[7:1) 

RowField[9:8) equals RefRow[2][1 :0) 
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(6) Raslnterval Register 

This register specifies RDRAM programmable RAS delay values. The Raslnterval 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 (tCYCLE) 

for four intervals. This is done with a counter which is loaded successively with three values from the 
Raslnterval Register. 

(7) Mlnlnterval 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 (tCYCLE) units. 

Caution Mlnlnterval 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) DevlceManufacturer 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 IlPD48830L 

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. 

Clock 
Cycle 
Number 

:--(0)---: 
I even : 
1-------1 

: [0) : 
I odd I L ______ 4 

: [1) : 
: even I 
r------J 
I [1) : 
: odd : 
t-------1 

: [2) : 
I even I L-- ____ t 

: [2) : 
: ___ o~ __ : 

Time 

Figure 5-1. Request Packet Format 

Device Pins 
-Sus: -:- eu&-- ~ -BuS: - i -Eius:- -:- BUS-- ~ -BuS: -~ -a-us..- i- BUS-- ~ -BuS: -:- Bus .. -~ -Bu&. -: 
~~:~:~:~:~:~:~:~:~:~:~: 
____ ~ _____ ~ _ 181_ J_ J!l_ ~ _ Jl!t _~ _ 15! _ ~ _ J~t _ ~ _!~ __ : __ ~! _ ~ _ J!t _ ~ _ 10] _ J 

This means that this pin is not used by this packet. If it is not used 
by another packet, H is pulled to a logic zero value. 

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[l :0) ~ 00 OpX[l :0) = 01 OpX[1:0) ~ 10 OpX[1:0) = 11 

0000 Rseq Rnsq Rsry Rsrv 

0001 Rsrv Rsrv Rsrv Rsry 

0010 Rsrv Rsry Rsrv Rsrv 

0011 Rsrv Rsry Rsry Rsrv 

0100 WseqNpb WseqOpb WseqBpb WseqMpb 

0101 Rsrv Rsrv Rsrv Rsrv 

0110 Rreg Rsrv Rsrv Rsrv 

0111 Wreg Rsrv Rsry Rsrv 

1000 WnsqNpb WnsqDpb WnsqBpb WnsqMpb 

1001 Rsrv Rsrv Rsrv Rsrv 

1010 Rsrv Rsrv Rsrv Rsrv 

1011 Rsrv Rsrv Rsrv Rsrv 

1100 WbnsNpb WbnsOpb Rsrv WbnsMpb 

1101 Rsry 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 "Ram bus 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 8bb subcommands. 

Wwww8bb Wwww = {Wseq, Wnsq, Wbns} 

8bb = {Npb, Opb, 8pb, Mpb} 

Table 5-4. Write Commands 

Wwww subcommands 

8bb Wseq 
Wnsq 

subcommand (seqential-access (non-sequential-
with contiguous access) 
byte masking) 

Npb WseqNpb WnsqNpb 

Opb WseqOpb WnsqOpb 

Mpb WseqMpb WnsqMpb 

8pb Wseq8pb Wnsq8pb 

Wbns 
(non-sequential-access 

with non-contiguous-byte-
masking} 

WbnsNpb 

WbnsOpb 

WbnsMpb 

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 Bus Enable 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, 

but is modified as a side effect (the WwwwBpbcommandsare 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 (ldMatch), 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 octby1es. 

The Adr[35:3] field is the octbyte address. 

Some commands use the Adr[2:0] field to specify contiguous byte masking. Refer to "Ram bus 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 IlPD48830l 

Maximum count for memory space 320ctbytes 

Minimum count for memory space 1 octby1e 

Maximum count for register space 1 quadby1e 

Minimum count for register space 1 quadby1e 

Register space read and write commands use a transfer count of one quadby1e, 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 octby1es, and so on 

up to "11111" which specifies thirty-two octbytes. The transfer count does include the octby1es containing bitmasks 

(for commands using the Bpb subcommand). The transfer count does not include the octby1es containing non­

contiguous By1eMasks (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][7:0J[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 uRambus DRAM user's manual (Reference Manual)". 

5.2.6 ReqUnlmp[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 

[01 
I even 
r------1 

: [0] : 
, odd L 
I ______ J 

Time 

Figure 5-2. Acknowledge Packet Format 

Device Pins 
~-----I-----'-----r----'-----~-----r----'-----T-----I-----,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

:~~:~:~:~:~:~:~:~:~:~:~: 
: .... . 1 ..... ~ .181 .. :. J!l.1. J~1 .. ~ .151.~. J~t. ~. J~L .: .. l2! .1. J!t. ~ .101. ~ 

that this pin is not used by this packet. If it is not used 
packet, it is pulled to a logic zero value. 

The following table summarizes the four combinations of the Ack[l :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 "Ram bus DRAM user's manual (Reference Manual)". 

tPostMemWriteOelay or tPostRegWriteOelay violation 

RowMiss (this causes a delay of tRetry5ensedClean or tReirySenSedOir1y) 

ongoing refresh (this causes a delay of up to tRetryRelresh) 
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Table 5-8. Ack[1 :0] Encodings 

Commands 
allowed to Ack Name Description Spec 

use the Ack [1:0) Undef 
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. 

Clock 
Cycle 
Number 

.. ------ .. 
: [0] : 
~ _ ~~E!.n __ ; 
: [0] : 
: odd : 
r------l 
: [1] : 
I even I 
I-------t 

: [1] : 
I odd I 1 _______ 1 

Time 

Figure 5-3. Data Packet Format (Register Space) 

Device Pins 

-Sus: -:- Bus-- ~ -Bus: -i-sus: -:- Bus-- i -Bu; -i -suS:;- Bus--~ -eu-s: -:- eu;'- ~ -BuS: -: 
Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
____ ~ _____ ~ _l81_~_ J?t _l_ J~ __ :.. _l51_ J _ J~t _ ~ _ 13) __ :_ J~L ~ _ J!L~ _101_~ 

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 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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Clock 
Cycle 
Number 

,- - - - - - -, 
[0] I 

I even 
r------· 

[0] : 
I odd I ... ______ 1 

[1] 
I 

I even I L ______ ; 

I [1] 
I odd 
r------ 1 

[2] : 
I even 
~ ______ J 

[2] 
I 

~ - -~~ - -; 
: [3] I 

I I 
I even I 
.------1 

[3] I 

I odd I 

r-------~ 

I 

I .-------, 
[4'n] : 

I even I 
r------~ 

: [4'n] : 
I odd I 
I- ______ J 

: [4'n+1] : 
: even : 
: -[4'~:1-]-: 
: odd : 
r------ 4 

: [4'n+2] : 
I even I .- ______ 1 

: [4'n+2] : 
I odd I L ______ ~ 

: [4'n+3] I 
I I 
I even I 
r------ 1 

: [4'n+3] : 
I odd I 
L ______ J 

Time 

,uPD488031 L 

Figure 5·4. Data Packet Format (Memory Space) 

Device Pins 
~-----r----'-----r-----I-----T-----r----'-----T-----r- ---,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

:~~:~:~:~:~:~:~:~:~:~:~: 
: _____ ~ _____ ~ _181 __ :_ J!t _1_ J~] __ ~ _151_ ~_ J~t _ ~ _ PL _:_ J?! _ ~ _ J!t _ ~ _101_ ~ 

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 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 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 In: 1) are provided by the serial address packet. As before, Un" 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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Clock 
Cycle 
Number 

.- - - - - --I 

, [4J ' 
, even 
r------~ 

[4J : 
, odd ' I- ______ J 
, , [5J 

, 
I even : 
L------ 1 
, [5J 
, odd , 
r------ 1 

[6J ' 
I even I 
t--- ____ J 

[6J 
, 

, odd ' L ______ ! 

: [7J I 

: even ,------, 
[7] , 

, odd , 
r-------J 

, , 

, 

1------ 1 

[4'nJ ' 
I even I 
r------ J 

[4'nJ ' 
, odd ' I- ______ J 

: [4'n+1J : 
: even : .------, 
, [4'n+1J ' 
: odd : 
r------· 
: [4'n+2J : 
I even I 
1- ______ 1 

: [4'n+2J : 
, odd ' 
~------{ 
: [4'n+3J : 
I even I 
r------ 1 

, [4'n+3J ' 
: odd : 
'" ______ J 

Time 

,uPD488031L 

Figure 5-5. Serial Address Packet Format 

Device Pins 
p-----,-----'-----r-----I-----T-----r-----'-----T-----I-----,-----, 
, Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , Bus- , 
: Enable: Ctrl : Data : Data : Data : Data : Data : Data : Data : Data : Data : 
: _____ ~ _____ ~ _181 __ : __ I?! __ 1_ J~t _~ _151_ ~_ J~t _ ~ _ 13J __ :_ J?! _ ~ _ J!t _ ~ _1°J __ : 

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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5.5.1 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 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 aI/ 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 must be zero in order for framing to work properly (otherwise, one ofthese 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 

SCtrl[O) This bit must be a zero due to framing requirements. Imp 
SCtrl[1) unimplemented Unimp(O) 

SCtrl[2) This bit must be a zero due to framing requirements. Imp 

SCtrl[3) unimplemented Unimp(O) 
SCtrl[4) This bit must be a zero due to framing requirements. Imp 
SCtrl[5) o 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(O) 

If a memory read transaction (RrrrAaa) is terminated by asserting the SCtrl(5) bit to a logical one, the data octbyte 

with which it is associated is nottransmitted 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 HRambus 

DRAM user's manual (Reference Manual)". 
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Clock 
Cycle 
Number 

.- - -[0]- - -: 

I even t 
r------~ 

I [0] : 
I odd I ... ______ J 

[1] I 

J even : L ______ , 

I [1] I 

I odd 
i--~j--: 
I even I t'" ______ J 

[2] 
I 

I odd : 
L.------ 1 
I [3] 
I even I 
.------1 

[3] I 

I odd I _______ J 

Time 

JlPD488031 L 

Figure 5-6. Serial Control Packet Format 

Device Pins 
~-----r----'-----r-----I-----T-----r----,-----r-----r- ---,-----, 
I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I Bus- I 

:~*:~:~:~:~:~:~:~:~:~:~: 
: _____ ~ _____ ~ _[81_ ~_ J?l.. _ ~ _ J~ __ ~ _[51 _ ~_ J~t _ ~ _ !~L _:_ J?! _ ~ _J!t _~ _[OJ __ : 

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 

.-------, 
: [0] : 
I even I 
r------1 

[0] : 
I odd I l ______ .J 

Time 

Figure 5-7. Serial Mode Packet Format 

Device Pins 
~-----r----'-----r----'-----T-----r----'-----T-----I-----,-----, 
,~,~,~,~,~,~,~,~,~,~,~, 

:~~:~:~:~:~:~:~:~:~:~:~: 
: _____ 1 _____ ~ _18] _ ~_ J!L l_J~t _~ _l51_L J~t _ ~ _ PL _:_ J?L 1_ J!t _~ _10] __ : 

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 notthe phase). When this happens, the Bus Enable 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/Rsrvl 
Undef 

00 Increments CountOO[3:0), clears Count11 [7:0). Spec 

01 - Undef 

10 - Undef 

11 Increments Count11 [7:0), clears CountOO[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 (ldCompareState, 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) 

Countll <tModeAR. MIN 

Countll> = IModeAR. MIN 

PowerOn 

AckWindowState (active mode) 
(waH for AckWinDelay to elapse) 

BusCtrl .... = 1 
(Start Bit) 

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 olthe 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 CountOO[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 (Minlnterval Register [3] [2]) = 0 Is necessary. Because, 8M 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 tModeDelay,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 

tModeOffSe! 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 

tRese! 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 

Clock 
Cycles 

Figure 6-2. Basic ActiveMode/StandbyMode Transitions 

IModeSA, MIN I 
tModeSA. MAX 

tMocIeOelay,MAX 

BusEn BusCtrt Bus Data [8 : 0] . 

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 tTR is zero (the responding device is located at the master end of the Channel). 

Serial mode packets with an SMode[l :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[l :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 

tModeOffSet, MIN clock cycles after the start of the first serial mode packet. It remains there for tModeDelay,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 

Clock 
Cycles 

~ 
E 

Figure 6-3. ActlveMode/StandbyMode Transition· Early Transaction 

BusEn BusClrl BusData [8 : 0] 
• I •• 

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 a transaction has completed, 

the device returns to standby mode. The detailed functional description is provided in MRambus DRAM user's manual 

(Reference Manual)". 
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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 tLook,MIN to 

resynchronize, Initiating devices must wait this long after the transition out of reset mode before starting any 

transactions, 

Clock 
Cycles 

L 

Figure 6·4. ResetMode to ActlveMode Transition 

--

tModeSwltchReset. MIN 

tReset, MIN 

tMOdeSA. MIN ~ 

tModeOffSet. MIN 

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 tAckDelay and tAckwinDelay timing constraints. tAckWlnDelay 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 tRoadDelayafter the end of the request packet. The tRoadDalay 

value is in tCYClE units and is programmed into the ReadOelay field of the Delay register of each responding device. 

It is not required to be the same for all devices within a Rambus system, but the difference (tRoadDalay - tAckDelay) 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)". 

Clock 
Cycles 

Figure 7-1. Read Transaction 

BusEn BusCt~ BusData [8 : 0) 

tRaadOelay 
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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 tAckoeJay 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 twriteOelay cycles after the end of the request packet. The twriteOelay 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 tWrlteOOlay 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. 

tPostRegWriteOelay if the current transaction is a register space access 

tPostMemWriteOelay 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)". 

Clock 
Cycles 

BusEn BusCt~ 

Figure 7·2. Write Transaction 

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][1 0:3] field) is transmitted by the initiating device a time tSerialRaadOlfSet 
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. 

tSerialReadOHSet 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 uRambus DRAM user's manual (Reference Manual)". 

Clock 
Cycles 

Figure 7-3. Read Transaction with Serial Address Packet 

BusEn BusCt~ BusOata [B : 0] . 

Data [0-1] [7 : 0] [8 : 0] = ROata [n·l] [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 ts.riaIWriteOflSet 

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. 

ts.rialWriteOffSet 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. 

Clock 
Cycles 

Figure 7-4. Write Transaction with Serial Address Packet 

BusEn BusCt~ BusData [B : 0] 

Request 

Data [0] [7 : 0] [8 : 0] = WData [0] [7 : 0] [8 : 0] 

Data [1] [7 : 0] [8: 0] = WData [1] [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 tSeriaiReadOffSet 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 tAckWinDelay 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)". 

Clock 
Cycles 

Figure 7-5. Read Transaction with Serial Control Packet 

tAckWIndOeiay 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

tSerialReadOffSet 

BusEn BusCtrl BusData [8 : 0] . 

Data [n-3) [7 : 0] [8 : 0] = RDala [n-3) [7: 0] [8 : 0] 

Data [002] [7 : 0] [8 : 0] = RDala [n-2] [7 : 0] [8 : 0] 

Data [n-1] [7 : 0] [8 : 0]- RDala [n-l] [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 tSeriaIWrlteOftSet 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 
Cycles 

tAckDelay 

The serial control 
packet must not lie 

inside the acknowledge 
window. 

BusEn BusCtrt Bus Data [8 : 0] 

Request 

Data [0]17 : 0]18 : 0] = WData [0]17 : 0]18 : 0] 

Data [1]17: 0] [8: 0] = WData [1]17 : 0] [8: 0] 

Next transaction to same device 

Next transaction to different device 

419 



420 

NEe uPD488031 L 

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 B-1. Nack Acknowledge Response 

Clock BusEn BusCt~ BusData [8 : 0] 
Cycles 

~ 

Transaction 
Okay Acknowledge Response 

Read Dala or Write Data Packel 

IROIrySensedClean 

or 
IROIrySensedDirty 

or 
IROIryR ..... 

tReadHit 

or 
I_H. 

IR ....... 

or 
tWrlteMlsa 

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: 

tReadMlss = tRETRY + tReedHn 

twrit.Miss = tRETRY + tw,H.HH 

(Eq 8-1) 

(Eq 8-2) 

where tRETRY = {tRotryS.nSedClean, lRotrySenSedDirty, tReIryRefresh}. The tReedMlss and twriteMlss 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 RowMlss 

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 tRowlmprestore 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 

tRetrySensedDlrty = tRowOverHead + tRowExprestore + tRowPrecharge + tRowSenso 

(Eq 8-3) 

(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/sensedlrestored (using 

the tRowPrecharge, tRowSense, and tRowtmprestore intervals), and the current row is prechargedlsensed so the RDRAM is left 

with its RowSenseAmpCache state unaltered (except the row's dirty flag will be cleared): 

tRetryRefreshClean 

= twrlteHlt + tRefRequestldleOverHead + 5xtLessRowRefreshOverHead + 

5 x (2 x RowPrecharge [0:4) + RowSense [0:4) + RowlmpRestore [0:4) (Eq 8-5) 

tRetryRefreshDlrty 

= twriteHlt + tRefRequestldleOverHead + 5x!LessRowRefreshOverHesd + 

5 x (2 x RowPrecharge [0:4) + RowSense [0:4) + RowlmpRestore [0:4) + tRowExpRestore) (Eq 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 tRetryRefresh 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 t_Again intervals are built from the tRowOverHead, tRowPrecharge, tRowSenso, tRowlmprestore, tRowExprestore, 

tRefReque.tldleOvorHead, tLe.sRowRofreshOVOrHoad, and tHoldOff Intervals. Ali eight intervals are measured in tCYCLE units, and thus 

scale with the clock frequency. 

The tRowOverHead, tRefReque.tldleOverHead. and kes.RowRefreshOverHead 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 50 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 

Fixed Part (overhead) 8M RDRAM 
Delay 

and 
Parameter tCYCLE Units core timing (ns) 

Variable PartNo!e 1 (4 ns) with tCYCLE = 4ns 

tRowOverHead Row overhead 7 28 

- nla 

tRefRoquestldleOverHead Row overhead 14 56 

- nla 

tLessRowRefreshOverHead Row overhead 20 80 

- nla 

tRowPrecharge RowPrecharge overhead 6 28 

RowPrecharge[4:0] 1 

tRowSen.o RowSense overhead 1 32 

RowSense[4:0] 7 

tRowlmprestore RowlmpRestore overhead 5 60 

RowlmpRestore[4:0] 10 

tRowExprestore RowExpRestore overhead 4 32 

RowExpRestore[4:0]Note 2 4 

tHoldOff HoldOff overhead 1 8 

RowPrecharge[4:0] 1 

Notes 1. The variable part is programmed into the indicated field of the Raslnterval 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 

35343332313029282726252423222120191817161514131211109876543 

Adr [35: 2) 
Address in Request Packet L--~"""=-...I--""":;::T""~-.L...-""":'-r=-~-.l..--"':"'-""';'---I 

AddressSelect [0] [7: 1]. [1] [1 : 0] 
=111111111 

AdrS [35: 2) 
Address used by RDRAM Core L-_~""":;_...I-_""":;_~_.L..._""":'_~_.l..-_"':"'-""":"---I 

35343332313029282726252423222120191817161514131211109876543 
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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 V 

VI,TTL,ABS Voltage applied to any TTL pin with respect to GND -0.5 Voo+0.5 V 

VOO,ABS Voltage on Voo with respect to GND -0.5 VOO,MAX+1.0 V 

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 

TJ Junction operating temperature 100 ·C 

9JC Junction-to-Case thermal resistance 5 ·CIW 

Capacitance 

Symbol Parameter MIN. MAX. Unit 

Cvo Low-swing input/output parasitic capacitance 2 pF 

CI,TTL TTL input parasitic capacitance 8 pF 
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Power Consumption 

Mode Parameter MIN. MAX. Unit 

ICCl Standby Current -A50 135 mA 

Icc2 Active Current -A50 380 mA 

Icc3 Read Operation Current -A50 480 mA 

(Burst Length = 256) 

Icc4 Write Operation Current -A50 480 mA 

(Burst Length = 256) 

Caution These do not include the IOL 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 V 

VREF Reference voltage 1.95 2.15 V 

Vswing Input voltage range 1.0 1.4 V 

VIH High level input voltage VREF+0.5 VREF+0.7 V 

VIL Low level input voltage VREF-o.7 VREF-Q.5 V 

VIH, TTL High level TTL input voltage 2.0 Voo+0.5 V 

VIL, TTL Low level TTL input voltage -0.5 +0.8 V 

DC Characteristics (Recommended operating conditions unless otherwise noted) 

Symbol Parameter Conditions MIN. MAX. Unit 

IREF VREF current VREF = Maximum -10 +10 pA 

IOH High level output current O:S; VOUT:S; Voo -10 +10 pA 

IOL Low level output current VOUT= 1.6 V 25 mA 

II, TTL TTL input leakage current o :s; VI, TTL :s; Voo -10 +10 pA 

VOH, TTL High level TTL output voltage IOH, TTL = -0.25 mA 2.4 Voo V 

VOL, TTL Low level TTL output voltage IOL, TTL = 1.0 mA 0 0.4 V 
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Recommended Timing Conditions 

Symbol Parameter MIN. MAX. Unit 

tPAUSE Pause time after Power On 200 f.JS 

tCA, tCF TxClk and RxClk input rise and fall times 0.3 0.7 ns 

tCYCLE TxClk and RxClk cycle times I -A50 4 5 ns 

ITICK Transport time per bit per pin (this timing interval is tCYCLE/2 tCYCLE/2 ns 
synthesized by the RDRAM's internal clock generator) 

tCH, tCL TxClk and RxClk high and low times 47 % 53 % tCYCLE 

ITA TxClk-RxClk differential 0.25 0.7 ns 

tso Sln-to-SOut propagation delay 50 ns 

to TxClk-to-Data/Control output time 1-0.45 1+0.45 tCYCLE/4 

ts Data/Control-to-RxClk setup time 0.45 tCYCLE/4 

tH RxClk-to-Data/Control hold time 0.45 tCYCLE/4 

tREF Refresh interval 17 ms 

tLOCK RDRAM internal clock generator lock time 750 !cYCLE 

Transaction Timing Characteristics 

Symbol Parameter MIN. Unit 

tPostAegWriteOelay Delay from the end of the current transaction to the beginning 6 tCYCLE 
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. 

tpostMemWriteOelay Delay from the end of the current transaction to the beginning 4 tCYCLE 
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 tCYCLE 
the beginning of the next transaction. 

tSerialAeadOffSet Delay from the beginning of a serial address subpacket or 12 tCYCLE 

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 tCYCLE 
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. 

tReadDelay Delay from the end of a read request packet to the 

beginning of the read data packet. 

twriteDelay Delay from the end of a write request packet to the 

beginning of the write data packet. 

Notes 1. tReadDeIaY is programmed to its minimum value. 

2. twriteOelay is programmed to its minimum value. 

Hit, Retry and Miss Delay Characteristics 

Symbol Parameter 

tR.adHit Start of request packet to start of read data packet for row 

hit (Okay). 

twriteHit Start of request packet to start of write data packet for row 

hit (Okay). 

tRetrySensedClean Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is unmodified. 

tRetrySensedDirty Start of request packet for row miss (Nack) to start of 

request packet for row hit (Okay). 

The previous row is modified. 

tRetryRefresh Start of request packet for row miss (Nack) 
to start of request packet for row hit (Okay). 

Clean 

Dirty 

tReadMiss Start of request packet for row miss (Nack) to start of Read 

Data packet for row hit (Okay). 

twriteMiss Start of request packet for row miss (Nack) to start of Write 

Data packet for row hit (Okay). 

Notes 1. Programmable 

7 

1 

MIN. 

10 

4 

22 

30 

213 

221 

32 

26 

2. tRowExprestore, tPrecharge, and tSense are programmed to there minimum value. 

3. Calculated with tRetrySensedClean(MIN). 

uPD488031 L 

Unit Notes 

tCV.CLE 1 

tCYCLE 2 

Unit Notes 

tCYCLE 1 

tCYCLE 1 

tCYCLE 2 

tCYCLE 2 

tCYCLE 2 

tCYCLE 3 

tCYCLE 3 
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Rise/Fall Timing Chart 

VRxClk, VTXClk 

:: :::ls;::::::::::::::::::::::::::::::::::::::::::::::( 

Clock Timing Chart 

VTClk VREF-

VRCIk VREF-

Receive Data Timing Chart 

VRelk VREF-

VoatBOut 

or VREF-

VControlOut 
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Transmit Data Timing Chart 

VTCfx 

VDaIaOut 
or 

VConIroIOut 

Serial Configuration Pin Timing Chart 

Vs.. VSN. TTL -

VSOId VSN. TTL -

uPD488031L 

Iso. TTl 
Iso MIN. 

VSln VSW'TTl~_t Om;i { .. 1,--
VSOId VSN. TTl - \, t 

Remark Vsw, TTL = 1.5 V 
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11. Package Drawing 

SSOPTVPE 

~ ____________ ~R ______________ ~+-S 

t+------+-------1-

I. A 

NOTE 

Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

.1 

,uPD488031 L 

detail of lead end 

D.. 

H 

~ lJo ; n- J 

t=~----------L--------~ JL-L 

ITEM MILLIMETERS INCHES 
A 25.30 MAX. 0.996 MAX. 
B 2.575 MAX. 0.102 MAX. 
C 0.65.(T.P.) 0.026 (T.P.) 

0 0.24±0.06 0.009~:gg~ 

EO 0.25:t0.05 0.01 o~g:gg~ 
F 1.6 MAX. 0.063 MAX. 
G 1.25 0.049 
H 13.0±0.2 0.512:t0.008 

11.0tO.l 0.433tO.004 

1.0tO.2 0.039~g:g8R 

K 0.17~8:8~~ 0.007tO.00l 

L 0.5tO.l 0.020~8:88~ 
M 0.13 0.005 
N 0.10 0.004 

P 3°~~: 3°~: 
Q 0.65 (T.P.) 0.026 (T.P.) 
R 22.75 0.896 
S 1.275 MAX. 0.051 MAX. 

P32Ga.S5A 
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[MEMO] 
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Line Buffer 

433 



434 



DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

IlPD485506 
LINE BUFFER 

SK-WORD BY 16-BIT/10K-WORD BY a-BIT 

Description 
The pPD485506 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 pPD485506 can be used for one line delay and time axis conversion in high speed facsimile machines and 

digital copiers. 

Moreover, the pPD485506 can execute read and write operations independently on an asynchronous basis. Thus 

the pPD485506 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 Vee = 5 V ± 10 % 

All input/output TTL compatible 

3-state output 

Ordering Information 

Part Number RIW Cycle Time Package 

IlPD485506G5-25 25 ns 44-pin plastic TSOP (II) (400 mil) 

IlPD485506G5-35 35 ns 

The information in this document is subject to change without notice. 

Document No. Ml0060EJ4VODSUI 
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Pin Configuration (Marking side) 

44-pln plastic TSOP (II) (400 mil) 

Douro 1 44 0, ... 

DouT1 2 43 0'N1 

DouT2 3 42 0,,12 

Dour. 4 41 D,N. 

Dour. 5 40 0'N4 

Dours 6 39 D,NS 

Dour. 7 38 DiNe 

DoUT1 8 37 0'N7 

OE 9 36 WE 
RE 10 1b 35 MO 

GNO 11 i 34 GNO 

RSTR 12 33 RSTW 
RCK 13 IS 

CIt 
32 WCK 

Vee 14 31 Vee 

00ur8 15 30 DIN! 

OOUTS 16 29 DIN! 

00ur1. 17 28 01N1. 

OOur11 18 27 O'N11 

Dour1. 19 26 0,N1. 

DouT1. 20 25 01N1. 

Dour1. 21 24 01N1. 

Dour1. 22 23 01N1. 

DINO to DIN15 Data Inputs 

DoUTo to DouT15 : 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 

Vee +5 V Power Supply 

GND Ground 
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Block Diagram 

011«1 

DIN1 

DIN2 

DiNa 

DIN. 

DINS 

DINS 

DIN7 

DINO 

DINO 

DIN'. 

DIN11 

DIN12 

DIN13 

DIN14 

DIN1S 

RSTW WCK 

----Vee 

----GND 

r--:~~--~~--~-----RSTR 
----~~-=~::::~~--JL1-~::~::~==--~~---RCK 

WE---~ t-----RE 

Douro 

DOlIn 

i 
DoUT2 

~ 

~ e 40,384 bits 00UT3 
C 
0 m (5,048 by 8) 0 
() 

~ 
() 

DOlIn :; Memory Cell Array i Q. .E 
.E 0 DOIJT5 

001JT6 

001JT7 

001JT6 

DoIJT6 

~ 
DoIJT,. 

~ 40,384 bits e 
001JT11 

m (5,048 by 8) g 
:; Memory Cell Array 

() 
001JT" Q. i .E 

0 001JT13 

DOIJT" 

DOIJT's 

MD 
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1. Pin Function 

Pin 

Pin Pin 1/0 Function 

Number 
Symbol 

Name 

23 - 30 D,NO Data In Write data input pins. 

I Input The data inputs are strobed by the rising edge of WCK at the end of a cycle 

37 -44 DIN15 and the setup and hold times (tos, tOH) are defined at this point. 

1 - 8 Douro Data Out Read data output pins. 

I Output The access time is regulated from the rising edge of RCK at the beginning of a 

15 - 22 Dour1. cycle and defined by tAco 

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 (tAS, tAH) 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 (tAS, tAH) 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 Oil,. - D,N1., Douro - Doum is enabled. 

When MD is in "H"level, 10,096 words by 8 bits configuration with D,NO - DIN7, 

DoUTO - DoUT7 is enabled. 
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2. Operation Mode 
JLPD485506 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) 

JLPD485506 has a capability of selecting from two operation modes by judging the MD level when FiSiW or RSfR 
is enabled in the reset cycle. 

MD Level Bit Configuration Data Inputs/Outputs Control Signal 

"L" 5,048 words by 16 bits D,NO - D,N'. WCK, WE, RSTW 

DoUTo - Doun. RCK,RE,RSTR 

"H" 1 0,096 words by 8 bits D,NO - DIN7 WCK, WE, RSTW 

DoUTo - DoUT7 RCK,RE, RSTR 

Caution Don't change the MD level during a reset cycle. 

5,048 Words by 16 Bits FIFO 

WCK WE RSTW 

5,048 Words 
D,NO - D,N'. by DOUTO - DOUT'. 

16 B~s 

RCK RE RSTR OE 

10,096 Words by 8 Bits FIFO 

WCK 

D,NO - DIN7 10,096 Words by 8 Bits DoUTO - DoUT7 

Remark Fix D,NS - DIN15 to "L" or "H" level in the 1 0,096 words by 8 bits mode. 
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(2) 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 controlling WE or RSTW, delay bits are as follows. 

Part Number Cycle Time Delay 8its 

J.lPD485506-25 25 ns 21 to 5,048 bitsl21 to 10,096 bits 

J.lPD485506-35 35 ns 15 to 5,048 bitsl15 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. 

(3) 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 lAc. 

When creating a variable length delay line by controlling RE or RSTR, delay bits are as follows. 

Part Number Cycle Time Delay Bits 

J.lPD485506-25 25 ns 21 to 5,048 bitsl21 to 10,096 bits 

J.lPD485506-35 35 ns 15 to 5,048 bitsl15 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. 

(4) Write Reset Cycle/Read Reset Cycle 

After power up, the ttPD485506 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. 
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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 VT -o.5Note to Vee + 0.5 V 

Supply voltage Vee -0.5 to +7.0 V 

Output current 10 20 mA 

Power dissipation Po 1 W 

Operating ambient temperature T. o to +70 ·C 

Storage temperature T"" -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 MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 0.5 V 

Low level input voltage V,L -0.3Note +0.8 V 

Operating ambient temperature T. 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 Icc 140 mA 

Input leakage current " V, - 0 to Vee. Other Input 0 V -10 +10 pA 

Output leakage current 10 Vo = 0 to Vee. -10 +10 pA 

DOUT: High Impedance 

High level output voltage VOH 10H = -1 mA 2.4 V 

Low level output voltage VOL IOL=2mA 0.4 V 

Capacitance (TA = +25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C, 10 pF 

Output capacitance Co 10 pF 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes I, 2, 3 

Parameter Symbol 
pPD485506-25 pPD485506-35 

Unit Notes 
MIN. MAX. MIN. MAX. 

Write clock cycle time twCK 25 35 ns 

Wrile clock pulse width twcw 11 12 ns 

Write clock precharge lime twcP 11 12 ns 

Read clock cycle time IRCK 25 35 ns 

Read clock pulse width IRCW 11 12 ns 

Read clock precharge lime IRCP 11 12 ns 

Access lime lAc 18 25 ns 

Output hold lime tOH 5 5 ns 

OutpUI low-impedance lime ILZ 5 18 5 25 ns 4 

Output high-impedance time !Hz 5 18 5 25 ns 4 

Inpul dala setup lime IDS 7 10 ns 

Input dala hold time toH 3 3 ns 

MD Set setup time tMS 20 20 ns 

MD Sel hold time IMH 10 10 ns 

MD Seltime IMD 0 0 ns 5 

Output low-impedance lime (Mode change) ILZM 5 18 5 25 ns 4 

OulpUI high~mpedance time (Mode change) IHZM 5 18 5 25 ns 4 

RSTW/RSTR Setup lime IRS 7 10 ns 6 

RSTW/RSTR Hold time IRH 3 3 ns 6 

RSTW/RSTR Deselected time (1) IRN1 3 3 ns 7 

RSTW/RSTR Deselected time (2) tRN2 7 10 ns 7 

WE Selup lime twE. 7 10 ns 8 

WE Hold lime twEH 3 3 ns 8 

WE Deselected lime (1) twEN1 3 3 ns 9 

WE Deselected lime (2) twEN2 7 10 ns 9 

RE Selup lime IRES 7 10 ns 10 

RE Hold lime tREH 3 3 ns 10 

RE Deselecled time (1) tRENl 3 3 ns 11 

RE Deselecled time (2) IREN2 7 10 ns 11 

OE Selup lime toES 7 10 ns 10 

OE Hold lime IOEH 3 3 ns 10 

OE Deselected time (1) tOEN1 3 3 ns 11 

OE Deselected time (2) IOEN2 7 10 ns 11 

WE Disable lime twEW 0 0 ms 

RE Disable lime tREW 0 0 ms 

OE Disable lime loEW 0 0 ms 

WrHe resel time IRSlW 0 0 ms 

Read resel time IRSTR 0 0 ms 

Transition lime IT 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 ----...f/i \-l: , . 
tr=5ns tr=5ns 

Output Timing Specification 

Output Loads for Timing 

---.--Vcc --,--Vcc 

1.81<0 1.8kO 

Dour Dour 

1.1 kO 1.1 k.Q 

(IAC,IOH) (IIZ,IHZ) 

3. Input timing reference levels = 1.5 V. 

4. tLZ, tHZ, tLZM and tHZM are measured at ±200 mV from the steady state voltage. Under any conditions, 

tLZ ;:: tHZ and tLZM ;:: tHZM. 

5. Mode set signal (MO) must be input synchronously with write reset signal (tRSTW period) or read reset signal 

(tRSTR period). Under this condition, tRSTW = tMo (tRSTR = tMO). 

6. If either tRS or tRH is less than the specified value, reset operations are not guaranteed. 

7. If either tRN1 or tRN2 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 twEH is less than the specified value, write disable operations are not guaranteed. 

9. If either tWEN1 or tWEN2 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 tREH, tOES or tOEH is less than the specified value, read disable operations are not guaranteed. 

11. If either tREN1 or tREN2, tOEN1 or tOEN2 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 1 Cycle n+ 1 1 Cycle n+2 1 Disable Cycle 1 Cyclen+3 1 

!weK 

WCK(lnput) 

WE (Input) 

DIN (Input) 

Remark RSTW = "H" level 

Read Cycle (RE Control) 

Cycle n 1 Cycle n+ 1 1 1 Cycle n+21 Disable Cycle 1 Cyclen+31 

RCK (Input) 

RE (Input) 

DOUT (Output) ___ ...J'~ 

Remark OE = "L" level. RSTR = "H" level 

Read Cycle (OE Control) 

Cycle n 1 Cycle n+ 1 1 Cycle n+2 1 Disable Cycle 1 1 Cyclem 

tRCK 

IRcp 

RCK (Input) 

OE (Input) 

tLZ 

Dour (Output) .!:ti9~:L ..... ·····~t·~!~~:;;:········ 

Remark RE = "L" level. RSTR = "H" level 
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Write Reset Cycle (WE Controlled 1) (Versions E. K and P) 

ReselC cle C cleO 

WCK (Input) 

tRN1 IRs IRN2 

RSTW (Input) 

WE (InpuI) _";:.L"...;L;;;:e..;,;ve:;.I ______ -4 ______ 'I----1--------4--------+_ 

DIN (Inpul) 

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. 

Write Reset Cycle (WE Controlled 2) (Versions E. K. P and X) 

Disable C cle 

WCK (Inpul) 

IRN! IRS IRH IRN2 

RSTW (Inpul) 

twEN1 twES twEH 1wEN2 

WE (InpuI) twEW 

DIN (Inpul) 

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. 
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Write Reset Cycle (WE Controlled 3) (Version X) 

ResetC cle C cleO 

WCK (Input) 

IRN1 IRs tRH tRN2 

RSTW (Input) 

WE (Input) "l" level 
~~~-----------+--------~I----------------~-------------

DIN (Input) (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. 
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Read Reset Cycle (RE Controlled 1) 

RCK (Input) 

RSTR (Input) 

RE (Input) "L" Level 

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 

Read Reset Cycle (RE Controlled 2) 

RCK (Input) 

RSTR (Input) 

IRENt IRes IREH IREN2 

RE (Input) IREW 

Dour (Output) Indefinite Data 

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 

/lPD485506-25 25 ns 21 10 5,048 bitsl21 10 10,096 bils 

/lPD485506-35 35 ns 15 10 5,048 bilsl15 10 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) Shift the input timing of write reset (RSTW) and read reset signals (RSTR) according tothe 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 pPD485506 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 Resel 

WCK RCK 

Dala Input --~~-------t DIN DooTr---------r-~~-- Data Output 

8116 8116 
WE 

RSTW 
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Figure 2 1 H Delay Line Timing 

1--,---_____ 1 H 2 H 
twCK (5.046 CycleS)-------+----- (5.046 Cycles) 
tRCK 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

(Input) LJ/....lt..:ILlout.~ 

Remark RE, WE, OE = "l" level 

Figure 3 n-Blt Delay Line Timing (1) 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

1 H 
i--:tw- C-K---- (n Cycles) 

tRCK 

(Input) DI.~\Qj~YI\"':"':'JI 

Remark RE, WE, OE = "l" level 

2H 
-------l------(n Cycles) 
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WCKJRCK 
(Input) 

RSTW 
(Input) 

RSTR 
(Input) 

DIN 

(Input) 

tWCK 
tReK 

Remark RE, WE, OE = "L" level 

WCKJRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

RE 
(Input) 

DIN 

(Input) 

tWCK 
IReK 

Remark WE, OE = "L" level 

pPD485506 

Figure 4 n-Blt Delay Line Timing (2) 

Figure 5 n-Bit Delay Line Timing (3) 
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MD 
(Input) 

RSTW 
(Input) 

WCK 
(Input) 

DINo- DIN7 

(Input) 

DIN8- 0111115 

(Input) 

Remark WE = "L" level 

MD 
(Input) 

RSTW 
(Input) 

WCK 
(Input) 

DiNa - DIN7 

(Input) 

Remark WE = "L" level 

j1PD485506 

Figure 6 Mode Set Cycle (Write) (1) 

Reset C cle 

tMS IMD tMH 

tRN1 tAS tRSTW tAH 

Figure 7 Mode Set Cycle (Write) (2) 

IMs 

tRNI tRS 
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Figure 8 Mode Set Cycle (Read) (1) 

l-----+--{]R~e~sel1t:Qilc;]!leu_-+_--j C Ie a r---i-----( 

MD 
(Input) 

RSTR 
(Input) 

RCK 
(Input) 

tRS 

DoUTO - DoUT7 --:-'""-::--xI\}'OI~r-:"":--i 
(Output) _...,-_...J1 

IMD IMH 

tRSTR 

pPD485506 

Dour. - DooT15 
(Output) ___ -" 

High-Z 
-- --i( ----- ---------- ------- ------ ------------ ------------------. 

Remark RE, OE = "L" level 

MD 
(Input) 

RSTR 
(Input) 

RCK 
(Input) 

IRs 

Figure 9 Mode Set Cycle (Read) (2) 

ResetC Ie 

IMD IMH 

tRSTR 

DDUT8- DouT15 ___________________ tJ!Q~:<; _________ _ 
(Output) 

Remark RE, OE = "L" level. 
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5. Package Drawing 

44 PIN PLASTIC TSOP(ll) (400 mil) 

44 

-++--------+---------t-

A 22.1 

NOTE 

Each lead centerline is located within 0.13 mm (0.005 inch) of 
its true position (T.P.) at maximum material condition. 

,uPD485506 

detail of lead end 

Q4, 
W Q. 

ITEM MILLIMETERS INCHES 

A 18.63 MAX. 0.734 MAX. 
B 0.93 MAX. 0.037 MAX. 
C 0.8 (T.P.) 0.031 (T.P.) 

0 0.32~:89 0.013±0.003 

E o.ao.os 0.004±0.002 
F 1.2 MAX. 0.048 MAX. 
G 0.97 0.038 
H 11.76±0.2 0.463±0.008 

10.16±0.1 0.400±0.004 

J 0.8±0.2 0.031:8:883 

K 0.14S~:8~~ 0.006±0.001 

L O.S±O.l 0.020:8:88~ 
M 0.13 O.OOS 
N 0.10 0.004 

P 30 +70 
_3· 30 +70 

-3. 

S44GIHIO-7JF5 
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6. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the I'PD485506. 

Type of Surface Mount Device 

I'PD485506G5: 44-pln 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. 

NEe JAPAN 

0485506 

XXXXDXXXX 

Lot number 
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DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

JlPD485505 

Description 

LINE BUFFER 
5K-WORD BY 8-BIT 

The IlPD485505 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 IlPD485505 can be used for one line delay and time axis conversion in high speed facsimile machines and 

digital copiers. 

Moreover, the IlPD485505 can execute read and write operations independently on an asynchronous basis. Thus 

the I1PD485505 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 Vec = 5 V ± 10 % 

All input/output TTL compatible 

3-state output 

Ordering Information 

Part Number R/W Cycle Time Package 

pPD485505G-25 25 ns 24-pin plastic SOP (450 mil) 

pPD485505G-35 35 ns 

The Information in this document Is sUbJect to change without notice. 

Document No. Ml0059EJ4VODSUl 

455 



NEe ,uPD485505 

Pin Configuration (Marking side) 

24-pin plastic SOP (450 mil) 

Dour. 

0 
24 Oil ... 

Dourl 2 23 D1NI 

Dour. 3 22 0, ... 

Dours 4 21 D,NS 

RE 5 20 WE 
"% 

RSTR 6 C 19 RSTW ~ 

GND 7 
m 

18 Vee 5: 
G) 

RCK 8 17 WCK 

Dour, 9 16 DIN4 

Dour5 10 15 D,NS 

DOlIT6 11 14 Oil ... 

DOl/T7 12 13 DIN7 

DINO - DIN7 Data Inputs 

DouTo - DouT7 : Data Outputs 

WCK Write Clock Input 

RCK Read Clock Input 

WE Write Enable Input 

RE Read Enable Input 

RSTW Reset Write Input 

RS'i'FI Reset Read Input 

Vee +5 V Power Supply 

GND Ground 
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Block Diagram 

---Vee 

--GNO 

WCK Wr~e Address Pointer ~-------RSTW 

~--~--------------~--~ 
RE 

O'NO Dour. 

O'NI OOurl 

0'N2 OOUT2 
40.384b~ 

0'N3 (5.048 by 8) 00UT3 

0'N4 Memory Cell Array Dour. 

DINS Dour. 

0'N6 Dour6 

0'N7 DOUTT 

RSTR ------------1 Read Address Pointer 1------<>----- RCK 
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1. Pin Function 

Pin 

Pin Pin 1/0 Function 

Number 
Symbol 

Name 

13 - 16 D,NO Data In Write data input pins. 

I Input The data inputs are strobed by the rising edge of WCK at the end of a cycle 

21 - 24 DIN7 and the setup and hold times (tos, tOH) 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 DOUT7 cycle and defined by tACo 

19 RSTW Reset In Reset input pin for the in~ialization 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, tRH) 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, tRH) 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. 

458 



NEe yPD485505 

2. Operation Mode 
JlPD485505 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) Write Cycle 

When the WE input is enabled (UL" 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 

JlPD485505-25 25 ns 21 to 5,048 bits 

JlPD485505-35 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. 

(2) Read Cycle 

When the RE input is enabled (UL" level), a read cycle is executed in synchronization with the RCK clock input 

and data is output at tACo 

When creating a variable length delay line by controlling RE or RSTR, delay bits are as follows. 

Part Number Cycle Time Delay Bits 

JlPD485505-25 25 ns 21 to 5,048 bits 

JlPD485505-35 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. 

(3) Write Reset Cycle/Read Reset Cycle 

After power up, the JlPD485505 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 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 VT _0.5Not• to Vee + 0.5 V 

Supply voltage Vee -D.5 to +7.0 V 

Output current 10 20 mA 

Operating ambient temperature T. o to +70 ·c 
Storage temperature T.1g -55 to +125 'C 

Note -3.0 V MIN. (Pulse width = IOns) 

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 voitage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 0.5 V 

Low level input voltage V,L -D.3Note +0.8 V 

Operating ambient temperature T. 0 70 'C 

Note -3.0 V MIN. (Pulse width = IOns) 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Operating current lee 80 mA 

Input leakage current Ii V, = 0 to Vee. Other Input 0 V -10 +10 pA 

Output leakage current 10 Vo = 0 to Vee. -10 +10 pA 

Dour: High Impedance 

High level output voHage VOH 10H = -1 rnA 2.4 V 

Low level output voltage VOL IOL=2mA 0.4 V 

Capacitance (TA = +25 ·c, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C, 10 pF 

Output capacitance Co 10 pF 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)Notes 1,2,3 

Parameter Symbol 
liP D485505-25 IIPD485505-35 

Unit Notes 
MIN. MAX. MIN. MAX. 

Write clock cycle time twCK 25 35 ns 

Write clock pulse width twcw 11 12 ns 

Write clock precharge time twcp 11 12 ns 

Read clock cycle time tRCK 25 35 ns 

Read clock pulse width tRCW 11 12 ns 

Read clock precharge time tRCP 11 12 ns 

Access time tAC 18 25 ns 

Output hold time too 5 5 ns 

Output low-impedance time tLZ 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 

RSTW/RSTR Setup time tRS 7 10 ns 5 

RSTW/RSTR Hold time tRH 3 3 ns 5 

RSTW/RSTR Deselected time (1) tRN1 3 3 ns 6 

RSTW/RSTR Deselected time (2) tRN' 7 10 ns 6 

WE Setup time !wES 7 10 ns 7 

WE Hold time twEH 3 3 ns 7 

WE Deselected time (1) twEN! 3 3 ns 8 

WE Deselected time (2) twE", 7 10 ns 8 

RE Setup time tRES 7 10 ns 9 

RE Hold time tREH 3 3 ns 9 

RE Deselected time (1) tREN1 3 3 ns 10 

RE Deselected time (2) tREN2 7 10 ns 10 

WE Disable time twEW 0 0 ms 

RE Disable time tREW 0 0 ms 

Write reset time tRSTW 0 0 ms 

Read reset time tRSTR 0 0 ms 

Transition time IT 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 

3.0 V I -----I, ' 
.. , '. OV 

tr-5ns 

Output Timing Specification 

\'----, ' .., iii 
, ' 
tr=5ns 

~~.~-~ ..... ~~~~;----\ .... ~~~~~ ..... 
0.8V~ 

Output Loads for Timing 

Vee Vee 

1.81<.0 1.81<.0 

DoUT DOUT 

1.11<.0 

r~ 
1.1 kO 

(lAc, 1oH) (1Lz,1Hz) 

3. Input timing reference levels = 1.5 V. 

pPD485505 

r~ 

4. tLZ and tHZ are measured at ±200 mV from the steady state voltage. Under any conditions, tLZ ~ 1Hz. 

5. If either tRS or tRH is less than the specified value, reset operations are not guaranteed. 

6. If either tRNI or tRN2 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 tWEH is less than the specified value, write disable operations are not guaranteed. 

8. If either twENI or tWEN2 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 tRENI or tREN2 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 

Cycle n I Cycle n+ 1 I Cycle n+2 I Disable Cycle I Cycle n+3 I 
\weK 

\wep 

WCK (Input) 

WE (Input) 

DIN (Input) 

Remark RSTW = "H" level 

Read Cycle 

Cycle n I Cycle n+ 1 I Cycle n+2 I Disable Cycle I Cycle n+3 I 
lReK 

RCK (Input) 

RE (Input) 

tLZ 

Dour (Output) __ ljlQ~:t; ____ _ High-Z -----~r ---------------

Remark RSTR = "H" level 
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Write Reset Cycle (WE Controlled 1) (Versions E, K) 

ResetC cle C cleO 

WCK (Input) 

IRs tRH tRN2 

RSTW (Input) 

WE (Input) "L" Level 
-----------------+--------~)--~------------~----------__r 

DIN (Input) 

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. 

Write Reset Cycle (WE Controlled 2) (Versions E, K, and P) 

Disable C cle 

WCK (Input) 

RSTW (Input) 

WE (Input) 

DIN (Input) 

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. 
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Write Reset Cycle (WE Controlled 3) (Version P) 

ResetC cle C cleO 

WCK (Input) 

tRH tRN2 

RSTW (Input) 

WE (Input) "L" Level 
-----------------+--------~f----------------r_-------------

DIN (Input) 

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. 
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Read Reset Cycle (RE Controlled 1) 

RCK (Input) 

RSTR (Input) 

RE (Input) 

Dour (Output) 

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) 

RCK (Input) 

RSTR (Input) 

tREH IREN2 

RE (Input) 

Dour (Output) 
High-Z ··il·························· 

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 

1 H Delay Line 

IlPD485505 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 

pPD485505-25 25 ns 21 to 5,048 bits 

/lPD485505-35 35 ns 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) Shift the 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 

WCK RCK 

Data Input -"""7'5ry.<---------1 DIN Dour 1-----t-"""7'5ry.<-- Data Output 

8 8 
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twCK 
tRCK 

Figure 2 1 H Delay Line Timing 

1 H 
(5,048 Cycles) 

2H 
(5,048 Cycles) 

JLPD485505 

I Cycle 0 I I Cycle 1 I [CYCi8"2J I Cycle 5,0471 ICyC'n'048IIC}'Cie5.049llcYCle5,Q501 
0' L-11'LJ. (21 . '---"'-'------' 

WCK/RCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

(Input) L.lot...x...;IL..X...x..lf I L_" "-.>I 

Remark RE, WE = "L" level 

lweK 
tRCK 

Figure 3 n-Bit Delay Line Timing (1) 

1 H 2H 
(n Cycles) (n Cycles) 

I Cycle 0 I I Cycle 1 I I Cycle 2 I I Cycle "-1 I I c~cli n I 
0' '--llL----' I '---"'L-----' '---"'-'-----' 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

DIN 

(Input) L.lot...x...;IL..X...x..lfl L_" "-.>I 

Remark RE, WE = "L" level 
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WCKlRCK 
(Input) 

RSTW 
(Input) 

RSTR 
(Input) 

DIN 

(Input) 

IwCK 
tRCK 

Remark RE, WE = "L" level 

tWCK 
tRCK 

/lPD485505 

Figure 4 n-Bit Delay Line Timing (2) 

ICycle n-ll ~ ~ ICycle n+21 ICycle n+31 

Figure 5 n-Bit Delay Line Timing (3) 

I Cycle 0 I I Cycle 1 I I Cycle 2 I 

WCKlRCK 
(Input) 

RSTWI 
RSTR 
(Input) 

RE 
(Input) 

DIN 

(Input) 

Remark WE = "L" level 
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5. Package Drawing 

24 PIN PLASTIC SOP (450 mil) 

o 

I. 

NOTE 
Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) at 
maximum material condition. 

ITEM 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

,uPD485505 

detail of lead end 

H 

P24GM-50-450A-2 

MILLIMETERS INCHES 

16.51 MAX. 0.650 MAX. 

1.27 MAX. 0.050 MAX. 

1.27 (T.P.) 0.050 (T.P.) 

0.40±0.10 '0.016~:gg~ 

0.1~:~ 0.004~g:gg~ 

2.5 MAX. 0.099 MAX. 

2.00 0.079 

12.2±0.3 0.480~g:m 

8.4 0.331 

1.9 0.075 

0.15~:Ag 0.006~g:gg~ 

0.9±0.2 0.035~:ggg 

0.12 0.005 

0.10 0.004 
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6. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the JLPD485505. 

Type of Surface Mount Device 

JLPD485505G: 24-pin plastic SOP (450 mil) 

7. Example of Stamping 

Letter E in the fifth character position in a lot number signifies version E, letter K, version K, and letter P, 

version P. 

NEe JAPAN 

0485505 

XXXXDXXXX 

Lot number 
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[MEMO] 
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Field RAM 
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DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

JIPD487000 
4.75 M-BIT FIELD RAM 

270-ROW x 288-COLUMN x 8-BLOCK x 8-BIT 

Description 
The JlPD487000GC is a random block access, serial read and write Field RAM. The 270-row and 288-column non 

multiplexed address inputs selects an 8-byte block. The random access time to the 8-byte block is 200 ns. This device 

has two (read and write) 8 by 8 serial shift registers that operate at a clock rate of 30 ns and can be used for 

asynchronous reading and writing to the 8-byte registers. The serial access time is 35 ns. Its dedicated serial shift 

registers (read and write) operate independently of the memory cell array. Serial write and read operations can be 

performed after and synchronous with read and write transfer operations. 

The JlPD487000GC has a large 4.75 M bits capacity but has low power consumption. This Field RAM can be easily 

configured as 4.75 M bits image memory; featuring high data transfer rates. 

Features 
Built-in 8-pixel serial/parallel conversion circuit 

Memory organization: 4.75 M bits (270 x 288 x 8-block x 8-bit) 

Serial access time: 35/45 ns (MAX. ) 

Serial cycle time: 30/40 ns (MIN. ) 

Address cycle time: 200 ns (MIN. ) 

Power consumption: 342/303 mW (MAX. ) 

Supply voltage (Vcc): 3.3 ±0.3 V 

Built-in memory refresh circuit 

Low-level data output control pin 

Data input/output switching pin 

Package: 100-pin QFP (with 0.5 mm pitch) 

Ordering Information 

Part Number 

JlPD487000GC-30 

JlPD487000GC-40 

Serial Cycle Time 

30 ns 

40 ns 

Package 

100-pin plastic QFP (Fine pitch) (14 x 14) 

100-pin plastic QFP (Fine pitch) (14 x 14) 

The information In this document is subject to change without notice. 

Document No. Ml0345EJ1VODSUl 

475 



NEe yPD487000 

Pin Configuration (Marking side) 

100-pin plastic QFP (Fine pitch) (14 x 14) 

NC 

0 
NC 

NC NC 
A16 RST 
A17 NC 

0,oA5 0,oA1 
NC NC 

0'0A6 0,oA2 
0,oA7 0,oA3 

NC NC 
0,oA8 0'0A4 

Vee GNO 
Vee GNO 
NC ,uPD487000GC NC 

GNO Vee 
GNO Vee 
0,085 0,081 

NC NC 
0,086 0,0s2 
0,087 0,083 

NC NC 
0,088 0,0B4 

AO OIOS 
A1 GNO 
NC NC 
NC NC 

AO to A17 Address input DIOS Data input/output switching input 

CE Chip enable input DIOA1 to DIOA8: Data input/output 

OE Output enable input 01081 to 01088: Data input/output 

WS Write strobe input RFSH Refresh input 

WE Write enable input DOCTl low level data output control input 

RS Read strobe input RST Reset input 

CS Chip select input Vcc Supply voltage (3.0 to 3.6 V) 

SIC Serial-in clock input GND Power supply ground 

SOC Serial-out clock input NC No Connection 
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Block Diagram 

Vee GNO CE 

HPD487000 

/~~0s8 

~>-<'To--+-~o----J.--+---<-o 010~1 
1---+-----00,0.8 

8th Block (77,760 bits) 

7th Block (77,760 bHs) 

6th Block (77,760 bHs) 

5th Block (77,760 bits) 

4th Block (77,760 bits) 

3rd Block (77,760 bits) 

2nd Block (77,760 bits) 

CS WSWE RS A17··············A9 

1st Block 

Memory cell array 
77,760 bHs 
(270 x 288) 

A8········AO 
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1. Pin Functions 

Pin name Input/output Function 

AOto A17 Input These are inputs for one of 77,760 addresses. All address input bits are latched at the 

falling edge of CEo The row address (decimal from 0 to 269) is selected by AO to A8, 

and the column address (decimal from 0 to 287) is selected by A9 to A17. 

CE Input After the non-multiplexed row and column addresses are latched, a word line is 

selected and the sense amplifier is activated. if CS is active (high level) when CE goes 

active, one 8-byte block (64-bit) is selected. 

OE Input OE pin controls the output data buffer. (Note that there are two sets of eight 1I0's 

which can be selected as inputs or outputs). When OE pin is high level, O'OA (1 - 8) 

pins or 0,08 (1 - 8) pins become high impedance. When OE is low level, the 1/0 set 

selected as the output port will become active and drive output data. OE has no affect 

on the shift-out register 1/0 buffer which is controlled by SOC. 

WS Input When WS pin transitions low after CE = low level, the 8-byte block (64-bit) is transferred 

from the shift-in register to the 1/0 controller (lOC). 

WE Input When CE and WE both go low level for the write transfer function, the write data at the 

10C is written to a selected 8-byte blocks (64-bit) in the memory cell array. 

RS Input When CE and RS pins go low level for a read transfer operation, the 8-byte block (64-

bit) is transferred from a selected memory cell to the 10C, then to the shift-out register. 

CS Input To begin read and write operations, it is necessary to bring CS to the active (high level) 

state. The state of CS pin is sampled simultaneously with the address when the CE 

goes low level (active). 

SIC Input The rising edge of SIC latches the 8-bit input data into the shift-in register. 

SOC Input The rising edge of SOC begins the read access to the shift-out register, one-word is 

shifted out serially. Valid data is maintained until the next rising edge of SOC. 

OIOS Input The OIOS pin controls switching of serial 1/0 from read to write and write to read. 

O'OA 1 to 0,oA8 Input/output If DlOS pin is high level, O'OA (1 - 8) pins function as data input pins. When OIOS pin is 
low level, they function as data output pins. 

0,081 to O'Oa8 Input/output If OIOS pin is high level, 0,08 (1 - 8) pins function as data output pins. When OIOS pin 

is low level, they function as data input pins. 

RFSH Input RFSH pin controls the refresh operation of dynamic memory cells. The refresh cycle 

must be performed 270 times within 4 ms. 

OOCTL Input When this signal is held at the high level then all output data is changed to "O"s or low 

level. 

RST Input This is the reset pin and must be toggled low after power up to perform an internal 

reset. 

Vec - Supply voltage (3.0 to 3.6 V) 

GNO - Power supply ground 

NC - Leave these pins unconnected. 
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2. Controlling the Output Pins 

The ,uPD487000 has two output control pins, DE and DOeTL. The table below summarizes the possible 

combinations of the states of these pins and the corresponding output pin states. 

OE DOCTL Output pins (D,oA, D,oe) 

H H High impedance 

L 

L H All output 1/0 pins go to low level. 

L D'OA (1 • 8) or D,oe (1 • 8) are output state. 

Remark H: High level 

L: Low level 
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3. Serial Read or Serial Write Cycle 

The serial read or write function is enabled by bringing the CS high level and CE low level. A selected address 

is latched at the falling edge of CEo Data transfer of read orwrite data in 8 byte blocks occurs between the I/O controller 

and the memory cell array. 

Caution At least one SOC cycle is required between data transfers initiated by the falling edge of RS. This 

is required because RS is sampled by SOC. 

3.1 Serial Read Cycle 

In the serial read cycle, data is read in 8 byte blocks in parallel from a selected location in the memory cell array 

and sent to the I/O controller, then to the shift-out register. At the rising edge of the serial-out clock (SOC), the read 

data is output from OIOA (1 - 8) pins or from OIOB (1 - 8) pins serially. 

<1> The read address is latched at the falling edge of CEo 

<2> Cell data at a selected address is processed in 8 byte blocks. It is sent from the I/O controller to the shift-out 

register at the falling edge of RS. 

<3> If OE is low level, 8-byte data in the shift-out register is read serially from the data input/output pins (OIOA 

(1 - 8) or OIOS (1 - 8)) at the rising edge of the first SOC cycle after the falling edge of RS. 

<4> When 8-word data is being output serially, the read cycle can be repeated to update the same read data. In 

addition, the shift-out register is configured in a loop and repeats the same 8-word data output if no data transfers 

occur. 

Caution If greater than (8) SOC clocks are inputted between RS signals (data transfers) then the shiH-out 

register will wrap around outputting data No.1 (8 bits) on the 9th clock, data No.2 (8 bits) on the 

10th clock etc. 

Figure 3-1. Serial Read Cycle Timing 

~~ L....-..-,----__ - _-

MO': ~ --.. Xl.. _____________ _ 

soc 

01081 
to ._ ••••••••••••••••••• 

010e8 

Remarks 1. 81 to 88: 8-byte blocks by 8 bits data of Read address (M) 

2. OIOS: High level, OOCTl: low level. 
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3.2 Serial Write Cycle 

In the serial write cycle, serial data from the data input/output pins (DIOA (1 - 8) or 0106 (1 - 8)) is held in the shift­

in register. The data once received at the shift-in register is sent in 8 byte blocks to the 110 controller, then to the memory 

cell address selected by CE. 

<1> The write address is latched at the falling edge of CEo 

<2> The serial input data is sent to the shift-in register at the rising edge of the serial-in clock (SIC). 

<3> When the shift-in register receives the 8 byte blocks, bringing the WS (Write Strobe) low level causes the data 

to be sent to the 110 controller in parallel on the falling edge of WS. 

(Data inputted to the shift-in register after WS goes low level is sent to the 110 controller on the next serial write 

cycle.) 

<4> Data received at the 110 controller is written in parallel to a specified memory cell address by making the WE 

(Write Enable) low level. 

Caution If greater than (8) SIC clocks are inputted between WS signals (write transfers) then the 9th clock 

will shift write data No.2 Into shlft·ln register1 and write data No.1 will be lost. 

Figure 3·2. Serial Write Cycle Timing 

CE 1~ ______________ ~ 

cs ----.J ~ 
AOtoA17 )(r-L .... w-r-ite-a-d-d-re-ss-_-M .... ~)(~ ................................................................ .... 

SIC 

01081 
to 

OIOBS 

Remarks 1. B1_M to B8_M: 8-byte blocks by 8 bits data of Write address (M) 

2. DIOS: Low level 
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4. Read-Modify-Write Cycle 

This device supports read modify write operations. In the read-modify-write cycle, data is read from and written 

back to the same memory array address in a-byte blocks. 

5. Refresh Cycle 

Because' JlPD4a7000 consists of dynamic memory cells, it needs constant refreshing. There are two types of 

refreshing, CE-only refresh and RFSH auto refresh. The refreshing takes 270 cycles 14 ms. 

5.1 CE-only refresh cycle 
Cells with any specified row address (AO to A8) are refreshed at the falling edge of CEo Selecting all row addresses 

(from 0 to 269) within 4 ms will refresh all memory cells. CS pin should be held at the low (VIL) level. 

5.2 RFSH auto refresh 
When CE is high level, making RFSH low triggers automatic refreshing. In this refresh cycle, simply supplying 270 

RFSH signals within 4 ms will refresh all memory cells, since the cell address is generated in the internal address 

counter. 

6. Initialization 

When the power is turned on wait 100 JLS keeping CE and RFSH inactive, after Vcc reaches 3.0 V, initialize the 

circuit by performing: 

Refresh operation of at least a cycles. 

CE-only refresh or RFSH auto refresh is acceptable as the refresh cycle. 

Drop RS after at least one cycle of SOC is supplied. 

Supply a low level to the RST pin at least once. 

Caution When the power is turned on, the output pins become high impedance. 

Figure 6·1. Initialization 

1001'S 

Vee 3.0V 

MIN. B Cycles 

MIN. 1 Cycle 
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7. Electrical Characteristics 

All voltages are relative to ground (GND). 

All GND pins should be connected to ground. 

All Vee pins should be connected to the same power supply. 

Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Supply voltage Vee -0.5 to +4.2 V 

Pin voltage VT -0.5 to Vee +0.5 (MAX. 4.2 V) V 

Output current 10 4 mA 

Power dissipation Po 1 W 

Operating ambient temperature TA o to 70 ·C 

Storage temperature TSIg -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 3.6 V 

High level input voltage V,H 0.7 Vee Vcc V 

Low level input voltage V,L 0 0.3 Vee V 

Operating ambient temperature TA 0 70 ·C 
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DC Characteristics (Recommended operating conditions unless otherwise noted) 

pP048700D-30 pP0487000-40 
Parameter Symbol Conditions Unit 

MIN. TYP. MAX. MIN. TYP. MAX. 

Operating current Icc, Is.e, tsoc = 30/40 ns, 85 95 77 84 mA 

te = 200 ns 

Standby current Ices CE = RFSH = High level 4.0 4.0 mA 

SIC = SOC = O.OA (1 - 8) Or 

0.08 (1 - 8) = Low level 

(CMOS level input) 

Input leakage current I" V" = 0 V to Vee -10 +10 -10 +10 pA 
(except for the RST pin) Other input = 0 V 

Input leakage current 112 VI2 = 0 V to Vee -100 +100 -100 +100 pA 

(for the RST pin) Other input - 0 V 

Output leakage current 10 Vo = 0 V to Vee -10 +10 -10 +10 pA 

High level output voltage VOH IOH = -100 pA 0.8 Vee 0.8 Vee V 

Low level output voltage VOL 10l = 400 pA 0.4 0.4 V 

Caution The indicated current drain is measured under no load on the output pin. The actual current drain 
varies with the operating conditions such as output load and operating cycle time. 

Capacitance (TA = 25°C, f = 1 MHz) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Input capacitance C" AO to A17, CS 5 pF 

C.2 Input pin other than the above pins 7 

I nput/output capacitance C.o O.OA (1 - 8), 0.08 (1 - 8) 7 pF 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

V,H(MlN.)=0.7Vee ----J1lL------; ; 
VIL(MAX.) = 0.3 Vee --------: : 

I I I I 

VOH(MIN.) = 0.7 Vee -~ ~ 

VOL (MAX.) = 0.3 Vee -~\... ___ -,I 
I ' I I 

~ ~ 
tr=5ns tr:'5ns 

(3) Loading condition is 20 pF. 

Parameter Symbol MIN. MAX. Unit Conditions 

Refresh cycle tREF 4 ms 

OE access time IlPD487000-30 tOEA 30 ns 

IlPD487000-40 40 

SOC access time IlPD487000-30 tSOA 35 ns 

IlPD487000-40 45 

Output disable time IlPD487000-30 tOEl 30 ns 

IlPD487000-40 40 

Read/write cycle time te 200 ns 

Read-modify-write cycle time tAWC 240 ns 

CE precharge time IP 80 ns 

CE pulse width teE 100 1,000 ns 

Hold time from RS to CE teRl 20 ns Note 1 

Hold time from WE to CE tewl 60 ns 

Address set-up time· tASe 0 ns Note 2 

Address hold time tAHe 30 ns Note 2 

CE-RS delay time teAD 95 ns 

RS pulse width tRS 20 ns 

RS precharge time tRSP 30 ns 

Hold time from SOC to RS tRSl 0 ns 

WE pulse width \wP 45 ns 

WE read cycle set-up time tRCS a ns 

WE read cycle hold time tRCH 20 ns 

Hold time from RS to WE tRWD a ns 

CE-WE delay time tewD 100 ns Note 1 

Hold time from CE to WE \wHe 85 ns 

Notes 1. This specification is valid only during a read-modIfy-write cycle. 

2. This specification is valid only for AO to A8 during CE-only refresh. 

During the CE-only refresh cycle, the CS must be kept low level. 
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Parameter Symbol MIN. MAX. Unit Condition 

WS preeharge time twsp 30 ns 

WS pulse width tws 20 ns 

WS inhibit time twlH 70 ns 

WS set-up time tSWE -4 ns 

CS set-up time tASe 0 ns Note 

CS hold time IAHe 30 ns Note 

SOC set-up time Isos 4 ns 

SOC assertion time Isov 15 ns 

SOC precharge time !'PD487000-30 Isop 12 ns 

!,PD48700o-40 16 

SOC pulse width !,PD48700o-30 Iso 12 ns 

!,PD487000-40 16 

Serial-out cycle time !,PD487000-30 tsoe 30 ns 

!'PD487000-40 40 

Output data hold time tSOH 10 ns 

SIC assertion time 1s,V 4 ns 

SIC hold time tSiH 15 ns 

SIC precharge time !'PD487000-30 IsIP 12 ns 

!'PD487000-40 16 

SIC pulse width !,PD487000-30 lsi 12 ns 

!'PD487000-40 16 

Serial-in cycle time !'PD487000-30 tSle 30 ns 

!,PD487000-40 40 

Data input set-up time !'PD487000-30 tDS 12 ns 

!'PD487000-40 15 

Data input hold time toH 4 ns 

Hold time from RFSH to CE IFR 80 ns 

Hold time from CE \0 RFSH tCSR 80 ns 

Refresh cycle time teR 200 ns 

RFSH pulse width tRDI 100 1,000 ns 

RFSH precharge time tFP 80 ns 

Output enable time from DOCTL tOOA 40 ns 

Low-level-output time access from DOCTL tOOL 40 ns 

Input/output switching time tlOC 40 ns 

RST pulse width IRST 10 ns 

CE set-up time from RST tRSS 10 ns 

Riselfall time IT 3 50 ns 

Note This specification is valid only for AO to A8 during CE-only refresh. 

During the CE-only refresh cycle, the CS must be kept low level. 
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Memory Read Cycle 

RFSH 
IFA tc 

tCE 

CE 

CS 

AO to A17 

RS 

WE 

soc 

DroB1 Old data (n - 3) 
to D,osB 

Remark OE Low level 

DlOS High level 

DOCTL: Low level 
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Memory Write Cycle 

CS 

AOloA17 

H 

SIC 

0,0.1 
10 D,o.8 

Remark OE: Low level 

DIOS: High level 

yPD487000 

IFR Ic 

ICE 

twHC 

twp 
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Memory Read Modify Write Cycle 

RFSH 

IFR IRwe 

leE 

CE 

lASe IAHe 

CS 

AOtoA17 

soc 

WE 

SIC 
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CE-Only Refresh Cycle 

CS L 
~--------------------------------------------------

Remark A9 to A 17: Don't care. 

RFSH Auto Refresh Cycle 

RFSH 

teA 

lAol 
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Shift In Cycle 

SIC 

DrOA1 
to DrOA8 

Remark DIOS: High level 

Shift Out Cycle 

SOC 

DrOB1 
to DrOB8 

Remark DIOS High level 

DOCTL: Low level 

Shift Out Cycle (DOCTL Control) 

SOC 

DOCTL 

DrOB1 
to DrooB 

Remark DIOS: High level 

OE : Low level 

,uPD487000 
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8. Application 

8.1 Memory Read and Write Cycle 

_--;1' 
CE 1~ ________ ~ 

Memory Read Cycle 

-I-
Memory Write Cycle 

·1 

CS -.J 

AO to A17 =x Valid X'-_____ .JX Valid X'-__________ _ 
Read address_M Write address_N 

u 
WE 

SIC 

SOC 

Remarks 1. M_1 to M_8: 8-byte blocks by 8 bits data of Read address (M) 

2. N_1 to N_8 : 8-byte blocks by 8 bits data of Write address (N) 
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8.2 Memory Write and Read Cycle 

I_ Memory Write Cycle + Memory Read Cycle 

CE I I 

cs ~ 

AD to A17 =x Valid X X Valid X 
Write address_M Read address_N 

RS 

WE 

WS 

SIC 

SOC 

Remarks 1. M_1 to M_8: 8-byte blocks by 8 bits data of Write address (M) 

2. N_1 to N_8 : 8-byte blocks by 8 bits data of Read address (N) 

U 

yPD487000 

-I 
I 
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8.3 Memory Write and Write Cycle 

I· Memory Write Cycle -I- Memory Write Cycle -I --., 
CE '-------_ ..... 

CS~ ________ ~~~ ______________ _ 

AOtoA17 =:x Valid X'--____ --JX Valid X\.. ___________ _ 
Write address_M Write address_N 

u 
WS 

SIC 

Remarks 1. M_1 to M_8: 8-byte blocks by 8 bits data of Write address (M) 

2. N_1 to N_8 : 8-byte blocks by 8 bits data of Write address (N) 

u 
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9. Package Drawing 

100 PIN PLASTIC QFP (FINE PITCH) (014) 

A 

B 

G 1 
H .... 1$"I-:I-@::=-11 Q] 

~l ~, o N -W-
L 

NOTE 

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

,uPD487000 

detail of lead end 

ITEM MILLIMETERS INCHES 
A 16.0±0.2 0.630±0.008 

B 14.0±0.2 0.551~8:ggA 

c 14.0±0.2 

o 16.0±0.2 0.630±0.008 
F 1.0 0.039 
G 1.0 0.039 

H 0.22~g:g~ 
0.10 0.004 
0.5 (T.P.) 0.020 (T.P.) 

K 1.0±0.2 0.039~g:ggA 

0.5±0.2 0.020~8:ggS 

M O.17~g:g~ 0.007~g:g8j 
N 0.10 0.004 
P 1.45 0.057 
Q 0.125±0.075 0.005±0.003 

R 5'±5' 5'±5' 
S 1.7 MAX. 0.067 MAX. 

Pl00GC-50-7EA-2 
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10. Recommended Soldering Conditions 

Please consult with our sales offices for soldering conditions of the JLPD487000. 

Type of Surface Mount Device 

JLPD487000GC: 100-pin plastic QFP (Fine pitch) (14 x 14) 
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1. BASIC PRINCIPLES OF RELIABILITY/QUALITY CONTROL SYSTEM 
NEG's reliability/quality control of semiconductors is based on the thorough integration of the reliable management 

in market analysis, development and design of the products meeting users' needs, and manufacturing process design, 

on one hand, and, quality control in materials and parts supply, each and every manufacturing process, direct and 

reliable assurance of thorough examination and reliability test of the products, and shipment and after-sale service 

management, on the other. Itis our pleasure and pride to serve our customers bestthrough a product-specific efficient 

management system to realize reliable quality and reasonable prices to the satisfaction of the users. 

As the semiconductor application fields expand and develop, the amount used in those areas is increasing 

tremendously. The needs of our customers for higher and higher product quality are inevitable results of the 

development of the electronic industry. 

To meet such users' needs, the NEG concentrates on the following three key points: 

(1) Master design of key aspects of the product characteristics 

(2) Quality control system built in the manufacturing process 

(3) Removal of fault products through inspection of the products 

The followings are our routine practices assure high quality products: 

(a) Standardized designing practices to built reliability in to the developed products. 

(b) Thorough examination of potential factors that may cause fault products at the design examination stage. 

(c) Exhaustive and thoroughgoing evaluation of the characteristics and reliability test of the test products. 

(d) Automated manufacturing equipment to reduce variability in the product quality. 

(e) Quality control at each and every manufacturing process meeting the process-specific requirements. 

(f) Built-in learning process to increase workers' awareness of the importance of the product quality through 

small group activities such as the ZD (Zero-defect) groups or QG circles. 

(g) Product-specific screening, inspection, and reliability tests. 

(h) Analysis of quality information, including the field data, and feed back/forward of the analysis results. 

Through these effective measures, we believe that NEG can satisfy users' needs for its high quality products. 

It is not, however, the end of our efforts: we still try our best to improve the quality of our products. 

Figure 1 diagrammatically describes, our quality (Q) and reliability (R) control. 



Fig. 1 Q and R System Diagram 

~e I 
Circuit 

I 
Manufacturing 

I 
Reliabilityl 

I I I 
Product section Sales 
~:c~opmen technology technology Quality control Planning Manufacturing Inspection 

I ~~~~~ ~n~~~:t Technology I 
research 

t I Development 
Iproduct planning I 

t l Dev~lopmental 
reqUirement Product project 

t 

I 
New product development council 

I -. 
I Circun designing 

Design review I 
Designing 

I Product designing Mal)uf~cturing I 
designing 

+ 
r Design review 1 

Trial 
I Trial manufacturingl 

I Sales strategy I r manufacturing (Trial manufacturing) Design review 

t 

I New product sales council -1 rl Manufacturing Control I 
standard standard t 

I Sales planning Manufacturing Manufacturing Reception I Mass production 1 planning inspection 
(Manufacturing) 

I 1 , 
I Order I I Improvement Product qualHy 1 Final inspection I measures information 

II Shipment Warehousing I 

t 

II Market (Use) I 
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2. MANUFACTURING PROCESS QUALITY CONTROL 
NEC manufactures and sells its semiconductor products under the management policy of "Reliability Quality 

Control" based on an accurate understanding of customers' needs and operating conditions realized in the product 

designs. 

To secure the intended reliability and quality in the product design, possible causes of off-grade products in the 

manufacturing processes must be eliminated in each step of the production line through qualified manufacturing 

management. 

For the purpose, we carefully control the quality olthe parts, materials and related goods, manufacturing equipment 

and environment. In addition, inspection processes are inserted in the manufacturing process to check the semifinal­

final products by referring to key control items at proper sampling frequency. 

The above-described quality control system is explained in detail referring to the flow chart Fig. 2 - Fig. 6. 

The following is a brief explanation of the material/parts control system. 

First, parts, materials, chemicals, highly pure gases, and other related goods are purchased from specific 

manufacturers authorized by NEC. 

The results of the inspection are monitored and, when necessary, corrective measures are requested to the 

identified suppliers or the plants are audited by the purchase division to maintain quality of the purchased items. 



Fig. 2 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded DIP, SOP, SOJ and QFJ (PLCC) 

Process Control Item Control Purpose 

Silicon wafer { Sheet Resistance } I Purchase of parts/materials I ,---t Diffusion I V .. , Breakdown voltage Evaluation of basic parameters 

1 1 
Appearance Etching quality evaluation 

{ AI thickness Securing film thickness I Reception Inspection Metallization I AI 
i 

Appearance Etching qualHy evaluation 

I Wafer sorting I 
Electrical characteristics Elimination of off-grade 
(all pieces) electrical characteristics 

+ 
I Dicing I Appearance Evaluation of die qualHy 

~ 
by their appearance 

Lead frame 
Die mounting I Appearance Mounting quality evaluation 

Fine gold wire + { Appearance } Bonding quality evaluation Wire bonding I Strength of pull 

Mold resin + 
I { Appearance Molding Temperature/time Molding quality evaluation 

l 
I Finish on lead's surface I Appearance Final qualHy evaluation 

! 
I Marking I Appearance Marking quality evaluation 

J 
I Lead form I Appearance Lead form quality evaluation 

~ 
Electrical characteristics Elimination of off-grade 

I Final testing I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

f----!Reliabilily vertification test I { Life Test 
Environment Test 

} Confirmation of reliability 
(Sampling) 

+ 
I Shipment I 

503 



Fig. 3 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded QFP and TSOP 

Process Control Item Control Purpose 

Silicon wafer { Sheet Resistance ) I Purchase of parts/materials I -----l Diffusion I 
V .. , Breakdown voltage Evaluation of basic parameters 

1 1 

Appearance Etching quality evaluation 

1 AI thickness Securing film thickness 
I Reception Inspection Metallization I AI Appearance Etching qual~y evaluation 

J 
I Wafer sorting I 

Electrical characteristics Elimination of off-grade 

+ 

(all pieces) electrical characteristics 

I Dicing I Appearance Evaluation of die quality by 

• 
appearance 

Lead frame 
Die mounting I Appearance Mounting quality evaluation 

Fine gold wire • 1 Appearance ) Bonding quality evaluation Wire bonding J Strength of pull 

Mold resin + 1 Appearance Molding I Temperature/time Molding quality evaluation 

+ 
IFinish on lead's surface I Appearance Final quality evaluation 

+ 
I Marking I Appearance Marking quality evaluation 

• Electrical characteristics Elimination of off-grade 
I Final testing I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

f-----lReliability vertification test I 1 Life Test 
Environment Test 

) Confirmation of reliability 
(Sampling) , 

I Lead form I Appearance Lead form quality evaluation 

• I Shipment I 
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Fig. 4 Manufacturing Process Control Flow Chart: 

Example of PPGA 

Process Control Item Control Purpose 

Silicon wafer 1 Resistivity 
} Evaluation of basic parameters I Purchase of parts/materials I ,----I Diffusion I Sheet Resistance 

1 1 
v'" Breakdown voltage 
Appearance Etching quality evaluation 

{ AI thickness Securing film thickness I Reception Inspection Metallization I Appearance Etching quality evaluation AI 
~ 

I Wafer sorting I Electrical characteristics Elimination of off-grade 
(all pieces) electrical characteristics 

+ 
I Dicing I Appearance Evaluation of die quality by 

• 
appearance 

Frame 
Die mounting I Appearance Mounting quality evaluation 

Fine gold wire • { Appearance ) Wire bonding I Strength of pull 
Bonding qual~y evaluation 

Resin and cap • Molding I { Appearance Molding quality evaluation 

1 
Temperature/time 

I Lead processing I Appearance Lead processing evaluation 

+ I Finish on lead's surface I Appearance Finish quality evaluation 

• I Marking I Appearance Marking quality evaluation 

• I CuI/separate I Appearance Elimination of off-grade cuI/ 
insulate 

~ 
Electrical characteristics Elimination of off-grade I Electrical sorting I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

r----!Reliability vertification test I { Life Test 
Environment Test 

) Confirmation of reliability 
(Sampling) 

+ 
I Shipment I 
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Fig. 5 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (CERDIP) 

Process Control Item Control Purpose 

Silicon wafer 
{ Sheet Resistance ) I Purchase of parts/materials I r---I Diffusion I VOl, Breakdown voltage Evaluation of basic parameters 

1 1 
Appearance Etching quality evaluation 

1 AI thickness Securing film thickness I Reception Inspection Metallization I Appearance Etching qualny evaluation AI 

• I Wafer sorting I Electrical characteristics Elimination of off-grade 
(all pieces) electrical characteristics 

+ 
I Dicing I Appearance Evaluation of die quality by 

• 
appearance 

Frame 
Die mounting I Appearance Mounting quality evaluation 

Fine aluminum wire • 1 Appearance ) Bonding qualny evaluation Wire bonding I Strength of pull 

Cap • Seal I Appearance Sealing quality evaluation 

• I Leak test I Airtightness Airtightness evaluation 

+ I Finish on lead's surface I Appearance Finish quality evaluation 

~ 
l Lead cut I Appearance Lead molding quality evaluation 

Marking ink + 
Marking I Appearance Marking quality evaluation 

• Electrical characteristics Elimination of off-grade 
I Final testing I (all pieces) electrical characteristics 

I (Burn-in, depend on product) 

1 
Life Test 

) Confirmation of reliability r---iReliability vertification test I 
Environment Test 

+ 
I Shipment I 
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Fig. 6 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (SEAM WELD), Ceramic QFN (LCC), and Ceramic PGA 

Process Control Item Control Purpose 

Silicon wafer 1 Resistivity 
} Evaluation of basic parameters I Purchase of parts/materials I ,-----I Diffusion I Sheet Resistance 

j j 
V", Breakdown voltage 
Appearance Etching quality evaluation 

I Reception Inspection Metallization I 1 AI thickness Securing film thickness 

AI Appearance Etching quality evaluation 

~ 
I Wafer sorting I Electrical characteristics Elimination of off-grade 

+ 

(all pieces) electrical characteristics 

I Dicing I Appearance Evaluation of die quality by 

~ 
appearance 

Case 
Die mounting I Appearance Mounting quality evaluation 

Fine metal wire + 1 Appearance ) Bonding quality evaluation Wire bonding I Strength of pull 

Cap + 
Seal I Appearance Sealing quality evaluation 

~ 
I Leak test I Airtightness Airtightness evaluation 

Marking ink + 
Marking I Appearance Marking quality evaluation 

~ 
Electrical ratings Elimination of off-grade 

I Electrical sorting I (all pieces) electrical ratings 

I (Burn-in, depend on product) 

1 
Life Test 

) Confirmation of reliability ------!Reliability vertification test I Environment Test , 
I Shipment I 
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3. RELIABILITY TEST 
NEC's reliability test is conducted periodically, considering various standards such as JIS C 7022, MIL-STO-

883, and other standards. 

The following, section 3.1 describes an example of the reliability test, and section 3.2, fault evaluation criteria in 

the reliability test. 



3.1 DESCRIPTION OF THE RELIABILITY TEST 

Reliability Test: Example of Plastic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 MIL-STO-883 

Resistance to Soldering Soak the product in melted solder at 260 ±5 ·C with 18 A-1 -
Heat·1 no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a low temperature (T SIll min.) A-4 1010 

bath for 30 minutes then another 30 minutes in a Condition C 

high-temperature (Ts .. max.) bath. Repeat this 

cycle 10 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 ·C A-3 1011 

for at least 5 minutes. Then, w~hin 10 seconds, Condition A Condition A 

soak it in a prescribed liquid at 0 ·C for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 2003 

deep from the product for 5 to 1 0 seconds then in 

flux of melt solder at 230 ±5 ·C with a soaking 

speed of 25.4 ±6.3 mrnls, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 

the device. 

Terminal Bending·1 Apply a weigh\"2 to the lead of the product in a 5 - 2004 

Strength vertical direction of the axis of the lead without Condition 

causing twist in it until the lead bends by 90 B2 

degrees, then release it. Repeat this operation 

three times. Apply this operation separately to 3 

randomly chosen terminals. 

High-Temperature Conduct the left test in an environment atmosphere 18 B-3 1008 

Storage at 150 ·C for 1000 hours. 

High-Temperature Bias In an environmental atmosphere at 125 ·c, apply 24 B-1 1005 

the upper limit supply voltage of the recommended Condition 

operating conditions for 1000 hours to conduct the A,B, and C 

bias life test. 

High-Temperature! Conduct the life test in an atmosphere with relative 26 B-5 -
Humidity Storage humidity of 85 % at temperature of 85 ·C for 1000 Condition B 

hours. 

PCT Expose the device to vapor having a pressure of 18 -'- -
2.3 x 105 Pa (2.3 barometric pressure) in an 
atmosphere at 125 ·C for 96 hours. 

*1) PLCC is not subjected to this test. 

*2) The DIP and PPGA weight 250 grams; the SOP, QFP and QUIP weight 125 grams each. 
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Reliability Test: Example of Ceramic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 

Resistance to Soldering Soak the product in melted solder at 260 ±5 ·C with 18 A-l 
Heat'3 no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a low temperature (T stg min.) A-4 

bath for 30 minutes, then another 30 minutes in a 

high-temperature (T stg max.) bath. Repeat this 

cycle 1 0 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 ·C A-3 

for at least 5 minutes. Then, within 10 seconds, Condition A 

soak it in a prescribed liquid at 0 ·C for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Variable Frequency Fix the product on a vibrator and apply sine wave 18 A-l0 

Oscillation oscillation in the X, Y, and Z directions that 

logarithmically changes in the range between 10 to 

2000, then 2000 to 10Hz in 4 minutes, with a peak 

acceleration of 20 G. 

Mechanical Shock Mount the product on a shock tester and subject it A-7 
to a shock of 1500 G (500 G'1) in acceleration and Condition F, 0 

0.5 ms in the pulse width, in the X, Y, and Z 

directions 3 times each. 

Constant Acceleration Fix the product on the tester and subject it to a A-9 

centrifugal acceleration of 20000 G (5000 G'2) is Condition C, A 

applied in the X, Y, and Z directions for 1 minute in 

each. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 

deep from the product for 5 to 1 0 seconds, then in 

flux of melted solder at 230 ±5 ·C at a soaking 

speed of 25.4 ±6.3 mm/s, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 
the device. 

Terminal Bending'3 Apply a prescribed weight to the lead of the product 5 -
Strength in a vertical direction of the axis of the lead without 

causing twist in it until the lead bends by 90 ±5 

degrees, then release it. Repeat this three times. 

Apply this separately to 3 randomly chosen 

terminals. 

High-Temperature Conduct the life test in an environmental 18 B-3 

Storage atmosphere at 150'C for 1000 hours. 

High-Temperature Bias In an environmental atmosphere at 125 ·c, apply 24 B-1 

the upper limit supply voltage of the recommended 

operating conditions for 1000 hours to conduct the 

bias life test. 

*1) Glass-windowed products. *2) Glass-windowed products and products with heat sink. 

*3) The LCC is not subjected to this test. 
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3.2 FAULT EVALUATION CRITERIA IN RELIABILITY TEST 

Example of Plastic Package Product 

Testing Item Fault Evaluation Criterion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock' 

High-Temperature Storage 

High-Temperature Bias 

High-Temperature/Humidity/Storage 

PCT 

Terminal Strength (Bending)' Lead appearance I No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The PLCC is not subjected to this test. 

Example of Ceramic Package Product 

Testing Item Fault Evaluation Cr~erion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock 

Variable Frequency Oscillation 

Mechanical Shock 

Constant Acceleration 

High-Temperature Storage 

High-Temperature Bias 

Terminal Strength (Bending)' Lead appearance I No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The LCC is not subjected to this test. 
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