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Notice 

When using this document, keep the following in mind: 

1. This document may, wholly or partially, be subject to change without notice. 

2. All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole 
or part of this document without Hitachi's permission. 

3. Hitachi will not be held responsible for any damage to the user that may result from accidents 
or any other reasons during operation of the user's unit according to this document. 

4. Circuitry and other examples described herein are meant merely to indicate the characteristics 
and performance of Hitachi's semiconductor products. Hitachi assumes no responsibility for 
any intellectual property claims or other problems that may result from applications based on 
the examples described herein. 

5. No license is granted by implication or otherwise under any patents or other rights of any third 
party or Hitachi, Ltd. 

6. MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL 
APPLICATIONS without the written consent of the appropriate officer of Hitachi's sales 
company. Such use includes, but is not limited to, use in life support systems. Buyers of 
Hitachi's products are requested to notify the relevant Hitachi sales offices when planning to 
use the products in MEDICAL APPLICATIONS. 
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HM5241605 Series 
f)relf mf nary 

131,072-word x 16-blt x 2-bank Synchronous Dynamic RAM 

HITACHI Rev. 0.3 
Apr. 13, 1994 

All inputs and outputs are ref emd to the rising 
edge of the clock input. The HM5241605 is 
oft'tl'Cd in 2 banks for improved perfonnance. , 

Ordering Information 

Features 

• 3.3V Powa- supply 
• Clock frequency 

66 MH71S1 MHz/SO MHz 
• LVTIL inserface 
• Single pulsed W' 
• 2 Banks can operares simulaaneously and 

i.ndepmdently 
• Burst read/write operation and burst read/ 

single write operation capability 
• Programmable burst length 

1/JJ4/8/full ptge 
• Programmable burst sequence 

Sequential/interleave 
• Full page burst length capability 

Sequemial burst 
burst Stop capability 

• Programmah.l~ 'r:JJ larnr.y 
1/113 

• Byte coottol by DQMU and DQML 
• 1024 refresh cycles: 16 ms 
• 2 variatiom of refresh .. 
-Auto refresh 
- Self refresh 

Preliminary: This document cont81s information on a 
new product Specifications and informadon c:ontlined 
herein ara IUbject to cNng8 without nolice. 

Type No. 

HM52~ 1605TT-20 
HM5241605TT-17 
HM5241605TT-15 

SO MHz 
57MHz 
68MHz 

PICbge 

400-mil 50i>in 
plastic TSOP 11 
(TTP-500) 

I ADE-203-186(C)(Z) I 



HM5241605 Series 

Pin Arrancement Pin Description 

HM5241605TT SeriH Pin name Function 

AO- A9 Address input 
- Rowaddrau NJ-AS 

Vee ,O Vss - Column addr ... NJ-A7 
- Bank s.i.c..t lddresa A9 

"°° 2 ll015 

ll01 3 ll014 
VOO-ll015 Data-input10utput 

vssa 4 vssa t:S ChipMlect 

ll02 5 L<>13 ~ Row address strcbe command 
003 8 L<>12 

~ Column addr ... strobe command 
Vcca 7 VccO 

l,04 8 L<>11 .WE Write enable command 

L()S 9 ll010 DQMU Upper byte inputloutput mask 

VssO 10 41 VssO DQML Lower byte lnputJoutput muk 

lt06 11 L()9 CU< Clock input 

L<>7 12 008 CKE Clock enable 

Vcca 13 VccO 
Vee Power for internal cira1it (3.3 V) 

DOML 14 NC 

WE 15 DOMU Vss Ground for intemaJ circuit 

~ 16 CU< VccO Power for LO pin (3.3 V) 

~ 17 CKE VssO Ground for VO pin 
cs 18 NC 

A9 19 NC 
NC No connection 

AS 20 31 NC 

AO 21 A7 

A1 22 A6 

Aa. 23 AS 

A3 24 M 

Vee 25 Vss 

(Top View) 
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Block Diagram 

Column llddreu 
counter 

AO-A7 

Column adcte81 
buffer 

AO-A9 

HMS241605 Series 

AO-A9 

Refre9h 
counter 

----·----·-··--··· ·----- ------------------------- ··--------------··· 
Row decoder 

Memoty array 

Banko 

512 raw X 251 caluim X 11 bit 

. . 

. 

. . 
I 
I 

I 

I 

I 
I 

. 
I . . . . 
I 

I 

I ·------------------------------------------" 

llOO-l/015 

. . 
I 

I 
I 

I 

Row decoder 

Memory mTay 

Bank 1 

512 ,.,. x 251 column x 11 bit 

Control logic & 
tining generamr 

I 
I . . . . 
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Pin Functions 

CLK (Input pin): CLK II tbe master clock 
laput to tlais pin. The other input signals are 
referred at CLK rising edge. 

ts (lDput pin): Wiien ts is Low, tbe command 
Input cycle becomes valid. When ~ is High, all 
inpulS are ign<red. However, inttmal opmations 
(bank active, burst operations. ere.) are held. 

IX!', ~. and WE (Input pins): Although 
these pin names are the same as those of 
conventional DRAMs, they function in a different 
way. These pins define operation commands 
(~ write. ere.) depending on the combination of 
their voltage levels. For details. ref er to the 
command operation section. 

AO to Al (input pins): Row address (AXO to 
AXI) is determined by AO to Al level at tbe 
bank active command cycle CLK risin1 edge. 
Column address (AO to A 7) is determined by 
AO to A 7 level at tbe read or write command 
cyde CLK risin1 ed1e. And this column address 
becomes burst~ start address. A8 defines the 
precharge mode. When A8 • High at the 
precharge command cycle, both banks are 
precbarged. But when A8 • Low at the precbarge 
command cycle. only the bank that is selected by 
A9(BS) is precharged. 

A9 (input pin): A9 is a bank select sipal (BS). 
The memory array of the HM524160S is divided 
into bank 0 and bank 1, both which contain 512 
row x 2S6 column x 16 bits. If A9 is Low, bank 0 
is selected. and if A9 is High, bank 1 is selected. 

CKE (input plD): This pill cletermilles whether 
or not tbe llat CLK Is mid. If CKE is High, 
the next CLK riling edge is valid. If CKE is Low, 
the nm a.IC rising edge is invalid This pin is 
llSed for power-down and cJoct smpend modes. 

HMS24160S Series 

DQMU/DQML (input pins): DQMU controls 
upper byte and DQML controls lower byte 
input/output bull'ers. 
Read operation: If DQMUIDQML is High, the 
output buffer becomes High-Z. If the 
DQMU/DQML is Low, the QJltpul buff« becomes 
Low-Z. 
Write operation: If DQMUIDQML is High, the 
previous data is held (the new da1a is not written). 
If DQMU/DQML is Low, the da1a is written. 

VOO to V015 (1/0 pins): Data is input to and 
output from these pins. These pins are lhe same 
as those of a conventional DRAM. 

Vee and VecQ (power suppl1 pins): 3.J vis 
applied. (V cc is for the internal circuit and. 
V ccQ is far the output buffer.) 

V ss and V ssQ (power supply pins): Ground ii 
connected. (V ss is for the internal circuit and 
V ssQ is for the output buffer.) 
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HMS241605 Series 

Command Operation 

Command Truda 'nable 
The synchronous DRAM recognizes the following commands specified by che ~. IA!, ~. WE' and 
address pins. 

CKE A7 
Function Symbol n • 1 n cs ~ ~ ~ A9 Al ·O 

Ignore command DESL H x H x x x x x x 
No operation NOP H x L H H H x x x 
Burst stop in fuU page SST H x L H H L x x x 
Cobrin llddress nf rud cammand READ H x L H L H v L v 
Read with auto-precharge READ A H x L H L H v H v 
Coknln addrnt ll1d writlt cammMd WRIT H x L H L L v L v 
Write with auto-precharge WRITA H x L H L L v H v 
Row adchss strobe and t.nk llct. ACTV H x L L H H v v v 

Precharge select bank PRE H x L L H L v L x 
Precharge all bank PAU H x ·L L H L x H x 
Refresh REF/SELF H v L L L H x x x 
Mode register set \. MRS H x L L L L L L v 

Note: H: V1H· L: VIL· X: V1H or VIL· V: valid address input 

•Ignore command [DESLJ: When this command •Column address strobe and read command 
is set (~ is High), the synchronous DRAM [READ]: This command starts a read opcntion. 
ignore command input at the clock. However, the In addition, the start address of burst read is 
internal status is held dela'mined by the column addrea (AYO-AY7) and 

the bank select address (BS). After the read 
•No operation [NOP]: This command is not an operation, the output buffer becomes High-Z. 
execution command. However, the internal 
operations continue. •Read witb auto-precbarae [READ A]: This 

command automatically performs a ·precharge 
•Bunt stop in full-pa1e CBST]: This command operation after a burst read with a burst length of 
stops a full-page burst operation (burst length • 1, 2, 4, or 8. When the burst length is full;. 
full-page(2S6)), and is illegal otherwise. Full page pagc(2S6), this command is illegal. 
burst continues until this command is inpuL 
When data input/output is completed for a full-
page of dala (256). il automadcally returns to the 
stan address. and input/output is performed 
repeatedly. 
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•Columa address strobe aad write commaad 
[WRIT]: This command starts a write operation. 
When tbe burst write mode is selected, the column 
address (AYO to AY7) and die bank select address 
(A9) become tbe bunt wriae start address. Whal 
the single write mode is selected, data is only 
written to the location specified by the column 
address (AYO to AY7) and the bank select address 
(A9). 

•Write with auto-precbar1e [WRIT A]: This 
command automatically performs a precharge 
operation after a burst write widl a length of 1, 2, 
4, or 8, or after a single write opcntion. When the 
burst length is full-page(2S6), this command is 
illegal. 

•Row address strobe and bank activate 
[ACTV]i This command activalCS the bank that is 
selected by A9(BS) and determines the row 
address (AXO-AX8). When A9 is Low, bank 0 is 
activated. When A9 is High. bank 1 is activated. 

DQM Truth Table 

HM5241605 Series 
•Precbarae selected baak [PRE]: This command 
starts precharge operation for the bank selected by 
A9. If A9 is Low, bank 0 is selected. If A9 is 
High, bank l is selected. 

•Precbar1e all banks [PALL): This command 
starts a precharge operation fer all banks. 

•Refresh [REF/SELF]: This command stans the 
refresh operation. There are two typeS of refresh 
operation. the one is auto-refresh, and the oW.r is 
self-refresh. For details, refer to the CKE truth 
table section. 

•Mode register set [MRS]: Synchronous DRAM 
has a mode register that dermes how it operates. 
The mode register is specified by the address pm. 
(A0-A9) ll tbe mode regisaa set cycle. For details, 
ref er to the mode register configuration. After 
power on, the contents of the mode register are 
undefined, exccure the mode regisacr set command 
to set up the mode register. 

CKE DQM 

Function Symbol n • 1 n u L 

Upper byte write enable/output enable ENBU H x L x 

Lower byte write enable/output enable ENBL H x x L 

Upper byte write inhibit/output disable MAS KU H x H x 

Lower byte write inhibit/output disable MAS KL H x x H 

Note: H: V1H· l: VIL· X: V1H or VIL· 

Tbe HMS24160S series can muk input/output data 
by means of DQMU and DQML. DQMU muks 
die upper byte and DQML masks the lower byte. 
During reading. ihe outpui buffer is set iO Low-Z 
by setting DQMU/DQML to Low. enabling data 
outpuL On the other hand, when DQMU/DQML 
is set to High, the oucput buffer becomes High-Z. 
disabling data outpuL 

During writing, data is written by setting 
DQMU/DQML to Low. When DQMUIDQML is 
set to High, the previous data is held (the new data 
is not written). Desired data can be masm1 during 
burst read or burst write by setting DQMU/DQML. 
For details, refer to the DQM control section of the 
HMS241605 operating instructions. 
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CKE Truda 'bble 

CUrrentmte Function 

Active Clock suspend mode entry 

Any Clock suspend 

Cb:k suspend Clock suspend mode exit 

Idle Auto-refresh command REF 

141• Self-refresh entry SELF 

Idle Power down entry 

s.lf rafNsh Self refresh exit 

PCM9tdown Power down exit 

Note: H: V1H· L: VIL· X: V1H or Vtl· 

•Clock suspend mode entry: The synchronous 
DRAM enters clock suspend mode from active 
mode by setting CKE to Low. The clock suspend 
mode changes depending on the current status (1 
clock before) as shown below. 

•ACTIVE clock suspend: This suspend 
mode ignores inputs after the next clock by 
internally maintaining the bank active status. 

•READ suspend and READ A suspend: 
The dara being ouq>ut is held (and continues 
to be OUtpUt). 

•WRITE suspend and WRIT A suspend: 
In this mode, external signals are not 
accepted. However, the internal state is held. 

•Clock suspend: During clock suspend mode, 
keep the CKL to Low. 

•Clock suspend mode exit: The synchronous 
DRAM exits from clock suspend mode by setting 
CKE to High during die clock suspend slate. 

HMS241605 Series 

CKE 
n • 1 n 'Cl RU ~· Addreu 

H L x x x x x 
L L x x ·x x x 
L H x x x x x 
H H L L L H x 

H L L L L H x 
H L L H H H x 
H L H x x x x 
L H L H H H x 
L H H x x x x 
L H L H H H x 

L H H x x x x 

•IDLE: In this state, all banks are not selected. 
and completed precharge ope.ration. 

•Auto-refresh command [REF]: When this 
command is input from the IDLE state, the 
synchronous DRAM stans auto-refresh operation. 
(The auto-refresh is the same as the CBR refresh 
of conventional DRAMs.) During the auto-refresh 
operation, refresh address and bank select address 
are generated inside the synchronous DRAM. For 
every auto-refresh cycle, the internal address 
counter is updaled. Accordingly, 1,024 times are 
required to refresh the entire memory. Before 
executing the auto-refresh command, all the banks 
must be in the IDLE state. In addition, since the 
precharge for all banks is automatically pcrfonned 
after auto-refresh, no precharge command is 
required after auto-refresh. 
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•Sell·refresla eatry [SELF]: When this command 
is input during the IDLE state, the synchronous 
DRAM swts self-refresh operation. After the 
execution of chis command, self-refresh continues 
while CKE is Low. Since self-refresh is pufonned 
internally and automatically, external refresh 
operations are urw.ceuary. 

•Power down mode entry: When this command is 
executed during the IDLE state, the synchronous 
DRAM entas power down mode. In power down 
mode, power consumption is suppressed by cutting 
off the inidal input circuiL 

Fuctioll Truth Table 

HMS241605 Series 
•Selt-refresb uit: When this command is 
executed during self-refresh mode, the 
synchronous DRAM can exit from self-refresh 
mode. After exiting from self-refresh mode, the 
synchronous DRAM enters the IDLE swe. 

•Power down exit: When this command is 
executed at the power down mode, the 
synchronous DRAM can· exit from power down 
mode. After exiting from power down mode, the 
synchronous DRAM enters the IDLE Slate. 

The following table shows the operations that are pufonncd when each command is issued in each mode 
of dle synchronous DRAM. 

current state ~ ~ WE Addreu Command Operation 

Precharge H x x x x DESL Enter IDLE after 1Rf' 

L H H H x NOP Enter IDLE after tRP 

L H H L x BST ILLEGAL 

L H L H BA. CA, AB READ/READ A IUEGAL 

L H L L BA. CA, AB WRfT/WRIT A IUEGAL 

L L H H BA.RA ACTV IUEGAL 

L L H L BA.AS PRE, PALL IUEGAL 

L L L H x REF, SELF IUEGAL 

L L L L MOOE MRS IUEGAL 

Idle H x x x x DESL NOP 

L H H H x NOP NOP 

L H H L x BST NOP 

L H L H BA, CA, AB READ/READ A ILLEGAL 

L H L L BA. CA, AB WRIT/WRIT A ILLEGAL 

L L H H BA.RA ACTV Bank and row active 

L L H L BA.AS PRE, PALL NOP 

L L L H x REF, SELF Refresh 

L L L L MOOE MRS Mode register set 
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HM5241605 Series 

Fuctioll Tnatll Table (CODL) 

CUrrentatate 'CS ~ 'CU WE Addr•• Command Operation 

Row active H x x x x DESL NOP 

L H H H x NOP NOP 

L H H L x BST NOP 

L H L H BA, CA, AB REAOIREADA Begin read 

L H L L BA. CA.AB WRITIWRIT A Begin write 

L L H H BA.RA ACTV Other bank active•3 
ILLEGAL on same bat* 

L L H L BA.AS PRE, PALL Precharge 

L L L H x REF, SELF ILLEGAL 

L L L L MODE MRS ILLEGAL 

Read H x x x x DESL Continue burst to end 

L H H H x NOP Continue burst to end 

L H H L x BST Burm stop to full page 

L H L H BA, CA,AB REAOIREADA . Continue burst !'Md '° 
~ lat8nc:y and New !'Md 

L H L L BA. CA, AB WRITIWRITA Tenn burst read/start writs 

L L H H BA.RA ACTV Other bank active•3 
ILLEGAL on same bat* 

L L H L BA. A8 PRE, PALL Term burst read and 
Precharge 

L L L H x REF, SELF ILLEGAL 

L L L L MODE MRS ILLEGAL 
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HMS24160S Series 
Puc:tloll Tnda 'bble (coat.) 

CUlftnt .... m Jal ~ WE Addr•• Commmcl Operation 

Read with H x x x x DESL Continue burst to end 
auto-precharg• and precharge 

L H H .H x NOP Continue burst to end 
ana precharge 

L H H L x BST ILLEGAL 

t H L H BA, CA, AS READ'READA ILLEGAL 

L H L L BA.CA.AS WRIT/WRIT A ILLEGAL 

L L H H BA.RA ACTV Other bank active•3 
ILLEGAL on same bank 

L L H L BA.AS PRE, PALL ILLEGAL 

L L L H x REF, SELF ILLEGAL 

L L L L MOOE MRS ILLEGAL 

Write H x x x x DESL Continue burst to end 

L H H H x NOP Continua burst to end 

L H H L x BST Burst stop on full page 

L H L H BA,.cA,AS READ'READA Tenn burst and New read 

L H L L BA, CA, AS WRITIWRITA Tenn burst and New write 

L L H H BA.RA ACTV Other bank ac:tive•3 
ILLEGAL on _,,. bank 

L L H L BA.AS PRE, PALL Term burst write and 
Prac:harge •2 

L L L H x REF, SELF ILLEGAL 

L L L L MODE MRS ILLEGAL 
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HM524160S Series 

hadloll Tndla Table (coat.) 

CUrrentata• m ~ 'CU WE Addr8U Commmd Opemlon 

Write with H x x x x OESL Continue burst to end 
auto-prechalg• and precharge 

L H H H x NOP Continue burst to end 
and precharge 

L H H L x BST ILLEGAL 

L H L H BA.CA.M REAOIREAOA UEGAL 

L .... L L BA.CA.M WRIT/WRIT A IUEGAL 

L L H H BA.RA ACTV Other bank 11Ctive•3 
IUEGAL on same bar* 

L L H L BA.AS PRE, PALL IUEGAL 

L L L H x REF, SELF UEGAL 

L L L L MOOE MRS ILLEGAL 

Refresh H x x x x OESL Enter IDLE after tRc 
(auto-refresh) 

L H H H x NOP Enter IDLE after tRc 

L H H L x BST Enter IDLE after tRc 

L H L H BA.CA,M REAOIREAOA ILLEGAL 

L H L L BA. CA,M WRIT/WRIT A ILLEGAL 

L L H H BA.RA ACTV IUEGAL 

L L H L BA.AS PRE, PALL ILLEGAL 

L L L H x ReF, SELF IUEGAL 

L L L L MODE MRS ILLEGAL 

Note 1. H: V1H· L: 'v1L· X: v,H or VIL· 
The other combinations are inhibit. 

2. An interval of !AWL is required between the final valid data input and the pracharge command. 
3. If lARo ii not satisfied, this operation is illegal. 

11 



From [PRECHARGE] 
To [DESL], [NOP) or [BSTJ:When these 
commands are executed, the synchronous 
DRAM enters the IDLE state after tRP has 
elapsed from the completion of pecharge. 

From [IDLE] 
To [DESL], [NOP], [BST], [PRE] or 
[PALL]: These commands result in no 
operation. 
To [ACTV]: The bank specified by the address 
pins and the ROW address is activated. 
To [REF], [SELF]: The synchronous DRAM 
enters refresh mode (auto-refresh or self
refrah). 
To [MRS]: The synchronous DRAM enters the 
mode register set cycle. 

From [ROW ACTIVE] 
To [DESL], [NOP] or [BST]: These 
commands result in no opention. 
To [READ], [READ A]: A read operation 
starts. (However, an interval of tRCD is 
required.) 
To [WRIT], [WRIT A]: A write operation 
starts. (However, an interval of tRcD is 
required.) 
To [ACTVJ: This command makes the other 
bank actiw. (However, an inta'val of lRRD is 
required.) Attempting to mate the currently 
active bank active results in an illegal 
command. 
To [PRE], [PALL]: These commands set the 
syncllronous DRAM to precharge mode. 
(However, an incava1 m lRAs is required.) 

HMS24160S Series 

From [~EADJ 
To [DESL], [NOP]: These commands 
continue read operations until the burst 
operation is completed. 
To [BST]: This command stops a full-page 
burst. 
To [READ], [READ A]£ Data output by the 
previous read commarul continues to be ouapuL 
After ~ latency, the data output resulting 
from the next command will start. 
To [WRIT], [WRIT A]: These commands 
stop a burst read. and start a write cycle. 
To [ACTV]: This command makes other 
banks bank active. (However, an interval of 
tRRo is required.) Attempting to make the 
currendy actiw bank active results in an illepl 
command. 
To [PRE], [PALL]: These commands stop a 
burst read. and the synchronous DRAM enters 
precbarge mode. 

From [READ with AtrrO-PRECHARGE] 
To [DESL], [NOPJ: These commands 
continue read operations until the burst 
operation is completed, and the synchronous 
DRAM then enters precbarge mode. 
To [ACTV]: This command makes other 
banks bank active. (However, an interval of 
tRRD is required.) Attempting to make the 
currendy actiw bank active results in an illegal 
command. 
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From [WRITE] 
To [DESLJ, [NOP]: These commands continue 
write operations until the burst operation is 
completed. 
To [BSTJ: This command stops a full
page burst. 
To [READ], [READ A]: These commands 
stop a burst and start a read cycle. 
To [WRIT), [WRIT A): These commands 
stop a burst and start the next write cycle. 
To [ACTVJ:This command makes the other 
bank active. (However, an inrerval of tRRo is 

required.) Attempting to make the currently 
active bank active results in an illegal 
command. 
To [PRE], [PALL]: These commands stop 
bunt write and the synchronous DRAM then 
eruas precharge mode. 

HM5241605 Series 
From (WRITE witll AtrrO-PRECHARGE] 

To [DESLJ, [NOP]: These commands continue 
write operations until the burst is completed. 
and the synchronous DRAM enters precharge 
mode. 
To [ACTVJ: This command makes the other 
bank activ. (However, an interval of tRc is 

required.) Attempting ui make the currently 
active bank active results in an illegal 
ccmmand. 

From [REFRESH] 
To [DESL], [NOP], [BSTJ: After an auto
refresh cycle (after tRc), the synchronous 
DRAM automatically enras the IDLE state. 
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HMS24160S Series 

Simplified State Diagram 

__.. Automatic transition after completion of command. 
- Transition rHulting from command input. 

BST 
(OfttulP199, 

Note: 1. After the auto-refresh operation, precharge operation is performed automatically and enter the 
IDLE llate. 
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Mode Resister Confipration 

The mode register is set by the input to the address 
pins (AO ro A9) during mode register set cycles. 
The mode regis&er consists of five sections. each of 
which is~ to addias pins. 

•.U and Al: (OPCODE) 
The synchronous DRAM bas two types of write 
modes. One is lhe burst write mode. and the other 
is the sin&(e write mode. These bits specify write 
mode. 

•Burst rad and BURST WRITE 
Burst write is paformed for the specified burst 
length swting from the column address 
specified in the write cycle. 
•Burst read and SINGLE WRITE 
Data is only written to the column address 
specified dwing the write cycle. regardless of 
the burst lmgdl. 

A9 l A8 A7 A6}A5}A4 

OPCODE 0 LMODE 

p 
A6 AS A4 CAS Latency 

0 0 0 R 

0 0 1 1 

0 1 0 2 

0 1 1 3 
1 x x R 

.._ 

A9 A8 Write mode 
0 0 Burst ,._. and burst write 

0 1 R 

1 0 Burst relld and SINGLE WAITE 
1 1 R 

A:J 

BT 

A3 

0 

1 

HM5241605 Series 

•A7 
Keep this bit Low at the mode register set cycle. 

•A,, A5, A4: (LMODE) 
These pins specify the~ letency. 

•AJ: (BT) 
A burst type is specified. When full-page burst is 
pafonned. only "sequential" can be selected. 

•.U, Al, AO: (BL) 
These pins specify the burst lmgth. 

A2] A1 l AO 

BL 

~ ~ 
Burst Type Burst Length 

Sequential 
A2 A1 AO 

BT·O BT.1 

Interleave 0 0 0 1 1 

0 0 1 2 2 

0 1 0 4 4 

0 1 1 8 8 

1 0 0 R R 

1 0 1 R R 

1 1 0 R R 

1 1 1 F.P. R 

F.P. ·Full Page (256) 
R ii ReservedOnhibit) 
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HMS241605 Series 

Bunt Sequence 

Burst le_~h • 2 Burst length • 4 

Stat!!!g_ Ad. Address~ deciman_· Statin_g_ Ad. Addressing(decimaft 

AO Sequence Interleave A1 AO Sequence lntartaave 

0 0, 1, 0, 1, 0 0 0, 1, 2, 3, 0, 1, 2, 3, 

1 1, 0, 1, 0, 0 1 1, 2, 3, 0, 1, 0, 3, 2, 

1 0 2. 3, 0, 1, 2. 3, 0, 1, 

1 1 3, o ....... 1 2 3, 2, 1, 0, 
Burst length • 8 
Stating Ad. Addressing(decimal) 

A2. A1 AO Sequence Interleave 

0 0 0 0, 1, 2, 3, 4, 5, 6, 7, 0, 1, 2, 3, 4, 5, 6, 7, 

0 0 1 1, 2, 3, 4, 5, 6, 7, 0 1, 0, 3, 2, 5, 4, 7, 6, 

0 1 0 ~ 3 ....... 4 ~6 7...... o ....... t.. ~3 ~1 6 7...... 4._ 5 
0 1 1 3, 4, 5, 6, 7, 0, 1, 2, 3, 2, 1, 0, 7, 6, 5, 4, 
1 0 0 4, 5, 6, 7, 0, 1, 2. 3, 4, 5, 6, 7, o: 1, 2, 3, 
1 0 1 5, 6, 7, 0, 1, 2, 3, 4, 5, 4, 7, 6, 1, 0, 3, 2, 
1 1 0 6, 7, 0, 1, 2, 3, 4, 5, 6, 7, 4, 5, 2. 3, 0, 1, 
1 1 1 7, 0, 1, 2, 3, 4, 5, 6, 7, 6, 5, 4, 3, 2, 1, 0, 
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Operation of HM5241605 Series 

Rad/Write Operatiolll 

•Bank active 
Before executing a read or write operation. lhe 
corresponding bank and the row address must be 
activated by the bank active (ACTV) command. 
Eilher bank 0 or bank 1 is activated according to 
the status of the A9 pin. and the row address (AXO 
to AXS) is activated by the AO to AS pins at the 
bank active command <:ycle. An interval of tttco 
is required between the bank active command 
input and the following iead/write command inpuL 

•Read operation 
A read opention starts when a read command is 
inpuL Output buffer becomes Low-Z in the (~ 
Latency - 1) cycle after read command set. 
HMS24160S series can perform a burst read 
opcntion. 

CU< 

CLe3 

Burst Length 

HM5241605 Series 

The burst length can be. set to 1.2.4.8 or full
page(256). The start address for a burst read is 
specified by the column address (AYO to AY7) 
and the bank select address (A9) at the read 
command set cycle. In ·a read operation. data 
output stans after the number of cycles specified 
by the ~ Latency. The~ Latency can be set 
IO 1.2.3. 
When the bwst length is 1. 2. 4, or 8, the Dout 
buffer automatically becomes High-Z at the next 
cycle after the successive burst-length data has 
been outpuL 
When the burst length is full-page(256). data is, 
repeatedly output until the burst stop command is 
inpuL 
The ~ latency and burst length must be 
specified al the mode registec. 

CL: CXS Latency 
Burst Length • 4 

l
-BL.•1 -----'~>-----

Bl.•2 ~>---------------------
DIMll -BL·• 

BL: Burst Length 
~Latency.2 
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Read/Write OperatioDs (cont.) 

•Write opendoa 
Burst write or single write mode is selected by the 
OPCODE (A9, AS) of the mode register. 

(1) Burst write: A burst write operation is 
enabled by setting OPCODE(A9, A8) to (0. 0). A 
burst write swts in the same cycle as a write 
command set. (The latency of data input is 0.) 
The burst length can be set to 1, 2. 4. 8, and full
page. like burst read operations. The write swt 
address is specified by the column addre.u (AYO to 
AY7) and the bank select address (A9) at the write 
command set cycle. 

Burst Write 

CU< 

HM5241605 Series 

(2) Single write: A single write operation is 
enabled by setting OPCODE(A9. AS) to (1. 0). In 
a single write operation, data is only wriu.en to the 
column~ (AYO to AY7) and the bank select 
address (A9) specified by the write· command set 
cycle without regard to the burst length setting. 
(The latency of data input is 0). 

r·-· , •• , r-i r-t r-1 •••• 
; t.J t • ..J L...J L..J L.i i 

Comnw1d -~w:-<J-~~------------------------------
---"=~-A.:::::f'~----------------------------

Addr.- -·~- ... - ........ -.-----------------------------
---~::.1'--~::::1"1...--------------------------------

r------c:(E[)>----------------······---------BL • 1 

----wxrn~---------------------------BL ·2 
Din 

-----------------
BL•I 

----""'\..ln~O ,.,,,,,.,;.~.::..:..:..,~:.~.n.,;;.;...;.~:..;;...,r'\..:.,;,,.;:;J'-.:;~'-.:..:...:~ ········----~::::) 
BL • ful p-ae (256) 

~Latency .1. 2. 3 

Single Write 

CU< 

Command 

Address 

Din ------~~>------------
~Lat• ncy - 1, 2, 3 
Burst Length • 1, 2, ~. 8, ful page 
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HM5241605 Series 
Read/Write Operadom (coat.) 

•Read witla aato-preclaar1e: In this operation, 
since precharge is automatically performed after 
completing a read optntion. a precharge command 
need not be executed afta' each read operation. 

The command executed for die same bank after die 
execution of this command must be die bank active 
(ACTV) command. In addition, an interval 
defined by I APR is reQuired before execution of the 
next command. 

Precharg• art cycle 

3 2 cycle before the final data is output 

2 1 cycle before the finaJ data is output 

same cycle as the final data is output 

CUC 

Ct.oo1eo-.nd ~--~~~~~~~--~~~~--~~~~~~
' I 
I 

Note: Internal auto-precharge starts at the timing indicated by • l •. 
At CU< • 33 MHz (IAPR changes depending on the operating frequency. 
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lle8d/Wrlte Operadolls (coat.) 

•Write wltla aato-precurae: In this operation, 
since ~barge is aucomatically performed after 
completing a burst write or single write operation. 
a p-echarge command need not be execur.ed after 
each wrile operation. 

Burst Write (Burst Length.• 4) 

QJ( 

Single Write 

QJ( 
I 

HMS24160S Series 

The command executed for die ane bank after rhe 
execution of this command must be lhe bank active 
(ACTV) command. In addition, an interval of 
IAPW is required between lhe rmaI valid da&a input 
and input of the next command. 

IAPW 

I I 

Conlrmllt ~--~~~~~~~~~~--~~~~~~~~-
' I 

~ --C:!::J l 
I I 
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Fllll-pap B•nt Stop 

•B•nt stop command durin1 burst read: The 
burst stop (BST) command is. used to stop data 
output during a full-page burst. The BST 
command sets the output buffer to High-Z and 
srops the full-page burst read. 

BST to valid data 

1 0 

2 1 

3 1 

HM5241605 Series 

The timing from command input to the last data 
changes depending on the ~ latency setting. 
When the~ latency is 3, the data becomes 
invalid two cycles after the BST command. In 
addition, the BST command is valid only during 
full-page burst mode, and rs invalid with burst 
lengths of 1, 2, 4, and 8. 

BST to high Impedance 

2 

3 
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hD·pap Bunt Stop (coat.) 

•Burst stop eommand at bunt write: 1be burst 
stop command (BST command) is used to stop 
dala input during a full-page burst write. Data is 
still written in the same cycle as the BST 
command, but no data is written in subsequent 
cycles. 

Burst Length • full page 

CU< 

HM5241605 Series 

In addition. the BST command is only valid during 
full-page burst mode, and is invalid with burst 
lengths of 1, 2, 4, and 8. And an interval of 'RWL 
is required between the BST command and the 
next prccharge command. 

Command x ~- ~ X~rqeX ~~~~~~-J ~. ~~~~--' I ---~~~~ 

I I 

llO(input) :::x ~ X n X n >~-:~~~~~~-:~~~~~~~-

--.. >•', 'asw• 1 qae : .... ~: 
I IAWL 
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Command 1Dtena1' 

•Read command to Read command interval 
(1) Same bank, same ROW address: When 
another read command is executed at the same 
ROW addrea of the same bank as the preceding 
read command execution. the second read can be 
paformed after an interval of no less than 1 cycle. 

HMS24160S Series 

Even when the first command is a burst read that 
is not yet finished. the data read by the second 
command will be valid. 

READ to READ Command Interval (same ROW address in same bank) 

CU< 

Address -..--- • .--~, ....... ,_..._,_~--!'~-.-~~.--.--~.--.--.--~.--~~~.--~~1 
(AO-AS) 

BS(A9) ~ ~ I 

Oout 

BenlcO Coklnn -A Column .a Coklnn -A Coklnn .a c:is Latency • 3 
Burst Length • 4 
Banko 

Adve RMd RMd Oaut Dout 

(2) Same bank, difl'erent ROW addres.t: When 
the ROW address changes on same bank. 
consecutive read commands cannot be executed; it 
is necessary to separate the two read commands 
with a precharge command and a bank-active 
command. 

READ to READ Command Interval (different bank) 

CUC 

(3) Difl'erent bank: When the bank changes. the 
second read can be performed after an interval of 
no less than 1 cycle, provided that the other bank 
is in the bank-active state. Even when the fust 
command is a burst read that is not yet finished, 
the "data read by the second command will be 
valid. 

~.. :Xi;;:><::)<:;~E:~~~==::r:::c:::::::::::::::::::::::::::: (AO-AS) 

BS(AQ) ~ I I w \,_ ___ ..;-.... __________ _ 
Oout 

BenlcO Bank1 
Oaut Oaut 

CJS Latency • 3 
Burst Length • 4 
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Command Iatervals (cmaL) 

•Write command to Write command lDterval 
(1) Same bank, same ROW addreu: When 
another write command is executed at lhe same 
ROW address of lhc same bank u the preceding 
write command, the second write can be 
performed after .. inf.elV81 of no less than 1 cycle. 

HM5241605 Series 

In the case of burst writes, the second write 
command has priority. 

WRITE to WRITE Command Interval (same ROW~ in same bank) 

CU< 

Addreu ::>G~X:::J~~E:~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: (AO-AS) 

BS(A9) 3 C3 I 

Din 

a.nkO Column .A Column .a 
Adw Wri• Write 

(2) Same bank. difl'erent ROW addrm: When 
the ROW address changes. consecutive write 
commands cannot be executed; it is necessary to 
separate the two write commands with a precharge 
command and a bank-active command. 

WRITE to WRITE Command Intaval (different bank) 

CU< 

Burst Write Mode 
Burst Length • 4 
Banko 

(3) Difl'erent bank: When the bank changes. the 
second write can be perf<Xmed after an interval of 
no less than 1 cycle, provided that the other bank 
is in the bank-active state. In the case of burst 
write, the second write command has primity. 

~:::xi~::::~!:)E;: ~3<:::::::::::::::::::::::::::::::::::::: 

BS(A9) _3~...-/_/ \.J_t \'-----------------
' 

Din 
Burst Write Mode 
Burst Length • 4 
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Ccw••NI Iateriall (cont.) 

•Read cammaad to Write eommaad interval 
(1) Same bank, same ROW address: When dle 
write command is executed at the same ROW 
address of the same bank as the preceding read 
coaunand. the write command can be pafonned 
after an inlerva1 of no less than 1 cycle. 

READ to WRITE Command lnraval 

CU< 

HM5241605 Series 

However. DQMIJDQMU must be set High so that 
the output buffer becomes High-Z before data 
inpuL 

Command~~~~-~.__~~~~~~~~~ 

'~~~~~~~~'~~~~~ 

Din 

Dout 

(2) Same bank, dilrerent ROW address: When 
the ROW address changes, consecutive write 
commands cailnot be executed; it is necessary to 
separate the two write commands widl a pre.charge 
command or a bank-active command. 

(3) Different bank: When the bank changes, the 
write command can be performed after an intel'Val 
of no less than 1 cycle, provided that the odler 
bank is in the bank-active state. However, 
DQML/DQMU must be set High so that the 
output buffer becomes High-Z befcre data inpuL 
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Command Iatervals (cont.) 

•Write command to Read command interval 
(1) Same bank. same ROW address: When the 
read command is executed at the same ROW 
address of the same bank as the preceding write 
command, the write command can be performed 
after an int.erva1 of no Jess lhan 1 cycle. 

WRITE to READ Command InterVal (1) 

CUC 
I I 

HM5241605 Series 

However, in the case of a burst write, data will 
conrinue to be written until one cycle before the 
read command is executed. 

~~~ ...... ~~~~~~~~~~~~~~~~~~~ 
! ! 
I 
I 

~~~---'~~~~~~~~~~~~~~~~~~~~~~~ 
I 

I 
I 
I 

C.U.n.A :CM l.alllat: 
Wtlll : • • : 

CoUnnoo8 CoUM-8 
•: AMII 0.. 

WRITE to READ Command Interval (2) 

I 

Burst Write Mode 
CXS Latency • 1 
Burst Length • 4 
Banko 

~~~~~~~~~~~~~~~~~~~~~ 

(2) Same bank. clllferent ROW address: When 
the ROW address changes. consecutive write 
commands cannot be executed; it is necessary to 
separate the two write commands with a precharge 
command and a bank-active command. 

Burst Write Mode 
CJ;S Latency - 1 
Burst Length • 4 
Banko 

(3) Different bank: When the bank changes, the 
write command can be performed after an interval 
of no less than 1 cycle, provided that the other 
bank is in the bank-active Slate. However, in the 
case of a burst write, data will continue to be 
written until one cycle before the read command is 
executed (as in the case of the same bank and the 
same addrm). 
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Commaad Intervals (coat.) 

•Read command to Precharge command 
interval (same bank): When the prccharge 
COlllllWld is execured for the same bank as the mid 
command that preceded it. lhe minimum interval 
between the two commands is one cycle. 
However, since the output buffer then becomes 
High-Z afta the cycles defined by llflP. thae is a 
possibility that burst read data output will be 
interrupted. it the precbarge command is input 
during burst read. 

HMS24160S Series 

To read all data by burst read. the cycles defined 
by IEP must be 8S.W'Cd as an irucrval from the final 

data output to precharge command execution. 

READ to PRECHAROE Command Interval (same bank): To output all data 

~ Lalency • 1, Burst Length • 4 

~ Lalcncy = 2, Burst Length = 4 

CUC 

····1a,Cill 

~Latency c 3. Burst Length = 4 

CUC 
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HM5241605 Series 
Command latenall (coat.) 

READ to PRECHARGE Command lntelval (same bank): ro srop output data 

~ Lalency • 1, Burst Length • 1, 2, 4, 8 

I 

c...... ~ .......... :....._~~~~~~~~~~~~~~~ 
DM ~~...-z-;..;._~~~--~~~~~~~~~~~ 

~ ..... , 
~ Latmcy • 2. Burst Length • 1, 2, 4, 8 

I 

C--'~~~~---~~~:~~~~~~~~~~~~~~ 
~~~~~~---!~-1~~...-z~1~~~~~~~~~~~~~-

IMP.Z 

~ Latmcy = 3, Burst Length = 1, 2, 4, 8 
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Commud latenall (cont.) 

•Write command to Precbarae command 
interval (same bank): When the prec:harge 
command is executed for the same bank as the 
write command that preceded it, the minimum 
interval between the two commands is 1 cycle. 

HMS24160S Series 

However. if the burst write operation is unfmished, 
the input data must be masked by means of DQMU 
and DQML for assurance of the cycle defined by 

lRWL· 

WRITE ID PRECHARGE Command Interval (same bank) 

Burst Length • 4 (To stop write opmllion) 

l~ 

Burst Length = 4 (To write all data) 
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Commucl laterftll (coat.) 

•Bank acti•e command iatenal 
(1) Same bank: The interval between the two 
bank-active commands must be no less than lRC· 

Bank actiw to bank active for same bank 

Bank active to bank active for different bank 

CU< 

CornrnMd 

Addl..a =x ROW:O x (AO-Al) 

BS(Mt ~ I_ 
I . 
j• lAfl) 

a.MO 
AdNe 

•Mode re1ilter set to But-active command 
iDtenal: 1be inlerval between setting the mode 
register and executing a bank-active command 
must be no less dlln 'RsA· 

ClJ( 
--, 

I 

CarnmMd =x f x 
Addrell =x CODE x (AO-At) 

I 
I 

i .. 
lASA 

Modt 
~Sit 

HMS24160S Series 

(2) ID tbe case of ditrereat bank-actin 
commands: The interval between the two bank
active commands must be no less than lRRJ> 

XAC~1 x 
x ROW:1 x 
I I \ I 

I 
I 
I 
I .. : 
r 

Bank 1 
AcSlve 

x+x 
Xas1

1

ROwX 
I 

•; . ... 
AdM 

~o 



DQMCoatrol 

The DQML and DQMU mask the lower and upper 
bytes of the I/O dala. respectively. The riming of 
DQMI.JDQMU is different during reading and 
writing. 

•Readina: When daca is read, the output buffer 
can be controlled by DQMI.JDQMU. 
By setting DQML/DQMU to Low, the output 
buffr.r becomes Low-Z. enabling dara outpuL By 
setting DQMIJDQMU to High, the output buffer 
becomes High-Z. and the corresponding data is not 
output. However, internal reading operations 
continue. The lat.ency of DQML/DQMU during 
icading is 2. 

Reading 

HM5241605 Series 

•Writing: Input data can be masked by 
DQML/DQMU. By sett~ng DQMLIDQMU to 
Low, data can be written. In addition, when 
DQMI.JDQMU is set to High, the corresponding 
data is not wriuen, and the previous data is held. 
The latency of DQMIJDQMU during writing is 0. 

llO(output) -----( : out O X out 1 ) ~igh-Z (_....;o~ut.;..;;3~)>----
' I .. , 

1000 • 2 Latency 

Writing 

CU< 

OQMUA. 
I 

LO( input) ( lnO x in 1 

~ 
in3 ) 

1010 • o Latency 
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Refresh 

• Auto-refresb 
All the banks must be precharged before executing 
an auto-refresh command. Since the auto-refresh 
command updates the interval counter every lime it 
is executed and determines the banks and the 
ROW addresses to be refreshed. external address. 
specification is not required. The refresh cycle is 
1,024 cycles/16 ms. (1.024 cycles are required to 
refresh all the ROW addresses.) The output buffer 
becomes High-Z after auto-refresh start. In 
addition. since a precharge has been completed by 
an internal operation .after the auto-refresh. an 
additional precharge operation by the precharge 
command is not required. 

•Sell-refresh 
After executing a self-refresh command. the self
refresh operation continues while CKE is held 
Low. During self-refresh operation. all ROW 
addresses are refreshed by the internal refresh 
timer. A self-refresh is tennina1ed by a self-refresh 
exit command. After the self-refresh. since it is 
impossible to determine the address of the last 
ROW to be refreshed. an auto-refresh should 
immediately be pelfonned for all addresses (1.024 
cycles). 

HM5241605 Series 

Othen 

•Power-down mode 
The synchronous DRAM enters power-down 
mode when CKE goes I..Ow in the IDLE stale. In 
power down mode, power consumption is 
suppressed by deactivating tbc input initial circuit 
Power down mode continues while CKE is held 
Low. In addition. by sciting CKE to High. the 
synchronous DRAM exits from the power down 
mode. and command input is enabled from the 
next cycle. In this mode. internal refresh is not 
performed. 

•Clock suspend mode 
By driving CKE to Low during a bank-active or 
read/write operation. the synchronous DRAM 
enters clock suspend mode. During clock suspend 
mode. external input signals are ignored and the 
internal state is maintained. When CKE is driven 
High, the synchronous DRAM terminates clock 
suspend mode. and command input is enabled 
from the next cycle. For details, refer to the "CKE 
Truth Table". 

•Power-up sequence 
During power-up sequence. the DQMLIDQMU 
and the CKE mmt be set to High. When 100 µs 
has past after power on, all banks must be 
precharged using the f>recharge command. After 
'RP delay, set the mode register. And after tRSA 
delay, execute two cycles of auto-refresh operation 
as dummy, an interval of 'Re is required between 
two aulO-refrcsh commands. 
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· HMS241605 Series 

Absolute Maximum Ratings 

Parameter Symbol Value Unit 

Voltage on any pin relative to Vss Vr -1.0 to +4.6 v 

Supply voltage relative to V ss Vee -1.0 to +4.6 v 

Short circuit output current lout 50 mA 

Power dissipation Pr 1.0 '1:1 

Operating temperature Topr Oto +70 •c 

Storage temperature Tstg -SS to +125 •c 

Recommended DC Operating Conditions (Ta = 0 to + 70°C) 

Parameter Symbol Min Max Unit Note 

Supply voltage Vcc.Vcca 3.0 3.6 v 

Vss.VssO 0 0 v 
Input high voltage V1H 2.0 4.6 v 1, 2 

Input low voltage V1L ~.3 0.8 v 1, 3 

Notes: 1. All voltage referred to Vss 
2. V1H (max) • 5.5 V for pulse width s 5 ns 
3. v1L (min) ·-1.0 V for pulse width s5 ns 

33 



HM5241605 Series 

DC Characteristics (Ta = O to 70°C, V cc, V ccQ = 3.3 v ± 0.3 V, V ss' V ssQ = O V) 

HM5241605 

·15 ·17 ·20 

Parameter Symbol Min Max Min Max Min Max Unit Teat condition• Not••. 

Operating currant lcc1 80 70 65 mA Burst length· 1 1, 2 
iRc·· min 

Standby currant lcc2 3 3 3 mA CKE·VL, tcK. min 
(Bank Disable) 

2 2 2 mA CKE•VL 
CLK.Va. OI VIH Fixed 

25 - 22 20 mA CKE•Vfi, 3 
NOP command 
tcK •min 

Active standby current lcC3 7 7 7 mA CKE·Va.. tcK •min, 1, 2 
(Bank active) VO.High-Z 

30 26 - . 23 mA CKE.v.,., 1, 2, 3 
NOP command 
tcK • min, llO • Hig~Z 
' 

Burst operating (CL· 1) lc04 55 50 45 mA tcK. min 1, 2 
currant (CL·2) 100 90 80 mA 

(CL-3) 105 95 85 mA 

Refresh current Ices 70 65 60 mA tRc. min 

Self refresh currant Ices 2 2 2 mA vii~ Vee- 0.2 
vls o.2v 

Input leakage currert lu -10 10 -10 10 -10 10 µA O_sVin.sVcc 

Output leakage cunnt ILO -10 10 -10 10 -10 10 µA O ~ Vaut~ Vee 
VO ·disable 

Output high voltage VOH 2.4 2.4 2.4 v loH•-2 mA 

Output low voltage VOL 0.4 0.4 0.4 v la.•2 mA 

Notes: 1. ice depends on output ioad condition when the device is selected. Ice (max) is specified at tha 
output open condition. 

2. One bank operation. 
3. Input signal transition is once per two CU< cycles. 
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HM5241605 Series 

Capacitance (Ta = 25°C, V cc, V ccQ = 3.3 V ± 0.3 V) 

Parameter Symbol lYP Max Unit Not•• 

Input capacitance (Address) C11 5 pf 1, 3 

Input capacitance (Signals) C12 5 pf 1, 3 

Output capacitance (llO) Co 7 pf 1, 2, 3 

Notes: 1. Capacitance measured with Boonton Meter or affective capacitance measuring method. 
2. DOMUIL • V1H to disable Oout. 
3. This parameter is sampled and not 100% tasted. 

AC Characteristics (Ta = 0 to 70°C, V co V ccQ = 3.3 V ± 0.3 V, V 55, V ssQ = 0 V) 

HM5241605 

-15 -17 -20 

Parameter Symbol Min Max Min Max Min Max Unit Note• 

System clock (CL•1) tcK 30 35 40 ns 
cycle time (CL-2, 3) 15 17.5 20 ns 

CU< high pulse width tcKH 6 7 8 ns 

CU< low pulse width tcKL 6 7 8 ns 

Access time (CL·1) tAc 30 34 38 ns 1, 2 
from CU< (CL•2) 15 16.5 18 ns 1, 2 

(CL..3) 13 15.5 18 ns 1, 2 

Raad command (Cl-1, 2) tAcK 30 34 38 ns 
m data valid time (CIA) 43 50.5 58 ns 

Data-out hold time (CL· 1 ) toH 4 4 4 ns 1, 2 
(CL-2, 3) 2 2 2 ns 

CU< to Data-out tu 0 0 0 ns 1,2 
low impedance 

CU< to Data-out {<1-1) t.a 4 15 4 17 4 19 ns 
high impedance (~ 3) 2 10 2 12 2 14 ns 1, 3 

Data-in setup time tos 4 4 4 ns 

Data in hold time toH 2 2 2 ns 

Address setup time tAS 4 4 4 ns 

Address hold time tAH 2 2 2 ns 

CKE setup time tees 4 4 4 ns 
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HM5241605 Series 

AC Characteristics (Ta = 0 to 70 °C, V cc = 3·.3 V ± 0.3 v, V SS = 0 V)(cont.) 

HM5241605 

·15 ·17 ·20 

Parameter Symbol Min Max Min Max Min Max Unit Note a 

CKE setup time for tcesP 13 15 17 - ns 
power down exit 

CKE hold time tcEH 2 2 2 ns 

Command(CS, ~. ~. tcs 4 4 4 ns 
WE, DCQ) setup time 

Command(C'S, ~. ~. tcH 2 2 2 ns 
WE,'DOJJ ) hold time 

Ref/Active to Ref/Active 1Rc 110 120 130 ns 
command period 

Active to Precharge 1RAs 70 10000 75 10000 80 10000 ns 
command period 

Active to precharge tRASC 80000 80000 80000 ns 
on full page mode 

Active command to tRco 30 35 40 ns 
column command 
(same bank) 

Precharge to active tRP 34 34 40 ns 
command period 

The last data-in to lRWL 30 35 40 ns 
Precharge lead time 

Active (a) to ktiY• (b) 1RRo 30 35 40 ns 
command period 

Register set 1D !RSA 30 35 40 na 
active command 

Transition time (rise _, fal~ tr 5 5 5 ns 

Refresh period 'REF 16 16 16 ms 

Notes: 1. AC measurement assumes tr • 1 ns. Reference level for timing of input signals is 1.40 V. 
2. Access time is measured at 1.40 V. Load condition is CL • 50 pF with current source. 
3. tHZ (max) defines the time at which the outputs achieves ± 200 mV. 

Load condition is CL • 5 pF with current source. 
4. tees define CKE setup time to CKE rising edge except power down exit command. 



HMS24160S (L VTIL) 

input 
2.SV 

Vss 

HMS24160S Series 

output 

VO 5000 

~+1.4V 
J_ CL 

J 
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HM5241605 Series 
Relatioaship Between Frequency and Minimum Latency 

HM5241605 

·15 ·17 ·20 
P•r•m•ter 
Frequency (MHz) 66 33 57 28.5 50 25 
lCI( (ns) Symbol 15 30 17.5 35 20 ·40 Notas 

Active command to column tRco 2 2 2 
command (same bank) 

Active command to active ~c 8 5 7 4 7 4 • (tRAS + tRP ) 
~mmand (same bank) 

Active command to precharge tRAs 5 3 5 3 4 2 
command (same bank) 

Precharge command to active tRP 3 2 2 2 
command (same bank) 

Last data input to pracharge tRWL 2 2 2 
command (same bank) 

Active command to active tRRD 2 ·2 2 
command (different bank) 

Last data in to active command IAPW 5 3 4 2 4 2 •(tRWL + ~p) 
(Auto precharge, same bank) 

Self refresh exit tD command input lsec 8 4 7 4 7 4 • [tRC] 

Precnarge command to high impedance IHzP 
(~latency • 3) 3 3 3 3 3 3 
(~latency • 2) 2 2 2 2 2 2 
(~latency • 1) 1 1 1 

Last data out to active mmmand IAPR 
(aUID prectage) (CJS latancy • 2. 3) 2 1 0 0 •[tRp]-1 
(same bank) (~ lat8ncy. 1) 2 1 1 • (tRp) 

Last data out to prechmge lep 
(aaly precharge) ~llnc:y-3) -2 -2 -2 -2 -2 -2 

(m latlncy • 2) -1 -1 -1 -1 -1 
_, 

~-1) 0 0 0 

Column command to cotumn command lcco 

Write command to data in.latency lwco 0 0 0 0 0 0 

DOM to data in 1010 0 0 0 0 0 0 

DOM to data out looo 2 2 2 2 2 2 

CKE to CU< disable le LE 1 
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HMS24160S Series 
Relationship Between Frequency and Minimum Latency (cont.) 

HM5241605 

-15 ·17 -20 
Parameter 
Frequency (MHz) 66 33 57 28.5 50 25 
tcK (na) Symbol 15 30 17.5 35 20 ·40 Note• 

Register set to active command tRSA 2 2 2 

CS to command disable 'coo 0 0 0 0 0 0 

Ppwer down exit to command input I pee 

Burst stop to output valid data hold lesR 
(CAS latenc:y ·1) 0 0 0 
(CAS latency-2, 3) 1 1 1 

Burst stop to output high impedance lesH 
(CAS latency • 1) 1 1 1 
(CAS latency• 2) 2 2 2 2 2 2 
(CAS latency • 3) 3 3 3 3 3 3 

Burst stop to write data ignore 'esw 

Note: 1. tRco to tRRO are racx>mmended value. 
2. CL.~ latency. 

39 



Timing Wavetorms 

ReadCyde 

HM5241605 Series 
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HMS24160S Series 

WriteC7de 

a.K 

CKE 

cs 

AAi 

CAi 

~ 

M 

M 

Addr9ll 

OOt.t.K. 

VO(~) 

llO(~) 

... 0 .... 0 
Adle Will 
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Mode Resister Set Cycle 

QJ( 

el 

m$! 
m?12u; 
Wl~i 

~BS) 7/{Wfff¢Pl 

I 
I I 

~: 

Mnl 
M#k?i 
ipfp~ 

. 
I 

i7$ni 
&#m.l 
~i 

K)(outsiuQ ~~-+-~-~~1---+--!'--+--1---+--+-~,--+---t 

Uf"Vjnput) -------------------- •::. z """ : • I I I •• I I I : 

• :,AP! • :,~ • !1ACd + 
:::r =--...., =.· =· 

Read Cydf/Wrlte Cycle 

CU< 

I 
I ..... .... 

I 
I 

I .... .... 

I .... ..... 
•+1 

I 
I 

I 
... t --

a+ ..:., -- ..:,., .. 
I 
I . 

r'9't;z 
I WI .... ,...... ... wt ... 

HMS241605 Series 

I I 

Wit7~mi b!mJLZ 

"+ 

!8@·3 
~lat•ncy-3 
Burst Length • 4 

Aladcyc:ll 
Jmmdllaya3 
cxs latlncy • 3 ™ Burst Length. 4 

W$ 

I 

I 
... t • 

":"""! 

I wt ......... 

Writtcyc:ll 
mcxs delay. 3 
~ l.atlncy. 3 
&Jrst l.angtl • 4 

42 



HMS241605 Series 
Read/Sln1le Write Cycle 

CUC 

cs 

m ~-::::.:::::::-::::.=:=:: I W//A,l 
r'>nhn':, . 
~ ':.' A9(BS) 7lZ4: JZ77j'74: u~~='A:..::--.:.V;:eYh=~=:v,=:i~i?:::v,=:i~i=w.~~~ZA:"'t: .J @m///ll7A: rm: ~ 

:: ~~f5//7f7$ifj~i 
~t) I I I I I I I I I I I I I I I I I I I I 

~tpUt) ~~--t-~-+-~l---t-~-+-~T-"\::.......,,rc..:,~i::..:...:::n:;~)oo+~-+-~+---t---+-1:\;.,..,..n;;.;.,:_~'.=,J'~~ ' I 

I .... 111*1 ... I ........ .... I ... I I 

: - """" -- .... """" ---..: ........ : 
CKE ~vH•;~...____..._ ...... ~...,.~o!o-""""'~-!-~...___..._~~-!-~o!o-~~-!-~~__..._ ...... '~~·~-!-'~~·~ 

I I 
I 
I 

.... - .... 
"""" 

... . - :··· : ........ -- I 
I .... ........ 

Read/Single write 
~~delay•3 
~Latency.3 
Burst length • 4 
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Re8d/Burst Write C7de 

CLK 

CKE 

cs 
~ 
CAS '/2Z1-::;,=:::: ::;;~;:-

HM524160S Series 

we~: 
A9(BS) 772i\; 11//f: W/Z//7ftl////ff7fa: ti//// 71/WA: !'/a: ~ 

=~i~%$JffTt7frP(%~fi~% 
I/() I I I I I I I I I I I I I ~: I I I I 

(input) I : t I : I I I I I : I I I I I I : 

foUlpUt) i, I ·1 ! ! ~! ! ! ! ! ! ! ! 
..... : ..... ..... I I Cllll I I I ..... I I I I 111*0 I .... I 

: - : ..... - l l ....... l l ! ... l ! l ! ~ ~: 
CKE -1 VH ;~-!--'!--~-'!--""'"'!--~""'"'!--~~-~~-~~-~~-~~---!--!'--~ 

I I 
I 
I 

..... ..... .... .... .... ,_...... 
Read/Single write 
~~delay.3 
~Latency.3 
Burst length • 4 



Fall Pqe Read/Write Cycle 

HMS241605 Series 

I w1 ........ 

Writltcyde 
~delay·3 
~l.Uency-3 
Burst length • full page 



HM5241605 Series 

Auto Refresb Cycle 

Self Refresh Cycle 

CU<~ : . ' . . 
CKE : ; ; \: CICI '- ___J~;--!---!-'-!--!'-...__.___.~..;........;..~-~~ 

: t t I I 

Cl~?2222ZI: I ' • I • ' I I \W1 ' I 

.wwa: ~: tWWf?&/~kaiw}viw)r~$4: fr//JwJA 
m Md~ $#Ai mw2 w;w}g;Vg~ffiWE~/&.i ~ 
we WZA! i(l!/pj WZM w&¢zfpi(&;/4%,1141'd(W(ui 01¥@ 

I I t t I I I f t I t t I I t I I 

AA(BS) ~ w////);T&pk/AW111iw¥AvJ&Jvd?-dm!ffi . : : : : : : : : : : : : : : : : 
Addrw ~ W///4(l/q//ffel/~/?«W'W/4MWff//(///(;W/2' 
DOMu.t. :?/faij&@7A///ff17A V///l&7/W/ifdW7ff/7@7E«?7&n>zd?YAQA/t 
l.O(lnpul) t : : : : : : : : : : : : : : : : 
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HM5241605 Series 
Clock Suspend Mode 

Power Down Mode 

CU( 
: 

CKE ~-.-.-------\~: __ cK_e_u. __ ~ 
• ' • t • 

--- ----·- l I I I : : ..... - ........ ~ ....... ™: ~: : : 
//llilll l ™ 0W////@! 17//7/w)M 
ivkfli rn~ai &k/~ 

I I I t t t t I 

¥1(21 j W/@; ?W2////f4i ~//{2/ 
A9(8S) '7"'7"7".";,.._,-~...,,.-r~~.,...,,..,., /2#//dd!?.l @W/JA! 

I I t I t 

Address ~~j@fo 
DOMUIL V///);v,&dw$W//17// Wm»i17/i17/1m7///A 

I I I t I I f t I 
I I I I t I t I I 

llO(lnput) . 
llO(output) --------------- -HiQh-z-:--------......... -'RP~. • t: 

~·.-='Tr commend ,.,.. downefllry =·~ 
ACIMtBAnkO 
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HMS24160S Series 
Power Up Sequence 

CU< -
CKE - ~v..-:__, __ ..__.__.... __ .._..-.._.___, __ .._ ___ _.___, __ __,_,__.... __ __,..-.._.___,~1 . . 
~ - t I t t t t I I • • t I 

~O ~o ~:, ;.. ;... .... +.. ~ ;.. ,;... .... ~ ~ • I m ~ "'"WIZA"""'"'~: ....&.o~"*"""*""'-Ao--~ .................. -0 .... W-.... ~ .... W-.... ~ .... ~ .... ~ .... W-.... ~ .... W-..... ~-m ..... _ ..... 0 .... ~ .... W-.... ~ .... W-..... ~ .... ~ .... ~ .... 0'-.... ~ .... ~ ..... 'h ..... ~-: .... P???<~""'" 
~ ~ rt'?Z2o"""'·_.. .... i .... '72 .... ·..,.w,..,:<;..,..bn-1 ~1 iw)mfuA$4 ~dw!i ~ 
WI ~ $! ,,., i(d(a'i YfW{ldp:~ o/~~i Y(2Z 

DOMUA. -

'° -

Vllld 

-fv.t~;~!o---P-~--+---t---+---+----!o--+--t--+-~!o--~:-·----+--t---+---+--+~ 

----'!-------~~---------!"'"---------'!----~-------!"'"---------
1 J • ~ !t... • •..u • =-...... .._._ + ....,_ ...... 
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Package Dimensions 

HM52416051T Series (Tl'P·50D) 

2095 
21.35 Max 

so 
111111111 

0 

0.27± 0.07 

HM5241605 Series 

Unit: mm 

.~ 

co g 

25 11.76 ± 0.20 
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HAL/SP 

HM5283206 Series P-RFLIMINARY SPrc 
131, 072-word x32-bit x2-bank Synchronous Graphic RAM 

HITACHI 
AH Inputs and outputs signals refers to rising 
edge of the clock Input. The HM5283206 
provides 2 banks to realize better performance. 
8 column Block write and write per bit functions 
are added for graphle applications. 

Features 

• 3.3V Power supply 
· Cloek frequer.cy 

80 MHz/66 MHz/57 MHz/50 MHz 
· L VTI'L Interface 
. 2 BankS can operated simultaneously and 

llidependently 
• Burst read I write operation and burst read I 

single write operatton capat>lllty 
• Programmable burst length 

1fll418 full page 
• Programmable burst sequence 

~uentlal I interleave 
• Full page burst length capablllty 

S8quentlal burst 
burst stop capability 

• Programmable CAS latency 
11213 

· Byte control by DOM 
· 8 column block write function with column 

address mask 
· Write per btt function ( old mask ) 
· 2 variations of refresh 
- Auto refresh 
- Self refresh ( 1024 refresh cycft:ts: 16ms) 

Preflmlnary : This document contains Information on a 
new product. Spectflcattons and information contained 
herein are subjected to change without notice. 

Ordering Information 

Type No. 

HM5283206FP-20 
-17 
-15 
-12 

Frequency 

SO MHz 
57MHz 
66MHz 
BO MHz 

HM5283206TT-20 50 MHz 
-17 57 MHz 
-15 66 MHz 
-12 80 MHz 

Package 

100-pin 
plastic QFP 

400-mil 80-pln 
plastic TSOP If 

I ADE-203-22i(Z) I 



HAL/SP 

HM5283206 Series 

Pin Ar.rangement 
HM5283206FP Series 

0029 
VssQ 
0030 
0031 
Vss 
NC 
FP 
FP 
FP 
FP 
FP 
FP 
FP 
FP 
NC. 

~DO 
OQ, 
VssQ 
002 

2~~~~~~~~~~$E~$~~s~~sm~~~~~m~~ 
81 . 50 
82 49 
83 "8 
8' 47 
~ ~ 
~ ~ 
87 ~ 

: 100 pin QFP : 
90 20X 14 mm2 41 

~ 0.65 mm pitch : 
~ ~ 
~ ~ 
95 36 
98 35 
w ~ 
~ ~ 
~ ~ 
100 0 31 

Pin Description 

Pin name Function Pin n•m• Function 
A~A9 Address input DOM Byte input/output mask 

- Row address AO-A8 CLK Clock input 
- Column addres AO-A7 CKE Clock enable 

A7 
A6 
A5 
A4 
Vss 
NC 
FP 
FP 
FP 
FP 
FP 
FP 
FP · 
FP 
NC 
voo 
A3 
A2 
A1 
AO 

A9 Bank select addres BS voo Power for internal circuit(3.3V) 
000-0031 Oata·inputlout.put Vss Ground for internal circuit 
IRAS Row address asserted vooa Power forOQ pln(3.3V) 

bank enable VssQ Gorund for OQ pin 
/CS Chip setect OSF Special function input flag 
/CAS Column address assreted NC No connection 
/WE Write enabte FP TBO 

001 



HAL/SP 

Pin Functions 

CU<(lnput ptn): Clock provides the fundamental 
timing Signal • The other Input stgnala refer CLK 
rising edge. 

/CS(lnput pin): By setting /CS to low level, 
commands are ready to be accepted. 

IRAS, /CAB, /WE, DSF(lnput pfna): All these 
pin8 ant UHd to i8aue command8. 

AO-A8(1nput plna): Row address (AXO·AX8) is 
acquired through AO-A8 pine when bank active 
commands are executed. Column address (AYO
AY7) Is acquired through AO-A7 when read or 
write commands are executed. AS determines 
pnteharge mode when precharga commands are 
issued . If AS is low, select bank goes into 
precharge process. If A8 Is high, all banks are 
selected for precharge operation. 

Al(lnput pins): A9 Is a bank select stgnal(BS). 
In case A9 • 'O', bank O Is selected. In case A9 
• '1',bank 1 is setected. 

HM5283206 Series 

CKE(lnput pin): By referring low level on CKE 
pin, HM5283206 determines to go into clock 
suspend modes or power down modes. In self 
refresh ·mode, low level on this pin Is also 
referred to tum on refresh process. 

DQMO, DQM1, DQM2 and DQM3(1nput pins): 
DQMO controls 000-007. OOM1 controls 008 
·0015. OOM2 controls 0016-0023. OOM3 
controls 0024-0031. In read mode, referring 
high level on DOM pins, HM5283206 floats 
related oa pins. In wrtte mode, referring high 
level on DOM pins, HM5283206 Ignores input 
data through related 00 pins. · 

DQO-OQ31(lnput/output): These are the data 
line for the HM5283206. 

VDO, VSS, VODQ, VSSQ(Power supply): 
YOO and VSS are power supply pins for 
intemal circuits. vooa and vssa are power 
supply pins for DO buffers. 



HAL/SP 

Block Dl•gram 

Column eddr ... 
decoder 

AO·A.7 

Column address 
decoder 

Row decoder 

Memory array 

8ank1 

512 row x 258 ooli.mn x 32 bit 

-=::.:r.~· ... --
DQO..OQ31 

HM5283206 Series 

RowaddAtss 
buffer 

AO-A9 

Row decoder 

Refreeh 
counter 

Memory array 

Bank1 

512 row x 259 column x 32 bit 

Control logic & 
timing generator 

u l) ~3 



HAL/SP 

HM5283206 Series 

Simplified State Diagram 

~ Automatic transition after completion of command 
- Transition resulting from command input. 
Note. 1.After the auto-refresh operation, precharge operation Is performed automatically and enter 

the IDLE state. 

tH1 l 



HAL/SP 

command Operation 

Command Truth Table 

HM5283206 Series 

The HM5283206 recognizes the following commands specified by the /CS, /RAS, /CAS,·IWE, DSF and 
addresapina. 

CKE 
Function n-1 n /CS IRAS /CAS /WE OSF A9 AS A7.0 

Ignore Command OESL. 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 

Column address & read command READ H x L H L H L v L v 
Read with auto precharge REAOA H x L H L H L v H v 

ColurTW'I address & write command WRIT H x L H L L L v L v 

Write with auto pracharge WRITA H x L H L L L v H v 

Row address strobe and bank act. ACTV H x L L H H L v v v 
Precharge select bank PRE H x L L H L L v L x 
Precharge all banks PALL H x L L H L L x H x 
Mode,egister set MRS H x L L L L L L L v 

,.:;t~~;;~~:~~~;;::~::,--~~~-~~' ,~~£· H :>~,:;'le'', ~f£~t~ 
~~z::~~;:~ll~~:,-,-~~--~fo:~_;:~/ ;L ', L ':t4ii:iS~ ,\z:>t~ 
~~:~~,:~~-:·wjm;:~l.P.~l~~,;~:f:~~~~!tP\.:::':'.·H:=:;:1'''~~,::j;wi.~f:fa~:;:M:_:,:.i,'.<i.·.:,:~~-:fa.: .. : __ ~---···h;,~-'.-::~,t·:';'?::y.{'.'::,·:·:,,~'it}':: .. if::d!~; 
~,1_~t#J~il~-il!lt~~;:~f.iF.4.4~~M~:1?::~·~t,::::tj:~f~~~:~~l~:;:\~,::;I:~·:.::.,:~{t~:!,:,'.·;·;_~:·:·,:~:,:::::;:}~0\BWi:'.5Im.;;·:x'~'.::i:::::;'.:¥:•~:l,;,:; 

Note: H:High level. L: Low level; X:H or L(Oon't care}. V:Valld address input 

.Ignore command[DESL]: When this command 
is ••t (/CS Is high), ttw HM5283206 ignores 
comm~ input. Internal operation Is held. 

.No oper•tlon[NOPJ: This command is not an 
execution command and does not affect intemal 
operation. 

.Burat atop In tull-page(BST]: This command 
ltoc>S U\e full page burat operation ( burst length is 
2S6(fuU-page)), and la illegal for the burst length 1, 
2, 4, e. Full page burst continues until thi1 
command la Input. 

When full page read/Write Is completed. It 
automatically retums to the start address. and 
readlwrite Is per1ormed repeatedly. 

.Column address strobe and read 
command[READ]: This command stans read 
operation. The start address of burst read is 
determined by the column.address(AYO-AY7) and 
the bank select address A9. After the read 
operation, the HM5283206 floats DO output buffer. 



HAL/SP 

.Read with auto-precherge[READ A]: This 
command automatically performs a preeharge 
operation after a burst read with burst length 1, 2, 
• or e. When the burst length is full-page(256). 
this command Is Illegal. 

.Column addntn strobe and writ• 
command[WArT']: This command starts a write 
operation. When the burst write mode is selected • 
.... COIUITV1 addre•• (A YO-A Y7) and the bank 
Mtect address A9 become the start address of 
burst write . When the single write mode is 
Hlected, data Is only written to the location 
defined by the column address (AYO to AY7) and 
the bank select address A9. 

• Column addreaa atrobe and block write 
command[BWRIT]: By this command, the 
HM5283206 executes a block write with the data 
stored in the color register. The column block 
address is given through AO-A 7 pins at the same 
cycle when this command is Issued. To go details 
about block write operation, refer to ·e1ock write 
and write per bit•. 

.Writ• with auto-precharge[WRIT A]: This 
command automatically performs a precharge 
operation after burst write or single write. For the 
full-page mode. this command ia forbidden. 

.B~k write with auto-precharge(BWRIT A]: 
This ·command automatically performs a 
precharge operation after block write. 

.Row addren atrobe and bank activate 
[ACTV]: This command activates 1he bank 
selected by A9 pin and determine• the row 

DOM Truth Table 
CKE 

HM5283206 Series 

address (AXO-AX8}, with refer to AO-A7 and AS 
pins. When BS is low, bank 0 Is activated. When 
BS is high, bank 1 is activated. 

.Row address strobe, bank •ctlv•te end write 
per bit enable[ACTVMJ: This c0mmand not only 
performs the operation executed by ACTV but also· 
enables write per bit. To go detail about write per 
bit function. refer to ·e1ock write and write per bit• 

.Precharge aefected bank[PREJ: This command 
starts precharge operation for the bank selected by 
A9. If A9 is low, bank 0 is selected. If A9 is high, 
bank 1 is selected. 

.Precharge all banka[PALLJ: This command 
starts a precharge operation for all banks . 

.Refresh[REF/SELF]: This command starts 
refresh operation.There are two types of refresh 
operation. One is auto refresh(CBR type), the 
other is self·refresh. For details refer to the CKE 
truth table. 

.Mode register aet[MRSJ: The HM5283206 has a 
mode register that defines how it operates. The 
mode register is specified by the address pins (AO. 
A9) at the mode register set cycle. For details. refer 
to the mode register configuration. Just after power 
on, the contents of the mode register are undefined 
so that this command should be executed. 

.Special mode register aet[SMRSJ: By this 
command, color register or mask register is set, 
witti refer to A5 and AS pins. For details. refer to 
•special mode register configuration". 

Function n-1 n OOMI 

Ith byte write enable/out put enable ENB i H X L 

Ith byte write Input/output disable MASKI H X H 

Note: H:Hlgh level. L: Low level. X:H or L(Don't care). im0, 1,2.3 
OQMO for 000-007. OQM1for008-0015. OQM2 for 0016-0023, OQM3 for 0024-0031 

Th• HM5283206 series can contrOI OQ 
Input/output buffers with use of OQMl(l-0, 1. 2. 
3). COMO controls OQQ.007. OQM1 controls 
008·0015. OQM2 controls 0019-0023. OQM3 
controls 0024-0031. During read operation, as 
long •• OQMi ia low, corresponding DO output 
buffers are kept active 10 that data are driven out. 
In order to stop data output trough 00 pins, 
corresponding OQM pin should be set to high to 
float oa output. 

During write operation, as long as DQMI pins low. 
data through corresponding DO input buffers are 
driven into HM5283206. To stop new data through 
OQ Input buffers to keep the previous data, 
co"esponding OOMi pin should be set to high. 
For details, refer to the DOM control section of the 
operating instructions. 
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CKE Truth Table 

Current St•te ~unction 

Active Clock suspend mode entry 

Any Clock suspend 

Clock suspend Clock suspend mode exit 

Idle auto refresh command REF 

Idle Self refresh entry SELF 

Idle Power down entry 

Self refresh Sett refresh exit 

Powet.down Power down exit 

Note: H:Hlgh level. L: Low level. X:H or L(Don't care) . 

• Clock suspend mode entry: 
The H,M5283206 enters into clock suspend mode 
from •ctive mode by setting CKE to low. There are 
few· tyPe• of clock suspend mode depends on the 
state when CKE level is changed from 'H' to "L'. 

·ACTIVE clock suspend: If CKE·transition(1 to 0) 
l\eppens during bank active states, bank active 
status is kept. Any input signals are ignored in this 
mode. 

·READ and READ A suspend: If CKE transitlon(1 
to 0) happens during read operation, read 
operation is kept going or 00 output data Is driven 
out until completion. Any Input signa19 are ignored 
in this mode. 

·WRITE(BLOCK WRITE) and WRITE A(BLOCK 
WAITE A) suspend: If CKE·transition(1to0) 
l\eppeQa during write operation, though any input 
signals include OQ Input data ignored, write 
operation is kept going until completion. Any Input 
signals are ignored In this mode. 

.Clock suspend mode exit: By changing CKE 
level from O to 1, clock suspend mode Is 
punctuated. 

HM5283206 Series 

CKE 
n-1 n /CS IRAS /CAS /WE DSF Address 

H L x x x x x x 

L L x x x x x x 

L H x x x x x x 
H H L L L H L x 

H L L L L H L x 
H L L H H H L x 

L H L H H H L x 

L H H x x x L x 

L H L H H H L x 
L H H x x x x x 

.IDLE: In this state, all banks are kept precharged 
and no banks are activating. • 

.Auto-refresh command [REF]:-
When this command Is input from the JOLE state. 
the HM5283206 starts auto-refresh operation.(The 
auto-refresh is the same as the CSR refresh of 
conventional DRAM.) During the auto-refresh 
operation. refresh address and bank select address 
Is Internally generated. For every auto-refresh 
command, the intemal address counter Is updated. 
Accordingly. 1024 times are required to refresh the 
entire memory. Before executing the auto-refresh 
command, all banks must be in the IDLE state. 
No precharge commands are reQuired after auto· 
refresh, since the precharge for all banks is 
automattcally performed after auto-refresh,. 

.Self-refresh entry(SEi.F): When this command is 
input during the IDLE state, the HM5283206 starts 
self-refresh operation. After 1he execution of this 
command, self-refresh continues while CKE is low. 
Slnee self-refresh Is performed Internally and 
automatically, external refresh operations are 
unnecessary. 

OlJ7 
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.Power down mode entry: When this command 
ta executed during the IDLE state, the 
HM5283208 enters into the power down mode. In 
power down mode, power consumption is 
suppressed by cutting off the initial input circuit. 

• S.H·refreah exit: 
When this command la executed during 

sett-refresh mode, the HM5283206 can exit from 
self-refresh mode. After existing the self-refresh 
mode, the HM5283206 enters into the IDLE state. 

Function truth table 

HM5283206 Series 

.Power down exit: When this command is 
executed in the power down mode, the 
HM5283206 can exit from power down mode. After 
exiting from power down mode. the HMS283206 
enters into the IDLE state . 

The following tables show how each command works and what command can be executed in the state 
given. 

Current atat• /CS /RAS /CAS /WE DSF Address Command Operation 

Precharge H x x x x x OESL Enter idle after tRP 

L H H H L x NOP Enter Idle after tRP 

L H H L L x BST ILLEGAL 

L H L H L BA,CA, AS REAOfA ILLEGAL 

L H L L L BA.CA.AB WRITfA ILLEGAL 

L L H H L BA.RA ACTV ILLEGAL 

L l H l L BA,A8 PRE. PALL ILLEGAL 

L L L H L x REF, SELF ILLEGAL 

L L L L L MOOE MRS ILLEGAL 

0{1H 
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HM5283206 Series 
Function Truth Table(cont.) 

Current state /CS /RAS /CAS /WE DSF Address Command Operation 

Idle H x x x x 

L H H H L 

L H H L L 

L H L H L 

L H L L L 

L L H H L 

L L H L L 

L L L H L 

L L L L L 

----
Row active H x x x x 

L H H H L 

L H H L L 

L H L H L 

L H L L L 

L L H H L 

L L H L L 

L L L H L 

L L L L L 

x DESL NOP' 

x NOP NOP 

x BST NOP 

BA, CA.AB READfA ILLEGAL 

BA, CA.AS WRITfA ILLEGAL 

BA.RA ACTV Bank and row active 

BA,A8 PRE. PALL NOP 

x REF. SELF Refresh 

MODE MRS Mode register set 

··~:::;:::·~~J~~·:.':·~~r~::,~~-j~l~:f:il!JJJ~j 
.:·T~uYii%i~lft.f;J:;4::Js~~~~P~i}(t~;;!:Ji:f;s~:~~:f? 

·;,·k~.;:·:~~.':~ .. M.ft,~,:;:i.:e:·:;::rr.~~~;f.ri~~,;~g~~~:~~ 
X DESL NOP 

x NOP NOP 

x BST NOP 

BA, CA, AB READfA Start read 

BA.CA, AS WRITfA Start write 

BA.RA ACTV Other bank active 
Illegal on the same bank 

BA.AS PRE, PALL Precharge 

x REF, SELF ILLEGAL 

MOOE MRS ILLEGAL 

Note: H:Hlgh level. L: Low level. X:H or L(Don't care). 
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HM5283206 Series 
Function Truth Tabi.(oont.) 

Current •tat• /CS 

Read H 

L 

L. 

L 

L 

L 

L 

L 

Reacl with auto H 

precharge L 

L 

L 

L 

L 

L 

L 

L 

JAAS /CAS /WE OSF Address Command Operation 

x x x x x OESL Continue operation 

H H H L x NOP Continue operation 

H H L L x BST Burst 11op in full page 

H L H L BA.CA, AS REAOfA Start new read 

H L L L BA, CA.AS WAITfA Start write 

L H H L BA.RA ACTV Other bank active 
Illegal on the same bank 

L H L L BA,A8 PRE, PALL Precharge 

L L H L x REF, SELF ILLEGAL. 

.L L L L MOOE MRS ILLEGAL 

x x x x x OESL Continue operation 

H H H L x NOP Continue operation 

H H L L x BST ILLEGAL 

H L H L BA.CA.AB READ/A ILLEGAL 

H L L L BA.CA.AS WRITfA ILLEGAL 

L H H L BA.RA ACTV Other bank active 
Illegal on the same bank 

L H L L BA.AS PRE, PALL ILLEGAL 

L L H L x REF, SELF ILLEGAL 

L L L L MOOE MRS ILLEGAL 

,~,,,,.~-:'':",~;r~~•e.ai1 

U~r1~~~~~-~lil~~~6tr1i;[~·??!~ti~~ifi;i~'D~~l~t~t~ 
'.'.:t;J~~~~i~:·.1Jrf.~~1¥~~·:~~~ij~~lr1:;;:,~Jj;~~~~~~(l~!;st'rf;t];t~~:~?ii!:i 

Note: H:High level. L: Low level. X:H or L(Oon't care). 
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ftunctlon Truth Table(cont.) 

CUrrentatat• /CS IRAS /CAS IWE 

Wrlte/Bwrtte H x x x 
L H H H 

L H H L 

L H L H 

L H L L 

L L H H 

L I.. H l 

L l L H 

L l L L 

w.4teJBwnte wtth H x x x 
auto precharge L H H H 

L H H L 

L H L H 

L H L L 

L L H H 

l. L H L 

L l L H 

L L L 

HM5283206 Series 

OSF Address Command Operation 

x x DESL Continue operation 

L x NOP Continue operation 

L x BST Burst atop in full. page 

L BA,CA,A8 AEAOfA Start read 

L BA.CA.AS WRITfA Start new write 

L BA,RA ACTV Other bank active 
Illegal on the same bank 

L BA.AB PRE, PALL Precharge 

L x REF, SELF ILLEGAL 

L MOOE MRS ILLEGAL 

x x OESL Continue operation 

L x NOP Continue operation 

L x BST ILLEGAL 

L BA.CA.AS AEAOfA ILLEGAL 

L BA,CA,A8 WFUTfA 11..LEGAL 

L BA.RA A~ Other bank active 
Illegal on the same bank 

l BA.AS PRE, PALL ILLEGAL 

L X REF, SELF ILLEGAL 

MODE MRS IL.LEGAL 

~~~-illl•~ 
:~~~· ~~.$3~£! . . . . .. ~.ii~:~~;~;~i]'.~;~~ 

,·'.~:;:~M.~~El~t~~.giKy;('I;,;;~;;0~~~~;?,itF:;iffi. 
Note: H:High level. L: Low level. X:H or L(Oon't care). 

u l..!. 
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HM5283206 Series 
Function Truth T•ble(cont.) 

current amt• JCS IRAS /CAS IWE DSF Address Command Operation 

Refresh H x x x x x DESL NOP 

L H H H L x NOP NOP 

L H H L L x BST NOP 

L H L H L BA.CA.AS READfA ILLEGAL 

L H L L L BA, CA, AS WRITfA ILLEGAL 

L L H H l BA.RA ACTV ILLEGAL 

L L H L L BA.AS PRE, PALL ILLEGAL 

L L L H L x REF, SELF ILLEGAL 

L L L L L MOOE MRS ILLEGAL 

···:3;1lt.1~~:~·iI;.f:!i~~~1~~j±1.~7-;!t,~;;~~f~~rf~JJliB~~~rn,:::::;::~·:.t::;'.,=im.:m-~w1rJ:,~ 
·;~:~.:·,tJ,~11~~~1~~~;;t1:1.~;~~~~:mrr~:::1~~~~~?:8.¥it;j1l[r~¥~::lli:~-~);~ 

·;;;!*~:';~;~_{[~,~1~~;'S.~ii~:"ij:f,~!:~f~'~fi;!§~l:f~::_i1¥:~:':i:li,~'.:jfot:::_{':i1·::.:~: 
Note: H:Hlgh level. L: Low level. X:H or L(Oon't care). 

Fr°"[PRECHARGE] 
To (DESL], [NOP]: When these commands are 
executed. the HMS283206 enters into the IDLE 
state after tRP has elapsed from the completion of 
precharge. 

From(IDLE) 
To(DESL], [NOP], [BST), [PRE] or [PALL]: 
These commands result in no operation. 
To(ACTV) : The bank specified by the address 
pins and 1he ROW address is activated. 
To[ACTVMJ:Tha bank specified by the address 
pins and the ROW address Is activated. In 
addition, write per bit la also enabled. 
To[REF], [SELF]: The HM5283206 enters into 
refresh mode(auto-refresh or self-refresh). 
To[MRS]: The HM5283206 enters into the mode 
register set cycle. 
To[SMAS]:The HM5283206 enters Into the 
special mode regiater set cycle. 

From[ROW ACTIVE]: 
To [DESLJ, (NOP], or [BST]: These commands in 
no operation. 
l'o[READ], [REAOA]: A read operation starts. 
(However. an Interval of tRCD is required) 
To[WRIT], (BWRfT], [WRITA] or [BWRIT A]: A 
write or block write operation starts. (However. an 
interval of tRCO is required.) 
To[ACTV]: This commands makes the other bank 
active. (However, an interval tRRD is required.) 
Attempting to reactivate the currem active bank is 
illegal. 
To[ACTVM]:Thls commands makes the other 
bank active and enable write per bit. (However, an 
interval tRRO is required.) Attempting to reactivate 
the current active bank Is Illegal. 
To[SMRS]: The HM5283206 sets the special 
mode register. 
To (PRE], [PALL]: These commands set the 
HM5283206 to precharge mode. (However, an 
interval or tRAS is required.) 

(Jl:2 
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From [READ] 
To[DESLJ, [NOP]: These commands continue 
read operation until the burst operation completed. 
To(BST]: Thia command stops a full-page burst. 
To(READ], [READA]: Data output by the previous 
read command continues to finish. After 
/CAS latency, the data output resulting from the 
next command will stan. 
To[WRIT], [BWRIT], [WRITA] or [BWRIT A]: 
These commands stop burst read and stan write 
cycle. 
To(ACTV]: This command activates the other 
bank. Attempting to reactivate the current active 
bank ts Illegal. 
To[ACTVMJ:This command activates the other 
bank and enables write P.r bit. Attempting to 
reactivate the current active bank is illegal. 
To [PRE). [PALL~ Theae commands put the 
HM5283208 Into precharge mode. (However, an 
interval or tRAS is required.) 

From [READ with AUTO-PRECHARGEJ 
To (DESLJ, [NOP): These commands continue 
read operation until burst operation is completed, 
then the HM5283206 enters into precharge mode. 
To(ACTV]: This command activatH the other 
bank. Attempting to reactivate the current active 
bank Is Illegal. 
To{ACTVM]:Thls command activates the other 
bank ind enables write per bit. Attempting to 
react~ate the current active bank le Illegal. 

HM5283206 Series 

From [WRITE) or [BWRITE) 
To{DESLJ, (NOP]: These commands continue 
write operations until burst operation is completed. 
To[BST]: This command stops a full-page burst. 
To[READ] or [READ. A]: These commands stop 
burst write cycle and start read cycle. 
To[WRIT], [BWRIT]. [WRIT A] or [BWRIT A]: 
These commands stop burst write cycle and start 
new burst write or block write. 
To(ACTV]: This command activates the other 
bank. Attempting to reactivate the current active 
bank is illegal. 
To[ACTVM]:This command activates the other 
bank and enables write per bit. Attempting to 
reactivate the current active bank is illegal. 
To[PRE] or (PALL]: These commands stop burst 
cycle, then the HM5283206 enters Into precharge 
mode. 

From[WRIT A] or [BWRIT A] 
TO(DESLJ, [NOP]: These commands continue 
current write operation until the burst operation is 
completed then the HM5283206 goes Into the 
precharge process. 
To[ACTV]: This commands activates the other 
bank. Attempting to reactivate the current active 
bank is illegal. 
To[ACTVM]:Thls command activates the other 
bank and enables write per bit. Attempting to 
reactivate the current active bank is illegal. 

From[ REFRESH] 
To{DESL], [NOP], [BST]: After the auto-refresh 
cycle (after tRC), the HM5283206 automatically 
enters into the IDLE state. 

01 ~s 
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Oper11tlon of HM5283206 Series 

Read/Write Operations 

-Bank active 
Before executing a read or write operation, the 
corresponding bank and the row addresa must 
be activated by the bank active(ACTV. ACTIVM) 
command. Either bank O or 1 Is adivated 
according to the level on A9 pin, and the row 
address (AXO to AX8) is activated by the AO-AS 
pins at the bank active command cyde. An interval 
of tRCD Is required between the bank active 
command Input and the following read/write 
command Input. 

·Ae•d operation 
A read operation starts when a read command is 
Input. Output buffers become active in the cyele 
after read command issued ao that the 
HM5283206 can perform burst read operation. 

/CAS Latency 

Burat Length 

HM5283206 Series 

The burst length can be set to 1, 2, 4, a or 256 
(full-page). The start address of burst read is 
defined by the column address (A YO to A Y7) and 
the bank select address (A9) loaded at the cycle 
when the read command Is issued. In read 
operation, data output starts after the number of 
cycles specified by the /CAS latency. 
When the burst length is 1, 2, 4 or 8, oa buffers 
automatically become High-Z at the next cycle 
after the successive burst read has been 
completed. 
When the burst length Is full-page(256), data are 
repeatedly output until the burst stop command. 
another read/write commands or precharge 
commands are Input. The /CAS latency and burst 
length must be specified on the mode register. 

Burst Length • 4' 
CL • ICAS Latency 

..... f1Jl.IUU1_ 
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Read I Write Operatlon(cont.) 

• Write operation 
Burst write or alngle mode Is selected by the 
OPCODE(A;, AS) of the mode register. 

(1) Burst write: Prior to execute burst write 
operation, the OPCOOE(A9, AS) should be set to 
(0, 0). The latency of data input is O that is burst 
write starts on the same cycte when the write 
command Is Issued. The burst length can be aet 
to 1, 2, 4, 8 and 256(full-page). The start column 
of burst write is defined by the column address 
and the bank select address A9 loaded at the 
write command set cycte. 

Bum Write 

CU< 

Single. Write 

I 
CU< 

Commllnd 

I 
AddntM . 
OOln 

HM5283206 Series 

(2) Slngle write: Prior to execute single write 
operation, the OPCOOE(A9, AS) should be set to 
(1, 0). In a single write operation, data are only 
written to the single column defined by the 
column address and the bank select address 
loaded at the write command set cycte 
regardless .of the defined burst length. (The 
latency of data input is 0). 

····· n_n_n_nn_ 

BL:Burst Length 
ICAS Ultency • 1 . 2. 3 

Bt.:8...at Length • 1 , 
2. '· e. ru1 P80• 

(j l ~ j 
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R .. d I Write Open1tlon(cont.) 

.Block Write • Write per bit Function 
The HM5283206 has two graphic functions, 
Block write and wrtte per bit, such as 
conventional VRAM has. 

Block write operation: 
This command enables 8 column write at one 
CAS cycle with the data stored In color register(3 
2 bit). The column block composed of 8 columns 
18 defined by AX3·AX7 loaded through AO-A7 
plna when this command Is issued. AO-A2. 
address ia ignored then. 
This command is executed regardless of burst 
length. 
When this command Is Issued, oa data are 
referred to stop writing color data to specific 
columns(see •cotumn address mask data "on the 
next page). 

Block Write 

CUC 

HM5283206 Series 

Write per bit operation: 
Both for normal write and block write, additional 
DO control function or write per bit function is 
available in the ACTVM state. The HM5283206 
has the mask register(32bit). This register 
indicates DO bits which will be masked through 
both normal write(OSF•O) and block write(DSF= 
1 ).Hence. mask register and DOM signal 
determine oa bits which should be masked. 

The figure at the top of the next page shows an 
example of block write with mask. 

Cornmand__,~:.;J'l...-.J'--.-~~""-~~~~~~~~~~~~~~~ 
Mdrefe 
DO in! ~ 

BL:B&.nt Length • 1, 
2. 4, 8, ful page 

NOP I tCK Is Ina than tBWC. 

Block diagram of graphic functions 

READ WAIT and /BWRIT 

SM~ 

Color 
Reoister 

Masi< 
Register 

BWRIT 
_L 

~~T 
ACTVM 

Column Mask Data 

Column 
deooder 

Memory 
Array 

Column 
AddreM 

Ulti 
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HM5283206 Series 

Block write and write per bit 

.... -~:;;··-······· ... ,,,.- .............. _ 

Memory Array 

..... -··············· 

A·H Write data stor9d In the color '9glster. . Prtor data are preMrved through block write operation . 

Column ""ddre•• Mask Data 

00ix8+0 Column OJAO-O, A1-0, A2•0}Mask Data 
00 hcB+1 I Column 1 _1AO•LA1.0. A2.0l M..M.k Data 
001x8+2 Column 2_1AO..O ..... A1•1 A2..0.1Mask Data 
00hc:8+3 Column 3J_A0-1 A1•1 A2•0_l_Mask Data Low: Mask 
0Ctx8+4 COiumn 4J_AO..O A1•0 A2•1.1Mask Data ilh BY1e 

High : Non Mask 
DCix8+5 Column 51"0•1 A1-0, A2•1_lMask Data 
0Qix8+6 Column &J.AJ),.()~ A 1.1 . A2•1.l Mask Data 
DOlx8+7 Column 7 JAo-1, A 1 .1, A2·1) Mask Data 

le(O, 1 ,2,3} 

Ol'/ 
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Read I Write operation 

.Read with auto precharge: In this operation, 
since preeharge is automatically performed after 
completing a read operation, so no preeharge 
commands are necessary after eaeh read 
operation. 

ICAS letency 

3 

2 

CU< 

HM5283206 Series 

The command next to this command must be the 
bank active(ACTV, ACTVM) command. In 
addition, an interval defined by IAPA is required 
before execution of the next command. 

Precharge start cycle 

2 cyde before the last data out 

1 cycle before the last data out 

1 cycle before the last data out 

' 

I I t f I I ' 

Commend 
Cla1 

Commend 
Cla2 

OOout 

===== : : i : i i.,_IAPR....i : 
• ' 3 >-1·~-t-· --+: ______ _ 

., . 

Note. lntemal auto-precharge starts at the timing indicated by~·. 
At CU<• 33 MHz (IAPR changes depending on the operating frequency.) 

Old 
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Rud /write oper11tion(cont.) 

.Write with auto-prwcharge: In this operation, 
since prectaarge is automatleaJty performed after 
completing burst write or single write operation, so 
no precharge commands are neceesary after each 
write operation. 

Burst Wrle(Bunit &Angth • 4) 

CUC 

DQln 
EM.-!' . 

HM5283206 Series 

The command next to this command must be the 
bank actlve(ACTV, ACTVM) comrfland. In addition, 
an interval of IAPW Is required between the last 
valid data input and the next command. 

X$X---

IA.PW 

OOln 

I 

--~----~'*"',__----------------------~--------~ BL-4:::1 ~ IAP'W I i· ·i 



HAL/SP 

Read /write operatlon(conL) 

.Block write with auto-precharge: In this 
operation, since precharge is automatically 
performed after completing block write operation, 
so no need to execute any precharge command. 

CUC 

HM5283206 Series 

The command next to this command must be the 
bank active(ACTV, ACTVM)command. In addition, 
an interval of IAPBW is required between the last 
valid data and the next command. 

-----® 
Addreu row 

IAPBW 
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Full page burst atop 

• Burst atop command during burat read: 
The burst command Is used to stop data output 
during a full-page burst. The BST command sets 
the output buffer to high-Z and atops the fuU-page 
burst read. 

HM5283206 Series 

The timing, from command input to the last data • 
depends on the /CAS latency. When the /CAS 
latency is 3. the data, two cycles after the BST 
command, becomes invalid . The eST command is 
legHimate only in case full page burst mode, and is 
Illegal in case burst length 1, 2, <4 and a. 

/CAS latency BST to valid data BST to high Impedance 

1 0 

2 

3 1 

/CAS Latency • 1, Burst Length • full page 

CU< 

OCoul 

/CAS Latency • 2, Burst Length • full page 

/CAS Latency• 3, Burst Length • full page 

.,_.j IBSH• 1 
IBSRaO 

IBSR • 1 

18SR • 1 

2 

3 

u~1 
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Full-page Burst Stop(cont.) 

·Burst atop command at burst write: 
For full page burst write cycle, when burst stop 
command is issued, write data at that cycle and the 
following write data input are ignored. 

Burst Length • full page 

HM5283206 Series 

The BST command is legitimate only In case full 
page burst mode, and is illegal for burst length 1, 
2, 4 and 8. An interval tRWL is required between 
the BST command and the next precharge 
command. 

l I 

Command _______ X~ursutopX...,.;·-----~+rg•X _____ _ 
llO(lnput) in 

----1••; •sswa1 cycle 

U
·. ., 

,:. ·-
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DQM control 

The OOM i(i=O, 1, 2, 3) controls the Ith byte of DO 
data. DOM control operation for read and for write 
are different in terms of operation timing. 

Reading: When data ts read, output buffer can 
be controlled by OOMi. 
By setting OOMI to low, corresponding DQ output 
buffer becomes active. By setting OQMi to high, 
the oa output bUffer is getting floated 80 that the 
ith byte of data are not driven out. The latency of 
DOM operation for read operation ia two. 

a.K 

HM5283206 Series 

Writing: Input data can be controlled by OOMi. 
While OQMi is low, data is driven into the HM528 
3206. By setting DOMi to low, corresponding Ith 
byte of oa Input data are kept from being written 
to the HMS283206 and the previous data are 
protected. The latency of DOM control operation 
is o. 

~----~----!1"-\~----r--------~~------------------~ . . 
~--------~~~--------------------------. . 

1000 • 2 Latency 

Wiling 

CU< 

. 
DOM . 
DQin ~--~~------------------------~--------

~ IDID • 0 Latency 



HAL/SP 

Refresh 

.Auto-refresh 
Alt the banks must be precharged before 
executing an auto-refresh command. Since the 
auto refresh command updates the interval 
counter every time when it is executed. This 
command also determines the bank and the 
ROW to be refreshed. Therefore extemal 
address specification is not necessary. The 
refresh eye.le is 1024 cydes/16ms. ( 1024 cycles 
are required to refresh all the ROW addresses.) 
The output buffer beoomes high-Z after auto
refreah start. no prec:hrage commands are not 
necessary after this command execution. 

Others 

.Power down mode and clock maak 
Power down mode is a state in which Input 
buffera are made inactive and clock signal is 
masked . to cut power dissipation. To enter into 
power down mode, CKE should be set to low. 

CU< 

CKE 

HM5283206 Series 

.Self-refresh 
After issuing the self refresh command. self 
refresh operation stans by changing the level on 
CKE pin from 'H' to 'L'. During self-refresh 
operation, all data are refreshed. This operation 
managed by the intemal refresh timer. After the 
self refresh, since the last ROW refreshed 
cannot be detennined. an auto-refreSh should 
immediately be performed for all addresses( 1024 
cycfes). 

Power down mode is kept as long as CKE is low. 
Note that during burst read or burst, only clock 
signal 18 masked. To exit from power down or 
clock mask state , CKE should be set to high as 
the timing shown bellow. 

Command nop X 
-: l '-----------------

Command 

~ 
: i lcESP : ! 

.Clock auspend mode 
By driVing CKE to low during a bank-active or 
read/write operation, the HM5283206 enters into 
dock suspend mode. During dock suspend mode 
external lr;tput signals are ignored and the internal 
state is maintained. When CKE Is drtven high, the 
synchronous ORAM terminates clock suspend 
mode, and command can be inpUt from the next 
cycle. For detail, refer to the •CKE Tn.rth T~e·. 

.Power-up sequence 
During power-up sequence, the DOMi and the 
CKE must be set to high. When 1 OOµs has past 
after power-on, au banks must be precharged 
using the precharge command. After tASA delay, 
execute two auto-refresh commands as dummy, 
an Interval of tRC is necessary between two auto
refreah commands. 
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Mode Register Set: 
Mode register are set through address pins 
during the IDLE state. A9 and AB bits are used to 
define OPCODE determines write type. A7 bit 
isn't used and must be k>w level. A4 to A6 bits 
are used to specify LMOOE or CAS latency. A3 
bits is used to deefine BL or burst length. See • 
Mode retgjster configuration• in the next page. 

Mode register set 

CU< 

~al mode register aet 

Command 

Addr•• 

HM5283206 Sertes 

Special Mode Register Set: 
Special mode register are set through address 
pins during the IDLE, ACTV or ACTVM state. A6 
and AS pins are used to detennine whether 
loading color data or mask data. Other pins 
should be low. When special mode regiSter set 
command is issued, if both A5 and A6 are equal 
to 1, then neither color nor mask data is assured. 
S.. •special mode register configuration• in the 
next page. 

u,~ ·' 
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HM5283206 Series 

Mode register configuration 

149 1 Al 1 A7 j Al l AS I A4 A3 l A2 I A1 AO 1 · OPCODE l 0 l LMODE BT l BL 

~ /l ~ 
Al A5 A4 CASLatency A3 Burst Type 

A2 A1 AO 
Burst Length 

0 0 0 R 0 Sequential BT·O BT·1 

0 0 1 1 1 Interleave 0 0 0 1 1 

0 1 0 2 0 0 1 2 2 

0 1 1 3 0 1 0 ' ' 1 x x R 0 1 1 8 8 ...._ 
1 0 0 R R 

A9 A8 Opel'IPOn CODE 
1 0 1 R R 
1 1 0 R R 

0 0 aw.t Reed & Burst Wrtte 
1 1 1 F.P. R 

0 1 A , 0 Burst Reed & Single Wrile 

1 1 A 

SpeciJI mode regiater configuration 

A7 Al "" A1 AO 
0 0 0 LC LM 0 0 0 0 0 

Bit5 Function 
Load Mask 0 Diab.le 

1 Enable 

Sit& Function 
Load Color 0 Disable 

1 Enable 
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HM5283206 Series 

Durst Sequence 

B urst tenoth. 2 Burst ·~•h • 4 
Stat~Ad. AddressinJl{_ decimal) Stating_ Ad. Addressin_g{_decima!}_ 

AO Sequence Interleave A1 AO Sequence fnterleave 

0 0, 1, 0, 1, 0 0 0, 1, 2, 3, 0, 1, 2. 3, 
1 1, o. , o. 0 , 1. 2. 3. 0, 1 o. 3_._ 2 , 0 2, 3, 0, , 2, 3 0, , . 

1 , 3, 0 1 2 3, 2, 1, 0, 
Burst length - 8 
Stating Ad. Addressing(decimal) 

A2 A1 AO Sequence Interleave 

0 0 0 o. 1, 2, 3, 4, s. 6, 7, 0, 1, 2. 3, 4, 5, 6, 7, 
0 0 1 1. 2_,_ 3, 4 5 6, 7_._ o. 1, o_.__ 3 2 5 4, 7, 6..L 
0 1 0 __2. 3__._ 4 5 6 7 Q... , ~3 O__._ 1 6._ 7 4 5 
0 , 1 3, 4, 5, 6, 7, 0, , . 2, 3, 2, 1, 0, ·1. 6, s. 4, 

1 0 0 4 5, 6-'- 7 o. 1, 2, 3, 4, .5, ~ 7, o.L 1. 2, 3, 
1 0 1 s. 6, 7, 0, 1, 2, 3, "· 5, 4, 7, 6, 1, o. 3, 2. 
1 1 0 6, 7, o. 1. 2 3. 4, s. 6, 7. 4, s. 2. 3, 0, 1. 
1 1 , 7..1... 0, 1, 2, 3. 4, 5, 8, 7, 8, 5, 4, 3, 2, 1, o. 

U 
•··~ r..:. .{ 
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Command Interval• 

.Read command to read command Interval 

( 1) Operation for the column in the same row 
(page): Within the same ROW (page), read 
command can be issued every cycle. 

CU< 

Command 

A9(BS) 
• I 

~= I 

Bank 0 Col. A Cal. B Col.A Col.B 
Active rad r..t Ooul Ooul 

(2) ~tion for the column in other ROW of the 
same bank: To read the data of other ROW of the 
same bank, It Is necessary to execute a 
precharge command and a bank·actlve 
command before executing next read command. 

HM5283206 Series 

Note that the last read command has the priority 
to the preceding read command, that is, any read 
command can interrupt the preceding burst read 
operation to get valid data aimed by this 
interruption. 

/CAB latency • 3 
Burel Length • • 
Banko 

(3) Operation. for another bank: For another bank 
In active state, burst read command can be 
executed from the next cycle after the preceding 
read command is issued. If another bank is in 
the idle state, bank active command should be 
exea.rtecl prior to the read command. 

Bank o Senk' Cal. A Col. B BankO S.nk1 
ActNe /lldNe ,.. r99d Oout Doul 

/CAB Latency • 3 
Surat Length • • 
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Command lnterwla(cont.) 

.Write command to write command 
Interval 

(1) Operation for the column in the um• row : 
Wtthln the earn• ROW (page), writ• command 
can be iaaued every cycle. 

~ ... . . . . 
Al(BS) ~1 C\: 

! 
OQtn A.O 

Bm* 0 Col. A Col. 8 
Active ...... writ• 

(2) O~ration for the column in other ROW of the 
same bank: To write data on other row of the 
same bank, It is necessary to execute a 
pntCharge command and bank active command 
before executing next wrtte command. 

8-* 0 Benk1 Bllnk 0 Bank 1 
Ac:lllve Ac:IN• wrile writ• 

HM5283206 Series 

Note that the last write command has the priority 
to the preceding write command, that ia, any 
write command can interrupt the preceding burst 
write operation to get valid data 

Bum Write Mode 
Bursi Length • ~ 
Banko 

(3) Operation for another bank: For another bank 
in active state, burst write command can be 
ellCecuted from the next cycle after the preceding 
wme command is issued. If another bank is in 
the idle state, bank active command should be 
executed. 
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Comm11nd intervaJa(conL) 

.Block Write command to write or block 
write command interval 

(1) Operation for the column in the same row : 
Within the same ROW (page), It Is necessary to 
take no less than tBWC between block write and 

BMkO Col.A 
Adiv• Block .... Col.B 

Block 
wril• 
/Wrte 

(2) Operation for the column In other ROW of the 
same bank: To execute write command or 
another block write command for other row of the 
same bank, It is necessary to execute a 
Prech&fge command and bank active command 
before ,write or block write operation. 

CLK 

' 
. 
I 
I _,=' l '- ' I \: 

i 
B8nk o Banln Col. A 
Active Active Block 

write 

Cot8 
Blodc 
writ• 
IWrl• 

HM5283206 Series 

another block write/normal write. If tCK is less than 
tBWC, NOP command should be issued for the 
cycle between the block write command and the 
following write or block write command. 

Burst Length • 1, 2, 4, 
a. tutt pege 

(3) Operation for another bank: To execute write 
command or another block write command for 
another bank in active state, tBWC interval to the 
next command Is necessary. If another bank is 
In lhe idle state, bank active command should be 
executed. If tCK is less than tBWC, NOP 
command should be issued for the cyde 
between the block write command and the 
fo8owing write or block write command. 

Bul'9t Length • 1, 2, 4, 
e.f~lpage 
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Command lntarvala(conL) 

.Relld command to wrlta or block write 
command Interval 

(1) Operation for the column in the same ROW: 
The write or block write command tolowtng the 
preceding read command can be perfonned after 
an Interval of no less than 1 cycle. To aet oa 
output Hlgh-Z when data are driven in, OQM must 

CU< 

Command 

I 

CL-3 

I ,: 
! 

HM5283206 Series 

be used depending on cas latency as the timing 
shown below. • 

Note that the last write or block write command has 
the priority to the preceding read command, that is, 
any write or block write command can interrupt the 
preceding burst read operation to get valid data. 

I 
I OQM{:: __ ~ 

~--------------------"""""--~------------~--~-------
--------------~~--------------~------~ 

OQoul ................................... ..J> T·Z . 1 ~ 

(2) Op4tration for the column in other ROW of the 
same bank: To execute write or block write for 
other row of the same bank, It ia neceeaary to 
execute a precharge command and bank active 
command before executing these commands. 

(3) Operation for another bank: For another bank 
in active state, burst write command can be 
executed from the next cyde after the preceding 
write command is issued. If another bank iS In 
the idle atate, bank active command should be 
executed. 
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Command intervala(cont.) 

• Write coml'Mnd to ntad coml'Mnd Interval 

(1) Operation for the column In the same ROW: The 
read command following the preceding write 
command can be performed after an intervat of no 
.... than 1cyde. 

WRITE lo READ ComrMnd lnlerval (1) 

CU< 

DOM 

Dain 

HM5283206 Series 

Note that the last read command has the priority 
to the preceding writing command, that is, any 
read command can interrupt the preceding burst 
write operation to get valid data • 

-----......c$ .. 
-------..... i-·!-~r--------------------

OQin 

OQo&a 

~: !+-+! cu Latency 

Col.8 Col.8 
Ned Dou& 

Buret Write Mode 
/CAS Latency • 1 
Burst Length • 4 
Banko 

~------~~--~.-------------------------
~------+! --~~~,__ _____________ _ 

Col.A I • BUNt Wrl• Mode 
Wiie ~ ~Latency /CM Lalency • 1 

Col B ,.._. 8 Bunt L.ength • 4 
. ....... a.nkO 

t'Nd Dou& 

(2) Operation for the column in other ROW of the 
same bank; To execute read command for other 
row of the same bank, It is necessary to execute 
a precharge command and bank active 
command. 

(3) Operation tor another bank: For another bank 
in active state, burst read command can be 
executed from the next cycle after the preceding 
wrtte command is issued. " another bank is in 
the idle state, bank active command should be 
ex~ed prior to execute these command. 
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Command intervala(cont.) 

.Block Write command to read command 
Interval 

( 1) Operation for the column In the same row : 
wtthln the same ROW (page), It Is neceaaary to 
take no less than tBWC between block write 

CU< 

OQM 

' . 

HM5283206 Series 

and the following read command. If tCK Is less 
than tBWC. NOP command should be issued for 
the cyae between the block write command and 
the following read command. 

I 

~--~~~--.... ~~--!-~----~----~--~---
Col.A 
Block 
Witt• 

~ ~ IC8I Ulency /CAS Latency • 1 
Burat Length • 4 

Col.BCol.B 
rud Oout 

(2) Operation for the column in other ROW of the 
same bank: To execute read command for other 
row of the same bank, It is necessary to execute 
a prectiarge command and bank active command 
before iwrite or block write operation. 

(3) Operation for another bank: To execute read 
command for another bank in active state, tBWC 
interval to the next command is necessary. If 
another bank is in the idle state, bank active 
command should be executed. If tCK is less than 
tBWC, NOP command should be issued for the 
cycle between the block write command and the 
following read command. 
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Command lntervala(cont.) 

.Read command to precharge command 
The minimum interval between read command 
and precharge command Is one cycte. However, 
since the output buffer then becomes high-Z after 
the cycles defined by IHZP, there is a possibility 
that burat read data output will be interrupted, if 

HM5283206 Series 

the precharge command Is input during burst 
read. To read all data by burst re.ad, the cycles 
defined by IEP must be assured as an interval 
from the final data output to precharge command 
execution. 

.READ to PRECHARGE Command Interval (same bank): To output all data 

ICASut• 

CU< 

Commend 

------------..;.....------~~------------~----
• I I 

a.-1 . IEP•·2~ 
I 
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HM5283206 Series 

Coinmand lntervala(cont.) 

READ to PRECHARGE Command Interval (same baank): To stop output data 

command 

~~~~--~~.....;---~~Ci)-~t-z.~~~~~~~~~~~~ 

•i 
IHZP•3 
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Command interval8(cont.) 

• Write command to precharge command: 
The minimum interval between write command and 
precharge command. 

HM5283206 Series 

However. if the burst write operation is unfinished, 
the input must be masked by means of DOM for 
assurance of the cycle defined by tRWL. 

WRITE to Precharge Convnand Interval (same bank) 

DOM 

DQln 

CLK 

OommMd 

I ... 
tRWL • 

DOM ~ I 

DQ~ ~....-------------------------------------~ 

8ur9t Lenoth • • (To write alt data) 

DQM 

OQln 

: ., 
• tRWL ' 

I 
I 

•• 
tRWL : 
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Command intervals(conL) 

.Block write command to precharge 
comm11nd interval: 

The minimum lnteNal between block write command 
mnd pred\arge command ia tBWL. 

WRITE to Prec::harge Command Interval (same bank) 

CU< 

tBWL 

HM5283206 Series 

G~}. 
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Command intervala(cont.) 

.Bank active command Interval 
( 1) Same bank: The interval between the two 
bank·activ• commands must be no less than tAC. 

Bank active to bank active for aame bank 

CU< 

A9(BS) 

Bank active to bank active for different bank 

CU< 

Al(BS) 

tRRO 

· .Mode register Mt to bank-active commend 
Interval: The interval between aetting the mode 
register and executing a bank-active command 
must be no leaa lhan tRSA. 

CU< 

HM5283206 Series 

(2) In the case of different bank-adive commands: 
The Interval between two bank·actlve commands 
muat be no less than tRRO .• 

. tAC 

\~----------------------------

Uud 
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HM5283206 Series 
DC Charactertstlcs(Ta.O to 700C, Vcc=3.3V, Vss•OV) 

MM5283208 HM5283208 HM528320e HM528320& 

-12 -16 -17 -20 
p.,.,...., Symbol Min Max Min Max Min Max Min Max Unit Test Conditions Notes 

Operating cur1'9nl ICC1 TSO TSO TBO TBD mA Burst length• 1 
IRC-mln 

Standby current lcc2 TSO TSO TBD TSO mA CKEaVIL.tCK-min 

(9ank Olaabl•) TSO TBO TBD TBO mA CKE•Vll. 
CKE•VIL or VIH fixed 

TBO TBD TBD TBD mA CKE•VIH, NOP com. 
tCK-mtn 

ActlY8 •landby lcc3 TBD TSO TBO TBO mA CKE•VIL. tCK=mln 
current OO•High-Z 

(Bank acttne) TSO TBD TBD TBO mA CKE•VIH. NOP com. 
tCK-mln. 00..High-Z 

Burst operattng(CL-1) lcc4 - TBD - TBD - TSO - TBO mA \CK.min 
current (CL-2) 

(CL-3) 

R~current ICC5 TSO TSO TSO TBO mA tRC-mln 

sett re&Mh current lcc8 2 2 2 2 mA Vl~Vcc-0.2 
VILS0.2 

Input leakage current IU ·10 10 -10 10 -10 10 -10 10 uA ~cc 

Output leakage current ILO -10 10 -10 10 -10 10 -10 10 uA OsVoutsVcc 
OQ.dlsable 

Output high voltage VOH 2.4 2.4 2.4 2.4 v IOH•-2mA 

Output low voltage VOL 0.4 0.4 0.4 0.4 v IOL..2rnA 

Note 1: Ice depende on output load condition When the device le Mleeted. lee max Is epeclfied 
on condlUon lhat aU output pins are floated. 

parameter Symbol Tyo. Max. Unit Notes 

Cl1 5 pF 

Input capacttance<Stgnata) Cl2 5 pF 

OUtput caplleitance(DQ) co 7 pF 1,2 

Nole.1. Qapacttance meuured with Booton Meter or effective capacitance measuring method. 

2. DOM-VIH to cl•bl• oout 
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HM5283206 Series 

AC Charactertstlcs(Ta-0 to 70°C,Vce=3.3V,Vss-oV) 

HM528320CS HMS28320CS HM528320CS 

·12 ·15 -17 

Parameter Symbol Min Max Min Max Min Max 

Acltve to precharge tRASC 80000 80000 80000 
on run page mode 

Acdve command to tRCO 25 30 35 
column command 
(same bank) 

Precherge to active tRP 34 34 34 

command period 

The last data-In to tRWI. 25 30 35 
precharge lead ume 

Active(•) to actlve(b) tRRO 25 30 35 
command period 

Register set to lASA 25 30 35 
active command 

Block write tSWC 25 30 35 
cycle tli;ne 

I 
TraMitfon time(rfse to fall) tT 5 5 5 

Refresh period tREF 16 16 16 

Notes: 1.AC meaSU"ement assumes tT•1ns. Reference level for Uming Input Signals IS 1.4V. 
2.Accesa time 11 measured at 1.4V. Load condition Is CL.sSOpF with current source. 

3.tHz(max)deflnes the time at which the outPuts achieves :t200mV. 
Load condlllon 11 CL=Spfl' with current source. 

HM$28320CS 

-20 

Min Max 

- 80000 

40 

40 

40 

40 

40 

40 

5 

16 

4.An lnltfal pause of 100 us is required after power up followed by a mode resister set cycle and 
minimum of eight lnitiallzallon cycles. (Auto refresh cycles or row active precharge command.) 

5.lf IT Is longer than 1 ns. input timing referred level should be VIH(mln)/VIL(max)and 1 ns 

should be subtracted parameter. 
8.tCES define CKE aetup time to CKE rising edge except pc)wer down exit command. 

HM!5283206 (L V1TL) 

input 
2.av 

Vss I . 
I I 
I I 
I I 
I I 

-: :--
I 

I I 

-: :• 

80% 
20"Y. 

IJO 5000 

~ 
J 

Unit Notes 

ns 

ns 

ns 

ns 

ns 1 

ns 

ns 

ns 

ms 

+1.4 v 

u ·l\J 
I 
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HM5283206 Series 
AC Charactertstlcs(Ta=O to 1o•c,Vcc•3.3V,Vss=OV) 

HMS283206 HM52113208 HM528320S HM5283208 

-12 -15 -17 -20 

P.,.meter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Sy8lem Clock (Ct..1) tCK 25 30 35 4'0 na 
(CL-.3) 12.5 15 17.5 20 ns 1 

CU< high pulH width tCKH 5 e 7 a na 1 

CU< low pulse width tCKL 5 e 7 a ns 1 

Acce8stime (CL•1) IAC 24 30 34 38 na 1,2 
fromCLK (CL-2) 12.5 15 18.5 18 na 1,2 

(Cla3) 11.5 13 15.5 18 ns 1,2 

Read command (CL•1) tACK 25 30 34 38 ns 
to dala valid time (Ct..2,3) 36 43 50.5 58 ns 

Data-oUt hold (CL-1) tOH 4 4 4 4 na 1,2 

lime (CL.a2,3) 2 2 2 2 ne 

CU< to Oala-out tLZ 0 0 0 0 ns 1,2 
low Impedance 

CU< to Data-out tHZ 4 12.5 4 15 4 17 4 19 ns 
high lnJPedance 2 8 2 10 2 12 2 14 ns 1,3 

oa1a-1ri setup time tDS 4 4 4 4 ns 1 

Oala-tn hold time IDH 2 2 2 2 ns 1 

Addre88 aewp ttme tAS 4 4 4 4 ns 1 

Addresa hold time tAH 2 2 2 2 na 1 

CKE setup time tCES 4 4 4 4 ns 1 

CICE hold time tCEH 2 2 2 2 ne 1 

Commend(/OS, IRAS, /CAS tCS 4 4 4 4 na 1 
NIE, OQM, OSF)aetup time 

Command(/CS, /AAS, /CAS tCH 2 2 2 2 M 1 
NIE, DQM, OSF)hofd Ume 

~f/Actlve to Ref/active IRC 100 • 110 120 130 ns 1 
conmand period 

Acllve to precharge tFIAS 65 10000 70 10000 75 10000 80 10000 ns 1 
commandpertoc:I 

u 11 l 
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HM5283206 Series 
Relationship Between Frequency and Minimum Latency 

HMS28320e HM528320e HM528320e HM528320& 
P.ameter ·12 ·15 ·17 ·20 

Frequency(MHz) 80 33 ee 33 57 28.5 50 25 
tCK(na) Symbol 12.5 25 15 30 17.5 35 20 40 Notes 

AcUYe command to column tACO 2 2 2 2 
COmrnmid(same bank) 

Active command to ective tRC 8 4 8 4 7 4 7 4 -(lRAS.tAP) 
commana(Nme bank) 

Active command to precharge tRAS 5 3 5 3 5 3 4 2 
commana(.-me bank) 

Precharge command to ac:tiYe tRP 3 2 3 2 2 2 
command(aame bank) 

Last data In to cUve command tRWL 2 2 2 2 
(same bank) 

Block wrtte to precrwge command tBWL 3 2 3 2 3 2 3 2 •(lRWl+1) 
(same bank) 

Active command to active tARO 2 2 2 2 
~nd(dfflerent bank) 

Last ~ata In to acave command IAPW 5 3 5 3 4 2 4 2 -(lRWl+tRPI 
(AutO precharge, same banl;t) 

Block write to .ctlve command IAPBW 6 4 6 4 5 3 5 3 -(tBWL+tRP) 

(AUto precharge, same bank) 

Self refreeh exit to command Input ISEC 8 4 8 4 7 4 7 4 .tAC 

Precharge command to high Impedance IHZP 
(CL-3) 3 3 3 3 3 3 3 3 
(CL-2) 2 2 2 2 2 2 2 2 
(CL-1) 

Last data out to active commend IAPR 
(Ca..2.3) 2 1 2 1 0 0 •(tRP)-1 

(CL.at) 2 2 -[tRPJ 

Lat data out to precharge IEP 
(CL-3) ·2 -2 ·2 -2 ·2 -2 -2 ·2 
(CL-2) -1 -1 ·1 

_, 
·1 -1 -1 

_, 
(early precharge) (CL.=1) 0 0 0 0 

Column command to column command ICCO 

Write colftlNlnd to data In latency rwco 0 0 0 0 0 0 0 0 

Block Write cycle time tBWC 2 2 2 2 

U 11 . .!. 
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HM5283206 Series 
Relationship Between Frequency and Minimum Latency 

HM5283208 HM528320CS HM5283208 HM528320e 

Parameter -12 -15 -17 - -20 

Fr.quency(MHz) 80 33 66 33 57 28.5 50 25 
lCK(ns) Symbol 12.5 25 15 30 17.5 35 20 40 Unit Notes 

DOM to data In 1010 0 0 0 0 0 0 0 0 

DOMtodalaout 1000 2 2 2 2 2 2 2 2 

CKE to CLK dlaable ICLE 

Burst atop to output valid data hold IBSA 
(CL-2,3) 0 0 0 0 

(CL-1) 

Burst stop to outpUt high impedance IBSH 
(CL-3) 1 1 1 1 

(CL-2) 2 2 2 2 2 2 2 2 
(CL.st) 3 3 3 3 3 3 3 3 

B&nt stop to wrtte data Ignore IBSW 0 0 0 0 0 0 0 0 

No1e. CL-cAS latency 
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HM5283206 Series 

Power Up SequeDce 

~~~~~-.~~~v..+..~1"--_,_~.jo-~~~~~--~!--~~+-~~-t---i;........;..~..,_

~-----~-----~--~-----~--....... ~--~----~.;._----~~~-:.--;.~..;.-....;~~~ ....... 
::-...--

1.-c: l: 
+ ·-·-
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HM5283206 Series 

Clock Supelld Mode 

\ 

Power~Mode 

CKE 

~Z'IZ»i 
eu~; 
wel??Ai 

~ 
~-~--~~ 

~: -...;:-... 2222227. \J--1'• . . 
e..it~""!l~""'z;""'~~z;"'z;""l""";,_-'@22L_.,.,_..,. ???Z?//ffffi\: ~fo 
~l YL22.Z markai ~/}z 
~.·*.W .. ; ™Wafiffe'i $W#4 

t I I I I ' . . . . ' ' . 
Al(BS> ~~~~~~~2Z~~zz~~~ .. 0 .. ·i·~"z"z"i"z ... ~'"'z;""'~P\ : ~A 

: I t I f I I I f 

Adlhu -.., ' ' ' :OW d/~$4 < 

caMUIL wuvn »7A«»7/4Y&, -v<m/&;#lh? 17Pv7A 
: : : : : : : : : 

u I},) 
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HM5283206 Series 

Aato Relnsb CJ"Cle 

CUC 

cJCE.....;~~~~--~..;..~;.......:.~.:.......;,~..;..~.;...~-----.....;;........:.~~--io~...._~,__...;..~~....:.-

I t f I I . . . . . 
iwivb)u~a: iwiv4kzW#4: 
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HM5283206 Series 

Pllll Pqe Rud/Write CJC&e 
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. . -· - . . .... - . -· - ... . -

HM5283206 Series 

I .... ..... 
Read/Single write 
~~de&ay.3 
~Latency-3 
Burst length • 4 

U·ld 
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. -· - . 
I -· - I I -·-· --

HM5283206 Series 

. -· ,_.._ 
Raad/Single write 
R1'S~ delay• 3 
~Latency•3 
Burat length • 4' 
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HM5283206 Series 
Mask Register Set Cycle 

CLJ( 

CKE 

Ci 
RAS' 
CAi 
Wi 
DSF 

NI 

M 

Nr7 

OQMO 

OQM1 

DQ0.7 

008-15 

Color laegiater Set Cycle 

CU< 

CKI! 

Ci 
AAS 

CAS · 

WE 

DSF 

Al 

M 

M-7 ,..., Ra 

DaMO · WAW4'/•;~$1"&@p.~uu4A ! j rf' ! I ~~ 

=:. -r:Ffftff~ 1fl~ t tAIA ~ 
~ Color...... a.MO ..,_, ..,,_O 11Mk1 
I,....._, ... ACTVM ltCTV Mule 8locll s.11 wrte 

Wrle 

(J ,, u 



HAL/SP 

Write Cycla(wlth 110 Mask) 

WE 

OSF 
At 

A8 

A0-7 

t ...-o 
N::fVM 

Block \t/rlta Cycle 

CLK 

CKE 
cs 

RAS' 
CAS 

Wi 
OSF 

At 

000.7 
DQl-15 

1 ... 1 BankO 
AC.TV Wrlle per bit 

HM5283206 Series 

.... 0 p,...... 

(. ~·· I 
Ud .L 
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HM534251 B Series 
262144-word x 4-bit Multiport CMOS Video RAM 

HITACHI Rev.1 
Mar. 18, 1994 

The HM534251B is a 1-Mbit multiport video 
RAM equipped with a 256-kword x 4-bit dynamic 
RAM and a 512-word x 4-bit SAM (serial access 
memory). Its RAM and SAM operate 
independently and asynchronously. It can transfer 
data between RAM and SAM and has write mask 
function. 

Ordering Information 

Features 

• Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 

RAM: 256 kword x 4 bit 
SAM: 512 word x 4 bit 

• Access time 
RAM: 60 ns/70 ns/80 ns/100 ns max 
SAM: 20 ns/22 ns/25 ns/25 ns max 

• Cycle time 
RAM: 125 ns/135 ns/150 ns/180 ns min 
SAM: 25 ns/25 ns/30 ns/30 ns min 

• Low power 
Active RAM: 

SAM: 
413mWmax 
275mWmax 

Standby 38.5 mW max 
• High-speed page mode capability 
• Mask write mode capability 
• Bidirectional data transfer cycle between RAM 

and SAM capability 
• Real time read transfer cycle capability 
• 3 variations ofrefresh (8 ms/512 cycles) 

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

• TTL compatible 

TYpe No. 

HM534251 BJ-6 
HM534251 BJ-7 
HM534251 BJ-8 
HM534251BJ-10 

HM534251 BZ-6 
HM534251BZ-7 
HM534251 BZ-8 
HM534251BZ-10 

HM534251BT-6 
HM534251 BT-7 
HM534251 BT-8 
HM534251BT-10 

HM534251 BR-6 
HM534251BR-7 
HM534251 BR-8 
HM534251BR-10 

Access time Package 

60ns 
70 ns 
80ns 
100 ns 

60 ns 
70 ns 
80ns 
100 ns 

60 ns 
70ns 
80ns 
100 ns 

60 ns 
70ns 
80ns 
100 ns 

400-mil 28-pin 
plastic SOJ 
(CP-280) 

400-mil 28-pin 
plastic ZIP 
(ZP-28) 

8mmx 14 mm 
32-pin TSOP 
type I 
(TFP-32DA) 

8mmx 14 mm 
32-pin TSOP 
type I reverse 
(TFP-32DAR) 

ADE-203-232A (Z) 



llM534251B Series 

Pin Arrangement 

HM534251 BJ Series HM534251 BT Series 

SC 1 28 Vss 
Sl/00 2 27 Sl/03 NC 1 32 CAS 

1/02 2 31 NC 
Sl/01 3 26 Sl/02 l/Qa 3 30 AO 

OT/OE 4 2S SE SE 4 29 A1 
1/00 s 24 1/03 Sl/02 s 28 A2 
1/01 6 23 1/02 Sl/03 6 27 A3 

~~ 7 26 A7 
WE 7 22 NC B 2S NC 
NC 8 21 CAS NC 9 24 NC 

RAS 9 20 NC SC 10 23 Vee 
AB 10 19 AO Sl/00 11 22 A4 

Sl/QL 12 21 AS 
A6 11 1B A1 DT/O 13 20 A6 
AS 12 17 A2 1/00 14 19 AL 
A4 13 16 A3 llQ.1 1S 1B RAS 

Vee 14 1S A7 
WE 16 17 NC 

1(Top View) 
(Top View) 

HM534251BZ Series 
HM534251 BR Series 

1 NC 
1/02 2 3 1/03 WE 16 17 NC 
SE 4 s Sl/02 1/01 1S 1B RAS 

Sl/03 6 7 Vss 
1/00 14 19 AB 

SC B DT/O 13 20 A6 

Sl/01 10 
9 Sl/00 Sl/01 12 21 AS 
11 OT/OE Sl/00 11 22 A4 

1/00 12 13 1/01 SC 10 23 \te 
WE 14 15 NC 

NC 9 24 NC 
RAS 16 NC 8 2S NC 

A6 1S 
17 AS Vss 7 26 A7 
19 AS Sl/03 6 27 A3 

A4 20 
21 Vee Sl/02 s 2S A2 

A7 22 23 A3 
SE 4 29 A1 

A2 24 1/03 3 30 AO 

AO 26 
2S A1 1/02 2 31 NC 
27 NC NC 1 32 CAS 

GAS 2S 
(Top View) 

((Bottom View) 

Pin Description 

Pin name Function Pin name Function 

AO-AS Address inputs OT/OE Data transfer/Output enable 

1/00-1/03 RAM port data inputs/outputs SC Serial clock 

Sl/00 - Sl/03 SAM port data inputs/outputs SE SAM port enable 

RAS Row address strobe Vee Power supply 

CAS Column address strobe Vss Ground 

WE Write enable NC No connection 
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Pin Functions 

RAS (input pin): RAS is a basic RAM signal. It 
is active in low level and standby in high level. 
Row address and signals as shown in table 1 are 
input at the falling edge of RAS. The input level 
of these signals determine the operation cycle of 
the HM534251B. 

Table 1. Operation Cycles of the HM534251B 

Input level at the falling 
edge of RAS 

CAS DT/OE WE SE Operation mode 

L x x x CBR refresh 

H L L L Write transfer 

H L L H Pseudo transfer 

H L H x Read transfer 

H H L x Read/mask write 

H H H x Read/write 

Note: X : Don't care. 

CAS (input pin): Column address is fetched into 
chip at the falling edge of CAS. CAS controls 
output impedance of 1/0 in RAM. 
AO-AS (input pins): Row address is determined 
by AO-AS level at the falling edge of RAS. 
Column address is determined by AO-AS level at 
the falling edge of CAS. In transfer cycles, row 
address is the address on the word line which 
transfers data with SAM data register, and column 
address is the SAM start address after transfer. 
WE (input pin): WE pin has two functions at the 
falling edge of RAS and after. When WE is low at 
the falling edge of RAS, the HM534251B turns to 
mask write mode. According to the 1/0 level at the 
time, write on each 1/0 can be masked. (WE level 
at the falling edge of RAS is don't care in read 
cycle.) When WE is high at the falling edge of 
RAS, a normal write cycle is executed. After that 
WE switches read/write cycles as in a standard 
DRAM. In a transfer cycle, the direction of 
transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred 

HM534251B Series 

from SAM to RAM (data is written into RAM), 
and when WE is high, data is transferred from 
RAM to SAM (data is read from RAM). 
1/00 - 1/03 (input/output pins): 1/0 pins 
function as mask data at the falling edge of RAS 
(in mask write mode). Data is written only to high 
1/0 pins. Data on low 1/0 pins· are masked and 
internal data are retained. After that, they function 
as input/output pins as those of a standard DRAM. 
DT/OE (input pin): DT/OE pin functions as DT . 
(data transfer) pin at the falling edge of RAS and 
as OE (output enable) pin after that. When DT is 
low at the falling edge of RAS, this cycle becomes 
a transfer cycle. When DT is high at the falling 
edge of RAS, RAM and SAM operate 
independently. 
SC (input pin): SC is a basic SAM clock. In a 
serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a 
serial write cycle, data on an SI/O pin at the rising 
edge of SC is fetched into the SAM data register. 
SE (input pin): SE pin activates SAM. When SE 
is high, SI/O is in the high impedance state in 
serial read cycle and data on SI/O is not fetched 
into the SAM data register in serial write cycle. 
SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of 
SC. 
SI/00-Sl/03 (input/output pins): SI/Os are 
input/output pins in SAM. Direction of 
input/output is determined by the previous transfer 
cycle. When it was a read transfer cycle, SI/O 
outputs data. When it was a pseudo transfer cycle 
or write transfer cycle, SI/O inputs data. 

Operation of HM534251B 

RAM Read Cycle (DT/OE high and CAS high at 
the falling edge of RAS) 

Row address is entered at the RAS falling edge and 
col.umn address at the CAS falling edge to the 
device as in standard DRAM. Then, when WE is 
high and DT/OE is low while CAS is low, the 
selected address data outputs through 1/0 pin. At 
the falling edge of RAS, DT/OE and CAS become 
high to distinguish RAM read cycle from transfer 
cycle and CBR refresh cycle. Address access time 
(tAA) and RAS to column address delay time 
(tRAo) specifications are added to enable high
speed page mode. 
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RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) 
(DT/OE high and CAS high at the falling edge of 
RAS) 

• Normal Mode Write Cycle (WE high at the 
falling edge of RAS) __ 

When CAS and WE are set low after driving RAS 
low, a write cycle is executed and 1/0 data is 
written in the selected addresses. When all 4 I/Os 
are written, WE should be high at the falling edge 
of RAS to distinguish normal mode from mask 
write mode. 
If WE is set low before the CAS falling edge, this 
cycle becomes an early write cycle and 1/0 
becomes in high impedance. Data is entered at the 
CAS falling edge. 
If WE is set low after the CAS falling edge, this 
cycle becomes a delalyed write cycle. Data is 
input at the WE falling. 1/0 does not become high 
impedance in this cycle, so data should be entered 
with OE in high. 
If WE is set low after tcwo (min) and tAwD (min) 
after the CAS falling edge, this cycle becomes a 
read-modify-write cycle and enables read/write at 
the same address in one cycle. In this cycle also, 
to avoid 1/0 contention, data should be input after 
reading data and driving OE high. 
• Mask Write Mode (WE low at the falling edge 

of RAS) 
If WE is set low at the falling edge of RAS, the 
cycle becomes a mask write mode cycle which 
writes only to selected 110. Whether or not an 1/0 
is written depends on 1/0 level (mask data) at the 
falling edge of RAS. Then the data is written in 
high 1/0 pins and masked in low ones and internal 
data is retained. This mask data is effective during 
the RAS cycle. So, in high-speed page mode 
cycle, the mask data is retained during the page 
access. 

High-Speed Page Mode Cycle (DT/OE high and 
CAS high at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data 
of the same row address at high speed by toggling 
CAS while RAS is low. Its cycle time is one third 
of the random read/write cycle. Note that address 
access time (tAA), RAS to column address delay 

HM534251B Series 

time (tRAD), and access time from CAS precharge 
(tAcP) are added. In one RAS cycle, 512-word 
memory cells of the same row address can be 
accessed. It is necessary to specify access 
frequency within tRAsP max (100 µs). 

Transfer Operation 

The HM534251B provides the read transfer cycle, 
pseudo transfer cycle and write transfer cycle as 
data transfer cycles. These transfer cycles are set 
by driving CAS high and DT/OE low at the falling 
edge of RAS. They have following functions: 
( 1) Transfer data between row address and SAM 

data register (except for pseudo transfer cycle) 
Read transfer cycle: RAM to SAM 
Write transfer cycle: SAM to RAM 

(2) Determine SI/O state 
Read transfer cycle: SI/O output 
Pseudo transfer cycle 
and write transfer cycle: SI/O input 

(3) Determine first SAM address to access after 
transferring at column address (SAM start 
address). 
SAM start address must be determined by read 
transfer cycle or pseudo transfer cycle after 
power on, and determined for each transfer 
cycle. 

Read Transfer Cycle (CAS high, DT/OE low and 
WE high at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving 
DT/OE low and WE high at the falling edge of 
RAS. The row address data (512 x 4-bit) 
determined by this cycle is transferred to SAM 
data register synchronously at the rising edge of 
DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address 
determined by column address. In read transfer 
cycle, DT/OE must be risen to transfer data from 
RAM to SAM. 
This cycle can access SAM even during transfer 
(real time read transfer). In this case, the timing 
tsoo (min) specified between the last SAM access 
before transfer and DT/OE rising edge and tsoH 
(min) specified between the first SAM access and 
DT/OE rising edge must be satisfied. (See figure 
1.). 
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RAS 

CAS 

Address Xi Yj 

OT/OE L 

SC 

Sl/O Yj Yj+ 1 

SAM Data before Transfer SAM Data after Transfer 

Figure 1. Real Time Read Transfer 

When read transfer cycle is executed, Sl/O 
becomes output state by first SAM access. Input 
must be set high impedance before tszs (min) of 
the first SAM access to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, 
WE low and SE high at the falling edge of RAS) 

Pseudo transfer cycle switches Sl/O to input state 
and set SAM start address without data transfer to 
RAM. 
This cycle starts when CAS is high, DT/OE low, 
WE low and SE high at the falling edge of RAS. 
Data should be input to Sl/O later than tsm (min) 
after RAS becomes low to avoid data contention. 
SAM access becomes enabled after tsRD (min) 
after RAS becomes high. in this cycie, SAM 
access is inhibited during RAS low, therefore, SC 
must not be risen. 

Writ~ Transfer Cycle (CAS high, DT/OE low, 
WE low and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data 
input by serial write cycle to RAM. The row 
address of data transferred into RAM is determined 

by the address at the falling edge of RAS. The 
column address is specified as the first address for 
serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after 
tsRD (min) after RAS becomes high. SAM access 
is inhibited during RAS low. In this period, SC 
must not be risen. 
Data transferred to SAM by read transfer cycle can 
be written to other address of RAM by write 
transfer cycle. However, the address to write data 
must be the same MSB of row address (AX8) as 
that of the read transfer cycle. 

SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is 
output from SI/O. When SE is set high, SI/O 
becomes high impedance, and the internal pointer 
is incremented by the SC rising. After indicating 
the last address (address 511), the internal pointer 
indicates address 0 at the next access. 
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Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or write transfer cycle, SAM port goes into 
write mode. In this cycle, Sl/O data is fetched into 
data register at the SC rising edge like in the serial 
read cycle. If SE is high, Sl/O data isn't fetched 
into data register. Internal pointer is incremented 
by the SC rising, so SE high can be used as mask 
data for SAM. After indicating the last address 
(address 511 ), the internal pointer indicates address 
0 at the next access. 

Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is executed 
by accessing all 512 row addresses within 8 ms. 
There are three refresh cycles: (1) RAS-only 
refresh cycle, (2) CAS-before-RAS (CBR) refresh 
cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write 
cycles or transfer cycles can refresh the row 
address. Therefore, no refresh cycle is required 
when all row addresses are accessed within 8 ms. 

Absolute Maximum Ratings 

Item Symbol 

· Terminal voltage *1 VT 

Power supply voltage*1 Vee 

Short circuit output current lout 

Power dissipation PT 

Operating temperature Topr 

Storage temperature Tstg 

Note: 1. Relative to V SS· 

HM534251B Series 

( 1) RAS-Only Refresh Cycle: RAS-only refresh 
cycle is executed by activating only RAS 
cycle with CAS fixed to high after inputting 
the row address (= refresh address) from 
external circuits. To distinguish this cycle 
from data transfer cycle, DT/OE must be high 
at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle is set 
by activating CAS before RAS. In this cycle, 
refresh address need not to be input through 
external circuits because it is input through an 
internal refresh counter. In this cycle, output 
is in high impedance and power dissipation is 
lowered because CAS circuits don't operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle 
executes CBR refresh with the data output by 
reactivating RAS when DT/OE and CAS keep 
low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register and 
selector), organized as fully static circuitry, require 
no refresh. 

Rating Unit 

-1.0 to +7.0 v 

-0.5to +7.0 v 

50 mA 

1.0 w 

Oto +70 oc 

-55 to +125 oc 
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Recommended DC Operating Conditions (Ta = 0 to + 70°C) 

Item Symbol Min Typ Max Unit 

Supply voltage *1 Vee 4.5 5.0 5.5 v 

Input high voltage *1 V1H 2.4 6.5 v 

Input low voltage *1 V1L -o.5*2 0.8 v 

Notes: 1. All voltages referenced to V SS· 
2. -3.0 V for pulse width s. 1 O ns. 

DC Characteristics (Ta = 0 to + 70°C, V cc = 5 V ± 10%, V ss = 0 V) 

HM534251B 

-6 -7 -8 -10 Test conditions 
---

Item Symbol Min Max Min Max Min Max Min Max Unit RAM port SAM port 

Operating lcc1 75 70 60 55 mA RAS,CAS SC =VIL• SE = V1H 
current cycling 

lcc1 125 120 100 95 mA tRc =min SE = VIL• SC cycling 
tscc =min 

Standby lcc2 7 7 7 7 mA RAS,CAS SC =VIL• SE = V1H 
current =V1H 

Ices 50 50 40 40 mA SE = VIL• SC cycling 
tscc =min 

RAS-only lcc3 75 70 60 55 mA RAS cycling SC =VIL• SE = V1H 
refresh CAS =V1H 
current Ices 125 120 100 95 mA tRc =min SE = VIL• SC cycling 

tscc =min 

Page mode lcc4 80 80 70 65 mA CAS cycling SC =VIL• SE = V1H 
current RAS=V1L 

lcc10 130 130 110 105 mA tpc =min SE = VIL• SC cycling 
tscc =min 

CAS-before- Ices 50 45 40 35 mA RAS cycling SC= VIL• SE = V1H 
RAS refresh tRc =min 
current lcc11 100 95 80 75 mA SE = VIL• SC cycling 

tscc =min 

Data Ices 80 75 65 60 mA RAS,CAS SC =VIL• SE = V1H 
transfer cycling 
current lcc12 130 125 105 100 mA tRc =min SE = VIL• SC cycling 

tscc =min 
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DC Characteristics (Ta = 0 to + 70°C, V cc = 5 V ± 10%, V ss = 0 V) (cont) 

HM534251B 

-6 -7 -8 -10 Test conditions 

Item Symbol Min Max Min Max Min Max Min Max Unit RAM port SAM port 

Input leakage lu 
current 

Output leakagelLo 
current 

Output high VoH 
voltage 

Output low VoL 
voltage 

-10 10 -10 10 -~O 10 -10 10 µA 

-10 10 -10 10 -10 10 -10 10 µA 

2.4 - 2.4 - 2.4 - 2.4 - V loH =-2 mA 

0.4 - 0.4 - 0.4 - 0.4 v loL = 4.2 mA 

Note: 1. Ice depends on output loading condition when the device is selected. Ice max is specified at 
the output open condition. 

2. Address can be changed once while RAS is low and CAS is high. 

Capacitance (Ta= 25°C, V cc = 5 V, f = 1 MHz, Bias: Clock, 1/0 = V cc, address = 

Vss) 

Item Symbol Min lYP Max Unit 

Address 5 pF 

Clock 5 pF 

1/0, Sl/O 7 pF 

AC Characteristics (Ta= 0 to +70°C, Vee= 5 V ±10%, Vss = O V) *1, *16 

Test Conditions 
• Input rise and fall time: 5 ns 
• Output load: See figures 
• Input pulse levels : V ss to 3.0 V 

+5V 

Output Load (A) 

Note: 1. Including scope & jig. 

• Input timing reference levels: 0.8 V, 2.4 V 
• Output timing reference levels: 0.8 V, 2.0 V 

l~mA 

loL = 4.2 mA -
+5V 

Output Load (B) 
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Common Parameter 

HM534251B 

-6 -7 -8 -10 

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

Random read or write cycle time tRc 125 135 - 150 180 ns 

RAS precharge time tRP 55 55 60 70 ns 

RAS pulse width tRAS 60 10000 70 10000 80 10000 100 10000 ns 

CAS pulse width tcAS 20 20 20 25 ns 

Row address setup time tASR 0 0 0 0 ns 

Row address hold time tRAH 10 10 10 10 ns 

Column address setup time tAsc 0 0 0 0 ns 

Column address hold time tcAH 15 15 15 15 ns 

RAS to CAS delay time tRCD 20 40 20 50 20 60 20 75 ns 2 

RAS hold time referenced to CAS tRSH 20 20 20 25 ns 

CAS hold time referenced to RAS tcSH 60 70 80 100 ns 

CAS to RAS precharge time tcRP 10 10 10 10 ns 

Transition time (rise to fall) tr 3 50 3 50 3 50 3 50 ns 3 

Refresh period tREF 8 8 8 8 ms 

OT to RAS setup time tors 0 0 0 0 ns 

OT to RAS hold time torH 10 10 10 10 ns 

Data-in to CAS delay time tozc 0 0 0 0 ns 4 

Data-in to OE delay time tozo 0 0 0 0 ns 4 

Output buffer tum-off delay toFF1 20 20 20 20 ns 5 

referenced to CAS 

Output buffer turn-off delay toFF2 - 20 - 20 20 20 ns 5 

referenced to OE 
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Read Cycle (RAM), Page Mode Read Cycle 

HM5342518 

-6 -7 -8 -10 

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

Access time from RAS tRAC 60 70 80 100 ns 6, 7 

Access time from CAS le AC 20 20 20 25 ns 7,8 

Access time from OE to AC 20 20 20 25 ns 7 

Address access time tAA 35 35 40 45 ns 7,9 

Read command setup time tRcs 0 0 0 0 ns 

Read command hold time tRCH 0 0 0 0 ns 10 

Read command hold time tRRH 10 10 10 10 ns 10 

referenced to RAS 

RAS to column address delay time tRAD 15 25 15 35 15 40 15 55 ns 2 

Column address to RAS lead time tRAL 35 35 40 45 ns 

Column address to CAS lead time le AL 35 35 40 45 ns 

Page mode cycle time tpc 45 45 50 55 ns 

CAS precharge time tcP 10 10 10 10 ns 

Access time from CAS precharge tACP 40 40 45 50 ns 

Page mode RAS pulse width tRASP 60 100000 70 10000080 100000 100 100000 ns 
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Write Cycle (RAM), Page Mode Write Cycle 

HM534251B 

-6 -7 -8 -10 
---

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

Write command setup time twcs 0 0 0 0 ns 11 

Write command hold time twcH 15 15 15 15 ns 

Write command pulse width twp 15 15 15 15 ns 

Write command to RAS lead time tRWL 20 20 20 20 ns 

Write command to CAS lead time tcWL 20 20 20 20 ns 

Data-in setup time tos 0 0 0 0 ns 12 

Data-in hold time toH 15 15 15 15 ns 12 

WE to RAS setup time tws 0 0 0 0 ns 

WE to RAS hold time twH 10 10 10 10 ns 

Mask data to RAS setup time tMs 0 0 0 0 ns 

Mask data to RAS hold time tMH 10 10 10 10 ns 

OE hold time referenced to WE toEH 20 20 20 20 ns 

Page mode cycle time tpc 45 45 50 55 ns 

CAS precharge time tcP 10 10 10 10 ns 

CAS to data-in delay time tcoo 20 20 20 20 ns 13 

Page mode RAS pulse width tRASP 60 100000 70 100000 80 100000 100 100000 ns 
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Read-Modify-Write Cycle 

HM534251B 

-6 -7 -8 -10 

--- ---
Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

Read-modify-write cycle time tRwc 175- 185- 200- 230 - ns 

RAS pulse width tRws 110 10000 120 10000 130 10000 150 10000 ns 
(read-modify-write cycle) 

CAS to WE delay time tcwo 45 45 45 50 ns 14 

Column address to WE delay time tAWD 60 60 65 70 ns 14 

OE to data-in delay time tooo 20 20 20 20 ns 12 

Access time from RAS tRAC 60 70 80 100 ns 6, 7 

Access time form CAS tcAC 20 20 20 25 ns 7,8 

Access time from OE to AC 20 20 20 25 ns 7 

Address access time tAA 35 35 40 45 ns 7,9 

RAS to column address delay time tRAD 15 25 15 35 15 40 15 55 ns 

Read command setup time tRcs 0 0 0 0 ns 

Write command to RAS lead time tRWL 20 20 20 20 ns 

Write command to CAS lead time tcwL 20 20 20 20 ns 

Write command pulse width twp 15 15 15 15 ns 

Data-in setup time tos 0 0 0 0 ns 12 

Data-in hold time toH 15 15 15 15 ns 12 

OE hold time referenced to WE toEH 20 20 20 20 ns 
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Refresh Cycle 

HM534251B 

-6 -7 -8 -10 
--- ---

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

CAS setup time fcSR 10 - 10 - 10 - 10 - ns 
(CAS-before-RAS refresh) 

CAS hold time fcHR 10 - 10 10 - 10 - ns 
(CAS-before-RAS refresh) 

RAS precharge to CAS hold time tRPC 10 - 10 10 - 10 - ns 

Read Transfer Cycle 

HM534251B 

-6 -7 -8 -10 
--- ---

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

DT hold time referenced to RAS tRDH 50 10000 60 10000 65 10000 80 10000 ns 

DT hold time referenced to CAS tcoH 20 20 20 25 ns 

DT hold time referenced to tADH 25 25 30 30 ns 
column address 

DT precharge time toTP 20 20 20 30 ns 

DT to RAS delay time to RD 65 65 70 80 ns 

SC to RAS setup time ts RS 25 25 30 30 ns 

1st SC ·to RAS hold time ts RH 60 70 80 100 - ns 

1st SC to CAS hold time tscH 25 25 25 25 ns 

1st SC to column address hold time tsAH 40 40 45 50 ns 

Last SC to DT delay time tsoo 5 5 5 5 ns 

1st SC to DT hold time tsoH 10 10 15 15 ns 

Serial data-in to 1st SC delay time tszs 0 0 0 0 ns 

Serial clock cycle time tscc 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge time tscP 10 10 10 10 ns 
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Read Transfer Cycle (cont) 

HM534251B 

-6 -7 -8 -10 
--- ---

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

SC access time tscA 20 22 25 25 ns 15 

Serial data-out hold time tsoH 5 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

RAS to column address delay time tRAD 15 25 15 35 15 40 15 55 ns 

Column address to RAS lead time tRAL 35 35 40 45 ns 

DT high hold time from RAS precharge toTHH 10 10 10 10 ns 

Pseudo Transfer Cycle, Write Transfer Cycle 

HM534251B 

-6 -7 -8 -10 
--- ---

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

SE setup time referenced to RAS tEs 0 0 0 0 ns 

SE hold time referenced to RAS tEH 10 10 10 10 ns 

SC setup time referenced to RAS ts RS 25 25 30 30 ns 

RAS to SC delay time ts RD 20 20 25 25 ns 

Serial output buffer tum-off time tsRZ 10 40 10 40 10 45 10 50 ns 
referenced to RAS 

RAS to serial data-in delay time ts10 40 40 45 50 ns 

Serial clock cycle time ts cc 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge time tscP 10 10 10 10 ns 

SC access time tscA 20 22 25 25 ns 15 
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HM534251B Series 

Pseudo Transfer Cycle, Write 'I'ransfer Cycle (cont) 

HM534251B 

-6 -7 -8 -10 

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

SE access time ts EA 20 22 25 25 ns 15 

Serial data-out hold time tsoH 5 5 5 5 ns 

Serial write enable setup time tsws 5 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

Serial Read Cycle, Serial Write Cycle 

HM534251B 

-6 -7 -8 -10 

Item Symbol Min Max Min Max Min Max Min Max Unit Notes 

Serial clock cycle time •sec 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge width tscP 10 10 10 10 ns 

Access time from SC •scA 20 22 25 25 ns 15 

Access time from SE ts EA 20 22 25 25 ns 15 

Serial data-out hold time tsoH 5 5 5 5 ns 

Serial output buffer tum-off tsEz 20 20 20 20 ns 5 

time referenced to SE 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts!H 15 15 15 15 ns 

Serial write enable setup time tsws 5 5 5 5 ns 

Serial write enable hold time tswH 15 15 15 15 ns 

Serial write disable setup time tsw1s 5 5 5 5 ns 

Serial write disable hold time tsw1H 15 15 15 15 ns 
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HM534251B Series 

Notes: 1. AC measurements assume tT = 5 ns. 
2. When tRco > tRco (max) or tRAD > tRAD (max), access time is specified by tcAC or tAA. 
3. V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition 

time tT is measured between V1H and V1L· 
4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 

cycle and delayed write cycle, either tozc (min) or tozo (min) must be satisfied. 
5. toFF1 (max), toFF2 (max) and tsez (max) are defined as the time at which the output acheives 

the open circuit condition (VoH -100 mV, Vol +100 mV). 
6. Assume that tRco .s. tRco (max) and tRAD .s. tRAD (max). If tRco or tRAD is greater than the 

maximum recommended value shown in this table, tRAC exceeds the value shown. 
7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
8. When tRco :::. tRco (max) and tRAD .s. tRAD (max), access time is specified by tcAC· 
9. When tRco .s. tRco (max) and tRAD:::. tRAD (max), access time is specified by tAA. 
10. If either tRCH of tRRH is satisfied, operation is guaranteed. 
11. When twcs ~ twcs (min), the cycle is an early write cycle, and .110 pins remain in an open 

circuit (high impedance) condition. 
12. These parameters are specified by the later falling edge of CAS or WE. 
13. Either tetm (min) or tooo (min) must be satisfied because output buffer must be turned off by 

CAS or OE prior to applying data to the device when output buffer is on. 
14. When tAwo ~ tAwo (min) and tcwo ~ tcwo (min) in read-modify-write cycle, the data of the 

selected address outputs to an 110 pin and input data is written into the selected address. 
tooo (min) must be satisfied because output buffer must be turned off by OE prior to applying 
data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
16. After power-up, pause for 100 µs or more and execute at least 8 initialization cycle (normal 

memory cycle or refresh cycle), then start operation. 
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HM534251B Series 

Timing Waveforms .17 

Read Cycle 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

tRAS 

tcsH tcRP 

Note17: 
H or L (H: V1H (min) s; V1N s; V1H (max), L: V1L (min) s; V1N s; V1L (max)) 

Invalid Dout 

Early Write Cycle 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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HMS34251B Series 

Delayed Write Cycle 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 

Read-Modify-Write Cycle 

RAS 

CAS 

Address 

WE 

VO 
(Output) 

VO 
(Input) 

OT/OE 

tRWc 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 
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Page Mode Read Cycle 

RAS 

CAS 

Address 

WE 

110 
(Output) 

1/0 
(Input) 

OT/OE 

Page Mode Write Cycle (Early Write) 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(inputj 

OT/OE 

HM534251B Series 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 
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Page Mode Write Cycle (Delayed Write) 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

HM534251B Series 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle 
when WE is low. 

RAS-Only Refresh Cycle 

RAS 
tcRP 

CAS 

Address 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 
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HM534251B Series 

CAS-Before-RAS Refresh Cycle 

DT/OE XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Hidden Refresh Cycle 

RAS 

CAS 

Address 

WE 

VO 
(Output) 

VO 
(liiput) 

DT/OE 

tRC 
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Read Transfer Cycle (1) 

AAS 

CAS 

Address 

WE 

1/0 
(Output) 

OT/OE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

HM534251B Series 

IRC 

IRAS IRP 

tcsH tcRP 
IRCD IRSH 
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Read Transfer Cycle (2) 

RAS 

CAS 

WE 

1/0 
(Output) 

OT/OE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

HMS34251B Series 

tRAS 

tcsH tcRP 

tRSH 

tcAS 

tRAL 
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Pseudo Transfer Cycle 

RAS 

CAS 

WE 

1/0 
(Output) 

OT/OE 

SE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

HM534251B Series 

IRC 
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Write Transfer Cycle 

Address 

1/0 
(Output) 

OT/OE 

SE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

HM534251B Series 

tRC 

tRAS tRP 

tCRP 
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Serial Read Cycle 

SE 

SC 

Sl/O Valid Soul (Output) ____ _, 

Serial Write Cycle 

SE 

SC 

Sl/O 
(Input) 

HM534251B Series 

tscA 
lsOH 

Valid Soul 
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HMS34251B Series 

Package Dimensions Unit: mm 

HM534251BJ Series (CP-28D) 

15 

] 
(') .,... 
0 
+I 

co .,... 

14 

0.74 

J c: 
1.3 Max ~ 

9.40 ± 0.25 

HM534251BZ Series (ZP-28) 

35.58 
36.57 Max 
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Package Dimensions (cont) 

HM534251BT Series (TFP-32DA) 

8.0 

321 8"2Max,I17 

0 l 
1•••1J~1~6~ 

~ 
0.20 ± 0.1 o -{$J 0_08 J@J 

~1 ·. =··c::·:i~~~.45 Max 

HM534251BR Series (TFP-32DAR) 

0.20 ± 0.10 

~ 

{$Jo.o8J®j 

HM534251B Series 

Unit: mm 

r
,.)~/[_~~~~=410-5 0 

~ ~ ~ 0.5 ± 0.1 l 
fl co co 
"" o..-ci ci ci 

14.0 ± 0.2 

14.0 ± 0.2 ~ 
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HM534253B Series 
262,144-Word x 4-Bit Multiport CMOS Video RAM 

Rev.1 

HITACHI Mar, 11994 

The HM534253B is a 1-Mbit multiport video RAM 
equipped with a 256-kword x 4-bit dynamic RAM 
and a 512-word x 4-bit SAM (serial access 
memory). Its RAM and SAM operate 
independently and asynchronously. It can transfer 
data between RAM and SAM. In addition, it has 
two modes to realize fast writing in RAM. Block 
write and flash write modes clear the data of 4-
word x 4-bit and the data of one row (512-word x 
4-bit) respectively in one cycle of RAM. And the 
HM534253B makes split transfer cycle possible by 
dividing SAM into two split buffers equipped with 
256-word x 4-bit each. This cycle can transfer data 
to SAM which is not active, and enables a 
continuous serial access. 

Features 

• Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 

RAM: 256 kword x 4 bit 
SAM: 512 word x 4 bit 

• Access time 
RAM: 60 ns/70 ns/80 ns/100 ns max 
SAM: 20 ns/22 ns/25 ns/25 ns max 

•Cycle time 
RAM: 125 ns/135 ns/150 ns/180 ns min 
SAM: 25 ns/25 ns/30 ns/30 ns min 

•Low power 
Active RAM: 413 mW max 

SAM: 275 mW max 
Standby 38.5 mW max 

• High-speed page mode capability 
• Mask write mode capability 
• Bidirectional data transfer cycle between RAM 

and SAM capability 

• Split transfer cycle capability 
• Block write mode capability 
• Flash write mode capability 
• 3 variations of refresh (8 ms/512 cycles) 

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

• TTL compatible 

Ordering Information 

Type No. 

HM534253BJ-6 
HM5342538J-7 
HM534253BJ-e 
HM534253BJ-10 

HM5342538Z-6 
HM5342538Z-7 
HM534253BZ-8 
HM534253BZ-10 

HM5342538T-6 
HM5342538T-7 
HM5342538T-e 
HM534253BT-10 

HM534253BR-6 
HM5342538R-7 
HM5342538R-e 
HM5342538R-10 

Access time Package 

60ns 
70 ns 
eons 
100 ns 

60 ns 
70ns 
eons 
100 ns 

60 ns 
70 ns 
eons 
100 ns 

60 ns 
70 ns 
eons 
100 ns 

400-mil 2e-pin 
plastic SOJ 
(CP-2eD) 

400-mil 2e-pin 
plastic ZIP 
(ZP-2e) 

e mmx 14mm 
32-pin TSOP 
type I 
(TFP-32DA) 

Bmmx 14mm 
32-pin TSOP 
type I reverse 
(TFP-32DAR) 

ADE-203-204A (Z) 



HM534253B Series 

Pin Arrangement 
HM534253BJ Series HM534253BT Series 

SC 1 2S Vss 
Sl/00 2 27 Sl/03 DSF 1 32 CAS 
Sl/01 3 26 Sl/02 1/02 2 31 QSF 
t5TI 4 2S SE 1/03 3 30 AO 
1/00 s 24 1/03 SE 4 29 A1 
1/01 6 23 1/02 Sl/02 s 2S A2 

WE 7 22 DSF Sl/03 6 27 A3 
Vss 7 26 A7 

NC s 21 GAS NC s 2S NC 
RAS 9 20 QSF NC 9 24 NC 
AS 10 19 AO SC 10 23 x~c 
A6 11 1S A1 Sl/00 11 22 

Sl/01 12 21 AS 
AS 12 17 A2 OT/OE 13 20 A6 
A4 13 16 A3 1/00 14 19 AS 
Vee 14 1S A7 1/01 1S 1S RAS 

WE 16 17 NC 
(Top View) (Top View) 

HM534253BZ Series 
HM534253BR Series 

1 DSF 
1/02 2 3 1/03 WE 16 17 NC 
SE: 4 s Sl/02 1/01 1S 1S RAS 
Sl/03 6 1/00 14 19 AS 7 Vss OT/OE 13 20 A6 SC s 9 Sl/00 Sl/01 12 21 AS Sl/01 10 11 15TtOE Sl/00 11 22 A4 
1/00 12 13 1/01 SC 10 23 Vee 
WE 14 1S NC NC 9 24 NC 
RAS 16 17 AS NC s 2S NC 
A6 1S 19 AS 

Vss 7 26 A7 
Sl/03 6 27 A3 

A4 20 21 Vee Sl/02 s 2S A2 
A7 22 23 A3 SE 4 29 A1 
A2 24 2S A1 1/03 3 30 AO 

26 1/02 2 31 QSF AO 27 QSF 
GAS 2S DSF 1 32 CAS 

(Bottom View) 
(Top View) 

Pin Description 

Pin name Function Pin name Function 

AO-AS Address inputs SC Serial clock 

1/00-1/03 RAM port data inputs/outputs SE SAM port enable 

Sl/00 - Sl/03 SAM port data inputs/outputs DSF Special function input flag 

RAS Row address strobe QSF Special function output flag 

CAS Column address strobe Vee Power supply 

WE Write enable Vss Ground 

OT/OE Data transfer/output enable NC No connection 
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Block Diagram 

AO-AS 

Column Address 
Buffer 

Q; 
"O 
0 ~ 0 
Q) Q; 0 
c: ~ 

E c.. 
::I E 
0 <( 

0 

I 

Row Address 
Buffer 

Row Decoder 

Memory Array 

Output 
Buffer 

1/00-1/03 

HM534253B Series 

Refresh 
Counter 

~ 
.... 

as~ ~~ -0> e as as Q) 

1-CJ oa: 

.... 
.S? ~ 

~~ as-~ 
-0> 

~~ 
as Q) 
oa: 

Q; 
"O 
0 

(/) 0 
Q) ::I 0 ca 

~ 
c: 
E 
::I 

~ 0 
<( u 
CJ) 

~ 
<( 
CJ) 

Sl/00 - Sl/03 

Timing Generator 

QSF 
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HM534253B Series 
Pin Functions 

RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these 
signals determine the operation cycle of the HM534253B. 

Table 1. Operation Cycles of the HM534253B 

Input level at the falling edge of RAS 
DSF at the falling Operation mode 

CAS OT/OE WE SE DSF edge of CAS 

L x x x x CBR refresh 

H L L L L x Write transfer 

H L L H L x Pseudo transfer 

H L L x H x Split write transfer 

H L H x L x Read transfer 

H L H x H x Split read transfer 

H H L x L L Read/mask write 

H H L x L H Mask block write 

H H L x H x Flash write 

H H H x L L Read/write 

H H H x L H Block write 

H H H x H x Color register read/write 

Note: X: Don't care. 

CAS (input pin): Column address and DSF signals are fetched into chip at the falling edge of CAS, which 
determines the operation mode of the HM534253B. CAS controls output impedance of I/O in RAM. 

AO - A8 (input pins): Row address is determined by AO - A8 level at the falling edge of RAS. Column 
address is determined by AO - A8 level at the falling edge of CAS. In transfer cycles, row address is the 
address on the word line which transfers data with SAM data register, and column address is the SAM start 
address after transfer. 
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HM534253B Series 

WE (input pin): WE pin has two functions at the falling edge of RAS and after. When WE is low at the 
falling edge of RAS, the HM534253B turns to mask write mode. According to the 1/0 level at the time, 
write on each I/O can be masked. (WE level at the falling edge of RAS is don't care in read cycle.) 
When WE is high at the falling edge of RAS, a normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cycle, the direction of transfer is determined by 
WE level at the falling edge of RAS. When WE is low, data is transferred from SAM to RAM (data is 
written into RAM), and when WE is high, data is transferred from RAM to SAM (data is read from RAM). 

1/00 - 1/03 (input/output pins): I/O pins function as mask data at the falling edge of RAS (in mask write 
mode). Data is written only to high 1/0 pins. Data on low 1/0 pins are masked and internal data are 
retained. After that, they function as input/output pins as those of a standard DRAM. In block write cycle, 
they function as address mask data at the falling edges of CAS. 

DT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the falling edge of RAS and as OE 
(output enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of 
SC is fetched into the SAM data register. 

SE (input pin): SE pin activates SAM. When SE is high, SI/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a 
mask for serial write because internal pointer is incremented at the rising edge of SC. 

SI/00 - Sl/03 (input/output pins): SI/Os are input/output pins in SAM. Direction of input/output is 
determined by the previous transfer cycle. When it was a read transfer cycle, SI/O outputs data. When it 
was a pseudo transfer cycle or write transfer cycle, SI/O inputs data. 

DSF (input pin): DSF is a special function data input flag pin. It is set to high at the falling edge of RAS 
when new functions such as color register read/write, split transfer, and flash write, are used. DSF is set to 
high at the falling edge of CAS when block write is executed. 

QSF (output pin): QSF outputs data of address A8 in SAM. QSF is switched from low to high by 
accessing address 255 in SAM and from high to low by accessing 511 address in SAM. 

Operation of HM534253B 

RAM Port Operation 

RAM Read Cycle (DT/OE high, CAS high and DSF low at the falling edge of RAS, DSF low at the 
falling edge of CAS) 

Row address is entered at the RAS falling edge and column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/OE is low while CAS is low, the selected address 
data outputs through 1/0 pin. At the falling edge of RAS, OT/OE and CAS become high to distinguish 
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (tAA) and RAS to 
column address delay time (tRAD) specifications are added to enable high-speed page mode. 
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HM534253B Series 
RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(DT/OE high, CAS high and DSF low at the falling edge of RAS, DSF low at the falling edge of CAS) 

• Normal Mode Write Cycle (WE high at the falling edge of RAS) 

When CAS and WE are set low after driving RAS low, a write cycle is executed and 1/0 clata is written in 
the selected addresses. When all 4 I/Os are written, WE should be high at the falling edge of RAS to 
distinguish normal mode from mask write mode. 
If WE is set low before the CAS falling edge, this cycle becomes an early write cycle and all 1/0 become 
in high impedance. Data is entered at the CAS falling edge. 
If WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. Data is input at the 
WE falling. 1/0 does not become high impedance in this cycle, so data should be entered with OE in high. 
If WE is set low after tcwo (min) and tAWD (min) after the CAS falling edge, this cycle becomes a read
modify-write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid 1/0 
contention, data should be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle becomes a mask write mode which writes only to 
selected 1/0. Whether or not an 1/0 is written depends on 1/0 level (mask data) at the falling edge of RAS. 
Then the data is written in high 1/0 pins and masked in low ones and internal data is retained. This mask 
data is effective during the RAS cycle. So, in high-speed page mode, the mask data is retained during the 
page access. 

High-Speed Page Mode Cycle (DT/OE high, CAS high and DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the same row address at high speed by toggling CAS 
while RAS is low. Its cycle time is one third of the random read/write cycle. In this cycle, read, write, and 
block write cycles can be mixed .. Note that address access time (tAA), RAS to column address delay time 
(tRAo), and access time from CAS precharge (tAcP) are added. In one RAS cycle, 512-word memory 
cells of the same row address can be accessed. It is necessary to specify access frequency within tRASP 
max (100 µs). 

Color Register Set/Read Cycle (CAS high, DT/OE high, WE high and DSF high at the falling edge of 
RAS) 

In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
wdte cycle. 4 bits of internal color register are provided at each 1/0. This register is composed of static 
circuits, so once it is set, it retains the data until reset. Color register set cycle is just as same as the usual 
write cycle except that DSF is set high at the falling edge of RAS, and read, early write and delayed write 
cycle can be executed. In this cycle, the HM534253B refreshes the row address fetched at the falling edge 
of RAS. 
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HM534253B Series 

Flash Write Cycle (CAS high, OT/OE high, WE low, and OSF high at the falling edge of RAS) 

In a flash write cycle, a row of data (512 word x 4 bit) is cleared to 0 or 1 at each 1/0 according to the data 
of color register mentioned before. It is also necessary to mask 1/0 in this cycle. When CAS and OT/OE 
is set high, WE is low, and OSF is high at the falling edge of RAS, this cycle starts. Then, the row address 
to clear is given to row address and mask data is given to 1/0. Mask data is as same as that of a RAM 
write cycle. High 1/0 is cleared, low 1/0 is not cleared and the internal data is retained. Cycle time is the 
same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual cycle time. (See 
figure 1.) 

Color Register Set Cycle Flash Write Cycle 

RAS 

CAS 

Address 

WE 

OT/OE 

DSF 

1/0 

Set color register 

* 1 1/0 Mask Data 
Low: Mask 
High: Non Mask 

Execute flash write into each 
1/0 on row address Xi using 
color resister. 

Figure 1. Use of Flash Write 

Flash Write Cycle 

Execute flash write into 
each 1/0 on row address 
Xj using color resister. 
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HMS34253B Series 

Block Write cycle (CAS high, DT/OE high and DSF low at the falling edge of RAS, DSF high at the 
falling edge of CAS) 

In a block write cycle, 4 columns of data ( 4 word x 4 bit) is cleared to 0 or 1 at each 1/0 according to the 
data of color register. Column addresses AO and Al are disregarded. The data on I/Os and addresses can 
be masked. 1/0 level at the falling edge of CAS determines the address to be cleared. (See figure 2.) In a 
page mode cycle, mixed cycle of normal Read/Write and block write can be allowed by controlling DSF. 
• Normal Mode Block Write Cycle (WE high at the falling edge of RAS) 
The data on 4 I/Os are all cleared when WE is high at the falling edge of RAS. 
• Mask Block Write Mode (WE low at the falling edge of RAS) 
When WE is low at the falling edge of RAS, the HM534253B starts mask block write mode to clear the 
data on an optional 1/0. The mask data is the same as that of a RAM write cycle. High 1/0 is cleared, low 
1/0 is not cleared and the internal data is retained. The mask data is available in the RAS cycle. In page 
mode block write cycle, the mask data is retained during the page access. 

Color Register Set Cycle Block Write Cycle Block Write Cycle 

~ 

~---&~ ~ 

WE 1/0 Mode 
Low 110 Mask Data Mask 
High Don't care Non mask 

1/0 Mask Data 
Low: Mask 
High: Non Mask 

Address Mask Data 
I "00 I ,... I 0 'A" ,.. .. ~ ,.., M .... 

I/ vo1umn \ U = U, Pll = UJ asi< uata 
1/01 Column1 (AO= 1, A1 = 0) Mask Data 
1/02 Column2 (AO = 0, A 1 = 1) Mask Data 
1/03 Column3 (AO = 1, A 1 = 1) Mask Data 

Low: Mask 

High: Non Mask 

Figure 2. Use of Block Write 
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HM534253B Series 

Transfer Operation 

The HM534253B provides the read transfer cycle, split read transfer cycle,pseudo transfer cycle, write 
transfer cycle, and split write transfer cycle as data transfer cycles. These transfer cycles are set by driving 
CAS high and DT/OE low at the falling edge of RAS. They have following functions: 
(l) Transfer data between row address and SAM data register (except for pseudo transfer cycle) 

Read transfer cycle and split read transfer cycle: RAM to SAM 
Write transfer cycle and split write transfer cycle: SAM to RAM 

(2) Determine Sl/O state (except for split read transfer cycle and split write transfer cycle) 
Read transfer cycle: Sl/O output 
Pseudo transfer cycle and write transfer cycle: Sl/O input 

(3) Determine first SAM address to access after transferring at column address (SAM start address). 
SAM start address must be determined by read transfer cycle or pseudo transfer cycle (split transfer cycle 
isn't available) before SAM access, after power on, and determined for each transfer cycle. 

Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF low at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF low at the falling edge of 
RAS. The row address data (512 x 4 bits) determined by this cycle is transferred to SAM data register 
synchronously at the rising edge of DT/OE. After the rising edge of DT/OE, the new address data outputs 
from SAM start address determined by column address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 
This cycle can access SAM even during transfer (real time read transfer). In this case, the timing tsoo 
(min) specified between the last SAM access before transfer and DT/OE rising edge and tsoH (min) 
specified between the first SAM access and DT/OE rising edge must be satisfied. (See figure 3.) 
When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set 
high impedance before tszs (min) of the first SAM access to aviod data contention. 

RAS 

CAS 

Address Xi Yj 

DT/OE 

DSF 

SC 

Sl/O Yj Yj+ 1 

SAM Data before Transfer SAM Data after Transfer 

Figure 3 Real Time Read Transfer 
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HM534253B Series 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, SE high and DSF low at the falling edge of 
RAS) 

Pseudo transfer cycle switches Sl/O to input state and set SAM start address without data transfer to RAM. 
This cycle starts when CAS is high, DT/OE low, WE low, SE high and DSF low at the falling edge of 
RAS. Data should be input to Sl/O later than tsm (min) after RAS becomes low to avoid data contention. 
SAM access becomes enabled after tsRD (min) after RAS becomes high. In this cycle, SAM access is 
inhibited during RAS low, therefore, SC must not be risen. 

Write Transfer cycle (CAS high, DT/OE low, WE low, SE low, and DSF low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by serial write cycle to RAM. The row address of data 
transferred into RAM is determined by the address at the falling edge of RAS. The column address is 
specified as the first address for serial write after terminating this cycle. Also in this cycle, SAM access 
becomes enabled after tsRD (min) after RAS becomes high. SAM access is inhibited during RAS low. In 
this period, SC must not be risen. Data transferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write transfer cycle. However, the address to write data 
must be the same MSB of row address (AX8) as that of the read transfer cycle. 

Split Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF high at the falling edge of RAS) 

To execute a continuous serial read by real time read transfer, the HM534253B must satisfy SC and DT/OE 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it 
possible to execute a continuous serial read without the above timing limitation. Figure 4 shows the block 
diagram for a split transfer. SAM data register (DR) consists of 2 split buffers, whose organizations are 
256-word x 4-bit each. Let us suppose that data is read from upper data reagister ORI (The row address 
AX8 is 0 and SAM address A8 is 1.). When split read transfer is executed setting row address AX8 0 and 
SAM start addresses AO to A 7, 256-word x 4-bit data are transferred from RAM to the lower data register 
DRO (SAM address A8 is 0) automatically. After data are read from data register DRl, data start to be 
read from SAM start addresses of data register DRO. If the next split read transfer isn't executed while 
data are read from data register DRO, data start to be read from SAM start address 0 of DRl after data are 
read from data register ORO. If split read transfer is executed setting row address AX8 1 and SAM start 
addresses AO to A 7 while data are read from data register DRl, 256-word x 4-bit data are transferred to 
data register DR2. After data are read from data register DRl, data start to be read from SAM start 
addresses of data register DR2. If the next split read transfer isn't executed while data is read from data 
register DR2, data start to be read from SAM start address 0 of data register DR3 after data are read from 
data register DR2. In this time, SAM data is the one transferred to data register DR3 finally while row 
address AX8 is 1. In split read data transfer, the SAM start address A8 is automatically set in the data 
register which isn't used. 
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HM534253B Series 

The data on SAM address AS, which will be accessed next, outputs to QSF. QSF is switched from low to 
high by accessing SAM last address 255 and from high to low by accessing address 511. 
Split read transfer cycle is set when CAS is high, DT/OE is low, WE is high and DSF is high at the falling 
edge of RAS. The cycle can be executed asyncronously with SC. However, tsTS (min) timing specified 
between SC rising and RAS falling must be satisfied. SAM last address must be accessed, satisfying tRsT 
(min), tcsT (min), and tAsT (min) timings specified between RAS or CAS falling and column address. 
(See figure 5.) · 
In split read transfer, SI/O isn't switched to output state. Therefore, read transfer must be executed to 
switch SI/O to output state when the previous transfer cycle is pseudo transfer or write transfer cycle. 

Ci> CW) a: "C 
Memory 0 cc Memory 0 I/) 

0 
I/) 0 

Array 
Q) 

Array :::J 0 :::J 
m m 

~ 
c: 

~ E 
AX8=0 :::J AX8= 1 

~ 0 ::!!! 
0 

c( 0 c( (\I 
(/) 

~ 
(/) a: a: 0 0 <( 

(/) 

SAM 1/0 Buffer 

Sl/0 

Figure 4. Block Diagram for Split Transfer 
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DT/OE 

DSF 

SC 

HM534253B Series 

lsTS (min) ~--t-Rs_r_(m-i-n)-------~1 

511 
(255) 

tcsr(min),___ __ 

Xi Yj 

n 
(n + 255) ----'l'r-~I 

Figure 5 Limitation in Split Transfer 

255 + Yj 
(Yj) 

Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF high at the falling edge of RAS) 

A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write 
transfer. Split write transfer cycle makes it possible. In this cycle, tsTS (min), tRsT (min), tcsT (min) and 
tAsT (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch Sl/O to 
input state in this cycle. If Sl/O is in output state, pseudo transfer cycle should be executed to switch Sl/O 
into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle can be written 
to other addresses of RAM by split write transfer cycle. However, pseudo transfer cycle must be executed 
before split write transfer cycle. And the MSB of row address (AX8) to write data must be the same as 
that of the read transfer cycle or the split read transfer cycle. 
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SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data transfer cycle is read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output from Sl/O. When SE is set high, Sl/O becomes high 
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address 
(address 511), the internal pointer indicates address 0 at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or write transfer cycle, SAM port goes into write 
mode. In this cycle, Sl/O data is fetched into data register at the SC rising edge like in the serial read 
cycle. If SE is high, Sl/O data isn't fetched into data register. Internal pointer is incremented by the SC 
rising, so SE high can be used as mask data for SAM. After indicating the last address (address 511), the 
internal pointer indicates address 0 at the next access. 

Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, requires refresh to retain data. Refresh is executed by 
accessing all 512 row addresses within 8 ms. There are three refresh cycles: (1) RAS-only refresh cycle, 
(2) CAS-before-RAS (CBR) refresh cycle, and (3) Hidden refresh cycle. Besides them, the cycles which 
activate RAS such as read/write cycles or transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are accessed within 8 ms. 

(1) RAS-Only Refresh Cycle: RAS-only refresh cycle is executed by activating only RAS cycle with CAS 
fixed to high after inputting the row address(= refresh address) from external circuits. To distinguish this 
cycle from data transfer cycle, DT/OE must be high at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle is set by activating CAS before RAS. In this cycle, refresh 
address need not to be input through external circuits because it is input through an internal refresh counter. 
In this cycle, output is in high impedance and power dissipation is lowered because CAS circuits don't 
operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating 
RAS when DT/OE and CAS keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift resister and selector), organized as fully static circuitry, require no refresh. 
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Absolute Maximum Ratings 

Parameter Symbol Value Unit Note 

Voltage on any pin relative to V ss Vr -1.0 to +7.0 v 

Supply voltage relative to V ss Vee -0.5 to +7.0 v 

Short circuit output current lout 50 mA 

Power dissipation Pr 1.0 w 

Operating temperature Topr Oto +70 oc 

Storage temperature Tstg -55 to +125 oc 

Note 1. Relative to V SS· 

Recommended DC Operating Conditions (Ta = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Notes 

Supply voltage *1 Vee 4.5 5.0 5.5 v 

Input high voltage *1 V1H 2.4 6.5 v 

Input low voltage*1 · V1L -o.5*2 0.8 v 

Notes: 1. All voltage referred to V ss 
2 -3.0 V for pulse width~ 10 ns. 
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DC Characteristics (Ta = 0 to + 70°C, V cc = 5 V ± 10%, V ss = 0 V) 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test conditions 

Operating lcc1 75 70 60 55 mA RAS, CAS SC =VIL• SE = V1H 
current cycling 

lcc1 125 120 100 95 mA tRc =min SE = VIL• SC cycling 
tscc =min 

Standby lcc2 7 7 7 7 mA RAS,CAS SC =VIL• SE = V1H 
current V1H 

Ices 50 50 40 40 mA SE= VIL• SC cycling 
tscc =min 

RAS-only lcc3 75 70 60 55 mA RAS cycling SC =VIL• SE = V1H 
refresh CAS=V1H 
current lcc9 125 120 100 95 mA tRc =min SE= VIL• SC cycling 

tscc =min 

Page mode lcc4 80 80 70 65 mA CAS cycling SC= VIL• SE= V1H 
current RAS=V1L 

lcc10 130 130 110 105 mA tpc =min SE= VIL• SC cycling 
tscc =min 

GAS-before- Ices 50 45 40 35 mA RAS cycling SC= VIL• SE = V1H 
RAS refresh tRc =min 
current lcc11 100 95 80 75 mA SE= VIL• SC cycling 

tscc= min 

Data Ices 80 75 65 60 mA RAS, CAS SC =VIL• SE = V1H 
transfer cycling 
current lcc12 130 125 105 100 mA tRc =min SE= VIL• SC cycling 

tscc =min 

Input leakage lu -10 10 -10 10 -10 10 -10 10 µA 
current 

Output ILQ -10 10 -10 10 -10 10 -10 10 µA 
leakage 
current 

Output high VoH 2.4 - 2.4 - 2.4 - 2.4 - v loH=-2mA 
voltage 

Output low Vol - 0.4 - 0.4 - 0.4 - 0.4 v loL =4.2 mA 
voltage 

Notes: 1. Ice depends on output load condition when the device is selected. Ice max is specified at the 
output open condition. 

2. Address can be changed once while RAS is low and CAS is high. 
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Capacitance (Ta= 25°C, V cc= 5 V, f = 1 MHz, Bias: Clock, 1/0 = V CC• address =V ss) 

Parameter Symbol Typ Max Unit Note 

Input capacitance (Address) C11 5 pF 

Input capacitance (Clocks) C12 5 pF 

Output capacitance (1/0, Sl/O, QSF) C110 7 pF 

Note: 1. This parameter is sampled and not 100% tested. 

AC Characteristics (Ta= Oto +70°C, Vee= 5 V ± 10%, Vss = O V) *1, *16 

Test Conditions 

- Input rise and fall times: 5 ns 
- Input pulse levels: V SS to 3.0 V 
- Input timing reference levels: 0.8 V, 2.4 V 
- Output timing reference levels: 0.8 V, 2.0 V 
- Output load: See figures 

+5V 

~mA 

I/ 0 -----: 1-7--* ~1----

i JOO pF 

Output Load (A) Output Load (B) 

Common Parameter 
HM534253B 

-7 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Random read or write cycle time tRc 125 135 - 150 180 - ns 

RAS precharge time tRP 55 55 60 70 - ns 

RAS pulse width tRAS 60 10000 70 10000 80 10000 100 10000 ns 

CAS pulse width tcAS 20 20 20 25 - ns 
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Common Parameter (cont) 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Row address setup time tASR 0 0 0 0 ns 

Row address hold time tRAH 10 10 10 10 ns 

Column address setup time tASC 0 0 0 0 ns 

Column address hold time fcAH 15 15 15 15 ns 

RAS to CAS delay time tRCD 20 40 20 50 20 60 20 75 ns 2 

RAS hold time ref ere need to CAS tRSH 20 20 20 25 ns 

CAS hold time referenced to RAS tcsH 60 70 80 100 - ns 

CAS to RAS precharge time fcRP 10 10 10 10 ns 

Transition time (rise to fall) tr 3 50 3 50 3 50 3 50 ns 3 

Refresh period tREF 8 8 8 8 ms 

OT to RAS setup .time tors 0 0 0 0 ns 

OT to RAS hold time to TH 10 10 10 10 ns 

DSF to RAS setup time tFSR 0 0 0 0 ns 

DSF to RAS hold time tRFH 10 10 10 10 ns 

DSF to CAS setup time tFSC 0 0 0 0 ns 

DSF to CAS hold time fcFH 15 15 15 15 ns 

Data-in to CAS delay time tozc 0 0 0 0 ns 4 

Data-in to OE delay time tozo 0 0 0 0 ns 4 

Output buffer turn-off delay toFF1 20 20 20 20 ns 5 
referenced to CAS 

Output buffer turn-off delay toFF2 - 20 - 20 20 - 20 ns 5 
referenced to OE 
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Read Cycle (RAM), Page Mode Read Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Access time from RAS tRAC 60 70 80 100 ns 6, 7 

Access time from CAS le AC 20 20 20 25 ns 7,8 

Access time from OE lo AC 20 20 20 25 ns 7 

Address access time tAA 35 35 40 45 ns 7,9 

Read command setup time tRcs 0 0 0 0 ns 

Read command hold time tRCH 0 0 0 0 ns 10 

Read command hold time tRRH 10 10 10 10 ns 10 
referenced to RAS 

RAS to column address delay time tRAD 15 25 15 35 15 40 15 55 ns 2 

Column address to RAS lead time. tRAL 35 35 40 45 ns 

Column address to CAS lead time le AL 35 35 40 45 ns 

Page mode cycle time tpc 45 45 50 55 ns 

CAS precharge time tcP 10 10 10 10 ns 

Access time from CAS precharge tACP 40 40 45 50 ns 

Page mode RAS pulse width tRASP 60 100000 70 100000 80 100000 100 100000 ns 
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Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Write command setup time twcs 0 0 0 0 ns 11 

Write command hold time twcH 15 15 15 15 ns 

Write command pulse width twp 15 15 15 15 ns 

Write command to RAS lead time tRWL 20 20 20 20 ns 

Write command to GAS lead time tcWL 20 20 20 20 ns 

Data-in setup time tos 0 0 0 0 ns 12 

Data-in hold time toH 15 15 15 15 ns 12 

WE to RAS setup time tws 0 0 0 0 ns 

WE to RAS hold time twH 10 10 10 10 ns 

Mask data to RAS setup time tMs 0 0 0 0 ns 

Mask data to RAS hold time tMH 10 10 10 10 ns 

OE hold time referenced to WE toEH 20 20 20 20 ns 

Page mode cycle time tpc 45 45 50 55 ns 

CAS precharge time tcP 10 10 10 10 ns 

CAS to data-in delay time tcoo 20 20 20 20 ns 13 

Page mode RAS pulse width tRASP 60 100000 70 100000 80 10000 100 100000 ns 
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Read-Modify-Write Cycle 

HM5342538 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Read-modify-write cycle time tRwc · 175 185 200 230 - ns 

RAS pulse width tRws 110 10000 120 10000 130 10000 150 10000ns 
(read-modify-write cycle) 

CAS to WE delay time tcwo 45 45 45 50 ns 14 

Column address to WE delay time tAWD 60 60 65 70 ns 14 

OE to data-in delay time tooo 20 20 20 20 ns 12 

Access time from RAS tRAC 60 70 80 100 ns 6, 7 

Access time from CAS tcAC 20 20 20 25 ns 7,8 

Access time from OE to AC 20 20 20 25 ns 7 

Address access time tAA 35 35 40 45 ns 7,9 

RAS to column address delay time tRAD 15 25 15 35 15 40 15 55 ns 

Read command setup time tRcs 0 0 0 0 ns 

Wrtte command to RAS lead time tRWL 20 20 20 20 ns 

Write command to CAS lead time tcwL 20 20 20 20 ns 

Write command pulse width twp 15 15 15 15 ns 

Data-in setup time tos 0 0 0 0 ns 12 

Data-in hold time toH 15 15 15 15 ns 12 

OE hold time referenced to WE toEH 20 20 20 20 ns 
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Refresh Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

CAS setup time fcSR 10 10 - 10 10 - ns 
(GAS-before-RAS refresh) 

CAS hold time lcHR 10 - 10 - 10 - 10 - ns 
(GAS-before-RAS refresh) 

RAS precharge to CAS hold time tRPC 10 - 10 - 10 - 10 - ns 

Flash Write Cycle, Block Write Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

CAS to data-in delay time tcoo 20 20 20 20 ns 13 

OE to data-in delay time tooo 20 20 20 20 ns 13 

Read Transfer Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

OT hold time referenced to RAS tRDH 50 10000 60 10000 65 10000 80 10000 ns 

OT hold time referenced to CAS le DH 20 20 20. 25 ns 

OT hold time referenced to tADH 25 25 30 30 ns 
column address 

OT precharge time torP 20 20 20 30 ns 

OT to RAS delay time to RD 65 65 70 80 ns 

SC to RAS setup time ts RS 25 25 30 30 ns 

1st SC to RAS hold time ts RH 60 70 80 100- ns 
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Read Transfer Cycle (cont) 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

1st SC to CAS hold time tscH 25 25 25 25 ns 

1st SC to column address hold time tsAH 40 40 45 50 ns 

Last SC to OT delay time tsoo 5 5 5 5 ns 

1st SC to OT hold time tsoH 10 10 15 15 ns 

RAS to QSF delay time •Rao 65 70 75 85 ns 15 

CAS to QSF delay time tcao 35 35 40 40 ns 15 

OT to QSF delay time toao 35 35 35 35 ns 15 

QSF hold time referenced to RAS tRQH 20 20 20 25 ns 

QSF hold time referenced to CAS tcaH 5 5 5 5 ns 

QSF hold time referenced to OT •oaH 5 5 5 5 ns 

Serial data-in to 1st SC delay time tszs 0 0 0 0 ns 

Serial clock cycle time •sec 25 25 30 30 ns 

SC pulse width •sc 5 5 10 10 ns 

SC precharge time tscP 10 10 10 10 ns 

SC access time •scA 20 22 25 25 ns 15 

Serial data-out hold time •soH 5 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

RAS to column address delay time tRAD 15 25 15 35 15 40 15 55 ns 

Column address to RAS lead time tRAL 35 35 40 45 ns 

RAS precharge to OT high hold time toTHH 10 10 10 10 ns 18 

22 



HM534253B Series 

Pseudo Transfer Cycle, Write Transfer Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

SE setup time ref ere need to RAS tEs 0 0 0 0 ns 

SE hold time referenced to RAS tEH 10 10 10 10 ns 

SC setup time referenced to RAS ts RS 25 25 30 30 ns 

RAS to SC delay time ts Ro 20 20 25 25 ns 

Serial output buffer turn-off time tsRz 10 40 10 40 10 45 10 50 ns 
referenced to RAS 

RAS to serial data-in delay time ts10 40 40 45 50 ns 

RAS to QSF delay time tRao 65 70 75 85 ns 15 

CAS to QSF delay time tcao 35 35 40 40 ns 15 

QSF hold time referenced to RAS tRQH 20 20 20 25 ns 

QSF hold time referenced to CAS tcaH 5 5 5 5 ns 

Serial clock cycle time ts cc 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge time tscP 10 10 10 10 ns 

SC access time tscA 20 22 25 25 ns 15 

SE access time ts EA 20 22 25 25 ns 15 

Serial data-out hold time tsoH 5 5 5 5 ns 

Serial write enable setup time tsws 5 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 
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Split Read Transfer Cycle, Split Write Transfer Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Split transfer setup time tsrs 20 20 20 25 - ns 

Split transfer hold time tRST 60 70 80 100- ns 
referenced to RAS 

Split transfer hold time tcsr 20 - 20 - 20 25 - ns 
referenced to CAS 

Split transfer hold time referenced to tAST 35 - 35 - 40 45 - ns 
column address 

SC to QSF delay time tsao 30 30 30 30 ns 15 

QSF hold time referenced to SC tsaH 5 5 5 5 ns 

Serial clock cycle time ts cc 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge time tscP 10 10 10 10 ns 

SC access time tscA 20 22 25 25 ns 15 

Serial data-out hold time tsoH 5 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

RAS to column address delay time tRAD 15 25 15 35 15 40 15 55 ns 

Column address to RAS lead time tRAL 35 35 40 45 ns 
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Serial Read Cycle, Serial Write Cycle 

HM534253B 

-6 -7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Serial clock cycle time •sec 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge width tscP 10 10 10 10 ns 

Access time from SC tscA 20 22 25 25 ns 15 

Access time from SE ts EA 20 22 25 25 ns 15 

Serial data-out hold time tsoH 5 5 5 5 ns 

Serial output buffer turn-off time tsEZ 20 20 20 20 ns 5 
referenced to SE 

Serial data-in setup time •sis 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

Serial write enable setup time tsws 5 5 5 5 ns 

Serial wrtie enbable hold time tswH 15 15 15 15 ns 

Serial wr~e disable setup time tsw1s 5 5 5 5 ns 

Serial wr~e disable hold time tsw1H 15 15 15 15 ns 
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Notes: 1. AC measurements assume tT = 5 ns. 
2. When tRco > tRco (max) and tRAD > tRAD (max), access time is specified by tcAC or •AA· 
3. V1H (min) and v1L (max) are reference levels for measuring timing of input signals. Transition 

time tT is measured between V1H and Vil· 
4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 

cycle and delayed write cycle, either tozc (min) or tozo (min) must be satisfied. 
5. toFF1 (max), toFF2 (max), and tsEZ (max) are defined as the time at which the output acheives 

the open circuit condition (VoH -100 mV, Vol+ 100 mV). 
6. Assume that tRco ~ tRco (max) and tRAD ~ tRAD (max). If tRco or tRAD is greater than the 

maximum recommended value shown in this table, tRAC exceeds the value shown. 
7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

8. When tRco ~ tRco (max) and tRAD ~ tRAD (max), access time is specified by tcAC· 
9. When tRco ~ tRco (max) and tRAD ~ tRAD (max), access time is specified by tAA· 
1 O. If either tRcH or tRRH is satisfied, operation is guaranteed. 
11. When twcs ~ twcs (min), the cycle is an early write cycle, and 110 pins remain in an open 

circuit (high impedance) condition. 
12. These parameters are specified by the later falling edge of CAS or WE. 
13. Either tcoo (min) or tooo (min) must be satisfied because output buffer must be turned off by 

CAS or OE prior to applying data to the device when output buffer is on. 
14. When tAwo ~ tAwo (min) and tcwo ~ tcwo (min) in read-modify-write cycle, the data of the 

selected address outputs to an 1/0 pin and input data is written into the selected address. tooo 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
16. After power-up, pause for 100 µs or more and execute at least 8 initialization cycle (normal 

memory cycle or refresh cycle), then start operation. 
17. When the serial write cycle is used, at least one SC pulse is requied before proper SAM 

operation after V cc stabilized. 
18. toTHH (min) must be satisfied only if OT/OE rises up before RAS rises in a read transfer cycle. 
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Timing Waveforms*l9 
Read Cycle 

RAS 

CAS 

Address 

WE 

1/0 
{Output) 

1/0 
{Input) 

DT/OE 

DSF 

Note19: 

tcsH tcRP 

tRCD 

tcAL 

toFF1_ 

Valid Dout 

toFF2-

~ tRFHm tFsc lf---ycFH 

~ .__xxxxxxxxxxxxxxxxxxxxxxx> 
H or L (H: V1H (min) ~ V1N ~ V1H (max), L: V1L (min) ~ V1N ~ V1L (max)) 

Invalid Dout 

Early Write Cycle 

RAS 

CAS 

Address 

WE 

1/0 
{Output) 

1/0 
{Input) 

OT/OE 

DSF 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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Delayed Write Cycle 

RAS 

CAS 

Address 

WE 

110 
(Output) 

110 
(Input) 

OT/OE 

DSF 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 

Read-Modify-Write Cycle 

RAS 

CAS 

WE 

110 
(Output) 

110 
(Input) 

OT/OE 

OSF 

tRWc 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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Page Mode Read Cycle 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

OSF 

Page Mode Write Cycle (Early Write) 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

OSF 

HM534253B Series 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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Page Mode Write Cycle (Delayed Write) 

RAS 

CAS 

Address 

WE 

110 
(Output) 

110 
(Input) 

DT/OE 

DSF 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 

RAS-Only Refresh Cycle 

RAS 

CAS 

Address 

110 
(Output) 

110 
(Input) 

DT/OE 

DSF 
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tRC 
tRAS 

RAS 
tcsR tCHR 

CAS 
Inhibit Falling Transition 

DVOE XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

DSF XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

CAS-Before-RAS Refresh Cycle 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

110 
(Input) 

OT/OE 

DSF 

Hidden Refresh Cycle 
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RAS 

CAS 

Address 

WE 

110 
(Output) 

110 
(Input) 

OT/OE 

OSF 

Color Register Set Cycle (Early Write) 

RAS 

CAS 

Address 

WE 

VO 
(Output) 

VO 
(Input) 

OT/OE 

OSF 

Color Register Set Cycle (Delayed Write) 

HM534253B Series 

tRC 

32 



RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

DSF 

Color Register Read Cycle 

HM534253B Series 

tRC 
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RAS 

CAS 

Address 

WE 

110 
(Output) 

1/0 
(Input) 

OT/OE 

OSF 

Flash Write Cycle 

RAS 

CAS 

Address 

WE 

1/0 
(Output) 

1/0 
(Input) 

OT/OE 

OSF 

tRC 

tRAS tRP 

tRc 

Note: 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle 
when WE is low. 

Block Write Cycle 
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RAS 

CAS 

Address 

WE 

1/0 
(Output) 

VO 
(Input) 

OT/OE 

DSF 

HM534253B Series 

Note: 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle 
when WE is low. 

Page Mode Block Write Cycle 
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RAS 

CAS 

Address 

WE 

1/0 
(Output) 

OT/OE 

DSF 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

QSF.1 

QSF.2 

HMS34253B Series 

tRC 

tAAS tRP 

tcsH tcRP 
tRCD tRSH 

tcAS 

SAM Address MSB 

i---~t_RO_o~~~~~~~---itcao 

tRQH 

SAM Address MSB 

Note: 1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle 
and CAS falling edge of this cycle (QSF is switched by DT rising). 

2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS 
falling edge of this cycle (QSF is switched by RAS or CAS falling). 

Read Transfer Cycle (1) 
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RAS 

CAS 

Address 

WE 

1/0 
(Output) 

DT/OE 

DSF 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

QSF 

tRAS 

Inhibit Rising Transition 

SAM Address MSB 

Read Transfer Cycle (2) 

HM534253B Series 
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RAS 

CAS 

Address 

WE 

110 
(Output) 

OT/OE 

DSF 

SE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

QSF 

IRCO 

IRQH 

SAM Address MSB 

Pseudo Transfer Cycle 

HM534253B Series 

IRC 

IRP 

ICSH ICAP 

IRSH 
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Address 

WE 

110 
(Output) 

DT/OE 

DSF 

SE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

QSF SAM Address MSB 

Write Transfer Cycle 

HM534253B Series 

IRC 

IRAS IRP 

ICSH ICAP 
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RAS 

CAS 

Address 

WE 

1/0 
(Output) 

DT/OE 

DSF 

SE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

QSF 

Split Read Transfer Cycle 

HM534253B Series 

IRC 

IRAS 
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IRC 

IRAS IRP 

RAS 

IRSH 

ICAS 

CAS 
IRAL 

Address 

WE 

110 
(Output) 

OT/OE 

DSF 

Low 
SE 

SC 

Sl/O 
(Output) 

Sl/O 
(Input) 

QSF SAM Address MSB 

Split Write Transfer Cycle 
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SE 

SC 

Sl/O 
(Output) -----1 ~a~----.....11 

Serial Read Cycle 

SE 

SC 

Sl/O 
(Input) 

Serial Write Cycle 

HM534253B Series 

42 



HM534253B Series 

Package Dimensions 

HM534253BJ Series (CP-28D) Unit: mm 

14 

9.40 ± 0.25 

HM534253BZ Series (ZP-28) 

[.---3-6.57-Max---~·ij 
35.58 

0 ,.... 

1.045 Max 

c: 
28 ~ 

~ 
C\i 

Unit: mm 

-+--7~ 0.25~8:Jg 

12.54 I 
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HM534253B Series 

Package Dimensions (cont) 

HMS34253BT Series (TFP-32DA) Unit: mm 

32 

0 3 
1 16 

I o.5o I 

0.20 ± o.1QI 
{$Jo.oaJ@J 

~\ b·c:~:~~~-45 M~ f ~~~~=. ~o=.5=±=0=.~1 J~dt 0- 5 0 

14.0 ± 0.2 

HMS34253BR Series (TFP-32DAR) 

0.20 ± 0.10 

@]QJ 

{$1o.oaj@J 

Unit: mm 

~· r 14.0±0.2 

1 
F~ :t to-5° 
~ . ~I H ~ 

0.50 ± 0.10 d b 
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HM538123B Series 
131072-word x 8-blt Multlport CMOS Video RAM· 

HITACHI Rev.1 
Mar. 18, 1994 

The HM538123B is a 1-Mbit multiport video 
RAM equipped with a 128-kword x 8-bit dyruunic 
RAM and a 256-word x 8-bit S~\1 (serial access 
memory). Its RAM and SAM operate 
independently and asynchronously. It can transfer 
data between RAM and SAM. In addition. it has 
two modes to realize fast writing in RAM. Block 
write and flash write modes clear the data of 4-
word x 8-bit and the data of one row (256-word x 
8-bit) respectively in one cycle of RAM. And the 
HM.538123B makes split transfer cycle possible by 
dividing SAM into two split buffers equipped with 
128-word x 8-bit each. This cyclt, can transfer data 
to SAM which is not active, and enables a 
continuous serial access. 

Features 

• Multipon organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 

RAM : 128 kword x 8 bit and 
SAM : 256 word x 8 bit 

• Access time 
RAM: 60 nsf70 nS/80 ns/100 ns max 
SAM: 20 ns/22 ns/25 ns/25 ns max 

• Cycle time 
RAM : 125 ns/135 ns/150 ns/180 ns min 
SAM : 25 ns/l5 ns/30 ns/30 ns min 

• Lowpower 
Active RAM : 413 mW max 

SAM: 275 mW max 
Standby 38.S mW max 

• High-speed page mode capability 
• Mask write mode capability 
• Bidirectional data transfer cycle between RAM 

and SAM capability 
• :;::: _;_:..:.[;,;: ... ,.:.~.:. c..op.Wiiity 
• Block write mode capability 

• Flash write mode capability 
• 3 variations of refresh (8 ms/512 ·cycles) 

IU3-only refresh 
~-bcfore-IU3 refresh 
Hidden refresh 

• rn.. compatible 

Ordering lnfonnatio~ 

Type No. Accesatlme Package 

·-----------------------------H MS38123 BJ-O 
HM538123BJ-7 
HM5381238J-8 
HM5381238J-10 

60 ns 
70 ns 
80 ns 
100 ns 

400-mil 
40-pin 
plastic SOJ 
(CP-400) 

AOE-203-231A (Z) 



HM538123B Series 

Pin Arrangement Pin Description 

HM538123BJ Series Pin name Function 

AO-A8 Address inputs 

SC 1 40 Vss 
svoo 2 39 Sl/07 VOO-ll07 RAM port data inputs/outputs 

SV01 3 38 Sl/06 

SV02 4 37 Sl/05 SVOO-Sl/07 SAM f?Orl data inputs/outputs 

SV03 5 36 Sl/04 

OT/OE 6 35 SE ~ Row address strobe 

voo 7 34 1107 

V01 8 33 1106 ~ Column address strobe 

V02 9 32 1/05 

V03 31 l/04 WE Write enable 

~ 30 Vss 
OT..oE WE 29 OSF Data transfer/Output enable 

NC 28 NC 
RAS 27 CAS SC Serial clock 

NC 26 OSF 
SE 

A8 25 AO SAM port enable 

A6 24 A1 
A5 23 A2 OSF Special function input flag 

A4 22 A3 
Vee 21 A7 OSF Special function output flag 

Vee Power supply 

(Top View) 
Vss Ground 

NC No connection 
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Block Diagram 

AO-AB 

AO-A7 

Colurm Address 
Buffer 

.. 
GI 

l5 .i 
- en 0 GI 
(.)CI: 

a; 
"O 

8 
~ 
c 
E 
;, 

8 

'° J 
~ 
< 

0 

Row Decoder 

Memory Array 

Output 
Buffer 

VOO-V07 

511 

Refresh 
Counter 

• • ~s • .i 
as as ii GI 
i=o ca: 

j ~ 

!~ 
Cit as--= al GI 

~o ca: 

HMS38123B Series 

OSF 

a; 

Cit 8 
;, GI 

al c 
0 ~ =::. 
~ 

;, 
0 < (.) 

(/') 
~ 
< 
(/) 

SVOO-SV07 

Timing Generator 

3 



HM538123B Series 

Pin Functions Row address and signals as shown in table 1 are 

IA! (input pin): rn- is a basic RAM signal. 
input at che falling edge of lti3. The input level 

It of rhese signals detennine rhe operation cycle of 
is active in low level and standby in high level. the HM.538123B. 

Table 1 Operation Cycles or the HMS38123B 

Input Level •t the f•lllng edge of~ 
DSF at the falllng 

~ DTIOE WE SE DSF adgeof~ Operation Mode 

L x x x x CBR refresh 

H L L L L x Write transfer 

H L L H L x Pseudo transfer 

H L L x H· x Split write transfer 

H L H x L x Read transfer 

H L H x H x Split read transfer 

H H L x L L Read/mask write 

H H L x L H Mask block write 

H H L x H x Flash write 

H H H x L L Read/Write 

H H H x L H Block write 

H H H x H x Color register read/write 

Note: X; Don't care. 
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~(input pin): Column address and DSF signal 
are fetched into chip at the falling edge of ~. 
which determines the operation mode of 
HMS38123B. ~ conuols output impedance of 
I/O in RAM. 
A0-A8 (input pins): Row address (AXO-AX8) is 
determined by AO-AS level at the. falling edge of 
IU3'. Column address (AYO-AY7) is determined 
by AO-A 7 level at the falling edge of ~. In 
tranSfer cycles, row address is the address on the 
word line which transfers data with SAM data 
register, and column address is the SAM start 
address after transfer. 
WE (input pin): ~ pin has two functions at the 
falling edge of~ and after. When ~ is low at 
the falling edge of R:i\S, the HM538123B turns to 
mask write mode. According to the UO level at the 
time, write on each UO can be masked. ~ level 
at the falling edge of RAS is don't care in read 
cycle.) When m is high at the falling edge of 
ID3, a normal write cycle is executed. After that, 
m switches read/write cycles as in a standard 
DRAM. In a transfer cycle, the direction of 
transfer is determined by ~ level at the falling 
edge of IU3'. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), 
and when WE is high, data is transferred from 
RAM to SAM (data is read from RAM). 
I/00-1/07 (input/output pins): UO pins function 
as mask data at the falling edge of JU3 (in mask 
write mode). Data is written only to high UO pins. 
Data on low UO pins are masked and internal data 

. arc retained. After that, they function as 
input/output pins as those of a standard DRAM. In 
block write cycle, they function as address mask 
data at the falling edge of~. 
M'/0£ (input pin): I5T!OE pin functions as I5T 
(data transfer) pin at the falling edge of R.43 and 
as~ (output enable) pil.i after thaL When l5T is 
Jow at the falling edge of IV3, this cycle becomes 
a transfer cycle. When l5T is high at the falling 
edge of IV3, RAM and SAM operate indepen-
dently. · 
SC (input pin): SC is a basic SAM clock. In a 
serial read cycle, data outputs from an SI/0 pin 
.:::/:ic:•:~.~c~..i!:.' ··: .:: ::.-:. .~.~i;:& ~~a;~ v: ~ :. ~' a 
serial write cycle, data on an SUO pin at the rising 
edge of SC is fetched into the SAM dara register. 
SE (input pin): ~ pin activates SAM. When ~ 
is high, SUO is in the high impedance state in 
serial read cycle and data on SUO is not fetched 

HM538123B Series 

into the SAM: data register in serial write cycle. 
~can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of 
SC. 
SI/00-SI/07 (input/output pins): SI/Os are 
input/output pins in SAM. Direction of 
input/output is determined b¥ the previous transfer 
cycle. When it was a read transfer cycle, Sl/0 
outputs data. When it was a pseudo transfer cycle 
or write transfer cycle, Sl/O inputs data. 
DSF (input pin): DSF is a special function data 
input flag pin. It is set to high at the falling edge of 
RAS when new functions such as color register 
read/write, split transfer, and flash write, are used. 
DSF is set to high at the falling edge of ~ when 
block write is executed. 
QSF (output pin): QSF outputs data of address 
A7 in SA.i.'vt QSF is switched from low to high by 
accessing address 127 in SA.i'vl and from high to 
low by accessing 255 address in SAM:. 

Operation of HM538123B 

R.AM Read Cycle (15T m high, 'CA'S" high and 
DSF low at the falling edge of ro-, DSF low at 
the falling edge of~) 

Row address is entered at the RAS falling edge and 
column address at the CAS' falling edge to the 
device as in swidard DRAM. Then, when~ is 
high and OT;~ is low while~ is low, the 
selected address data outputs through I/O pin. At 
the falling edge of R.43, Dl/~ and CA'S' become 
high to distinguish RAM read cycle from transfer 
cycle and CBR refresh cycle. Address access ti.me 
(tAA) and RAS to column address delay time 
(tRAD) specifications are added to enable high
spced page mode. 

RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify. Write) 
(t5Tt0E high.~ high and DSF low at the falling 
edge of IV3, DSF low at the falling edge of C'i\S') 

• Normal Mode Write Cycle cm high at the 
~:illin·: ·dg-· .:=:-.,.,,) 
Wb~ CAS ~d \VE are set low after driving 1V3 
low, a write cycle is executed and I/O data is 
written in the selected addresses. When all 8 J/Os 
are wriaen, WE should be high at the falling edge 
of lf.i3 to distinguish normal mode from mask 
write mode. 
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If WE is set low before the ~ falling edge, this 
cycle becomes an early write cycle and I/O 
becomes in high impedance. Data is entered at the 
~ falling edge. 
If~ is set low after the~ falling edge, this 
cycle becomes a delayed write cycle. Data is input 
at the m falling. I/O does not become high 
impedance in this cycle, so data should be entered 
with <:>£ in high. 
IfW'E is set low after tcwo (min) and tAWD (min) 
after the~ falling edge, this cycle becomes a 
read-modify-write cycle and enables read/write at 
the same address in one cycle. In this cycle also, 
to avoid 1/0 contention, data should be input after 
reading data and driving O°£ high. 
• Mask Write Mode (W£ low at the falling edge 
ofra-) 
If WE is set low at the falling edge of ~. the 
cycle becomes a mask write mode which writes 
only to selected I/O. Whether or not an I/O is 
written depends on I/O level (mask data) at the 
falling edge of IU3. Then the data is written in 
high 1/0 pins and masked in low ones and internal 
data is retained. This mask data is effective during 
the m- cycle. So, in high-speed page mode, the 
mask data is retained during the page access. 

HM538123B Series 

High-Speed Page Mode Cycle (M/~ high, 
~high and DSF low at the falling edge of R:i3) 

High-speed page mode cycle reads/writes the. data 
of the same row address at high speed by toggling 
~ while IAS' is low. Its cycle time is one third 
of the random read/write cycle. In this cycle, read, 
write, and block write cycles can be mixed. Note 
that address access time (tAA), ~ to column 
address delay time (tRAD). and access time from 
~ precharge (tAcP) are added. In one RAS 
cycle, 256-word memory cells of the same row 
address can be accessed. It is necessary to specify 
access frequency within lRASP max (100 µs). 

Color Register Set/Read Cycle (~ high, 
15T!C5E high, WE high and DSF high at the falling 
edgeoflti3) 

In color register set cycle, color data is set to the 
internal color register used in flash write cycle or 
block write cycle. 8 bits of internal color register 
are provided at each I/0. This register is 
composed of static circuits, so once it is set, it 
retains the data until resel Color register set cycle 
is just as same as the usual write cycle except that 
DSF is set high at the falling edge of lr.43, and 
read, early write and delayed write cycle can be 
executed. In this cycle, HMS38123B refreshs the 
row address fetched at the falling edge of RAS". 
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Flash Write Cycle cm high, !5T/OE high, Wb 
low and DSF high al the falling edge of lf.i3) 

In a flash write cycle, a row of data (256-word x 8-
bit) is cleared to 0 or 1 al each J/O according to the 
data of color register mentioned before. It is also 
necessary to mask JJO in this cycle. When ~ 
and 15T;<'.5E is set high, ~ is low, and DSF is hi~ 

HM538123B Series 

al the falling edge of ID". this cycle starts. Then, 
the row address to clear is given tO row address 
and mask data is given to UO. M.ask data is as 
same as that of a RAM write cycle. High I/O is 
cleared, low I/O is not cleared and the imemal data 
is retained. Cycle time is the same as those of 
RAM read/write cycles, so~ bits can be cleared 
in 1/256 of the usual cycle time. (See figure 1.) 

~lor Register Set Cyc!.e Flash Write Cycle ,',. --.... ,' , Flash Write Cycle 'I 
RAS 

\""" __ _..&~ 

Address 

OT/OE 

OSF 

Set color register Execute flash write into each 
l/O on row address Xi using 
color resister. 

•1 VO Mask Data 
Low: Mask 
High : Non Mask 

Figure 1 Use or Flash Write 

Execute flash write into 
each 1/0 on row address 
Xj using color resister. 
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Block Write Cycle (~high, I5T ~high and 
DSF low at the falling edge of lti3, DSF high at 
the falling edge of~) 

In a block write cycle, 4 columns of data (4-word x 
8-bit) is cleared ro 0 or 1 at each I/O according to 
the dala of color register. Column addresses AO 
and AI are disregarded. The data on I/Os and 
addresses can be masked. I/O level at the falling 
edge of ~ determines the address to be cleared. 
(See figure 2.) 
• Nonna! Mode Block Write Cycle (WE high at 
the falling edge of fiAS") 

HMS38123B Series 
The data on 8 I/Os are all cleared when ~ is high 
at the falling edge of~. 
• Mask Block Wrire Mode (WE low at the falling 
edge of f{A!) 
When W! is low at the falling edge of lti3, 
HMS38123B starts mask block wrire mode to clear 
the data on an optional J/O. · The mask data is the 
same ~ that of a RAM write cycle. High I/O is 
cleared, low I/O is not cl~ and the inremal data 
is retained. The mask data is available in the RAS 
cycle. In page mode block wrire cycle. the mask 
data is retained during the page access. 

Color Register Set Cycle Block Write Cycle Block Write Cycle 

Color Data 

WE VO Mode 
Low VO Mask Data Mask 
High Don't care Non mask 

VO Mask Data 
Low: Mask 
High: Non Mask 

Address Mask Data 

llOO Columno J.AO • o. A 1 • O) Mask Data 
V01 Columnt.(AO • 1, A1 • 0) Mask Data 
V02 Column2 (AO • 0, A 1 • 1) Mask Data 
"°3 Column3 (AO • 1, A 1 • 1_l Mask Data 

Low: Mask 

High: Non Mask 

Figure 2 Use or Block Write 

, ___ r 
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Transfer Operation 

The HM538123B provides the read transfer cycle, 
split read transfer cycle, pseudo transfer cycle, 
write transfer cycle and split write transfer cycle as 
dala tranSfer cycles. These transfer cycles are set 
by driving ~ high and I'5T !OE low at the falling 
edge of lft\3. They have following functions: 
(1) Transfer data between row address and SAM 

data register (except for pseudo transfer cycle) 
Read transfer cycle and split read transfer 
cycle: RAM to SAM 
Write 1ransfer cycle and split write transfer 
cycle: SAM to RAi\1 

(2) Determine SI/O state (except for split read 
transfer cycle and split write transfer cycle) 
Read transfer cycle: SI/O output 
Pseudo transfer cycle and write transfer cycle: 
SI/O input 

(3) Determine first SAM address to access after 
transferring at column address (SAM start 
address). 

SAM start address must be determined by read 
transfer cycle or pseudo transfer cycle (split 
transfer cycle isn't available) before SAM access, 
after power on, and determined for each transfer 
cycle. 

RAS 

CAS 

Address Xi x Yj 

OT/OE 

OSF I 

SC 

svo 

HM538123B Series 

Read Transrer Cycle (~high, M/<% low, WE 
high and OSF low at the falling edge of AAS) 

This cycle becomes read transfer cycle by driving 
DT!<X low, ~ high and DSF low at the falling 
edge of RAS'. The row address data (256 x 8-bit) 
determined by this cycle is transferred to SAM 
data register synchronously- at the rising edge of 
M/~. After the rising edge of M/Ot, the new 
address data outputs from· SAM start address 
determined by column address. In read transfer 
cycle, I5T/~ must be risen to transfer data from 
RAM to SAM. 
This cycle can access SAM even during 1ransf er 
(real time read transfer). In this case, the timing 
tsoo (min) specified between the last SAM access 
before transfer and DT/<'.m rising edge and tsoH 
(min) specified between the first SAM access and 
OT/<% rising edge must be satisfied. (See figure 
3.) 
When read transfer cycle is executed, SI/O 
becomes output state by first SAM access. Input 
must be set high impedance before tszs (min) of 
the first SAM access to avoid data contention. 

x 

SAM Data before Transfer 

Figure 3 Real Tune Read Transfer 
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Pseudo Transfer Cycle (~high, 15T;~ low, 
m low, ~high and DSF low at the falling edge 
of@) 

Pseudo a:msfer cycle switches SI/O to input swe 
and set SAM start address without data transfer to 
RAM. 
This cycle starts when ~ is high, 15T;~ low, 
m low, ~ high and DSF low at the falling edge 
of rt:i3. Data should be input to SUO later than 
tsm (min) after R.i3' becomes low to avoid data 
contention. SAM access becomes enabled after 
tsRD (min) after~ becomes high. In this cycle, 
SAM access is inhibited during Jr.i3' low, there
fore, SC must not be risen. 

Write Transfer Cycle (~high, 15T;<:m low, 
m low, ~low and DSF low at the falling edge 
oflV3") 

Write transfer cycle can transfer a row of data 
input by serial write cycle to RAM. The row 
address of data transferred into RAM is detennined 
by the address at the falling edge of ID'. The 
column address is specified as the first address for 
serial write after tenninating this cycle. Also in 
this cycle, SAM access becomes enabled after 
tsRD (min) after re- becomes high. SAM access 
is inhibited during ~ low. In this period, SC 
must not be risen. Data transferred to SAM by 
read transfer cycle or split read transfer cycle can 
be written to other addresses of RAM by write 
transfer cycle. However. the address to write data 
must be the same as that of the read transfer cycle 
or the split read transfer cycle (row address AX8). 

Split Read Transfer Cycle (~high, MKm 
low, WE high and OSF high at the falling edge of 
IAI) 

To execute a continuous serial read by real time 
read transfer, HM538123B must satisfy SC and 
15T~ timings and requires an external circuit to 
detect S.4..M last address. Split read transfer cycle 
makes it possible to execute a continuous serial 
re2d without the above timing limimion. Fig-.ll"C 4 
snows tile oJoctc aiagram for a split transfer. SAM 
data register (DR) consists of 2 split bliffers, whose 
organizations are 128-word x 8-bit each. Let us 

HM538123B Series 

suppose that data is read from upper data register 
ORI (The row address AX8 is 0 and SAM address 
A 7 is 1.). When split read transfer is executed 
setting row address AX8 0 and SAM start 
addresses AO to A6, 12·8-word x 8-bit data are 
transferred from RAM to the lower data register 
ORO (SAM address A 7 is 01 automatically. After 
data arc read from data register DR 1, data stan to 
be read from SAM start atidresses of data register 
ORO. If the next split read transfer isn't executed 
while data are read from data register ORO, data 
start to be read from SA.4\1 start address 0 of ORI 
after data arc read from data register ORO. If split 
read transfer is executed setting row address AX8 
1 and SAM start addresses AO to A6 while data arc 
read from data register ORI, 128-word x 8-bit data 
arc transferred to data register DR2. After data are 
read from data register DRl, data start to be read 
from SAM start addresses of data register DR2. If 
the next split read transfer isn't executed while 
data is read from data register DR2, data start to be 
read from SAM start address 0 of data register 
OR3 after data are read from data register OR2. In 
this time, SAM data is the one transferred to data 
register DR3 finally while row address AX8 is 1. 
In split read data transfer, the SAM stan address 
A 7 is automatically set in the data register which 
isn't used. 
The data on SAM address A 7, which will be 
accessed next, outputs to QSF, QSF is switched 
from low to high by accessing SAM last address 
127 and from high to low by accessing address 
255. 
Split read transfer cycle is set when CAS' is high, 
JST;~ is low, mis high and OSF is high at the 
falling edge of RAS. The cycle can be executed 
asyncronously with SC. However, HM538123B 
must be satisfied tsTS (min) timing specified 
between SC rising and lfA"S'" falling. SAM start 
address must be accessed. satisfying tRsT (min), 
tcsT (min) and tAsT (min) timings specified 
between fU3 or 00 falling and column address. 
(Sec figure 5.) 
In split read transfer, SI/O isn't switched to output 
swe. Therefore, read transfer must be executed to 
.> ,;;itc~ 3:/:) ~.,) vl6~yU&: St<hC when the pre,· :c~..; 

transfer cycle is pseudo transfer or write 1ransfer 
cycle. 
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Memory 
Array 

AXS •O 

RAS 

Address 

OSF 

SC 

cc 
~ M 

1 a: 
Q 

ell ell Q 
:::s Q :I cc c: cc 
2 e ~ ::I 
:E 8 :E 

0 < < ~ a: "' :E "' Q cc Q 

(I) 

SAM VO Buffer 

svo 

Figure 4 Block Diagram for Split Transfer 

tsTs (min) tRsr(min) 

255 
(127) 

Xi Yj 

n 
(n + 127) '---'"""'._--'! 

Figure 5 Limitation in Split Transfer 

HM538123B Series 

Memory 
Array 

AXS • 1 

127 + Yj 
(Yj) 
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Split Write Transfer Cycle era high, t>T/~ 
low,~ low and DSF high at the falling edge of 
RAS°) 

A continuous serial write cannot be executed 
because accessing SAM is inhibited during lV3 
low in write transfer. Split write transfer cycle 
makes it possible. In this cycle, tsTS (min), ~ST 
(min), tcST (min) and lAST (min) timings must be 
satisfied like split read transfer cycle. And it is 
impossible to switch SI/0 to input state in this 
cycle. If Sl/O is in output state, pseudo transfer 
cycle should be executed to switch Sl/0 into input 
state. Data aansferred to SAM by read transfer 
cycle or split read transfer cycle can be written to 
other addresses of RAM by split write transfer 
cycle. However, pseudo transfer cycle must be 
executed before split write transfer cycle. And the 
MSB of row address (AX8) to write data must be 
.the same as that of the read transfer cycle or the 
split read transf cr cycle. 

SAM Port Operation 

Serial Read Cycle 

SAM pon is in read mode when the previous data 
transfer cycle is read transfer cycle. Access is syn
chronized with SC rising, and SAM data is output 
from Sl/0. When S! is set high, Sl/O becomes 
high impedance, and the internal pointer is incre
mented by the SC rising. After indicating the last 
address (address 255). the internal pointer indi
cates address 0 at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer 
cycle or wrue ttansfer cycle, SAM pon goes into 
write mode. In this cycle, SJ/O data is fetched into 
dara register at the SC rising edge like in the serial 
read cycle. If~ is high, SJ/O dara isn't ferched 
into data register. Internal pointer is incremented 

HMS38123B Series 

by the SC rising, so ~ high can be used as mask 
data for SAM. After indicating the last address 
(address 255). the internal pointer indicates 
addr~ 0 at the next ace~. 

Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, 
requires refresh to retain data. Refresh is executed 
by accessing all 512 row addresses within 8 ms. 
There are three refresh cycles: (1) ~-only 
refresh cycle, (2) ~-before-iv3' (CBR) refresh 
cycle. and (3) Hidden refresh cycle. Besides them. 
the cycles which activate ~ such as read/write 
cycles or transfer cycles can refresh the row 
address. Therefore. no refresh cycle is required 
when all row addresses are accessed within 8 ms. 
(1) ~-Only Refresh Cycle: iv3'-only refresh 
cycle is executed by activating only RAS cycle 
with Gi3 fixed to high after inputting the row 
address (=refresh address) from external circuits. 
To distinguish this cycle from dara transfer cycle, 
15T/~ must be high at the falling edge of RAS. 
(2) CBR Refresh Cycle: CBR refresh cycle is set 
by activating ~ before ~- In this cycle, 
refresh address need not to be input through 
external circuits because it is input through an 
internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered 
because ra circuits don't operate. 
(3) Hidden Refresh Cycle: Hidden refresh cycle 
executes CBR refresh with the data output by 
reactivating lft\S' when l'.5T!OE and ~ keep low 
in nonnal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register and 
selector), organiz.ed as fully sratic circuitry, require 
no refresh. 
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HM538123B Series 
Absolute Maximum Ratings 

Item Symbol Rating Unit 

Terminal voltage•1 Vr -1.0 to +7.0 v 

Power supply vcltaga•1 Vee ~.5 to +7.0 v 

Short circuit output current lout 50 mA 

Power dissipation Pr 1.0 w 

Operating temperature Topr o to +70 •c 

Storage temperature Tstg -55 to +125 •c 

Note: 1. Relative to V SS· 

Recommended DC Operating Conditions (Ta = 0 to + 70°C) 

Item Symbol Min Typ Max Unit 

Supply vcltage•1 Vee 4.5 5.0 5.5 v 

Input high vcltage•1 Vn-1 2.4 6.5 v 

Input low vcltaga•1 VIL ~.s·2 0.8 v 

Notes: 1. All voltages referenced to Vss 
2. -3.0 V for pulse width ~ 10 ns 
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HMS38123B Series 

DC Characteristics (Ta = 0 to + 70°C, Y cc = 5 Y ± 10%, Y ss = O Y) 

HM5381238 

~ -7 -8 -10 Test Conditions 

------ Unit 
Item Symbol Min Max Min Max Min Max Min Max RAM port SAM port 

Operating lcc1 75 70 60 55 mA RAS.~ SC • VIL• SE• V1H 
current cycling 

lcc1 125 120 100 95 mA tRc. Min SE • VIL· SC cycling 
tscc. Min 

Standby lcc2 7 7 7 7 mA RAS.~ SC • VIL• SE • V1H 
current • V1H 

Ices 50 50 40 40 mA SE • VIL• SC cycling 
tscc. Min 

RAS-only lc03 75 70 60 55 mA RAS cycling SC • VIL· SE • V1H 
refresh current ~-V1H 

Ice; 125 120 100 95 mA tRe •Min SE • VIL· SC cycling 
tsce. Min 

Page mode 'cC4 80 80 70 65 mA 'CAS cycling SC • VIL• SE• V1H 
current RA'S· V1L 

lce10 130 130 110 105 mA tpc • Min SE • VIL• SC cycling 
tsce. Min 

°CAS-before- Ices 50 45 40 35 mA RAS cycling SC • VtL• SE • V1H 
RAS refresh tRc. Min 
current lcc11 100 95 80 75 mA SE • VIL• SC cycling 

tsec. Min 

Data Ices 80 75 65 60 mA RAS.~ SC • VIL• SE• V1H 
transfer cycling 
current lce12 130 125 105 100 mA tRc -Min SE • VIL· SC cycling 

tsec. Min 

Input leakage lu -10 10 -10 10 -10 10 -10 10 µA 
current 

Output leakage ILo -10 10 -10 10 -10 10 -10 10 µA 
current 

Output high VOH 2.4 2.4 2.4 - 2.4 v loH •-2 mA 
voltage 

Output low VoL 0.4 - 0.4 - 0.4 - 0.4 v la.• 4.2 mA 
voltage 

~'Ne: , . !.~:; -':-;,~.,ci~ ".!r" c-·.:~.,,.t. ·~~d!rc- -:::>l"•:faior. ',!h.~:i ·i-. .: •.kv:;:: :: saio~Eld. !cc,:.:..:~:~ ;~.;c:·;:.-~ '"-~ 

the output open condition. 
2. Address can be changed once while RAS is low and ~ is high. 
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HMS38123B Series 

Capacitance (Ta = 2S°C, V cc = S V, f = 1 MHz, Bias: Clock, 'J/O = V cc, address = V ss) 

Item Symbol Min ~P Max Unit 

Address 5 

Clock 5 

VO, SVO, OSF 7 

AC Characteristics (Ta= Oto +70°C, Yee= s V ± 10%, Yss = o V)•l,•16 

Test Conditions 

Input rise and fall time : S ns 
Ouq>ut load : See figures 
Input pulse levels: V SS to 3.0 V 
Input timing reference levels : 0.8 V, 2A V 
Ouq>ut timing reference levels : 0.8 V, 2.0 V 

l~mA 
+SV 

Output Load (A) 

Note: 1. Including scope & jig 

+SV 

Output Load (8) 

pF 

pF 

pF 
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HMS38123B Series 
Common Parameter 

HM5381238 

-6 ·7 -a ·10 

Item Symbol Min Max Min Max Min Max Min Max Unit Note 

Random read or write cycle time tAc 125 - 135 - 150- 180 ~ ns 

RXS precharge time tAP 55 55 60 70 - ns 

RA'S pulse width tRAs 60 10000 70 10000 80 10000 100 10000 ns 

'CXS pulse width tcAS 20 20 20 25 ns 

Row address setup time tASR 0 0 0 0 ns 

Row address hold time tRAH 10 10 10 10 ns 

Column address setup time tAsC 0 0 0 0 ns 

Column address hold time tcAH 15 15 15 15 ns 

RA'S to~ delay time tAco 20 40 20 so 20 60 20 75 ns 2 

RXS hold time referenced to~ tASH 20 20 20 25 ns 

~ hold time referenced to RXS tcSH 60 70 80 100 - ns 

~to RA'S precharge time le RP 10 10 10 10 ns 

Transition time (rise to fall) tr 3 50 3 50 3 so 3 50 ns 3 

Refresh period tREF 8 8 8 8 ms 

DT to RA'S setup time tors 0 0 0 0 ns 

DT to RA'S hold time to TH 10 10 10 10 ns 

OSF to RA'S satup time tFsR 0 0 0 0 ns 

OSF to RA'S hold time tRFH 10 10 10 10 ns 

OSF to~ setup time tFsc 0 0 0 0 ns 

OSF to~ hold time tcFH 15 15 15 15 ns 

Data-in to ~delay time tozc 0 0 0 0 ns " 
Data-in to CE delay time tozo 0 0 0 0 ns " 
Output burier turn-off oeiay 
referenced to~ 

foFFt 20 20 20 20 ns ;) 

Output buff er tum~ff delay toFF2 - 20 20 20 20 ns 5 

referenced to CE 
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HMS38123B Series 
Rud Cycle (RAM), Page Mode Read Cycle 

HM5381238 

-6 .7 -8 ·10 ---
Item Symbol MlnMax Min Max Min Max Min Max Unit Note 

Access time from~ tRAc 60 70 80 100 ns 6, 7 

Access time from ~ tcAC 20 20 20 25 ns 7, 8 

Access time from OE toAC 20 20 20 25 ns 7 

Address aa:ess time tAA 35 35 40 45 ns 7,9 

Read command setup time tRcs 0 0 0 0 ns 

Read command hold time tRCH 0 0 0 0 ns 10 

Read command hold time tRRH 10 10 10 10 ns 10 

referenced to~ 

'RXS to column address tRAo 15 25 15 35 15 40 15 55 ns 2 

delay time 

Column address to 'RXS tRAL 35 - 35 - 40 - 45 - ns 
lead time 

Column address to ~ tcAL 35 - 35 - 40 - 45 - ns 
lead time 

Page mode cycle time tpc 45 45 50 55 ns 

~ pracharge time tcp 10 10 10 10 ns 

Access time from 'l:AS tACP 40 40 45 50 ns 
pracharge 

Page mode~ pulse width tRASP 60 100000 70 100000 80 1 00000 100 1 00000 ns 
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HMS38123B Series 
Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM5381238 

-6 ·7 .. -10 

Item Symbol MlnMax Min Max Min Max Min Max Unit Note 

Write command setup time twcs 0 0 0 0 ns 11 

Write command hold time twcH 15 15 15 15 ns 

Write command pulse width twp 15 - 15 15 15 ns 

Write command to RAS tRWL 20 - 20 20 20 ns 
lead time 

Write command to~ tcwL 20 - 20 - 20 - 20 - ns 
lead time 

Data-in setup time tos 0 - 0 0 0 ns 12 

Data-in hold time toH 15 - 15 15 15 ns 12 

WE to~ setup time tws 0 - 0 0 0 ns 

WE to~ hold time tWH 10 - 10 10 10 ns 

Mask data to RAS setup time tMS 0 - 0 0 0 ns 

Mask data to ~·hold time tMH 10 - 10 10 10 ns 

CE hold time ref erencad to EH 20 - 20 20 20 ns 
to WE 

Page mode cycle time tpc 45 - 45 50 55 ns 

~ precharge time tcp 10 - 10 10 10 ns 

~to data-in delay time tcoo 20 20 20 20 ns 13 

Page mode 'RXS pulse width tRASP 60 100000 70 100000 80 100000 100 100000 ns 
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HM538123B Series 

Read-Modify-Write Cycle 

HM5381238 

-0 ·7 -8 ·10 

--- ---
Hem Symbol Min Max Min Max Min Max Min Max Unit Note 

Read-modify-write cycle time tRwc 175 185 200 - 230 ns 

~pulse width tRws 110 10000 120 10000 130 10000 150 10000 ns 
(read-modify-write cycle) 

~to WE delay time tcwo 45 45 45 50 ns 14 

Column address to WE delay tAWD 60 60 65 70 ns 14 

time 

OE to data-in delay time tooo 20 20 20 20 ns 12 

Access time from RAS tRAc 60 70 80 100 ns 6,1 

Access time from tAS tcAC 20 20 20 25 ns 7,8 

Access time from OE foAC 20 20 20 25 ns 7 

Address access time tAA 35 35 40 45 ns 7, 9 

'RAS to column address delay tRAo 15 25 15 35 15 40 15 55 ns 
time 

Read command setup time tRcs 0 0 0 0 ns 

Write command to RAS lead tAWL 20 20 20 20 ns 
time 

Write command to tAS lead tcwL 20 - 20 - 20 - 20 ns 
time 

Write command pulse width twp 15 15 15 15 ns 

Data-in setup time tos 0 0 0 0 ns 12 

Data-in hold time toH 15 15 15 15 ns 12 

OE hold time referenced to WE toeH 20 20 20 20 ns 
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HMS38123B Series 
Refresh Cycle 

HM538123B 

-6 ·7 -8 ·.10 

Item Symbol Min Max Min Max Min Max Min Max Unit Not• 

~setuptime tcSR 10 10 10 - 10 ns 
~-before-~ refresh) 

~holdtime tcHR 10 10 - 10 - 10 ns 
(~·before-~ refresh) 

'RXS precharge to CAS' hold time lRPC 10 10 - 10 - 10 - ns 

Flasb Write Cycle, Block Write Cycle 

HM5381238 

-6 .7 -8 ·10 

Item Symbol Min Max Min Max Min Max Min Max Unit Not• 

~to data-in delay time tcoo 20 20 20 20 ns 13 

CE to data-in delay time tooo 20 20 20 20 ns 13 

Read Transfer Cycle 

HM538123B 

-6- 7 -8 -10 

Item Symbol Min Max Min Max Min Max Min Max Unit Not• 

OT hold time.referenced to mS' tROH so 10000 60 10000 65 10000 80 10000 ns 

OT hold time referenced to~ tcOH 20 20 20 25 ns 

OT hold time referenced to tAOH 25 25 30 30 ns 
column address 

OT precharge time toTP 20 20 20 30 ns 

DT ta~ delay tima to RO SS 65 70 80 ns 

SC to 'RXS setup time ts RS 25 25 30 30 ns 
... -- --·--·-·--··---- ·--
1st SC to 'RXS hold time tsRH 60 70 80 100- ns 

1st SC to CXS hold time tscH 25 25 25 25 - ns 
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HM5381238 Series 
Read Transfer Cycle (cont) 

HM5381238 

-6- 7 -8 ·10 ---
Item Symbol Min Max Min Max Min Max Min Max Unit Neta 

1 st SC to column address tsAH 40 - 40 - 45 - 50 - ns 
hold time 

Last SC to DT delay time tsoo 5 5 5 5 - ns 

1st SC to DT hold time tsoH 10 10 15 15 ns 

l=O(S' to QSF delay time tRaO 65 70 75 85 ns 15 

~to OSF delay time tcao 35 35 40 40 ns 15 

DT to OSF delay time toao 35 35 35 35 ns 15 

OSF hold time referenced tRQH 20 20 20 25 ns 
toRXS 

OSF hold time rat era need 
to~ 

tcaH 5 5 5 5 ns 

OSF hold time ref erencad toaH 5 5 5 5 ns 
toDT 

Serial data-in to 1st SC delay tszs 0 0 0 0 ns 
time 

Serial clock cycle time tscc 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC pracharga time tscP 10 10 10 10 ns 

SC access time tscA 20 22 25 25 ns 15 

Serial data~ut hold time tsoH 5 s 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

l=O(S' to column address delay tRAo 15 25 15 35 15 40 15 55 ns 
time 

Column address to RAS lead tRAL 35 - 35 - 40 - 45 - ns 
time 

"RXS pracharge to DT high hold loTHH 10 - 10 - 10 - 10 - ns 
time 
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HM538123B Series 
Pseudo Transfer Cycle, Write Transrer Cycle 

HM5381238 

-6- 7 -8 ·10 ---
hem Symbol Min Max Min Max Min Mu Min Max Unit Not• 

SE setup time referenced tes 0 0 0 0 ns 
to 'RAS 

SE hold time referenced to ~ teH 10 10 10 10 ns 

SC setup time ref era need ts RS 25 25 30 30 ns 
to 'RAS 

~to SC delay time tsRO 20 20 25 25 ns 

Serial output buffer tum-<>ff time tsRZ 10 40 10 40 10 45 10 50 ns 
referenced to 'RAS 

~to serial data-in delay time ts10 40 40 45 so ns 

~to OSF delay time tRao 65 70 75 85 ns 15 

~to OSF delay time tcao 35 35 40 40 ns 15 

OSF hold time ref ere need tRQH 20 20 20 25 ns 
to 'RAS 

QSF hold time referenced lcOH 5 5 5 5 ns 
to~ 

Serial clock cycle time tscc 25 25 30 - 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge time tscP 10 10 10 10 ns 

SC access time tscA 20 22 25 25 ns 15 

SE access time ts EA 20 22 25 25 ns 15 

Serial data~ut hold time tsoH 5 5 5 5 ns 

Serial write enable setup.time tsws 5 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time t-s1H 15 15 15 15 ns 
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HMS38123B Series 
Split Read Transfer Cycle, Split Write Transfer Cycle 

HM538123B 

-0· 7 -8 ·10 ---
Item Symbol Min Max Min Max Min Max Min Max Unit Note 

Split transfer setup time tsrs 20 20 20 25 - ns 

Split transfer hold time tRsT 60 70 80 100- ns 
ref ere need to 'RAS 

Split transfer hold time tcsr 20 - 20 - 20 - 25 - ns 
referenced to ~ 

Split transfer hold time tAST 35 - 35 - 40 - 45 - ns 
referenced to column address 

SC to OSF delay time •sao 30 30 30 30 ns 15 

QSF hold time referenced to SC tsaH 5 5 5 5 ns 

Serial clock cycle time tscc 25 25 30 30 ns 

SC pulse width tsc 5 5 10 10 ns 

SC precharge time tscP 10 10 10 10 ns 

SC access time tscA 20 22 25 25 ns 15 

Serial data-out hold time tsoH 5 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

R1'S to column address delay tRAo 15 25 15 35 15 40 15 55 ns 
time 

Column address to RXS lead tRAL 35 - 35 - 40 - 45 - ns 
time 
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HMS38123B Series 
Serial Read Cycle, Serial Write Cycle 

HM538123B 

+ 7 .. ·10 

Item Symbol Min Max Min Max Min Mu Min Max Unit Not• 

Serial clock cycle time tscc 25 25 30 30 ns 

SC pulse width tsc s s 10 10 ns 

SC precharge width tscP 10 10 10 10 ns 

Access time from SC iscA 20 22 25 25 ns 15 

Access time from 'SE tseA 20 22 25 25 ns 15 

Serial data~ut hold time tsoH 5 5 5 5 ns 

Serial output buffer tum~ff tsez 20 20 20 20 ns 5 

time referenced tc SE 

Serial data-in setup time ts1s 0 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 15 ns 

Serial write enable setup time tsws 5 5 5 5 ns 

Serial write enable hold time tswH 15 15 15 15 ns 

Serial write disable setup time tsw1s 5 5 5 5 ns 

Serial write disable hold time tsw1H 15 15 15 15 ns 
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HMS38123B Series 

Notes: 1. AC measurements assume tr • 5 ns. 
2. When tRco > tRco (max) or tRAo > tRAo (max), access time is specified by tcAc or tAA. 
3. v1H (min) and V1L (max) are reference levels for measuring timing of input signals. 

Transition time tr is measured between V1H and V1L· . 
4. Data input must be floating before output buffer is tumed on. In read cycle, read-modify-write 

cycle and delayed write cycle, either tozc (min) or tozo (min) must be satisfied. 
5. toFF1 (max), toFF2 (max) and tsez (max) are defined as the time at which the output achieves 

the open circuit condition (VcH - 100 mV, Vol+ 100 mV). · 
6. Assume that tRco ~ tRco (max) and tRAo ~ tRAo (max). If tRco ar tRAo is greater than the 

maximum recommended value shown in this table, tRAc exceeds the value shown. 
7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
8. When tRco ~ tRco (max) and tRAo s tRAo (max), access time is specified by tcAC· 
9. When tRcO ~ tRco (max) and tRAo 2 tRAo (max). access time is specified by 'AA· 

10. If either tRcH of tRRH is satisfied, operation is guaranteed. 
11. When twcs ~ twcs (min), the cycle is an earfy write cycle, and VO pins remain in an open 

circuit (high impedance) condition. 
12. These parameters are specified by the later falling edge of ~ or WE. 
13. Either tcoo (min) or tooo (min) must be satisfied because output buffer must be turned off by 
~ or OE prior to applying data to the device when output buffer is on. 

14. When tAwo 2 tAwo (min) and tcwo 2 tcwo (min) in read-modify-write cycle, the data of the 
selected address outputs to an VO pin and input data is written into the selected address. tooo 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
16. After power-up, pause for 100 µs or more and execute at least 8 initialization cycle (normal 

memory cycle or refresh cycle), then start operation. 
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HMS38123B Series 

Timing Waveforms .17 

Read Cycle 

Address 

VO 
(OJtput) 

VO 
(Input) 

OSF 

j ~~xxxxz 
l()FF I 

VudOout ).--~~~~ 

tCll"l"Zf--.J 

Note17: ~ 
~ H or l (H: V1H (min) S: V1N s: V1H (max), L: V1L (min) S: V1N S: V1L (max)) 

m Invalid Dout 

Early Write Cycle 

WE 

vo High-Z 

(°'1!PY!). ~~ ~~ 
~put) , ~ Mak 0ara )@( Valid Din xx--x-x-x-x-x-x-x-x-x-x-zx-x..._...x ..... x-x-x-x ..... x ..... x ..... x'"""'x 

:a;2~;=~= 
Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 

WE is low. 
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Delayed Write Cycle 

CAS 

VO 
(Ouiput) 

VO 
(Input) 

HM538123B Series 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 

Read-Modify-Write Cycle 

RAS 

It() 
(Oulput) 

It() 
(Input) 

D'SF 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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Page Mode Read Cycle 

Addreaa 

llO 
(Ourput) 

llO 
(lnpul) 

OSF 

Page Mode Write Cycle (F.arly Write) 

Addr ... 

WE 
lt4() 
(Oulpul) 

llO 
(Input) 

HM538123B Series 

Note: 1. This cycta becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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HM538123B Series 

Page Mode Write Cycle (Delayed Write) 

WE 

VO 
(Output) 

110 
(Input) 

OSF 

tAC 

4-~~~~IAA~----~--i~~~p~L,l 
I:~---.----..._~~-~---~~-

wt . i.1 lRFM lFsc!I tcFM tnclllCFH iflFscl!tcFH \Xxxxxxxxx FSR-,...., ~-- ,j.r-l _ r""': ZX\ ~ I yXxxxx:L YXxxx ' rx-xx----x ....... xx,...,..x..,.....x-xx,..._x--x-x 
' . • ' I 

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 

IA!-Only Refresh Cycle 

llO 
(Output) 

llO 
(Input) 

!RC 

L 

CSF 

II 
· ~xxxxxxxxxxxxxxxxxxxxxX> 

!FSA lRFJol 

xm{:-: 5xxxxxxxxxxxxxxxxxxxxxxXXXXXX> 
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HM538123B Series 
l73'-Betore-m- Refresh Cycle 

AAS ~;:=1~=tCP::::::l:::RP::::1c=SA=::;j#: __ __.tCH=-"----· ~ g t~L 
CA 

j==;.jf :'°'I ~ \ 
1 ('X) lnnibit Falling TransiliOrrM \. 

Add~u XXXXXXXXXXXXXXXXXXXXXXXXXX)(XXXXXXXXXXX)(X 
I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

___ I--._, lQFF1 High·Z 
l&tput) ~------...;.::l!::.;,;:. ___________ _ 
MtOE XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxXXX 
o~ XXXXXXXXXXXXXXXXXXXXXXXX)(XX)(XXXXXXXXXXXX 

Hidden Refresh Cycle 

RAS 

Address 

llO 
(Oulpul) 

llO 
(lnpul) 

o~ 
I I I ' 
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HMS38123B Series 
Color Register Set Cycle (Early Write) 

AAS ~ .~~ ~ ·~~~ }._ 

OAS 11 '"
0 

" :::: I 1~==· ======·-
tASA ,, tAAM : 17 t , . 

Add~u~~ XXXXXXXXXXXXXXXXXXXXXXX.XXXXXXXX 
I tws ,I tWH i I twesli twcMI 

WE rn II M)-l l(xolP'"'J""""xx-xx ............ x..,...x.,....x"""'x ...... x ...... xx~x'"""'x ..... x..,...x.,.....,x ...... x""""xx ...... x'"""'x""'"7x 
VO . 11 High·Z 

(OulPut) 11 ;:ii] b. 
~put) xxxxxxxxxxx Color oata xz---x--x-x--x-x-x-x .... x--x....,x""'"'x""'"'xx .......... x--x"""'x"""'x"""'x-x-x-x-x 

jtOTS!~ 

or1oe 't£iJ II \Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
jtFSR ~ 

o~ 'tliJ \XXXxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Color Register Set Cycle (Delayed Write) 
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HM538123B Series 
ColOr Register Read Cycle 

Address 

liO 
(Input) 

OSF 

!RP 

!CAP 

, Row , ~ 

~~ ~I L_.___\'iQOOO(X 

&2X II ~ II ~ I ~i...-..;__I -
. I --1 V•dO.. ) I ---4--11 -~-tozc---1 r--~lc tomjt; = 

:
x&w tozo ~ I 
~1 ,,;;=-i hxxxx 

11 ,ftr~ \xxxx_ 
~~ · xxxxxxxxxxxxxxx> '® \xxxxxxxxxxxxxxx_ 

Flash Write Cycle 

!AC 

"" .~ I II Hgh-Z 

~j!!_@§ 
O'r.oe ® d~ xxxm<xxi 

xxxxxxx~ \XXXXXXXXXXXXXXX OSF -
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Block Write Cyde 

RAS 

CAS 

AddrHI 

VO 
(Input) 

OrJOE 

OSF 

HMS38123B Series 

IAP 

Note: 1. This cycle beoomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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HMS38123B Series 

Page Mode Block Write Cycle 

CAS 

llO 
(Ouiput) 

llO 
(Input) 

OSF 

t.-c 

Wjl xxxxxxxxxxxxxxx:xxxxxxxxxxxxxxxx> 
tFSA 1 tRFH ~Lt~ ~!LtcFH ~!-tcFH 

m=~rxx m1 \ZZXI \XXXXXXXXXX 

Neta: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when 
WE is low. 
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HMS38123B Series 
Read Transfer Cycle (1) 

AddreN 

ltO 
(Output) 

OSF 

SC 

svo 
(Ouiput) 

svo 
(Input) 

QSF·1 

QSF-z 

I t~ 
---- , ________ t;.;...;AA-.::S:....-_____ __. '::===tR=P=.==i 

ll------~l""""'H ______ , I ICAP 
~-~:.--------~IRS~H..:..,_ ___ ~lj:::.....__..;;.;.;; __ ---i 
I !CAS :-...... _____ _..,. __ 

IASA I 
j--i 

ZZI II \XZZ:XXX><XXXXX><XX><XXXXX>OOO 
. ! 11 High·Z --4--:0TMH I 

SAM Address MSB 

Note: 1. This OSF timing is referred when SC is risen once or more between the previous transfer 
cycle and~ falling edge of this cycle (OSF is switched by OT rising). 

2. This OSF timing is ref erred when SC isn't risen betwHn the previous transfer cycle and ~ 
falling edge of this cycle (OSF is switched by ~or 'CAS falling). 
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Read Transfer Cycle (2) 

RAS 

CAS 

OSF 

SC 

Sl/O 
(Oucput) 

SllO 
(Input) 

OSF 

HMS38123B Series 

IAC 

IFIP 

ICFIP 
IRCO 

SAM Address MSB 
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Pseudo Transfer Cycle 

RAS 

CAS 

Address 

VO 
(Outi>Ut) 

DSF 

SC 

SllO 
(Outl)Ut) 

SllO 
(Input) 

QSf 

H:\15381238 Series 

IRC 

ICSH 
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H\15381238 Series 
Write Transfer Cycle 

Address 

llO 
(Ouiput) 

OSF 

SC 

SllO 
(Output) 

SllO 
(Input) 

QSF 

IRC 

SAM Address MSB y;J:----------------
_...;;;;..;;.:.;===:~-~ 
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Split Read Transfer Cycle 

RAS 

CAS 

Address 

DSF 

SC 

SL'O 
(Output) 

SVC 
(Input) 

QSF 

l ~~I I 
XXXXf@<'f i! }XXXXXXXXXXxxxxxxxxxxxxxxx> 
~ 1! 11 ---

. toTS!~ I I 
xxxxxxx{Ji kxzxx~~,~x~x~~'XX':~~~~~---

"'" ! ~ I _xxXXXXXXXXXXXXXXXXX> 

High·Z 

xxxxxx reJ I I 

Low XJ II \XE1xXX:~zxxrxxxxx><> 
~I I 

II 

=-----s:w::::=:=--~~-
SAM Addreu MSB ~ 
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HM538123B Series 
Split Write Transfer Cycle 

RAS 

DSF 

SC 

svo 
(Qnput) 

QSF 

IAC 

IRAS 

IACD IASH 

ICAS 

l~L 

®§00 I I 
~ ~6 I I 

-xxx--xxx-ruUx.,.:..,x ...... x-'x....,x ...... xx..._x ....... x ....... xt""'>'lx--x--x--x--x ...... x ..... x ..... x--x ..... x ..... x:x~x""""x""""x..,....,x 

High-Z 

IFSR jj tRFH ~ I 
r--iri 

<XXXXXXX/ I \X xxxxxxxxxxxxxxxxxxxxxxxx 
I I IAST IC$T I 

low IRST :1 
ISCC 

SAM Addreu MSB 
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Serial Read Cycle 

SC 

svo 
(OulPUQ------~--11--------~ 

Serial Write Cycle 

SC 

SL'O 
(Input) 

HM538123B Series 
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Package Dimensions 

HM53812JBJ Series (CP-40D) 

25.80 
26.16 Max 

[::::::::::::::J] ~ 
, I' 20 

~ 

HM538123B Series 

Unit: mm 
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HM538253 Series 
262,144-Word x 8-Blt Muttlport CMOS Video RAM 

@HITACHI 
Rev. 5 
Jut. 20, 1993 

The HMS38253 is a 2-Mbit muitiport video RAM 
equipped with a 2S6-kword x 8-bit dynamic RAM 
and a 512-word x 8-bit SAM (full-sized SAM). Its 
RAM and SAM operate independently and 
asynchronously. The HM538253 bas basically 
upward-compatibility with the HM534253A I 
HM538123A except that pseudo-write-transfer 
cycle is replaced with masked-write-ttanSfer cycle, 
which has been approved by JEDEC. Furthermore, 
several new feawres are added to the HM538253 
without conflict with the conventional features. 
Stopping column feature realizes much flexibility 
to the length of split SAM register. Persistent mask 
is also installed according to the TMS34020 
features. 

Features 

• Multipon organiz.alion 
Asynchronous and simulwieous operation of 
RAM and SAM capability 

RAM: 256 kword x 8 bit 
SAM: 512 word x 8 bit 

•Access time 
RAM: 70 nsfdO ns/100 ns (max) 
SAM: 20 ns/23 ns/25 ns (max) 

•Cycle time 
RAM: 130 ns/150 ns/180 ns (min) 
SAM: 25 ns/28 ns/30 ns (min) 

•Low power 
Active RAM: 605 mW/550 mW/495mW 

SAM: 358 mW/330 mW/303 mW 
Standby 38.5 mW (max) 

• Ma.sked-wme-transfer cycle capability 
•Stopping column feature capability 
·Persistent mask capability 
•Fast page mode capability 
- Cycle time: 45 ns/50 ns/55 ns 
- Power RAM: 605 mW /578 m W/550 mW 
•Mask write mode capability 

•Bidirectional data aansfer cycle between RAM 
and SAM capability 

•Split ttanSfer cycle capability 
•Block write mode capability· 
•F'Wh write mode capability 
•3 variations of refresh (8 ms/512 cycles) 
- lU3-only refresh 
- ra-before-lU3 refresh 
- Hidden refresh 
•'M'L compatible 

Ordering Inf onnatioit 

Type No. Acceu time Package 

HM538253J·7 70 ns 400 mil 40-pin 
plastic SOJ 

HM538253J-8 80 ns (CP400) 

HM538253J-10 100 ns 

HM538253TT·7 70 ns 44-pin thin small 
outline package 

HM538253TT-8 80 ns (TTP-400A) 

HM538253TT· 1 O 100 ns 

HM538253RR· 7 70 ns 44-pin thin small 
outline package 

HM538253RR-8 80 ns (TTP·400AR) 

HM538253RR-10 100 ns 

93.09.02 

ADE·203·113E(Z) 



HM5382S3 Series 

Pin Arrangement Pin Description 

HM538253J Series Pin name Function 

Vee 40 : Vss AO-AS Address inputs 

SC 2 39 C 51107 

SliOO 3 38 . Sl/06 1100-1107 RAM port data inputs/outputs 

Sl/01 4 37 svos Sl!OO-SV07 SAM port data inputs/outputs 
51102 5 36 Sl/04 

51103 6 35 se RAS Row address strobe 

DTIOE 7 34 1/07 
CAS Column address strobe 

1100 8 33 1106 

1101 9 32 1105 WE Write enable 

1102 10 31 1104 

!/03 11 30 Vss CTI~ Data transfer/output enable 

Vss 12 29 DSF1 
SC Serial clock 

we 13 28 DSF2 

RAS 14 27 CAS ~ SAM port enable 

AS 15 26 QSF 

A7 16 25 AO DSF1. OSF2 Special function input flag 

A6 17 24 A1 QSF Special function output flag 
AS 18 23 A2 

A4 19 22 A3 Vee Power supply 

Vee 20 21 Vss 
Vss Ground 

(Top View) 
NL No lead 

HM538253TT Series HMS38253RR Series 

Vee "' Vss Vss " VCJ:. 

SC 2 43 51107 51107 43 SC 

51100 3 42 51106 51106 42 51100 

51101 4 41 51105 51105 41 51101 

51102 40 51104 51104 40 51102 

51103 6 39 se 'SE 39 6 $1103 

O'T't~ 7 38 1107 1107 31 7 01'i~ 

1100 I 37 1106 1106 37 1100 

1101 9 36 1105 1105 36 9 1101 

1102 10 35 1104 1104 35 10 1102 

NL 11 34 NL NL 34 11 NL 

NL 12 33 NL NL 33 12 NL 

1103 13 32 Vss Vss 32 13 1103 

Vss 14 31 OSF1 OSF1 31 14 Vss 

wt 15 30 OSF2 05F2 30 15 W! 
~ 16 29 eA1 C'AS 29 16 m 
Al 17 21 05F OSF 21 17 Al 

A7 11 27 AO AO 27 11 A7 

A6 19 26 A1 A1 26 19 A6 

A5 20 25 A2 A2 25 20 A5 

A4 21 24 A3 A3 24 21 A4 

Vee 22 23 Vss Vss 23 22 Vee 

(Top View) (Top View) 
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Block Diagram 

AO-AS 

AO-AS 
Column Address 

Buffer 

; 

i 911 

.i 
c l E E 

8 < 

0 

Row Decoder 

Memory Array 

Output 
Buffer 

llOO-V07 

511 

Refresh 
Counter 

; .! 
~~ "'.111 

"' "' ii 

.:: " oa: 

; ; 
iii GI cu·!! 
i- iii' 
.::c3 oa: 

HMS382S3 Series 

QSF 

; 

llt 1 ::I Q CD 

~ 
c 
E 

2 
::I 

< 8 en 2 
< en 

SllOO-SV07 

Timing Generator 
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HM538253 Series 

Pin Functions 

lf.i3 (input pin): lV3 is a basic RA.\1 signal. It is active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the falling edge of IV3'. The input level of these 
signals determine the operation cycle of the HM538253. 

Table 1. Operation Cycles of the HM538253 

RXS ~ Address I/On Input 
Mnemonic 
Code ~ CTtOE WE DSF1 DSF2 DSF1 DSF2 m' ~ ~ CXStWE 

CBAS 0 0 0 0 Stop 

CBAA 0 0 0 0 

CBAN 0 0 0 

MWT 0 0 0 0 0 Row TAP WM 

MSWT 0 0 0 0 Row TAP WM 

AT 0 0 0 0 Row TAP 

SAT 0 0 0 Row TAP 

RWM 0 0 0 0 0 Row Column WM Ir.out data 

Register 
Mnemonic Write Pers No.of 
Code MHk W.M. WM Color Bndry Function 

CBRS Set CBR refresh with stop resister set 

CBRR Reset Reset Reset CBR refresh with register reset 

CBRN CSR refresh (no reset) 

MWT Yes No Load/use- Masked write transfer (new/old mask) 
Yes Use 

MSWT Yes No Load/use- Use Masked split write transfer (new1old mask) 
Yes Use 

RT Read transfer 

SRf Use Split read transier 

RWM Yes No Load/use- Read/write (new/old mask) 
Yes Use 
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HMS38253 Series 

Table 1. Operation Cycles or tbe HM538253 (cont) . 

Mnemonic~ OS Addreu I/On Input 

Code ~ OTtOE WE DSF1 DSF2 DSF1 DSF2 ~c;Q ~ 'CXSIWE 

BWM 0 0 0 0 Row Column WM Column Mask 

RW{No) 0 0 0 0 Row Column Input Data 

BW(No) 0 0 0 Row Column Column Mask 

FWM 0 0 0 Row - WM 

LMR and 1 0 0 0 (Row)- Mask Data 
Old Mask Set 

LCR 0 0 (Row)- Color 

Option 0 0 0 0 0 0 Mod• - Data -

Register 
Mnemonic Write Pera No.of 
Code Mask W.M. WM Color Bndry Function 

BWM Yes No Load/use Block write (new/old mask) 
Yes Use UH 

RW(No) No No Read/write (no mask) 

BW(No) No No Use Block write (no mask) 

FWM Yes No Load/use Use Masked flash write (new/old mask) 
Yes Use 

LMR and Set Load Load mask register and old mask set 
Old Mask Set 

LCR Load Load color resister set 

Option 

Notes: 1. With CBRS, all SAM operations use stop register. 
2. After LMR, RWM, BWM, FWM, MWT, and MSWT, use old mask which can be reset by CBRR. 
3. OSF2 is fixed low in all operation. (for the addition of operation mode in future) 
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HMS382S3 Series 

ra (input pin): Column address and DSFl signals are fetched into chip at the falling edge of rn. which 
detennines the operation mode of the HM538253. ra controls OUlpUt impedance of 1/0 in RAM. 

AO - AS (input pins): Rqw address (AXO - A.XS) is detennined by AO - AS level at the falling edge of 
RAJ. Column address (AYO - AYS) is detennined by AO - AS level at the falling edge of C'AS'. In 
transfer cycles. row address is the address on the word line which transfers data with.SAM data register, 
and column address is the SAM start address after transfer. 

wr-(input pin): wt: pin has two functions at the falling edge of m and after. When m is low at the 
falling edge of lf.i3. the HMS38253 turns to mask write mode. According to the 1/0 level at the time, 
write on each 1/0 can be masked. (WE level at the falling edge of m is don't care in read cycle.) When 
wt: is high at the falling edge of m. a no mask write cycle is executed. After that, WE'" switches 
read/write cycles. In a transfer cycle. the direction of transfer is detennined by wt: level at the falling 
edge of rn. When wt: is low, data is transferred from SAM to RAM (data ts Written into RA.\1), and 
when wt: is high. data is transferred from RAM to SAM (data is read from RAM). 

1/00 -1/07 (input/output pins): 1/0 pins function as mask data at the falling edge of m (in mask write 
mode). Data is written only to high 1/0 pins. Data on low 1/0 pins are masked and internal data are 
retained. After that, they function as inut/output pins as those of a standard DRAM. In block write cycle. 
they function as column mask data at the falling edges of ~ and m. 
15T10! (input pin): t5T10! pin functions as t5T (data transfer) pin at the falling edge of ro and as ~ 
(output enable) pin after that. When t5T is low at the falling edge of m. this cycle becomes a transfer 
cycle. When l5T is high at the falling edge of IV3, RAM and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of 
SC is fetched into the SAM data register. 

m (input pin): m pin activates SAM. When m is high, Sl/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. m can be used as a 
mask for serial write because the internal pointer is incremented at the rising edge of SC. 

SI/00 - Sl/07 (input/outptat pins): SI/Os are input/output pins in SAM. Direction of inpuc/our:put is 
detennined by the previous transfer cycle. When it was a read aansfer cycle, Sl/O outputs data. When it 
was a masked write transfer cycle, SI/O inputs data. 

DSFl (input pin): DSFl is a special function data ~put flag pin. It is set to high at the falling edge of rn 
when new functions such as color register and mask register read/Write, split uansfer, and flash write, are 
used. 

DSF2 (input pin): DSF2 is also a special function data input flag pin. This pin is fixed to low level in all 
operations of the HM538253. 

QSF (output pin): QSF outputs data of address AS in SAM. QSF is switched from low to high by 
accessing address 2SS in SAM and from high to low by accessing address S 11 address in SAM. 
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HM538253 Series 

Operation of HMS382S3 

RAM Port Operatio.n 

RAM Read Cycle (t5T~ high, rn high and DSFl low at the falling edge of IV3. DSFl low at the 
falling edge of rn) . 
Row address is entered at the l(i3 falling edge and column address at the ra falling edge to the device 
as in standard DRAM. Then, when WE is high and M/0£ is low while rn is low, the selected address 
data outputs through I/O pin. At the falling edge of rn. 15T;OE and ra become high to distinguish 
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (tAA) and lU3 to 
column address delay time (lRAO) specifications arc added to enable fast page mode. 

RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(f5T~ high, ra high and DSFl low at the falling edge of l(i3, DSFl low at the falling edge of ra) 
• No Mask Write Cycle (m high at the falling edge of lf.i3) 
When rn is set low and WE is set low after m low, a write cycle is executed. 
If WE is set low before the CJ3' falling edge, this cycle becomes an early write cycle and all 110 become 
in high impedance. 
If WE is set low after the ra falling edge, this cycle becomes a delayed write cycle. 1/0 does not 
become high impedance in this cycle, so data should be entered with OE in high. 
If WE is set low after tcwo (min) and tAwo (min) after the ra falling edge, this cycle becomes a read
modify-write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid 1/0 
contention, data should be input after reading data and driving OE high. 

• Mm Write Mode (WE low at the falling edge of ro) 
If WE is set low at the falling edge of m. two modes of mask write cycle arc capable. 
1. In new mask mode, mask data is loaded from I/O pin and used. Whether or not an I/O is written 
depends on I/O level at the falling edge of m. The data is written in high level I/Os, and the dala. is 
masked and retained in low level I/Os. This mask data is effective during the lU3' cycle. So, in page 
mode cycles the mask data is retained during the page access. 
2. If a load mask register cycle (LMR) has been performed, the mask data is not loaded from I/O pins and 
the mask dala stored in mask registers persistently are used. This operation is known as persist.em write 
mask, set by LMR cycle and reset by CBRR cycle. 

Fast Page Mode Cycle {IST/OE high, ra high and DSFl low at the falling edge of l(i3) 

Fast page mode cycle reads/writes the data of the same row address at high speed by toggling CJ3' while 
mis low. Its cycle time is one third of the random read/write cycle. In this cycle. read, write. and block 
write cycles can be mixed. Note that address access time (tAA), IU3 to column address delay time 
(tRA.D), and access time from ra precharge (tAcp) arc added. In one lU3' cycle, 512-word memory 
cells of the same row address can be accessed. It is necessary to specify access frequency within tRASP 
max (100 µ.s). 
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HMS38253 Series 

Color Register Set/Read Cycle (CA3 high. t5T!<'.m high. m high and DSFl high at the falling edge of m) 
In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
write cycle. 8 bits of internal color register are provided at each UO. This register is composed of static 
circuits, so once it is set, it retains the data until reset. Since color register set cycle is just as same as the 
usual read and write cycle, so read, early write and delayed write cycle can be exeeuted. rn this cycle, the 
HM538253 refreshes the row address fetched at the falling edge of lf.i3'. 

~task Register Set/Read Cycle (ra high, Mm high. wt high. and OS Fl high at the falling edge of rn) 
In mask register set cycle, mask data is set to the internal mask register used in mask write cycle, block · 
write cycle, flash write cycle, masked write transfer, and masked split write transfer: 8 bits of internal 
mask register are provided at each L'O. This mask register is composed of static circ4its, so once it is set.. it 
retains the data until next mask register set or reset (CBRR). Since mask register set cycle is just as same 
as the usual read and write cycle, so read, early write and delayed write cycle can be executed. 

Flash Write Cycle era high, r5T/(jE high, m low, and OSFl high at the falling edge of ro) 
In a flash write cycle, a row of data (512 word x 8 bit) is cleared to 0 or 1 at each L'O according to the data 
of color register mentioned before. It is also necessary to mask I/O in this cycle. When ra and !5T;OE 
is set high, m is low, and DSFl is high at the falling edge of lf.i3, this cycle Stans. Then, the row 
address to clear is given to row address. Mask data is as same as that of a RAM write cycle. Cycle time 
is the same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual cycle time. 
(See figure l.) 
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AAS 

CAS 

Address 

WE 

Dr!OE 

DSF1 

VO 

Color Register Set Cycl.e 

\ ____ &_ 

~ 

<J 

~ 
·1 

1 
Flash Write Cycle , 

I 
! Execute flash write into each 
I LIO on row address Xi using 
I color register. 

·1 VO Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, 1/0 don't care 

Figure 1 Use or Flash Write 

HMS38253 Series 

, Flash Write Cycle 

I~ 
i . 
I~ 
I 

I 
i Execute flash write into 
: each VO on row address i Xj using color register. 
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HMS38253 Series 

Block Write Cycle era high, M/OE' high and DSFl low at the falling Cdge of re. DSFl high and~ 
low at the falling edge of ra) 
In a block write cycle. 4 columns of data (4 column x 8 bit) are cleared IO 0 or 1 at each UO according to 
the data of color register. Column addresses AO and A 1 are disregarded. The mask data on I/Os and the 

. mask data on column address can be determined independently. I/O level at the fatting edge of ra
determines the address to be cleared. (Sec Figure 2.) The block write cycle is as the same as the usual 
write cycle. so early and delayed write, read-modify-write. and page mode write cycle can be executed. 

• No mask Mode Block Write Cycle ~high at the falling edge of IU3') 
The data on 8 I/Os arc all cleared when WE is high at the falling edge of m. 
• Mask Block Write Cycle ~ low at the falling edge of ro) 
When ~ is low at the falling edge of rn. the HM.538253 starts mask block write cycle to clear the data 
on an optional I/O. The mask data is the same as that of a RAM write cycle. High I/O is cleared, low I/O 
is not cleared and the internal data is retained. In new mask mode, the mask data is available in the re 
cycle. In persistent mask mode, UO don't care about mask mode. 

AAS 

CAS 

Address 

we 

OT/OE 

OSF1 

VO 

c:;o1or Register Set Cyde Block Write Cyde 

\ __ --JI 

Aow 

71 
<j 

~ 

., 
WE Mode 110 data/RAS 

New 
Mask Mask 

Low Mod• 
Persistent I Don'""" Muk (mask register used) 
Mod• 

High I No mask j Don't care 

VO Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, VO don't cart 
Column Mask Oata 

: VOO 1 ColumnO (AO • 0, A 1 • 0) Mask Data 
~ vo1 1 Column1 (AO • 1. A 1 • 0) Mask Oata Low: Mask 
[ V02 l Column2 (AO • O. A 1 • 1) Mask Oata 
f 1103 ! Column3(AOa1, At• 1) Mask Oata ! High: Non Mask. 

Fiaure 2 Use or Block Write 

Bloc:K Write Cyde 
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HM538253 Series 
Transfer Operation 

The HMS38253 provides the read transfer cycle, split read transfer cycle, masked write transfer cycle and 
masked split write transfer cycle as data transfer cycles. Theses transfer cycles are set by driving ~ 
high and 15TK'.5£ low at the falling edge of m. They have following functions: 
(1) Transfer data between row address and SAM data register 
Read transfer cycle and split read aansfer cycle: RAM to SAM 
Masked write transfer cycle and masked split write transfer cycle: SAM to RAM 
(2) Determine SI/O state (except for split read transfer cycle and masked split write transfer cycle) 
Read transfer cycle: SI/O output 
Masked write transfer cycle: SI/O input 
(3) Determine first SAM address to access after tranSferring at column address (SAM start address). 
SAM start address must be determined by read iransfer cycle or masked write tr¥tsfer cycle (split transfer 
cycle isn't available)before SAM access, after power on, and determined for each transfer cycle. 
(4) Use the stopping columns (boWldaries) in the serail shift register. If the stopping colwnns have been 
set. split transfer cycles use the stopping colilmns, but any boundaries cannot be set as the swt address. 
(5) Load/use mask data in masked write transfer cycle and masked split write transfer cycle. 

Read Transfer Cycle(~ high, 15T!O'E low, m high and DSFl low at the falling edge of re) 
This cycle becomes read transfer cycle by driving 15T,i0£ low, M high and DSFl low at the falling edge 
of m. The row address data (512 x 8 bits) determined by this cycle is transferred ro SA;.\1 data register 
synchronously at the rising edge of 15T~. After the rising edge of Mt~. the new address data outputs 
from SAM stan address determined by column address. In read transfer cycle, 15TtO'E must be risen to 
transfer data &om RAM to SAM. 
This cycle can access SAM even during transfer (real time read transfer). In this case, the timing tsoo 
(min) specified between the last SAM access before aansfer and MtOE rising edge and tsoH (min) 
specified between the first SAM access and 15T,(m rising edge must be satisfied. (See figure 3.) 
When read transfer cycle is executed. SI/O becomes output state by first SAM access. Input must be set 
high impedance before tszs (min) of the first SAM access to avoid data contention. 

RAS 

CAS 

Address x Xi x Yj ....._~ ..... ~.Jx~~~~~~~~~~~~~ 
OT/OE \L ------~ 
DSF1 \ I 

SC 

SllO 

SAM Data before Transfer 

Figure J Real Time Read Transfer 
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HM538253 Series 

~asked Write Transfer cycle cm high.15T/<'.m low, W£ low, and DSFl low at the falling edge of~) 

Masked write transfer cycle can transfer only selected 1/0 data in a row of data input by serial write cycle 
to R.Ai."1. Whether SAM data is aansferred or not depends on the corresponding UO level (mask data) at 
the falling edge of tu3. This mask transfer operation is the same as a mask write operation in RAM 
cycles. so the persistent mode can be supponed. The row address of data transferred into RAM is 
determined by the address at the falling edge of m. The column address is specified as the first address 
for serial write after tenninating this cycle. Also in this cycle, SAM access becomes enabled after tsRD 
(min) after ro becomes high. SAM access is inhibited during RAS' low. In this period, SC must bot be 
risen. Data transferred to SAM by read transfer cycle or split read transfer cycle can be written to other 
addreses of RAM by write transfer cycle. However, the adddress to write data must be the same as that of 
the read transfer cycle or the split read transfer cycle (row address AX8) 

Split Read Transfer Cycle(~ high, l5T/~ low, m high and DSFl high at the falling edge of MS') 

To execute a continuous serial read by real time read transfer, the HMS38253 must satisfy SC and L>T;~ 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle ma.lees it 
possible to execute a continuous serial read without the above timing limitation. 
The HM538253 supports two cypes of split register operation. One is the nonnal split register operation to 
split the data register into two halves. The other is the boundary split register operation using stopping 
columns described later. 
Figure 4 shows the block diagram for the nonnal split register operation. SAM data register (DR) consists 
of 2 split buffers, whose organiz.ations are 256-word x 8-bit each. Let us suppose that data is read from 
upper data reagister DRl (The row adchess AX8 is 0 and SAM address AS is 1.). When split read transfer 
is executed setting row address AX8 0 and SAM sWt addresses AO to A 7, 256-word x 8-bit data are 
transferred from RAM to the lower data register ORO (SAM address A8 is 0) automatically. After data are 
read from data register DRl, data start to be read from SAM start addresses of data register ORO. If the 
next split read tranSfer isn't executed while data are read from data register ORO, data start to be read from 
SAM swt address 0 of ORl after data are read from data register ORO. If split read transfer is executed 
setting row address AX8 1 and SAM start addreases AO to A7 while data are read from data register ORl, 
256-word x 8-bit data are transferred to data register OR2. After data are read from data register DR 1, data 
start to be read from SAM start addresses of data register DR2. If the next split read transfer isn't executed 
while data is read from data register OR2, data sWt to be read from SAM start address 0 of data register 
DR l after data are read from data register OR2. In split read data transfer, the SAM swt address AS is 
automatically set in the data register, which isn't used. 
The data on SAM address A8, which will be accessed next, outputs to QSF, QSF is switched from low to 
high by accessing SAM last address 255 and from high to low by accessing address 511. 
Split read transfer cycle is set when~ is high, M/~ is low, WE is high and OSFl is high at the falling 
edge of IV3. The cycle can be.executed asyncronously with SC. However, HMS38253 must be satisfied 
tSTS (min) timing spe.cified between SC rising (Boundary address) and !(AS' falling. In split transfer cycle, 
the HMS382S3 must satisfy tRsT (min), tcST (min) and tAST (min) timings. specified between FD3 or 
~ falling and column address. (See figme S.) 
In split read transfer, Sl/O isn't switched to output star.e. Therefore, read transfer must be executed to 
switch SI/O to output state when the previous transfer cycle is masked write transfer cycle or masked split 
write transfer cycle, or power on. SAM sWt address must be set in every split read transfer cycle. 
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HMS38253 Series 

a: ~ M 

Memory 1 a: Mer:nory Q 
(II (II 

Q 
Array :::> Q :::> Array cc cc 

g c g E 
AXS • 0 .a AXS .1 2 8 2 

0 < < ~ Cl) 2 Cl) a: 0 Q < 
Cl) 

SAM 110 Buffer 

svo 

Figure 4 Block Diagram for Split Transfer 

RAS 

tsrs {min) 11 tAsT{min) 

I 
ii 

CAS 
I . 

tcsr{min):---1 

Address x Xi xx VJ x 
t•sr(min) 1 

OTtOE 

OSF1 

SC Bi Ym Yj 

Note: Ym is the SAM start address in before SAT. Bi and Bj initiate the boundary address. 

Figure S Limitation in Split Transfer 
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HMS382S3 Series 

'1asked Split Write Transfer Cycle(~ high. r5T;O! low, wt low and DSFl high at the falling edge of m) 
A continuous serial write cannot be executed because accessing SAM is inhibited during 1U3 low in write 
transfer. Masked split write transfer cycle makes it possible. In this cycle, tm (min). tRsT (min), tcsT 
(min) and lAST (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch 
SVO to input swe in this cycle. If SI/O is in output swe, masked write transfer cycle should be executed 
to swi~h SUO into input state. Data transferted to SAM by read transfer cycle or split read transfer cycle 
can be written to other addresses of RAM by masked split write transfer cycle. However masked write 
transfer cycle must be executed before masked split write transfer cycle. And in this masked split write 
transfer cycle. the MSB of row address (AX8) to write data must be lhe same as that of the read transfer· 
cycle or the split read transfer cycle. In this cycle, the boundary split register operation using stopping 
columns is capable like split read transfer cycle. 

Stopping Column in Split Transfer Cycle 

The HMS382S3 has the boundary split register operation using stopping columns. If a CBRS cycle has 
been performed, split transfer cycle performs the boundary operation. Figure 6 shows an example of 
boundary split register. (Boundary code is B7.) 
First of all a read transfer cycle is executed. and SAM swt addresses AO to AS are seL The RAM data are 
transferred to the SAM, and SAM serial read starts from lhe swt address (Yl) on the lower SAJ.\1. After 
that. a split read tranSfer cycle is executed, and the next swt address (Y2) is set The RAM data are 
transferred to lhe upper SAM. When the serial read arrive at the fust boundary after the split read uansf er 
cycle, the next read jumps to the swt address (Y2) on the upper SAM Gump 1) and continues. Then the 
second split read tranSfer cycle is executed, and another start address (Y3) is seL The RAM data are 
transferred to the lower SAM. When the serial read arrive at the other boundary again, the next read jumps 
to the start address (Y3) on the lower SAM. In stopping column, split transfer is needed for jump operation 
between lower SAM and upper SAM. 

l 1216i l 
:,.Column ..C 
! SIZ8 Boundaries (87) 

. . . 
(Y1) . (Y3) 1 (Y2) 

t 

4 .... . 
~~ ~ I . . 

I 
t 
t 

Start Jump 1 1 Jump2 

Lower SAM Upper SAM 
256 bit 256bit 

Figure 6 Example or Boundary Split Register 
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HMS38253 Series 
Stopping Column Set Cycle (CBRS) 

This cycle becomes stopping column set cycle by driving ~ low, m low, DSFl high at the falling edge 
of ff.i3. Stopping colwnn data (boW1daries) are latched from address inputs on the falling edge of IV3. 
To determine the boundary, A1 to A7 c.an be used and don't care AO, Al, and A8. In th~ HMS38253, 7 
types of boundary (B2 to 88) c.an be set including the default case. (See stopping column boundary table.) 
If A1 to A6 are set to high and A7 is set to low, the boundaries (B7) are selected. Figure 6 shows the 
example. The stop address that is set by the CBRS is used from next split transfer cycle. Once a CBRS is 
executed. the stopping column operation mode continues W1til CBRR. 

Stopping Column Boundary Table 

Stop 

Boundary code Column size A2 

82 4 0 

83 8 

B4 16 

BS 32 

66 64 

97 128. 

B8 256 

Notes: 1.AO, A1, and AB: don't care 
2. •: don't care 

Register Reset Cycle (CBRR) 

Address 

A3 A4 

0 

0 

A5 AS A7 

0 

0 

0 

This cycle becomes register reset cycle (CBRR) by driving ~low, m high, and DSFl low at the 
falling edge of~. A CBRR c.an reset the persistent mask operation and stopping column operation. 
so the HM538253 becomes the new mask operation and boundary code .BS. When a CBRR is executed for 
stopping column operation reset and split transfer operation, it needs to satisfy tsTS (min) and tRST (min) 

between l(i3 falling and SC rising for correct SAM read/write operation. 

:"'o Reset CBR Cycle (CBRN) 

This cycle becomes no reset CBR cycle (CBRN) by driving ra low, W! high and DSFl high at the 
falling edge of tv::S'. The CBRN c.an only execute the refresh operation. 

15 



HMS38253 Series 

SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data ttansfer cycle is a read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output from SUO. When S'E is set high, SI/O becomes high 
impedance. and the internal pointer is incremented by the SC rising. After indicating the last address 
(address S 11), the internal pointer indicates address 0 at the next access. 

Serial Write Cycle 

If previous data transfer cycle is masked write transfer cycle, SAM pon goes into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising edge like in the serial read cycle. If~ is 
high, SI/O data isn't fetched into data register. The internal pointer is incremented by the SC rising, so S'E 
high can be used as mask data for SAM. After indicating the last address (address Sll), the internal 
pointer indicates address 0 at the next access. 

Refresh 

RAM Refresh 

RAM. which is composed of dynamic circuits, requires refresh cycle to retain data. Refresh is executed by 
accessing all Sl2 row addresses within 8 ms. There are three refresh cycles: (1) m-only refresh cycle, 
(2) rn-before-IU3 (CBRN, CBRS, and CBRR) refresh cycle, and (3) Hidden refresh cycle. Besides 
them. the cycles which activate m. such as read/write cycles or transfer cycles, can also refresh the row 
address. Therefore, no refresh cycle is required when all row addresses are accessed within 8 ms. 

(1) m-Only Refresh Cycle: lti3-only refresh cycle is executed by activating only the l(i3 cycle with 
~ fixed to high after inpucting the row address (• refresh address) from external circWts. To distinguish 
this cycle from a data transfer cycle, M/OE must be high at the falling edge oflti3. 

(2) CBR Refresh Cycle: CBR refresh cycle (CBRN, CBRS and CBRR) are set by activating ra before 
m. In this cycle, the refresh address need not to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output. is in high impedance and power dissipation is 
lowered because ~circuits don't operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating 
IU3 when 15T!OE and ra keep low in normal RAM read cycles. In the mask register read cycle and the 
color register read cycle, Dout data guaranaed while m and ra are low, and so after the mask register 
read cycle or the color register read cycle is perfonned. in hidden refresh cycle Dout dala is not guarantted. 

SAM Refresb 

SAM pans (data register, shift resister and selector), or;anized as fully static: circuitry, require no refresh. 

16 



HMS38253 Series 
Absolute Maximum Ratings 

Parameter Symbol Value Unit 

Voltage on any pin relative to Vs,s Vr -1.0 to +7.0 v 

Supply voltage relative to Vss Vee -0.S to +7.0 v 

Short circuit output current lout so mA 

Power dissipation Pr 1.0 w 

Operating temperature Topr o to +70 oc 

Storage temperature Tstg -55 to +125 oc 

Recommended DC Operating Conditions (Ta = 0 to + 70°C) 

Parameter Symbol 

Supply voltage Vee 

Input high voltage 

Input low voltage 

Notes: 1. All voltage referenced to Vs,s 
2 -3.0 V for pulse width £ 1 O ns. 

Min 

4.5 

2.4 

-o.s·2 

Typ Max Unit Not ts 

5.0 5.5 v 

6.5 v 

0.8 v 

17 



HM538253 Series 

DC Characteristics (Ta = 0 to + 70°C. V cc = 5 V ± 10%, V ss = O V) 

HM538253·7 HM538253·8 HM538253·10 

Paramtttr Symbol Min Max Min Max Min Max Unit T.st conditions 

Operating lcc1 ,, 0 100 90 mA RX'S. CA'S SC• VIL· SE .• v1H 
current cycling 

lcc1 165 150 140 mA tRc. min SE• VIL· SC cycling. tscc. min 

Block write lcc1aw- 115 105 90 mA RX'S.CAS SC• VIL• SE. V1H 
current cycling 

lcc1aw- 170 155 140 mA tRc. min SE• VIL· SC cycling. tscc. min 

Standby lcc2 7 7 7 mARAS.CAS SC • Vii_. SE • V1H 
current •V1H 

1cca 65 60 55 mA SE• VIL· SC cycling, tscc • min 

~-only 1cc3 110 100 90 mA RAScyclingSC •VIL· SE• V1H 
refresh CAS. V1H 
current lcc9 165 150 135 mA tRc •min SE• VIL· SC cycling. tscc. min 

Fast page lcc4 110 105 100 mA CA5 cycling SC• VIL· SE• V1H 
mode RAS.VIL 
current •3 lcc10 160 155 150 mA IPC •min SE• VIL· SC cycling. tscc •min 

Fast page lcc4aw- 130 125 120 mA CAScyclingSC • VtL· SE• V1H 
mode block RAS.VIL 
wnte current •3 lcc1oew- 185 175 165 mA IPC •min SE• VIL· SC cycling, tscc • min 

CA'S-before- Ices 85 75 65 mA RAS cycling SC • VIL· 'SE • V1H 
~refresh IRC •min 
current lcc11 140 130 120 mA SE• VIL· SC cycling. tscc •min 

Data transfer Ices 130 115 100 mA RAS.CAS SC •VIL· 'SE • V1H 
current cyding 

'cc12 180 165 145 mA lRC •min SE"• VIL· SC cycling. tscc • min 

Input leakage Ill -10 10 -10 10 -10 10 µA 0 Vs Vin s 7 V 
current 

Output leakage ILo -10 10 -10 10 -10 10 µA 0 Vs Vout s 7 V 
current Dout. Sout • disable 

Output high VoH 2.4 - 2.4 - 2.4 - v IOH • -1 mA 
voltage 

Output low Vol 0.4 - 0.4 0.4 v IQL • 2.1 mA 
vo11age 

Notes: 1. Ice depends on output load condition when the device is selected. Ice max is specified at the 
output open condition. 

2. Address can be changed once while RAS is low and~ is high. 
3. Address can be changed once in 1 page cycle (tpc). 
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HMS38253 Series 

Capacitance (Ta= 25°C. V cc= 5 V ± 10%. f = 1 MHz. Bias: Clock. I/O = V CC· address =V ss) 

P1r1meter Symbol Typ Mu Unit 

Input capacitance {Address) c,, 5 pF 

Input capacitance {Clocks) C12 5 pF· 

Output capacitance (1/0, SVO, OSF) C110 7 pF 

Notes: 1. This parameter is sampled and not 1000/o tasted. 

AC Characteristics (Ta= 0 to +70°C, Vee= 5 V ± 10%, v 55 = 0 V) *l. *16 

Test Conditions 

- Input rise and fall times: 5 ns 
- Input pulse levels: V SS to 3.0 V 
- Input timing reference levels: 0.8 V. 2.4 V 
- Output timing reference levels: 0.8 V, 2.0 V 
- Output load: RAM 1 TI1.. + CL (50 pF) 

SAM, QSF 1 TI1.. + CL (30 pF) 
(Including scope and jig) 

Common Parameter 

HM538253· 7 HM538253-8 HM538253·1 O 

P1r1metar Symbol Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 

RAS pracharge time tFIP 50 60 70 

RAS pulse width tAAs 70 10000 80 10000 100 10000 

as pulse width tcAs 20 20 25 

Row address setup time tASR 0 0 0 

Row address holcl time tAAH 10 10 10 

Column address setup time tAsc 0 0 0 

Column address hold time tcAH 12 15 15 

RXS to~ delay time tRco 20 so 20 60 20 75 

RAS hold time referenced to~ tRSH 20 20 25 

as hold time referenced to RAS tcsH 70 80 100 

as to RAS pracharge time tcRP 10 10 10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 

Notes 

2 
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HM538253 Series 
Common Parameter (cont) 

HMS38253·7 HM5382.53·8 HMS38253·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Transition time (rise to fall) tr 3 50 3 50 3 50 ns 3 

Refresh period tREF 8 8 8 ms 

OT to R1'S setup time tors 0 0 0 ns 

OT to R1'S hold time torH 10 10 10 ns 

DSF1 to R1'S setup time tFsR 0 0 0 ns 

DSF1 to RAS hold time tRFH 10 10 10 ns 

DSF1 to CXS setup time tFsc 0 0 0 ns 

DSF1 to CXS hold time tcFH 12 15 15 ns 

Data-in to ~ delay time tozc 0 0 0 ns 4 

Data-in to OE delay time tozo 0 0 0 ns 4 

Output buffer turn-off delay refertnc:ld ID 'C'JS foFF1 15 20 20 ns 5 

Output buffer tum~ff delay referenced to OE toFF2 15 20 20 ns 5 
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HM538253 Series 
Read Cycle (RAM), Page Mode Read Cycle 

HMS38253-7 HM538253·8 HM538253· 10 

Parameter Symbol Min Max Min Max Min Max Unit Not•• 

Access time from m tAAc 70 80 100 ns 6. 7 

Access time from CX'S tcAC 20 20 25 ns 7, 8 

Access time from OE toAC 20 20 25 ns 7 

Address access time tAA 3S 40 45 ns 7, 9 

Read command setup time t1=1cs 0 0 0 ns 

Read command hold time tFICH 0 0 0 ns 10 

Read command hold time referenced to m tFIRH 0 s 10 ns 10 

~ to column address delay time lAAO 15 35 1S 40 15 SS ns 2 

Column address to RXS lead time tRAL 35 40 45 ns 

Column address to~ lead time tcAL 35 40 45 ns 

Page mode cycle time tpc 45 so SS ns 

'CXS prtcharge time tcP 7 10 10 ns 

Access time from CXS preeharge tACP 40 45 so ns 

Page mode~ pulse width tAASP 70 100000 80 100000100 100000 ns 
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HM538253 Series 
Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM538253· 7 HM538253-8 HM538253· 10 

Parameter Symbol Min Max Min Max Min Max Unit Not•• 

Write command setup time twcs 0 0 0 ns 11 

Write command hold time twcH 12 15 15 ns 

Write command pulse width twp 12 15 15 ns 

Write command to~ lead time t~WL 20 20 20 ns 

Write command to 'C'XS lead time tcwL 20 20 20 ns 

Data-in setup time tos 0 0 0 ns 12 

Data-in hold time toH 12 15 15 ns 12 

WE to RXS setup time tws 0 0 0 ns 

WE to RX'S hold time twH 10 10 10 ns 

Mask data to ~ setl4) time tMs 0 0 0 ns 

Mask data to~ hold time tMH 10 10 10 ns 

O'E hold time referenced to WE toEH 15 20 20 ns 

Page mode cycle time tpc 45 50 55 ns 

'C'XS precnarge time tcp 7 10 10 ns 

'C'XS to data-in delay time tcoo 15 20 20 ns 13 

Page mode ~ pulse width tAASP 70 100000 80 100000 100 100000 ns 
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HM5382S3 Series 
Read-Modify-Write Cycle 

HM538253· 7 HM538253-8 HM538253· 1 O 

Parameter Symbol Min Mu Min Max Min Mix Unit Notes 

Read-modify-write cycle time tRwc 180 200 230 ns 

RAS pulse width (read-modify-write cycle) tRws 120 10000 130 10000 150 10000 ns 

~ to WE delay time tcwo 40 45 50 ns 14 

Column address to~ delay time tAwo 60 65 70 ns 14 

OE to data-in delay time tooo 15 20 20 ns 12 

Access time from RXS tRAc 70 80 100 ns 6, 7 

Access time from CXS tcAC 20 20 25 ns 7, 8 

Access time from OE toAC 20 20 25 ns 7 

Address access time tAA 35 40 45 ns 7, 9 

RXS to column address delay time tRAo 15 35 15 40 15 55 ns 

Read command setup time tRcs 0 0 0 ns 

Wnte command to RAS lead time 1RWL 20 20 20 ns 

Write command to CXS lead time tcWL 20 20 20 ns 

Write command pulse width twp 12 15 15 ns 

Data-in setup time tos 0 0 0 ns 12 

Data-in hold time toH 12 15 15 ns 12 

OE hold time ref ere need to WE toEH 15 20 20 ns 

Refresh Cycle 

HM538253· 7 HM538253·8 HM538253· 10 

Parameter Symbol Min Max Min Mix Min Mix Unit Notes 

CAS setup time (~.·before-RAS refresh) tcSR 10 10 10 ns 

CXS hold time (CXS·before-RXS refresh) tcHR 10 10 10 ns 

RXS precharge to CXS hold time tRPC 10 10 10 ns 
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HM538253 Series 
Flasb Write Cycle, Block Write Cycle, and Register Read Cycle 

HMS38253· 7 HM538253-8 HM538253· 1 O 

P1r1meter Symbol Min Mu Min MIX Min Max Unit Notes 

CXS to data-in delay time tcoo 15 20 20· ns 13 

CE to data-in delay time tooo 15 20 20 ns 13 

CBR Refresh witb Register Reset 

HM538253· 7 HM538253-8 HM538253·1 O 

P1r1meter Symbol Min Mix Min MH Min Max Unit Nott• 

Split transfer setup time ts rs 20 20 25 ns 

Split transfer hold time rtftrtnctd to RX'S tRsT 70 80 100 ns 

Read Transfer Cycle 

HMS38253-7 HM538253-8 HM538253-10 

Par1meter Symbol Min Mu Min Max Min Max Unit NotH 

DT hold time referenced to~ tROH 60 10000 65 10000 80 10000 ns 

DT hold time referenced to CXS tcOH 20 20 25 ns 

DT hold timt referenctd to column address tAOH 25 30 30 ns 

DT precharge time torP 20 20 30 ns 

DT to RXS delay time toRO 60 70 80 ns 

SC to~ setup time ts RS 15 20 30 ns 

1st SC to~ hold time ts RH 70 80 100 ns 

1st SC to~ hold time tscH 25 25 25 ns 

1st SC to column address hold time tsAH 40 45 50 ns 

Last SC to OT delay time tsoo 5 5 5 ns 

1st SC to DT hold time tsoH 10 13 15 ns 

DT to OSF delay time tooo 30 35 35 ns 15 
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HM538253 Series 
Read Transfer Cycle (cont) 

HM538253· 7 HMS38253·8 HMS38253· 10 

Puamettr Symbol Min MH Min Max Min Max Unit Notes 

QSF hold time referenced to OT toaH 5 5 5 ns 

Serial data-in to 1st SC delay time tszs o 0 o ns 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 . ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time ts1s o 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

~ to column address delay time tRAo 15 35 15 40 15 55 ns 

Column address to~ lead time tRAL 35 40 45 ns 

~to QSF delay time 'Roe 70 75 85 ns 15 

'C'XS to QSF delay time tcoo 35 35 35 ns 15 

QSF hold time referenced to~ tROH 20 20 25 ns 

OSF hold time referenced to ~ tcoH 5 5 5 ns 
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HM538253 Series 

Masked Write Transfer Cycle 

HM538253· 7 HM538253·8 HM538253· 10 

Parameter Symbol Min Mu Min MIX Mtn Max Unit Notes 

SC setup time referenced to RXS tsRS 15 20 30 ns 

RXS to SC delay time tsRO 20 25 25 ns 

Serial output buffer turn-off time tsRZ 10 30 10 35 10 so ns 
referenced to RXS 

~ to serial data·in delay time ts10 30 35 50 ns 

~to OSF delay time tRao 70 75 85 ns 15 

'CXS to OSF delay time tcao 35 35 35 ns 15 

QSF hold time referenced to ~ tRQH 20 20 25 ns 

QSF hold time referenced to~ tcaH 5 5 5 ns 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time 1511-4 15 15 15 ns 
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HM538253 Series 
Split Read Transfer Cycle, Masked Split Write Transfer Cycle 

HM538253· 7 HM538253·8 HM538253-10 

Parameter Symbol Min Max Min Max Min Max Unit NotH 

Split transfer setup time ts rs 20 20 25 ns 

Split transfer hold time referenced to m t1=1sr 70 80 100 ns 

Split transfer hold time referenced to ~ tcsr 20 20 25 ns 

Split transfer hold time referenced tAST 35 40 45 ns 
to column address 

SC to OSF delay time tsao 30 30 30 ns 15 

OSF hold time referenced to SC tsaH 5 5 5 ns 

Serial clock cycle time ts cc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out held time tsoH 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

RAS to column address delay time tAAo 15 35 15 40 15 55 ns 

Column address to RAS lead time tAAL 35 40 45 ns 
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HMS38253 Series 
Serial Read Cycle, Serial Write Cycle 

HM538253· 7 HM538253·8 HMS38253·10 

P1r1meter Symbol Min Max Min Mix Min Mix Unit Not .. 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge width tscP 10 10 10 ns 

Access time from SC tscA 20 23 ·25 ns 15 

Access time from SE tseA 17 20 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial output buffer turn-off time ts HZ 15 20 20 ns 5.17 
referenced to SE 

SE to serial output in low·Z tsLZ 0 0 0 ns 5,17 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

Serial write enable setup time tsws 0 0 0 ns 

Serial wrtie enbable hold time tsWH 15 15 15 ns 

Serial write disable setup time tswis 0 0 0 ns 

Serial write disable hold time tsWIH 15 15 15 ns 
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HMS38253 Series 
Notes: 1. AC measurements assume tr • 5 ns. 

2. When tRcO > tRcO (max) and tAAo > tAAo (max), access time is specified by tcAC or tAA· 

3. v1H (min) and VrL (max) art reference levels for measuring timing of input signals. Transition . 

time tr is measured between VrH and VrL· 

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 
cycle and delayed write cycle, either tozc (min) or tozo (min) must be satisfied. 

5. toFF1 (max), toFF2 (max), tsHZ (max) and tsu (min) are defined as the time at which the 

output acheives the open circuit condition (VoH - 100 mV, Vol + 100 mV). This parameter is 

sampled and not 1 oo,-. tested. 
6. Assume that tRcO .s tRco (max) and tAAo .s tAAo (max). If tRcO or tAAo is greater than the 

maximum r1C10mmtnded value shown in this table, tAAc exceeds the valu~ shown. 

7. Measured with a load circuit equivalent to 1 m loads and 50 pF. . 
8. When tRco 2 tRcO (max) and tAAo .s tAAo (max), access time is specified by tcA<:> 

9. When tRco ..s tRco (max) and tAAo 2 fAAo (max), access time is specified by tAA. 

10. If either tRCH or tRRH is satisfied, operation is guaranteed. 

11. When twcs 2 twcs (min), the cycle is an early write cycle, and VO pins remain in an open 

circuit (high impedance) condition. 
12. These parameters are spKified by the later falling edge of ~ or WE. 
13. Either tcoo (min) or tooo (min) must be satisfied because output buffer must be turned off by 

~ or OE prior to applying data to the device when output buffer is on. 
14. When tAwo 2 tAwo (min) and tcwo 2 tcwo (min) in read-modify-write cycle, the data of the 

selected address outputs to an llO pin and input data is written into the selected address. taco 

(min) must be satisfied because output buffer must be turned off by CE prior to applying data to 
the devic:e. 

15. Measured with a lead circuit equivalent to 1 m leads and 30 pF. 
16. After power-up, pauH for 100 ,a or more and execute at least 8 initialization cycle (normal 

memory cycle or refresh cycle), then start operation. Hitachi recommends that least 8 
initialization cycle is th• CBRR for internal register reset This CBRR need not tsrs and tRST· 

17. When tsHZ and tsLZ are measured in the same VCC and Ta condition and tr and tf of SC are 

less than 5 ns, tSHz .s tsu + 5 ns. This parameter is sampled and not 100% tested. 

1 8. After power-up, OSF output may be High-Z, so 1 SC cycle is nffded to be Low-Z it. 
19. OSF2 pin is open pin, but Hitachi recommends it is fixed low in all operation for the addition 

mode in future. 
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a Timing Waveforms 

tRC 
tRAS Read Cyc_ie __ i·• 

RAS 

11

----
.,_ __ tilCO--..... --

I, 
~ tCSH 

tRSH 
tc~s 

Address · 

I/0 
(Output) 

I/0 
(Inpu:) 

DSFl 

tCAi. 

+-tilihi 

Valid Dout 

@>HITACHI 

I 

tRP l .,. i 
tCR?-+t 

•.: '"'"'""' ;:;~:~ . :on' t care 



Fast Page Mode Read Cycle 

Address 

I/0 
(Output) 

I/0 
(Input) 

OS Fl 

.._------------------------tAC--------------------------------t1 
i.-------------------~tAASP---------------------..t 

Iii: Don't care 

~ L.1 t_,.A r"U I 



HMS38253 Series 

Write Cycle 

The wriie cycle s&ate table as shown below is applied to early wriie, delayed write, page mode wriie, and 
read-modify write. 

Write Cycle State Table 

~ CX! ~ ~ cu 
DSF1 DSF1 WE 110 uo 

Menu Cycle 
W1 W2 W3 W4 ws 

RWM Write muk (new/old) 0 0 0 Write mask·1 Valid data 
Write 00s to VO. 

BWM Write mask (new/old) 0 0 Write mask"? Column mask"? 
Block write 

RW Normal write (no muk) 0 0 Don't carl1 Valid data 

BW Block Write (no mask) 0 Don't care"? Column mask"2 

LMR'' Load mask resister 0 Don't care Mask data"' 

LCR'' Load color rnister Don't care Color data 

Note 1 

'we Mode 

New 
Mask Muk 

Low Moel• 
I Persistent Don't care 

j Mask (muk register used) 
Mod• 

l High 'No mask Don't care 

VO Muk Data (In new mak mode) 
Low: Muk 
High: Non Muk 

In persistent mask mode, VO don't care 
Note2: 'reference Figure 2 UH of Bloc:K Write 
Note3: VO Write Mask Data 

Low: Mask 
High: Non mask 

Nott4: Column Address: Don't care 
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Early Write Cycle 
.._-------------~tRC------------....,.; 
w.-------tRAS--------ti 1+----

.._-------tCSH--------+---+1 
i.----tRCO--H4----tRSH----.. 1 

.1+-----tcAs------.i ---...i.+--------.11 i.---------

Address 

wE 

I/O 
(Output)----++-------w-------------------------

I/0 
(Input) 

DSFl 

Wl to WS: See Write Cycle State Table for the logic states. 

'®HITACHI 

...... .( 

.. ·< 

~:Don't care 



Delayed Write Cycle 

11 ... -....._tACO-~~---tilSH-----+1 
-------tcAs-------.i 

----++-------~I ~--------

Address 

~E 

I/0 
(Output) 

!/0 
(Input) 

DSFl 
tCFH 

Wl to WS: See Write Cycle State Table for the logic states. 

~HITACHI 

••• ? • .•• • 

lll: Don't care 



Fast Page Mode Write Cycle (Early Write) 

Address 

Wf 
r 10 
(Output) 

I/0 
(Input) 

DT/Of 

DSFl 

Wl to WS: See Write Cycle State Table for the logic states. 

Fast Page Mode Write Cycle (Delayed Write) 

Bl: Don't care 

..,_----------~tRc~-------------~ 

Address 

I/0 
(Output) 

1/0 
(Input) 

Di/Of 

DSFl 

i+----------tRASP----------~ 

Wl to WS: See Write Cycle State Table for the locgic states. 

~HtTAr.HI 

Im: Don't care 



Read- Modify-Write Cycle 

Address 

I/0 
(Output) __ ___,.+------+1------4,....__--'I 

I/0 
(Input) 

DSFl 

Wl to WS: See Write Cycle State Table for the logic states. 

~MITAr.HI 

Ill : Don't care 



• RAS-On.ly Refresh Cycle 

Address 

1/0 
(Output) 

I/0 
(Input) 

OSFl 

WE: Don't care 
ill· Don't care 

~HITACHI 



CAS-Before-RAS Refresh 

~AS 

CAS 

Address 

WE 

I/0 
(Output) 

OT/OE 

DSFl 

Hidden Refresh Cycle 

RAS 

CAS 

Address 

~iE 

r;o 
(Output) 

I/0 
(Input) 

DSFl 

Cycle (CBRN) 

care Ill: Don't care 

tRC 
tRAS 

Valid Dout 

Ill : Don't care 



CAS-Before- RAS Set Cycle (CBRS) 

Address 
(A2-A7)• 

wE 
I /0 
(Output) 
I/0 
(Input) 

OT/OE 

DSFl 

Note: AO, Al, AS: Don't care 
SC : Don't care 

CAS-Before-RAS Reset Cycle (CBRR) 

Address 

WE 
I/0 
(Output) 
I/0 
(Input) 
Of;Q[ 

OSFl 

SC 

SC 

Ill· Don't care 

Note: 1. Bi, Bj initiate the boundary addresses. ~:Don't care 
2. Ym, Yn are the SAM start address in before SRT/MSWT. 

~ 1-1rr/\ r1-11 



Flash Write Cycle 

Address 

1/0 
(Ir.;Jut) 

DSFl 
tRFH+j-- ~.Don't care 

~HtTAr-HI 



Register Read Cycle (Mask data, Color data) 

Address 

I/0 
(Output) 

I/0 
(Input) 

DSFl 

Note: 1. State of DSFl at falling edge of CAS 

State 0 1 

Accessed Mask Data Color Data 
Data (LMR) (LCR) 

Ill: Don't care 



Read Transfer Cycle-1 (Re•I Time Read Transfer) 

Address 

I/0 
(Output) 

OS Fl 

SC 

SI/0 
(Input) 

QSF 

High-Z 

SAM Address MSB 

1+-New Row 

ID: Don't care 



Read Transfer Cycle - 2 

Address 

I/0 
(Output) 

~SFl 

SC 

SI/0 
(Output) tsrs 

SI/0 
(Input) 

QSF SAM Address MSB 

tRC 
tRAS 

tcsH tCR? 
tRSH 

tCAS 

tRAI. 

a: Don't care 



Masked Write Transfer Cycle 

Address 

I/0 
{Output) 

DSFl 

SC 

SI/0 
(Output) 

SI/0 
-~~--l 

(Input) --~--++--=-----++-------< 

QSF 

I/0 
(Input) 

Note: 1. I/0 Mask Data (In new mask mode) 
Low : Mask 
Hign : Non Mask 
I/0 : Don't care in persistent mask mode. 

~HITAr.HI 

~:Don't care 



Split Read Transfer Cycle 

Address 

I/0 
(Output) 

DSFl 

SC 

SI/0 (Output) __ __ 

SI/O 
(Input) 

QSF 

Notes: 1. 
2. 
3. 

High-Z 

SAM Address MSB 

Ym is the SAM start address in before SRT. 
Bi, Bj initiate the boundary address. 
AS : Don 1 t care, and upper SAM or lower SAM 
internal circuit. 
SAM start address can't set on the boundary 

~UITl\f"'UI 

;~ /-, .. 
t:Bj*2\ __ / ~ 1 .I 

II 

B: Don't .::a:""e 

is set automatica11y by :~e 

address. 



Masked Split Write Transfer Cycle 

Address 

I/0 
(Output) 

DSF 

SC 

SI/O 
(Output) 

SI/0 
(Input) 

QSF 

I/0 
(Input) 

l1+~1f..:.:.:.:.:.:.:.:.:.:_:_-t-R-AS-:_:_:_-:-_tR_C::=======---t ~-P-_..,--..i 

~~~--~~~ '~~-

Notes: 1. Ym is the SAM start address in before MSWT. ~ 
2. Bi, Bj initiate the boundary address. ~ Don't care 
3. 1/0 Mask Data (In new mask mode) 

Low : Mask 
High : Non Mask 
1/0 : Don't care in persistent mask mode. 

4. AS : Don't care, and upper SAM or lower SAM is set automatically by the 
internal circuit. 
SAM start address can't set on the boundary a~dress. 

~Wt~l\,...U1 



Serial Read Cycle 

SE 

Sereal Write Cycle 

SC 

SI/0 
(Input) 

-----...... --tscc -----+i+--
tsc---.; f+-ts:? 

m: Don't ::are 

m Don't ::are 

~HITAr.Ht 



Package Dimensions 

HM538253J Series (CP-400) 

2 s.ao . 

2~1 2S.1'MalC 

,lb 20 

1.lMalC 

,...j 

~I 
~I 

~I 
"!1 
1"'11 

:! 
ol 
::1 
::i 

i 

HM538253 Series 

_,. ,,_ 

Unit: mm 
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Package Dimensions (cont) 

HMS38253TT Series (TIP400A) 

• 18 .41 •I 
I 18.81 MU I 
J . 21 : '.o ........ a •••••• -. : 

I 

:f: i 
~ '"'a10.10! 
~ -

HMS38253RR Series (TTP-40DAR) 

x • % 
0 
~ -

1 • 
18.81 Max 

0 

1.005Max 

HM538253 Series 

"' Q 

c:i .. ..... 

I j• 11. 76:0.2 ,

1 

} '=i~ 
: %% 
., =1= ..... c:i ci 
c:i ~ 

0.50:0.10 .~ !. 

' 11.76 0.2 

o-s· 
c x 
%! 
•• 
a- ~ cilci 

~I 
0.50%0.10 •, ~. 

Unit: mm 

Unit: mm 
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HM538254 Series 
262,144-Word x 8-BH MuHlport CMOS Video RAM 

~HITACHI 
Rev.3 
Jul. 7, 1993 

The HMS38254 is a 2-Mbit multipon video RAM 
equipped with a 256-kword x 8-bit dynamic RAM 
and a 512-word x 8-bit SAM (full-sized SAM). Its 
RAM and SAM operate independently and 
asynchronously. The HM538254 has basically 
upward-compatibility with the HM534253A I 
HM538123A except that pseudo-write-transfer 
cycle is replaced with masked-write-transfer cycle, 
which has been approved by JEDEC. Furthennore, 
several new features are added to the HMS38254 
without conflict with the conventional features. 
Stopping column feature reali7.es much flexibility 
to the length of split SAM register. Persistent mask 
is also installed according to the TMS34020 
features. The HM538254 has Hyper page mode. 

Features 

• Multipon organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 

RAM: 256 kword x 8 bit 
SAM: 512 word x 8 bit 

•Access time 
RAM: 70 ns/80 ns/100 ns (max) 
SAM: 20 ns/23 ns/25 ns (max) 

•Cycle time 
RAM: 130 ns/150 ns/180 ns (min) 
SAM: 25 ns/28 ns/30 ns (min) 

•Low power 
Active RAM: 578 mW/495 mW/468 mW 

SAM: 358 mW/330 mW/303 mW 
Standby 38.5 mW (max) 

•Hyper page mode capability 
Cycle time: 35 ns/40 ns/45 ns 
Power RAM: 825 mW{715 mW/605 mW 

•Masked-write-ttansfer cycle capability 
•Stopping column feature capability 
•Persistent mask capability 
•Mask write mode ~pability 

•Bidirectional data ttansfer cycle between RAM 
and SAM capability 
•Split transfer cycle capability 
•Block write mode capability 
•Flash write mode capability 
•3 variations of refresh (8 ms/512 cycles) 
- AA'S'-only refresh 
- ~-before-JU3 refresh 
- Hidden refresh 
•TIL compatible 

Ordering Inf onnation 

Type No. Access time Package 

HM538254J·7 70 ns 400 mil 40-pin 
plastic SOJ 

HM538254J-8 80 ns (CP-400) 

HM538254J-10 100 ns 

HM538254TT-7 70 ns 44-pin thin small 
outline package 

HM538254TT-8 80 ns (TTP-400A) 

HM538254TT-10 100 ns 

HM538254RR-7 70 ns 44-pin thin small 
outline package 

HM538254RR-8 80 ns (TTP-400AR) 

HM538254RR· 10 100 ns 

93.09.02 

ADE-203-112C(Z) 



HM538254 Series 

Pin Arrangement Pin Description 

HM538254J Series 
Pin name Function 

AO-AS Address inputs 
Vee 1 40 Vss 

SC 2 39 51107 1/00 -1107 RAM port data inputs/outputs 

Sl/00 3 38 51106 

Sl/01 4 37 SI/OS Sl/00 - Sl/07 SAM port data inputs/outputs 

51102 5 36 Sl/04 RAS Row address strobe 
51103 6 3S SE 

OT/OE 7 34 1107 'OAS Column address strobe 

1100 8 33 1106 

1101 32 I/OS 
WE Write enable 

9 

1102 10 31 1104 UT10E Data transfer/output enable 
1103 11 30 Vss 

Vss 12 29 OSF1 SC Serial clock 

WE 13 28 OSF2 
S'E SAM port enable 

RAS 14 27 CAS 

AS 1S 26 OSF DSF1, DSF2 Special function input flag 

A7 16 2S AO 

AS 17 24 A1 OSF Special function output flag 

AS 18 23 A2 Vee Power supply 
A4 19 22 A3 

Vee 20 21 Vss Vss Ground 

(Top view) NL No lead 

HM538254TI Series HM538254RR Series 

Vee. 44 Vss Vss 44 1 Vee, 

SC 2 43 SV07 SV07 43 2 SC 

SllOO 3 42 SV06 SV06 42 3 svoo 
SV01 4 41 SllOS SllOS 41 4 Sl/01 

Sll02 5 40 $1104 SV04 40 5 Sl/02 

Sl/03 6 39 SE SE 39 6 Sl/03 

OTtOE 7 38 V07 1107 38 7 OTIOE 

~ 8 37 1106 V06 37 8 1/00 

l/01 g 36 VOS VOS 36 9 V01 

l/02 10 35 1104 1104 35 10 V02 

NL 11 34 NL NL 34 11 NL 
NL 12 33 NL NL 33 12 NL 

l/03 13 32 Vss Vss 32 13 V03 

Vss 14 31 DSF1 OSF1 31 14 Vss 

~ 15 30 OSF2 OSF2 30 15 WE 

RAS 16 29 CAS eAS 29 16 m 
AS 17 28 OSF OSF 28 17 AS 

A7 18 27 AO AO 27 18 A7 

A6 19 26 A1 Al 26 19 A6 

A5 20 25 A2 A2 25 20 AS 

A4 21 24 A3 A3 24 21 A4 

Vee. 22 23 Vss Vss 23 22 Vee 

(Top view) (Top view) 
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Block Diagram 

AO-AS 

AO-AS 

Column Address 
Buffer 

ID 
"'O 
0 

&l 
~ 0 

c: 'a E 
::> E 
0 < 
u 

Row Decoder 

Memory Array 

0 

Output 
Buffer 

1100-1/07 

HM538254 Series 

511 

Refresh 
Counter 

a; Qj 

~~ !!!"~ 
~o !ti Q) 

oa:: 

CD CD 

~~ 
u; 

~-~ 
~b oa:: 

Qj 
"8 

"' &l ::> 0 CD 
0 c: 
:::. E 
~ 

::> 
0 

< u 
C/') 

~ 
< 
C/') 

Sl/00 - Sl/07 

Timing Generator 

i I 

I I ! 
i 

I I i 
I I 

0 0 0 0 0 0 0 

IC/')IC/')'W!W ~ U1W 
•<i<I013J: C/') ;CJ') 

1a::1u
1
g' C/') 

0 

OSF 
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HM538254 Series 

Pin Functions 

RA'S" (input pin): JV3 is a basic RAM signal. It is active in low level and standby in high level. Row 
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these 
signals determine the operation cycle of the HM538254. 

Table 1. Operation Cycles of the HM538254 

~ ~ Address I/On Input 
Mnemonic 
Code ~ OTtOEWE OSF1 OSF2 DSF1 OSF2 ~ ~ ~ ~!WE. 

CBRS 0 0 0 0 Stop 

CBAR 0 0 0 0 

CBRN 0 0 0 

MWT 0 0 0 0 0 Row TAP WM 

MSWT 0 0 b 0 Row TAP WM 

RT 0 0 0 0 Row TAP 

SAT 0 0 0 Row TAP 

RWM 0 0 0 0 0 Row Column WM Input data 

Register 
Mnemonic Write Pers No.of 
Code Mask W.M. WM Color Bndry Function 

CBRS Set CBR refresh with stop resister set 

CBRR Reset Reset Reset CSR refresh with register reset 

CBRN CBR refresh (no reset) 

MWT Yes No Loadtuse- Masked write transfer {new/old mask) 
Yes Use 

MSWT Yes No Load/use- Use Masked split write transfer {new/old mask) 
Yes Use 

RT Read transfer 

SAT Use Split read transfer 

RWM Yes No Load/use- Read/write (new/old mask) 
Yes Use 

4 



HM538254 Series 

Table 1. Operation Cycles of the H!\11538254 {cont) 

Mnemonic 'RAS ~ Address I/On Input 

Code ~OT/OE WE OSF1 DSF2 OSF1 DSF2 ~ ~ 'RAS ~tWE 

BWM 0 0 0 0 Row Column WM Column Mask 

RW(No) 0 0 0 0 Row Column Input Data 

BW(No) 0 0 0 Row Column Column Mask 

FWM 0 0 0 Row - WM 

LMR and 1 0 0 0 (Row)- Mask Data 
Old Mask Set 

LCR 0 0 (Row)- Color 

Option 0 0 0 0 0 0 Mode - Data -

Register 
Mnemonic Write Pers No.of 
Code Mask W.M. WM Color Bndry Function 

BWM Yes No Load/use Block write (new/old mask) 
Yes Use Use 

RW(No) No No Read/write (no mask) 

BW(No) No No Use Block write (no mask) 

FWM Yes No Load/use Use Masked flash write (new/old mask) 
Yes Use 

LMR and Set Load Load mask register and old mask set 
Old Mask Set 

LCR Load Load color resister set 

Option 

Notes: 1. With CBRS, all SAM operations use stop register. 
2. After LMR. RWM, BWM, FWM, MWT, and MSWT, use old mask which can be reset by CBRR. 
3. DSF2 is fixed low in all operation. (for the addition of operation mode in future) 

5 



HMS38254 Series 
~ {input pin): Column address and DSFl signals are fetched into chip at the falling edge of ru. which 
detennines the operation mode of the HM538254. 

AO - AS (input pins): Row address (AXO - AXS) is detennined by AO - AS level at the falling edge of 
ru3. Column address (AYO - AYS) is detennined by AO - AS level at the falling edge of~. In 
ttansfer cycles, row address is the address on the word line which transfers data with SAM data register, 
and column address is the SAM stan address after transfer. 

m (input pin): wt pin has two functions at the falling edge of IU3 and after. When mis low at the 
falling edge of ~. the HMS382S4 turns to mask write mode. According to the l/q level at the time, 
write on each 1/0 can be masked. (W'£ level at the falling edge of~ is don't care in read cycle.) When 
mis high at the falling edge of~. a no mask write cycle is executed. After that, WE switches 
read/write cycles. In a ttansfer cycle, the direction of ttansfer is detennined by wt level at. the falling 
edge of IU3. When wt is low, data is transferred from SAM to RAM (data is written into RAM), and 
when W! is high, data is transferred from RAM to SAM (data is read from RAM). 

1/00 - 1/07 (input/output pins): l/O pins function as mask data at the falling edge of IU3 (in mask write 
mode). Data is written only to high 1/0 pins. Data on low l/O pins are masked and internal data are 
retained. After that, they function as inut/output pins as those of a standard DRAM. In block write cycle, 
they function as column mask data at the falling edges of ra and m. 
I5T/0E (input pin): l5T/OE pin functions as l5T (data transfer) pin at the falling edge of~ and as('.)! 
(output enable) pin after that. When 15T is low at the falling edge of IU3', this cycle becomes a transfer 
cycle. When I5T is high at the falling edge oflti3, RAM and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an Sl/0 pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an. Sl/O pin at the rising edge of 
SC is fetched into the SAM data register. 

~ (input pin): ~pin activates SAM. When ~ is high, Sl/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. ~ can be used as a 
mask for serial write because the internal pointer is incremented at the rising edge of SC. 

Sl/00 - SI/07 (input/output pins): SI/Os are input/output pins in SAM. Direction of input/output is 
detennined by the previous transfer cycle. When it was a read ttansf er cycle, SI/0 outputs data. When it 
was a masked write transfer cycle, Sl/O inputs data. 
DSFl (input pin): DSFl is a special function data input flag pin. It is set to high at the falling edge of RAS" 
when new flDlctions such as color register and mask register read/write, split transfer, and flash write, are 
used. 

DSF2 (input pin): DSF2 is also a special function data input flag pin. This pin is fixed to low level in all 
operations of the HM5382S4. 

· QSF (output pin): QSF outputs data of address AS in SAM. QSF is switched from low to high by 
accessing address 255 in SAM and from high to low by accessing address 511 in SAM. 
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HM538254 Series 

Operation of HMS38254 

RAM Port Operation 

RAM Read Cycle (ITT/OE high, CAS high and DSFl low at the falling edge of RAS, DSFl low at the 
falling edge of CAS) 

Ro~ address is entered at the~ falling edge and column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WE is high and DT/OE is low while CA'S is low, the selected address 
data outputs through 1/0 pin. At the falling edge of RAS, DT/OE and CAS become high to distinguish 
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time {tAA) and RAS to 
column address delay time (tRAD) specifications are added to enable hyper page mode. 

RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(OT/OE high, CAS high and DSFl low at the falling edge of RAS, DSFl low at the falling edge of CAS) 

• No Mask Write Cycle (WE high at the falling edge of RAS) 
When CAS is set low and WE is set low after RAS' low, a write cycle is executed. 
If WE is set low before the 00 falling edge, this cycle becomes an early write cycle and all 1/0 become 
in high impedance. 
If WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. 1/0 does not 
become high impedance in this cycle, so data should be entered with OE in high. 
If WE is set low after tcwo (min) and tAWD (min) after the CAS falling edge, this cycle becomes a read
modify-write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid I/O 
contention, data should be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of R'P3) 
If WE is set low at the falling edge of R'AS, two modes of mask write cycle are capable. 
1. In new mask mode, mask data is loaded from 1/0 pin and used. Whether or not an I/0 is written 
depends on 1/0 level at the falling edge of Rt\S'. The data is written in high level I/Os, and the data is 
masked and retained in low level I/Os. This mask data is effective during the RAS cycle. So, in page 
mode cycles the mask data is retained during the page access. 
2. If a load mask register cycle (LMR) has been performed, the mask data is not loaded from I/O pins and 
the mask data stored in mask registers persistently are used. This operation is known as persistent write 
mask, set by LMR cycle and reset by CBRR cycle. 

Hyper Page Mode Cycle (OT/OE high, CAS" high and DSFl low at the falling edge of RAS) 

Hyper page mode cycle reads/writes the data of the same row address at high speed by toggling CAS while 
R'P3 is low. Its cycle time is one forth of the random read/write cycle. In this cycle, read, write, and block 
write cycles can be mixed. Note that address access time (tAA). RAS to column address delay time 
(lRAo). and access time from CAS precharge (tAcP) are added. Column address is latched by CA'S low 
edge triger, access time from 00 is determined by t CAC (tAA from column address, tAcP from CA'S 
high edge). Dout data is held during CAS' high and is sustained until next Dout. Data output 
enable/disable is controlled by OT/OE and when both RAS and CAS become high, Data output become 
High-Z. In one~ cycle, 512-word memory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP max (100 µs). 
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HM538254 Series 

Color Register Set/Read Cycle era high, DT/M high, WE high and DSFl high at the falling edge of RAS') 

In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
write cycle. 8 bits of internal color register are provided at each 1/0. This register is composed of static 
circuits, so once it is set, it retains the data until reset Since color register set cycle is just as same as the 
usual read and write cycle, so read, early write and delayed write cycle can be executed. In this cycle, the 
HM538253 refreshes the row address fetched at the falling edge of ifri3. 

Mask Register Set/Read Cycle (rn high. M/OE high. WE high, and DSFl high at the falling edge of RAS) 

In mask register set cycle, mask data is set to the internal mask register used in mask· write cycle, block 
write cycle, flash write cycle, masked write transfer, and masked split write transfer. 8 bits of internal 
mask register are provided at each 1/0. This mask register is composed of static circuits, so once it is set, it 
retains the data until next mask register set or reset (CBRR). Since mask register set cycle is just as same 
as the usual read and write cycle, so read, early write and delayed write cycle can be executed. 

Flash Write Cycle era- high, DT/<'.m high, m low, and DSFl high at the falling edge of RAS") 

In a flash write cycle, a row of data (512 word x 8 bit) is cleared to 0 or lat each 1/0 according to the data 
of color register mentioned before. It is also necessary to mask 1/0 in this cycle. When C;\S and DT/OE 
is set high, m is low, and DSFl is high at the falling edge of RAS', this cycle starts. Then, the row 
address to clear is given to row address. Mask data is as same as that of a RAM write cycle. Cycle time 
is the same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual cycle time. 
(See figure 1.) 
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RAS 

CAS 

Address 

WE 

OT/OE 

DSF1 

VO 

Color Register Set Cycle 

<j 

lj 

§ 

Set color register 

Flash Write Cycle 

Execute flash write into each 
VO on row address Xi using 
color register. 

·1 VO Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, VO don't care 

Figure 1 Use of Flash Write 

HM538254 Series 

Flash Write Cycle 

Execute flash write into 
each VO on row address 
Xj using color register. 

9 



HM538254 Series 

Block Write Cycle(~ high, T5T/O! high and DSFI low at the falling edge ofrv3, DSFI high and W! 
low at the falling edge of m> 
In a block wri1e cycle, 4 columns of dara (4 column x 8 bit) are cleared ID 0 or 1 at each 1/0 according to 
the dara of color register. Column addresses AO and A 1 are .disregarded. The mask dara on I/Os and the 
mask dara on colwnn addresses can be determined independently. l/O level at the falling edge of tAS 
determines the address to be cleared. (See Figure 2.) The block write cycle is as the same as the usual 
write cycle, so early and delayed write, read-modify-write, and page mode write cycle can be executed. 

• No mask Mode Block Write Cycle (WE high at the falling edge of IU3) 
The dara on 8 I/Os are all cleared when W£ is high at the falling edge of lti3. 

• Mask Block Write Cycle (W£ low at the falling edge of IU3) 
When m is low at the falling edge of llAS', the HM538254 Stans mask block write cycle to clear the data 
on an optional LIO. The mask dara is the same as that of a RAM write cycle. High I/O is cleared, low 1/0 
is not cleared and the internal data is retained. In new mask mode, the mask dara is available in the RAS 
cycle. In J>ersistent mask mode, 1/0 don't care about mask mode. 

Color Register Set Cycle Block Write Cycle 

\.._ ____ ! 

WEl Mode VO data/RAS 
New 
Mask Mask 

Low Mode 
Persistent Don't care 
Mask (mask register used) 
Mode 

High No mask Don't care 

VO Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, VO don't care 

Column Mask Data 

VOO I ColumnO (AO• 0, A1 • 0) Mask Data 
V01 J Column1 (AO • 1, A 1 • 0) Mask Data 
V02 ! Column2 (AO .. 0, A1 • 1) Mask Data 
V03 l Column31AO • 1, A 1 • U_ Mask Data 

Low: Mask 

High: Non Mask 

Figure 2 Use or Block Write 

Block Write Cycle 
1 
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HM538254 Series 

Transfer Operation 

The HM5382S4 provides the read transfer cycle. split read.ttansfer cycle, masked write transfer cycle and 
masked split write transfer cycle as data ttansfer cycles. Theses transfer cycles are set by driving~ 
high and DT.R'.m low at the falling edge ofl'U3. They have following functions: 
(1) Transfer data between row address and SAM data register 
Read transfer cycle and split read ttansfer cycle: RAM to SAM 
Masked write transfer cycle and masked split write transfer cycle: SAM to RAM 
(2) Determine Sl/O state (except for split read ttansfer cycle and masked split write transfer cycle) 
Read o:ansfer cycle: Sl/O output 
Masked write ttansfer cycle: SI/O input 
(3) Determine first SAM address to access after ttansferring at column address (SAM start address). 
SAM start address m11St be determined by read ttansfer cycle or masked write ttansfer cycle (split transfer 
cycle isn't .available )before SAM access, after power on, and determined for each transfer cycle. 
(4) Use the stopping columns (bolllldaries) in the serail shift register. If the stopping columns have been 
set. split transfer cycles use the stopping columns, but any boundaries cannot be set as the start address. 
(5) Load/use mask data in masked write transfer cycle and masked split write transfer cycle. 

Read Transfer Cycle(~ high, DT1cm low,~ high and DSFl low at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving l5T~ low, WE high and DSFl low at the falling edge 
of llAS'. The row address data (512 x 8 bits) determined by this cycle is transferred to SAM data register 
synchronously at the rising edge of l5T/M. After the rising edge of t5TK5£. the new address data outputs 
from SAM start address determined by column address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 
This cycle can access SAM even during ttansfer (real time read transfer). In this case, the timing tsoo 
(min) specified between the last SAM access before transfer and I5T!OE rising edge and tsoH (min) 
specified between the first SAM access and l5TKm rising edge must be satisfied. (See figure 3.) 
When read transfer cycle is executed. SI/O becomes output state by first SAM access. Input must be set 
high impedance before tszs (min) of the first SAM access to avoid data contention. 

RAS 

CAS 

Address x Xi x Yj x 
OT/OE \L ~ 
OSF1 \ I 

SC 

Sl/O Yj+ 1 

SAM Data before Transfer SAM Data after Transfer 

Figure 3 Real Time Read Transfer 
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HM538254 Series 

Masked Write Transfer cycle (00 high. r;'f /~low, m low, and DSFl low at the failing edge of RAS) 

Masked write transfer cycle can transfer only selected 1/0 data in a row of data input by serial write cycle 
to RAM. Whether SAM data is transferred or not depends on the corresponding 1/0 level (mask data) at 
the falling edge of iu3. This mask transfer operation is the same as a mask write operation in RAM 
cycles, so the persistent mode can be supported. The row address of data transferred into RAM is 
detennined by the address at the falling edge of R.43. The column address is specified as the first address 
for serial write after tenninating this cycle. Also in this cycle, SAM access becomes enabled after tsRD 
(min) after RAS" becomes high. SAM access is inhibited during ra- low. In this period, SC must bot be 
risen. Data transferred to SAM by read transfer cycle or split read transfer cycle can .be written to other 
addreses of RAM by write transfer cycle. However, the adddress to write data must be the same as that of 
the read tranSfer cycle or the split read transfer cycle (row address AX8) 

Split Read Transfer Cycle (CA3 high. OT/OE low; WE high and DSFI high at the falling edge of RAS) 

To execute a continuous serial read by real time read transfer, the HM538254 must satisfy SC and DT/OE 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it 
possible to execute a continuous serial read without the above timing limitation. 
The HM538254 supports two types of split register operation. One is the normal split register operation to 
split the data register into two halves. The other is the boundary split register operation using stopping 
columns described later. 
Figure 4 shows the block diagram for the normal split register operation. SAM data register (DR) consists 
of 2 split buffers, whose organizations are 256-word x 8-bit each. Let us suppose that data is read from 
upper data reagister ORI (The row address AX8 is 0 and SAM address A8 is 1.). When split read transfer 
is executed setting row address AX8 to 0 and SAM stan addresses AO to A 7. 256-word x 8-bit data are 
transferred from RAM to the lower data register ORO (SAM address A8 is 0) automatically. After data are 
read from data register ORI, data start to be read from SAM start addresses of data register DRO. If the 
next split read transfer isn't executed while data are read from data register ORO. data start to be read from 
SAM Stan address 0 of DRI after data are read from data register DRO. If split read transfer is executed 
setting row address AX8 to I and SAM start addresses AO to A 7 while data are read from data register 
DRl, 256-word x 8-bit data are transferred to data register DR2. After data are read from data register 
DRl, data start to be read from SAM start addresses of data register DR2. If the next split read transfer 
isn't executed while data is read from data register DR2. data start to be read from SAM stan address 0 of 
data register DR I after data are read from data register DR2. In split read data transfer, the SAM stan 
address A8 is automatically set in the data register, which isn't used. 
The data on SAM address A8, which will be accessed next, outputs to QSF, QSF is switched from low to 
high by accessing SAM last address 255 and from high to low by accessing address 5 I l. 
Split read transfer cycle is set when ffi is high, OT/OE is low, WE is high and DSFI is high at the falling 
edge of JV3. The cycle can be executed asyncronously with SC. However, HM538254 must be satisfied 
tSTS (min) timing specified between SC rising (Boundary address) and RAS falling. In split transfer cycle, 
the HM.538254 must satisfy lRST (min). tcsT (min) and tAsT (min) timings specified between RAS or 
~falling and column address. (See figure 5.) 
In split read transfer, Sl/O isn't switched to output state. Therefore, read transfer must be executed to 
switch Sl/O to output state when the previous transfer cycle is masked write transfer cycle or masked split 
write transfer cycle, or power on. SAM start address must be set in every split read transfer cycle. 
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HM538254 Series 

ct 
<D M "'O 

Memory .8 c: Memory 0 Cll Cll 
0 

Array Ill Array ::i 0 ::i 
al al 

~ 
c 

~ E 
AXS•O ::i AXS .1 

~ 0 ~ 
0 < (..) < C'\I 

a: C/'J ~ C/'J a: 
0 < 0 

C/'J 

SAM VO Buffer 

Sl/O 

Figure 4 Block Diagram for Split Transfer 

RAS I 
tsrs(min) Ii tRsr(min) .! ·1, 

i: 
I 

CAS 

tcsr(min)! 

Address x Xi a Yj 
I 

tAsr(min) 
1 

OT/OE 

OSF1 

SC Bi Ym Yj 

Note: Ym is the SAM start address in before SAT. Bi and Bj initiate the boundary address. 

Figure 5 Limitation in Split Transfer 
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HM538254 Series 

Masked Split Write Transfer Cycle (00 high, Di/Gt low, WE low and DSFl high at the falling edge of ill) 

A continuous serial write cannot be executed because accessing SAM is inhibited during~ low in write 
uansfer. Masked split write transfer cycle makes it possible. In this cycle, tsTS (min). tRsT (min), tcsT 
(min) and tAST (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch 
SI/O to input state in this cycle. If SI/O is in output state, masked write transfer cycle should be executed 
to switch SI/O into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle 
can be written to other addresses of RAM by masked split write transfer cycle. However masked write 
uansfer cycle must be executed before masked split write transfer cycle. And in this masked split write 
uansfer cycle, the MSB of row address (AX8) to write data must be the same as that of the read transfer 
cycle or the split read transfer cycle. In this cycle, the boundary split register operation using stopping 
columns is capable like split read transfer cycle. 

Stopping Column in Split Transfer Cycle 

The HM538254 has the boundary split register operation using stopping columns. If a CBRS cycle has 
been performed, split transfer cycle performs the boundary operation. Figure 6 shows an example of 
boundary split register. (Boundary code is B7.) 
First of all a read transfer cycle is executed. and SAM start addresses AO to AS are set. The RAM data are 
transferred to the SAM, and SAM serial read starts from the start address (Yl) on the lower SAM. After 
that, a split read transfer cycle is executed, and the next start address (Y2) is set. The RAM data are 
transferred to the upper SAM. When the serial read arrive at the first boundary after the split read transfer 
cycle, the next read jumps to the start address (Y2) on the upper SAM Uump 1) and continues. Then the 
second split read transfer cycle is executed, and another start address (Y3) is set. The RAM data are 
transferred to the lower SAM. When the serial read arrive at the other boundary again, the next read jumps 
to the start address (Y3) on the lower SAM. In stopping column. split transfer is needed for jump operation 
between lower SAM and upper SAM. 

: Column .:. 
:"'size ... Boundaries (87) 

J 128b1t l 
(Y1) 

I 
(Y3) (Y2) 
4~ 

i . 
I I 

I 

I 

: Start Jump 1 
I Jump2 . 
I 

I 

l .. Lower SAM I 

·~ 
UeperSAM 

256 bit 256 bit 

Figure 6 Example of Boundary Split Register 
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HM538254 Series 

Stopping Column Set Cycle (CBRS) 

This cycle becomes stopping column set cycle by driving~ low,~ low, DSFl high at the falling edge 
of R:i3'. Stopping column data (boundaries) are latched from address inputs on the falling edge of RAS. 
To detennine the boundary, A2 to A7 can be used and don't care AO, Al, and A8. In the HM538254, 7 
types of boundary (B2 to B8) can be set including the default case. (See stopping column boundary table.) 
If A2 to A6 arc set to high and A7 is set to low, the boundaries (B7) are selected. Figure 6 shows the 
example. The stop address that is set by the CBRS is used from next split transfer cycle. Once a CBRS is 
executed, the stopping column operation mode continues until CBRR. 

Stopping Column Boundary Table 

Stop 

Boundary code Column size A2 

82 4 0 

83 8 

84 16 

BS 32 

86 64 

87 128 

88 256 

Notes: 1.AO, A 1, and AB: don't care 
2:: don't care 

Register Reset Cycle (CBRR) 

Address 

A3 A4 

0 

0 

AS AS A7 

0 

0 

0 

This cycle becomes register reset cycle (CBRR) by driving G\Slow, WE high, and DSFI low at the 
falling edge of RAS. A CBRR can reset the persistent mask operation and stopping column operation, so 
the HM538254 become the new mask operation and boundary code B8. When a CBRR is executed for 
stopping column operation reset and split transfer operation, it needs to satisfy tsTS (min) and lRST (min) 
between~ falling and SC rising for correct SAM read/write operation. 

No Reset CBR Cycle (CBRN) 

This cycle becomes no reset CBR cycle (CBRN) by driving 00 low, WE high and DSFI high at the 
falling edge of W". The CBRN can only execute the refresh operation. 
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SAM Port OJ>!,ration 

Serial Read Cycle 

Hl\1538254 Series 

SAM port is in read mode when the previous data tr~insfcr cycle is a read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output from Si/O. When SE is set high, SI/O becomes high 
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address 
(address 511), the internal pointer indicates address 0 m the next access. 

Serial Write Cycle 

If previous data transfer cycle is masked write transfer cycle. SAJ\·1 pon goes into write mode. In this 
cycle, Sl/O data is fetched into data register al the SC rising edge like in the serial read cycle. If SE is 
high, Sl/O data isn't fetched into data register. The imcm:.11 poimcr is incremented by the SC rising, so SE 
high can be used as mask data for SAM. After indicating the last address (address 511 }, the internal 
pointer indicates address 0 al the next access. 

Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits. requires refresh cycle LO retain d=ita. Refresh is executed by 
accessing all 512 row addresses within 8 ms. There arc three refresh cycles: (1) RAS-only refresh cycle, 
(2) rn-before-R:A3 (CBRN, CBRS, and CBRR) refresh cycle. and (3) Hidden refresh cycle. Besides 
them, the cycles which activate RAS, such as read/write cycles or tr:.1nsfcr cycles. can also refresh the row 
address. Therefore, no refresh cycle is required when all row addresses are accessed within 8 ms. 

(1) RAS-Only Refresh Cycle: ~-only refresh cycle is executed by activating only the RAS cycle with 
CA'S' fixed to high after inputting the row address(= refresh address) from external circuits. To distinguish 
this cycle from a data transfer cycle, DT/OE must be high at the foiling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle (CBRN. CBRS :md CBRR) are set by activating rn before 
RAS. In this cycle, the refresh address need not lo be input through external circuits because it is inpuJ 
through an internal refresh counter. In this cycle, output is in high impedance and power dissipation is 
lowered because CAS' circuits don 'l operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR rdrcsh with the data output by reactivating 
RAS when OT/OE and ra keep low in normal RAM read cycles. In the mask register read cycle and the 
color register read cycle, Doul data guarantc~d while RAS and CAS' are low, and so after the mask register 
read cycle or the color register reud cycle is performed, in hidden refresh cycle Dout data is not guaranteed. 

SAM Refresh 

SAM pans (data register, shift resister uml selector), org~mizcd ~is fully static circuitry, require no refresh. 
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HM538254 Series 

Absolute Maximum Ratings 

Parameter Symbol Value Unit 

Voltage on any pin relative to Vss Vr -1 .o to +7.0 v 

S~pply voltage relative to Vss Vee -0.5 to +7.0 v 

Short circuit output current lout 50 mA 

Power dissipation Pr 1.0 w 

Operating temperature To pr o to +70 oc 

Storage temperature Tstg -55 to +125 oc 

Recommended DC Operating Conditions (Ta = 0 to+ 70°C) 

Parameter Symbol 

Supply voltage Vee 

Input high voltage 

Input low voltage 

Notes: 1. All voltage referenced to Vss 
2 -3.0 V for pulse widths 10 ns. 

Min Typ 

4.5 5.0 

2.4 

-0.5·2 

Max Unit Notes 

5.5 v 

6.5 v 

0.8 v 
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Hl\1538254 Series 

DC Characteristics (Ta = 0 to+ 70°C, V cc= 5 V ± 10%, V ss = 0 V) 

HM538254·7 HM538254-8HM538254·10 

Parameter Symbol Min Max Min Max Min Max Unit Test conditions 

Operating lee1 110 100 90 mA RAS. 'CAS SC =VIL· SE• V1H 
current cycling 

lee1 165 150 140 mA tRc =min SE= VIL· SC cycling, tscc •min 

Block write lceisw - 115 105 90 mA RAS. 'CAS SC • VIL· SE• YtH 
current"3 cycling 

lee1sw - 170 155 140 mA tRc =min SE • VIL· SC cycling, tscc. min 

Standby lee2 7 7 7 mA RAS. 'CAS SC• VIL· SE• VtH 
current •V1H 

tees 65 60 55 mA SE. VIL· SC cycling, tscc. min 

RAS-only 'ee3 110 100 90 mA RAS cycling SC= VIL· SE• VtH 
refresh CAS .. V1H 
current leeg 165 150 135 mA IRc •. min SE• VIL· SC cycling, tsce. min 

Hyper page lcc4 130 120 110 mA CA5 cycling SC •VIL· SE• V1H 
mode current RAS. v1L 

'ce10 185 170 160 mA tpc. min SE· VIL· SC cycling, tscc. min 

Hyper page lec4BW - 155 140 130 mA 'CAS cycling SC • VIL· SE • V1H 
mode block RAS. v1L 
write current"3 lccioew- 210 190 175 mA tpc .. min SE= VIL· SC cycling. tscc'"' min 

CA'S-before· tees 85 75 65 mA RAS cycling SC• VIL· SE• VtH 
RAS refresh tRc. min 
current lcc11 140 130 120 mA SE• VIL· SC cycling. tscc •min 

Data transfer lees 130 115 100 mA RAS, 'CAS SC• VIL· SE• V1H 
current cycling 

tcc12 180 165 145 mA IRc. min SE"• VIL· SC cycling. tscc. min 

Input leakage lu -10 10 -10 10 -10 10 µA 0 Vs Vin S 7 V 
current 

Output leakage ILo -10 10 -10 10 -10 10 µA 0 Vs Vin s 7 V 
current Dout, Sout • disable 

Output high VoH 2.4 - 2.4 - 2.4 v loH ·-1 mA 
voltage 

Output low Vol - 0.4 0.4 - 0.4 v loL = 2.1 mA 
voltage 

Notes: 1. Ice depends on output load condition when the device is selected. Ice max is specified at the 
output open condition. 

2. Address can be changed once while RAS is low and CA'S is high. 
3. Address can be changed once in 1 page cycle (tpc). 
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HM538254 Series 

Capacitance (Ta = 25°C, V cc = 5 V ± 10%, f = 1 MHz, Bias: Clock, I/O = V CC• address = V ss) 

Parameter Symbol Typ Max Unit Note 

Input capacitance (Address) 5 pF 

Input capacitance (Clocks) 5 pF 

Output capacitance (1/0, SVO, OSF) 7 pF 

Notes: 1. This parameter is sampled and not 100% tested. 

AC Characteristics (Ta= Oto +70°C, Vee= 5 v ± 10%, Vss = O V) *1• *16 

Test Conditions 

- Input rise and fall times: 5 ns 
- Input pulse levels: V SS to 3.0 V 
- Input timing reference levels: 0.8 V, 2.4 V 
- Output timing reference levels: 0.8 V, 2.0 V 
- Output load: RAM 1 ITL + CL (50 pF) 

SAM, QSF 1 ITL + CL (30 pF) 
(Including scope and jig) 

Common Parameter 

HM538254-7 HM538254-8 HM538254-1 O 

Parameter Symbol Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 

'RAS precharge time tRP 50 60 70 

'RAS pulse width tRAs 70 10000 80 10000 100 10000 

~ pulse width tcAS 20 20 25 

Row address setup time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address setup time tAsc 0 0 0 

Column address hold time tcAH 12 15 15 

'RAS to 'CJ:S delay time tRco 20 50 20 60 20 75 

'RAS hold time referenced to ~ tRSH 20 20 25 

~hold time referenced to~ tcsH 70 80 100 

~ to Jtl(S precharge time tcRP 10 10 10 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes 

2 
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HM538254 Series 

Common Parameter (cont) 

HM538254-7 HM538254-8 HM538254-10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Transition time (rise to fall) tr 3 50 3 50 3 50 ns 3 

DSF1 to~ setup time tFsc 0 0 0 ns 

Refresh period tREF 8 8 8 ms 

UT to~ setup time tors 0 0 0 ns 

OT to~ hold time torH 10 10 10 ns 

DSF1 to~ setup time tFsR 0 0 0 ns 

DSF1 to~ hold time tRFH 10 10 10 ns 

DSF1 to~ hold time tcFH 12 15 15 ns 

Data-in to~ delay time tozc 0 0 0 ns 4 

Data-in to OE delay time tozo 0 0 0 ns 4 

Output buffer tum-off delay referenced tD OE toFF2 15 20 20 ns 5 
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HMS38254 Series 

Read Cycle (RAM), Hyper Page Mode Read Cycle 

HM538254-7 HM538254-8 HM538254-1 O 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Access time from ~ tRAc 70 80 100 ns 6, 7 

Access time from ~ tcAC 20 20 25 ns 7,8 

Access time from OE toAC 20 20 25 ns 7 

Address access time tAA 35 40 45 ns 7,·9 

Read command setup time tRcs 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 10 

Read command hold time referenced to~ tRRH 0 5 10 ns 10 

~ to column address delay time tRAo 15 35 15 40 15 55 ns 2 

Column address to~ lead time tRAL 35 40 45 ns 

Column address to~ lead time tcAL 25 30 35 ns 

Hyper page mode cycle time tpc 35 40 45 ns 

Hyper page~ precharge time tcp 5 10 10 ns 

Hyper page access time from ~ precharge tAcP 40 45 50 ns 

Hyper page mode~ pulse width tRASP 70 100000 80 100000100 100000 ns 

Hyper page data out hold time tooH 4 5 5 ns 

Data-out buffer turn-off time (~) tRHZ 15 20 20 ns 5 

Data-out buffer turn-off time (~) tcHZ 15 20 20 ns 5 
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HM538254 Series 

Write Cycle (RAM), Hyper Page Mode Write Cycle, Color Register Set Cycle 

HM538254-7 HMS38254-8 HMS38254-1 O 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Write command setup time twcs 0 0 0 ns 11 

Write command hold time twcH 12 15 15 ns 

Write command pulse width twp 12 15 15 ns 

Write command to RAS lead time tRWL 20 20 20 ns 

Write command to 'C1'S lead time tcwL 20 20 20 ns 

Data-in setup time tos 0 0 0 ns 12 

Data-in hold time toH 12 15 15 ns 12 

WE to RAS setup time tws 0 0 0 ns 

WE to RAS hold time twH 10 10 10 ns 

Mask data to RAS set~ time tMS 0 0 0 ns 

Mask data to RAS hold time tMH 10 10 10 ns 

OE hold time referenced to WE toEH 15 20 20 ns 

Hyper page mode cycle time tpc 35 40 45 ns 

Hyper page 'C1'S precharge time tcp 5 10 10 ns 

'C'AS to data-in delay time tcoo 15 20 20 ns 13 

Hyper page mode RA'S pulse width tRASP 70 100000 80 100000 100 100000 ns 
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HM538254 Series 
Read-Modify-Write Cycle 

HM538254-7 HM538254-8 HM538254-10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Read-modify-write cycle time tRwc 180 200 230 ns 

'RAS pulse width (read-modify-write cycle) tRws 120 10000 130 10000 150 10000 ns 

~ to WE delay time tcwo 40 45 50 ns 14 

Column address to WE delay time tAWD 60 65 70 ns 14 

OE to data-in delay time tooo 15 20 20 ns 12 

Access time from 'RAS tRAc 70 80 100 ns 6, 7 

Access time from~ tcAC 20 20 25 ns 7, 8 

Access time from OE toAC 20 20 25 ns 7 

Address access time tAA 35 40 45 ns 7, 9 

'RAS to column address delay time tRAD 15 35 15 40 15 55 ns 

Read command setup time tRcs 0 0 0 ns 

Write command to 'RAS lead time tRWL 20 20 20 ns 

Write commar.d to~ lead time tcwL 20 20 20 ns 

Write command pulse width twp 12 15 15 ns 

Data-in setup time tos 0 0 0 ns 12 

Data-in hold time toH 12 15 15 ns 12 

OE hold time referenced to WE to EH 15 20 20 ns 

Refresh Cycle 

HM538254·7 HM538254·8 HMS38254·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

'CAS setup time (~·before-RAS refresh) tcsR 10 10 10 ns 

'CA'S hold time (°CAS-before-'RAS refresh) tcHR 10 10 10 ns 

'RAS precharge to ~ hold time tRPC 10 10 10 ns 
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HM538254 Series 

Flash Write Cyde, Block Write Cyde, and Register Read Cycle 

HM538254-7 HM5382S4-8 HM538254-1 O 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

~to data-in delay time tcoo 15 20 20 ns 13 

OE to data-in delay time tooo 15 20 20 ns 13 

~ to data-in delay time tRoo 20 20 20 ns 13 

CBR Refresh with Register Reset 

HM538254-7 HM538254-8 HM538254-10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Split transfer setup time tsrs 20 20 25 ns 

Split transfer hold time referenced to ~ tRsT 70 80 100 ns 

Read Transfer Cycle 

HM538254-7 HM538254-8 HM538254-10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

UT hold time referenced to~ tROH 60 10000 65 10000 80 10000 ns 

UT hold time referenced to~ le OH 20 20 25 ns 

OT hold time referenced to column address tAoH 25 30 30 ns 

UT precharge time torP 20 20 30 ns 

UT to~ delay time to Ro 60 70 80 ns 

SC to~ setup time tsRS 15 20 30 ns 

1st SC to~ hold time tsRH 70 80 100 ns 

1st SC to ~ hold time tscH 25 25 25 ns 

1st SC to column address hold time tsAH 40 45 50 ns 

Last SC to UT delay time tsoo 5 5 5 ns 

1st SC to UT hold time tsoH 10 13 15 ns 

UT to OSF delay time toao 30 35 35 ns 15 
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HM538254 Series 

Read Transfer Cycle (cont) 

HM538254-7 HM538254-8 HM538254-10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

QSF hold time referenced to UT toaH 5 5 5 ns 

Serial data-in to 1st SC delay time tszs 0 0 0 ns 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time •sis 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

~to column address delay time tRAo 15 35 15 40 15 55 ns 

Column address to~ lead time tRAL 35 40 45 ns 

RAS to OSF delay time tRao 70 75 85 ns 15 

~ to OSF delay time tcao 35 35 35 ns 15 

QSF hold time referenced toRAS tRQH 20 20 25 ns 

QSF hold time referenced to~ tcaH 5 5 5 ns 
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HM538254 Series 

Masked Write Transfer Cycle 

HM538254-7 HMS38254-8 HM538254·10 

Parameter Symbol Min Max Min Max Min· Max Unit Notes 

SC setup time referenced to RX'S ts Rs 15 20 30 ns 

'RAS to SC delay time ts RD 20 25 25 ns 

Serial output buffer turn-off time 
referenced to 'RAS 

tsRZ 10 30 10 35 10 50 ns 

'RAS to serial data-in delay time ts10 30 35 50 ns 

'RAS to QSF delay time tRQD 70 75 85 ns 15 

'CAS to QSF delay time tcao 35 35 35 ns 15 

QSF hold time referenced to 'RAS tRQH 20 20 25 ns 

QSF hold time referenced to 'CAS tcaH 5 5 5 ns 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time tsrH 15 15 15 ns 

26 



HM538254 Series 

Split Read Transfer Cycle, Masked Split Write Transfer Cycle 

HM538254-7 HM538254-8 HM538254-1 O 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Split transfer setup time tsrs 20 20 25 ns 

Split transfer hold time referenced to 'RAS tAsT 70 80 100 ns 

Split transfer hold time referenced to ~ tcsT 20 20 25 ns 

Split transfer hold time referenced to tAST 35 40 45 ns 
column address 

SC to QSF delay time tsao 30 30 30 ns 15 

QSF hold time referenced to SC tsaH 5 5 5 ns 

Serial clock cycle time tscc 25 28 30 ns · 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

'RAS to column address delay time tAAo 15 35 15 40 15 55 ns 

Column address to 'RAS lead time tAAL 35 40 45 ns 
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HM538254 Series 

Serial Read Cycle, Serial Write Cycle 

HM538254· 7 HM538254-8 HM538254-1 O 

P•rameter Symbol Min Max Min Max Min Max Unit Notes 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge width tscP 10 10 10 ns 

Access time from SC tscA 20 23 25 ns 15 

Access time from 'SE tseA 17 20 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial output buff er turn-off time tsHZ 15 20 20 ns 5,17 
referenced to 'SE 

'SE to serial output in low-Z tsLZ 0 0 0 ns 5,17 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

Serial write enable setup time tsws 0 0 0 ns 

Serial wrtie enbable hold time tswH 15 15 15 ns 

Serial write disable setup time tsw1s 0 0 0 ns 

Serial write disable hold time tswtH 15 15 15 ns 
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Notes: 1. 
2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

HM538254 Series 

AC measurements assume tr • 5 ns. 

When tRco > tRcO (max) and tRAo > tRAo (max), access time is specified by tcAC or tAA 

v1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition 

time tT is measured between V1H and VIL· 

Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 
cycle and delayed write cycle, either tozc (min) or tozo (min) must be satisfied. 

tRHZ (max), tcHZ (max), toFF2 (max), tsHZ (max) and tsLZ (min) are defined as the time at 

which the output acheives the open circuit condition (VoH - 100 mV, VoL + 100 mV). This 

parameter is sampled and not 100% tested. _ 
Assume that tRco s tRco (max) and tRAo s tRAo (max). H tRco or tRAo is greater than the 

maximum recommended value shown in this table, tRAc exceeds the value shown. 

Measured.with a load circuit equivalent to 1 m loads and 50 pF. 
When tRco ~ tRco (max) and tRAo s tRAO (max), access time is specified by tcAC· 

When tRco s tRco (max) and tRAo ~ tRAo (max), access time is specified by tAA· 

10. If both tRcH and tRRH are satisfied, operation is guaranteed. 

11. When twcs ~ twcs (min), the cycle is an early write cycle, and 110 pins remain in an open 

circuit (high impedance) condition. 
12. These parameters are specified by the later falling edge of 'CAS or WE. 
13. Either tcoo (min), tooo (min) or tRoo (min) must be satisfied because output buffer must be 

turned off by ~. OE or RAS prior to applying data to the device when output buffer is on. 
14. When tAwo ~ tAwD (min) and tcwo ~ tcwo (min) in read-modify-write cycle, the data of the 

selected address outputs to an 110 pin and input data is written into the selected address. t000 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

15. Measured with a load circuit equivalent to 1 m loads and 30 pF. 
16. After power-up, pause for 100 µs or more and execute at least 8 initialization cycle (normal 

memory cycle or refresh cycle), then start operation. Hitachi recommends that least 8 
initialization cycle is the CBRR for internal register reset. This CBRR need not tsrs and tRST· 

17. When tsHZ and tsu are measured in the same VCC and Ta condition and tr and tf of SE are 

less than 5 ns, tsHZ s tsLZ + 5 ns. This parameter is sampled and not 100% tested. 

18. After power-up, OSF output may be High-Z, so 1 sc cycle is needed to be low-Z it. 
19. DSF2 pin is open pin, but Hitachi recommends it is fixed low in all operation for the addition 

mode in future. 
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• Timing Waveforms 

Read Cycle 

RA'S 

Address 

I/0 
(Output) 

I/0 
(Input) 

OSFl 

------------tAc------------..i 11~-------tAAs--------.tl+--~tRP--....., 

1111: Don't care 
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Hyper J>age Mode Re~d Cycle 

Address 

1/0 
(Output) 

I/0 
(Input) 

OT/Of 

OSFl 

Ill: Don't care 
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H~538254 Series 

Write Cycle 

The write cycle state table as shown below is applied to early write, delayed write, page mode write, and 
read-modify write. 

Write Cycle State Table 

OSF1 DSF1 WE 
Menu Cycle 

RWM 

BWM 

RW 

BW 

LMR04 

Write mask (new/old) 
Write DOs to VOs 

Write mask (new/old) 
Block write 

Normal write (no mask) 

Block write (no mask) 

Load mask resister 

LCR
0

" Load color resister 

Note 1 

W1 

0 

0 

0 

0 

j WE Mode ' 110 data/RAS 

I I New 
I I Mask 
I Low Mode 

I I Mask 

W2 

0 

0 

0 

I 
i Persistent 

: Mask 
! : Mode 

i Ooni care ! 
\ (mask register used) I 

! High : No mask ; Ooni care 

110 Mask Data (In new mask mode) 

Low: Mask 
High: Non Mask 

In persistent mask mode, VO doni care 

Note 2: reference Figure 2. use of Block Write 
Note 3: llO Write Mask Data 

Low: Mask 
High: Non mask 

Note 4: Column Address: Ooni care 

W3 

0 

0 

~ ~ 

1/0 110 

W4 ws 

Write mask01 Valid data 

Write mask·2 Column mask"2 

Don't care· 1 Valid data 

Don't care2 Column mask
0
2 

Don't care Mask da1a·3 

Don't care COIC!r data 
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Early Write Cycle 

Address 

WE 

I/0 
(Output)---~------++-------_.;.-----------

I/0 
(Input) 

OSFl 

Wl to WS: See Write Cycle State Table for the logic states. 

@HITACHI 

!Ill: Don't care 
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Delayed Write Cycle 

Address 

WE 

I/0 
(Output) 

I/0 
(Input) 

OSFl 

Wl to WS: See Write Cycle State Table for the logic states. 

(!)HITACHI 

Ill: Don't care 
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Hyper Page Mode Write Cycle (Early Write) 

..... -----------tAC'-------------~ 

Address 

WE 
I/0 
(Output) 

I/0 
(Input) 

OT/OE 

DSFl 

..... ---------tAASP----------..i 

Wl to WS: See Write Cycle State Table for the logic states. 

Hyper Page Mode Write Cycle (Delayed Write) 

II: Don't care 

14-------------tRc---------------tol 

Address 

WE 
I/0 
(Output) 

I/O 
(Input) 

OT/OE 

DSFl 

14-----------tAASP----------...i 1 

Wl to WS: See Write Cycle State Table for the locgic states. 

@HITACHI 

lll:Don't care 
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Read- Modify-Write Cycle 

Address 

1/0 
(Iriput} 

DSFl 

Wl to WS: See Write Cycle State Table for the logic states. 

~HITACHI 

111: Don't care 
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• RAS-Only Refresh Cycle 

Address 

I/0 
(Output) 

I/0 
(Input) 

DSFl 

WE:Oon't care mil: Don't care 
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CAS-Before-RAS Refresh Cycle (CBRN) 

Address 

I/0 
(Output) 

OT/OE 

OSFl 

Note: SC:Don't care 

Hidden Refresh Cycle 

Address 

I/0 
(Output) 

I/0 
(Input) 

OSFl 

@HITACHI 

fil: Don't care 

Valid Dout 

Ill: Don't care 
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CAS-Before- RAS Set Cycle (CBRS} 

Address 
(A2-A7) * 

WE 
I/0 
(Output) 
I/0 
(Input} 

OT/OE 

OS Fl 

Note: AO, Al, AS:Don't care 
SC : Don't care 

CAS-Before-RAS Reset Cyc:e (CBRR) 

ill: Don't care 

---------tRc---------t1 
---tRP---~ i.o----tRAs-----~ .._--tRP----.t 

Address 

WE 
I/0 
(Output) 
I/0 
(Input) 

OT/OE 

OSFl 

SC 

SC tRST 

Note: 1. Bi, Bj initiate the boundary addresses. 
2. Ym, Yn are the SAM start address in before SRT/MSWT. 

~HITACHI 

m. Don't care 
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Flash Write Cycle 

Address 

!/0 
(Input) 

OT/OE 

OSFl 

L-----tRAS 
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Register Read Cycle (Mask data, Color data) 

Address 

I/0 
(Output) 

I/0 
(Input) 

DSFl 

Note: 1. State of DSFl at falling edge of CAS 

State 0 1 

Accessed Mask Data Color Data 
Data (LMR) (LCR) 

@HITACHI 

Im: Don't care 
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Read Transfer Cycle-i (Real Time Read Transfer) 

Address 

I /0 
(Output) 

DSFl 

SC 

SI/0 
( In;:iut) 

QSF 

Previous Row--+1 i.-- New Row 

High-Z 
1k3,,,,j 

tQQH, 
~------------S-A_M_A_d_d_r_e_s_s_M_S_B ___________________ ~~---------------------------

ill: Don~t care 
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Read Transfer Cycle - 2 

Address 

I/0 
(Output) 

DT/OE 

OSFl 

SC 

SI/0 
(Output) 

SI/0 
(Input) 

QSF 

D: Don't cal"'e 
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Masked Write Transfer Cycle 

Address 

I/0 
(Output) 

OS Fl 

SC 

SI/0 
(Output) 

SI/0 
----~--'! 

( l npu t) ---.::;.;::..;.;...--++----=----++-----: 

QSF 

I/0 
(Input) 

Note: 1. 1/0 Mask Data (In new mask mode) 
Low : Mask 
High : Non Mask 
1/0 : Don't care in persistent mask mode. 

@HITACHI 

~:Don't care 
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Split Read Transfe·r.Cycle 

--.+t------tcAs-----'91 ...... ---~~-----..! 1"-------

Address 

I/0 
(Out;:iut) 

OSFl 

SC 

SI/0 
(Out;:iut)_.,....._ ..... 

SI/0 
(Input) 

QSF 

High-Z 

SAM Address MSB 

Notes: 1. Ym is the SAM start address in before SRT. 
2. Bi, Bj initiate the boundary address. 

m: ~on' t care 

3. AS : Don't care, and upper SAM or lower SAM is set automatically by the 
internal circuit. 
SAM start address can't set on the boundary address. 
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Masked Split Write Transfer Cycle 

Address 

I/0 
(Output) 

DSF 

SC 

SI/0 
(Output) 

SI/O 
(Input) 

QSF 

I/0 
(Input) 

Notes: l. 
2. 
3. 

Ym is the SAM start address in before MSWT. 
81, Bj initiate the boundary address. 
1/0 Mask Data (In new mask mode) 
Low : Mask 
High : Non Mask 
I/0: Don't care· in persistent mask mode. 

111: Don't care 

4. AS : Don't care, and upper SAM or lower SAM 1s set automatically by ~he 
internal circuit. 
SAM start address can't set on the boundary address. 
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Serial Read Cycle 

Sf 

SC 

Sereal Write Cycle 

SC 

SI/0 
(Input) 

1.11 ·Don't care 

g: Don't care 
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HM538254 Series 

Package Dimensions 

HM538254J Series (CP-400) Unit: mm 

r 25.80 . " 
26. HMex I 

[::::::::::::::]! il ~ 
, 11 20 

~ '°I ~ 
.. 1.3Mex ::;1 

0.43+0.10t!!, ,! !,m lt ~ 
I II 9.40±0.25 I! 

:010.10! 
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Package Dimensions (cont) 

HM538254TT Series (TTP-40DA) 

18.41 
18.81 Max 

0 

"'ii'li~vV\vrav~~viViT'~ll'O'O'Vil'ilV'ITii~ 

, II l''.m 
Q • J Q :! Q , 1 QI I f.&i Q • 2 1 IS! 

20 

, • 1.0 051-iax 

,;LI I 
-t-bAAAAAAA IA !@ilh!IA§41!! i 

xi t 
~I ""''· "' 

HM538254RR Series (TTP-40DAR) 

• . 1.005Max 

.:. 11 
;; 

HM538254 Series 

Unit: mm 

Yi 

j 

Unit: mm 

11. 76 :!0.2 . ' 
I , i .... o-s· .. 

49 



HM5316123 Series Preliminary 
131,072-Word x 16-Blt Multlport CMOS Video RAM 

@HITACHI 
Rev. 2 
Feb. 10, 1993 

The HM5316123 is a 2-Mbit multiport video RAM 
equipped with a 128-kword x 16-bit dynamic 
RAM and a 256-word x 16-bit SAM (full-sized 
SA.i\11). Its RAM and SAM operate independently 
and asynchronously. The HM5316123 has 
basically upward-compatibility with the 
HM534253A!HM538123A except that pseudo
write-transfer cycle is replaced with masked-write
tran sf er cycle, which has been approved by 
JEDEC. Furthermore, several new features are 
added to the HM5316123 without conflict with the 
conventional features. Stopping column feature 
realizes much flexibility to the length of split SAM 
register. Persistent mask is also installed according 
to the TMS34020 features. Byte-write-control is 
useful for x 16 organization to be fit to 8-bit ous 
system. 

Preliminary: This document contains information on a new 

product. Specifications and information contained herein 

are subject to change without notice. 

···Hitachi ~ 
semiconductor -

Features 

• Multiport organization 
Asynchronous and simultaneous operation of 
RAM and SAM capability 

RAM: 128 kword x 16 bit 
SAM: 256 word x 16 bit 

• Access time 
RAM: 70 ns/80 ns/100 ns (max) 
SAM: 20 ns/23 ns/25 ns (max) 

• Cycle time 
RAM: 130 ns/150 ns/180 ns (min) 
SAM: 25 ns/28 ns/30 ns (min) 

Low power 
Active RA..\1: 660 mW/605 mW/550 mW 

SAM: 468 mW/413 mW/385 mW 
Standby 38.5 mW (max) 

Masked-write-transfer cycle capability 
• Stopping column feature capability 

Persistent mask capability 
• Byte write control capability: 2WE control 
• Fast page mode capability 

Cycle time: 45 ns/50 ns/55 ns 
Power RAM: 688 mW/660 mW/633 mW 

• Mask write mode capability 
• Bidirectional data transfer cycle between RA.i\1 

and SMvi capability 
• Split transfer cycle capability 

Block write mode capability 
• Flash write mode capability 
• 3 variations of refresh (8 ms/512 cycles) 

- RAS-only refresh 
- CAS-before-RAS refresh 
- Hidden refresh 
TI1.. compatible 



HM5316123 Series 

Ordering Information Pin Description 

Type No. Access time Package Pin name Function 

HMS316123F-7 70 ns 64-pin plastic 
shrink SOP AO-AS Address inputs 

HMS316123F-8 80 ns (FP-64DS) 
l/00 - l/01S RAM port data inputs/outputs 

HMS316123F-1 O 100 ns Sl/00 - Sl/01 S SAM port data inputs/outputs 

RAS Row address strobe 
Pin Arrangement 

HM5316123F Series CAS Column address strobe 

WEU Upper byte wrrte enable 
Vee 64 

ITT10E 63 WEI Lower byte wrrte enable 

Vss 62 
Sl/00 61 ITT10E Data transfer/output enable 

l/00 60 

Sl/01 S9 Sl/014 SC Serial clock 

l/01 sa l/014 

vcc S7 Vee 
SE SAM port enable 

Sl/02 S6 Sli013 DSF1, DSF2 Special func!ion input flag 
1102 10 SS 11013 

51103 11 S4 Sl/012 OSF Special function output flag 

1103 12 S3 l/012 

Vss 13 S2 Vss Vee Power supply 

Sl/04 14 51 Sl1011 

l/04 1S so 1/011 Vss Ground 

SI/OS 16 49 Sl/010 

I/OS 17 48 l/010 

Vee 18 47 Vee 
Sl/06 19 46 Sl/09 

1106 20 1/09 

Sl/07 21 Sl/08 

22 l/08 

23 Vss 
24 41 DSF1 

2S OSF2 

26 CAS 
27 QSF 

28 AO 

29 A1 

30 A2 

31 A3 

32 Vss 

(Top view) 
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HM5316123 Series 
Block Diagram 

AO-AS 

AO-A7 AO-AS 

~ 

~o 
..c: .= 
</) c 
~o u::o 

.~ 
'~o 
..¥: -

I CJ c:j 0 
() 

Column Address 
Buffer 

IJl 
::I 

CD 

Q:; ~ 'U 

8 "'° Q) 

~ a 
c 
E c. 

E ::I < 0 
() Q) 

IJl 
c 
a> 

I./') 0 

Row Addressl,.______J"Relr9sh 
Buffer~ 

Row Decoder 

511 ~ a; Memory Array 

~~ 
(ii 

ea·-
- Cl 

'~~ 
t1l Q) 

aa: 

Q:; Q:; (ii 
'(ii 

~·gi c Q) 

~cu 
I-(!) aa: 

~ 
'U 
0 

IJl CJ 
Q) 

::I a CD 

~ 
c 
E 
::I 

~ 0 < (.) 
(/) 

~ 
< 
(/) 

Sl/00 - SV015 

Output 
Buffer Timing Generator 

I 
I 

I 
I 

I i 
I 

i 

I I I ! I I 
6 0 0 0 0 0 6 V00-11015 

11./')'(/) ~:uj u:. () [UJ i<I< (/)ii./') 
la: 10 f:::;~ (/) 

a,~ a 
;UJ 

13: 

QSF 
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HM5316123 Series 

Pin Functions 

RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. -Row 
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these 
signals determine the operation cycle of the HM5316123. 

Table 1. Operation Cycles of the HM5316123 

~ ~ Address VOn Input 
Mnemonic 
Code 'CAS OT10E WE DSF1 DSF2 OSF1 DSF2 ~ ~ ~ 'CASIWE 

CSRS 0 0 0 0 Stop 

CSRR 0 0 0 0 

CSRN 0 0 0 

MWT 0 0 0 0 0 Row TAP WM 

MSWT 0 0 0 0 Row TAP WM 

RT 0 0 0 0 Row TAP 

SRT 0 0 0 Row TAP 

RWM 0 0 0 0 0 Row Column WM Input data 

Register 
Mnemonic Write Pers No.of 
Code Mask W.M. WM Color Bndry Function 

CSRS Set CSR refresh with stop resister set 

CSRR Reset Reset Reset CBR refresh with register reset 

CBRN CSR refresh (no reset) 

MWT Yes No Load/use- Masked write transfer (new/old mask) 
Yes Use 

MSWT Yes No Load/use- Use Masked split write transfer (new/old mask) 
Yes Use 

RT Read transfer 

SRT Use Split read transfer 

RWM Yes No Load/use- Read/write (new/old mask) 
Yes Use 
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HM5316123 Series 

Table 1. Operation Cycles of the HM5316123 (cont) 

Mnemonic ~ 'C7'S Address I/On Input 

Code ~ OT/OE WE OSF1 OSF2 DSF1 OSF2 ~ ~ ~ ~/WE 

BWM 0 0 0 0 Row Column WM Column 
Mask 

RW(No) 0 0 0 0 Row Column - Input data 

BW(No) 0 0 0 Row Column - Column· 
Mask 

FWM 0 0 0 Row WM 

LMR and 1 0 0 0 (Row) - Mask 
Old Mask Set Data 

LCR 0 0 (Row) - Color 

Option 0 0 0 0 0 0 Mode - Data 

Register 
Mnemonic Write Pers No.of 
Code Mask W.M. WM Color Bndry Function 

BWM Yes No Load/use Block write (new/old mask) 
Yes Use Use 

RW(No) No No Read/write (no mask) 

BW(No) No No Use Block write (no mask) 

FWM Yes No Load/use Use Masked flash write (new/old mask) 
Yes Use 

LMR and Set Load Load mask register and old mask set 
Old Mask Set 

LCR Load Load color resister set 

Option 

Notes: 1. With CBRS, all SAM operations use stop register. 
2. After LMR, RWM, BWM, FWM. MWT. and MSWT, use old mask which can be reset by CBRR. 
3. DSF2 is fixed low in all operation. (for the addition of operation mode in future) 
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HMS316123 Series 

CAS' (input pin): Column address and DSFl signals are fetched into chip at the falling edge of CAS', which 
detennines the operation mode of the HM5316123. CAS controls output impedance of 1/0 in RAM. 

AO - AS (input pins): Row address (AXO - AX8) is detennined by AO - A8 level at the falling edge of 
RAS. Column address (AYO - AY7) is detennined by AO - A7 level at the falling edge of <:AS'. In 
transfer cycles, row address is the address on the word line which transfers data with SAM data register, 
and column address is the SAM start address after transfer. 

MU and WEI: (Input pins): ~ and ~ pins have two functions at the falling edge of RAS and after. 
When either mti or WEL is low at the falling edge of RAS, the HM5316123 turns to mask write mode. 
According to the 1/0 level at the time, write on each 1/0 can be masked. (WEiJ and ml levels at the 
falling edge of RAS is don't care in read cycle.) When both WE0 and WEL are high at the falling edge of 
RAS, a no mask write cycle is executed. After that, WEU and WEI: switch read/write cycles. Both WEU 
and wt( must be held high in a read cycle. In a transfer cycle, the direction of transfer is detennined by 
m'U and ~ levels at the falling edge of RAS'. When either WEU or WEI: is low, data is transferred 
from SAM to RAM (data is written into RAM). and when both WEU and WEL are high, data is 
transferred from RAM to SAM (data is read from RAM). 

I/00 - I/015 (input/output pins): 1/0 pins function as mask data at the falling edge of RAS (in mask write 
mode). Data is written only to high I/O pins. Data on· low I/0 pins are masked and internal data are 
retained. After that, they function as inut/output pins as those of a standard DRAM. In block write cycle, 
they function as column mask data at the falling edges of CAS". and WEU or WEI:. 

DT!<'.m (input pin): DT/0£ pin functions as OT (data transfer) pin at the falling edge of RAS and as 0£ 
(output enable) pin after that. When OT is low at the falling edge of RAS, this cycle becomes a transfer 
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independently. 

SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin 
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of 
SC is fetched into the SAM data register. 

SE (input pin): SE pin activates SAM. When SE is high, Sl/O is in the high impedance state in serial read 
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a 
mask for serial write because the internal pointer is incremented at the rising edge of SC. 

Sl/00 - Sl/015 (input/output pins): SI/Os are input/output pins in SAM. Direction of input/output is 
detennined by the previous transfer cycle. When it was a read transfer cycle, SI/0 outputs data. When it 
was a masked write transfer cycle, SI/O inputs data. 

DSFl (input pin): DSFl is a special function data input flag pin. It is set to high at the falling edge of itA3 
when new functions such as color register and mask register read/write, split uansfer, and flash write, are 
used. 

DSF2 (input pin): DSF2 is also a special function data input flag pin. This pin is fixed to low level in all 
operations of the HM5316123. 

QSF (output pin): QSF outputs data of address A 7 in SAM. QSF is switched from low to high by 
accessing address 127 in SAM and from high to low by accessing address 255 in SAM. 

6 



HM5316123 Series 

Operation of HMS316123 

RAM Port Operation 

RAM Read Cycle (OT/OE high, CAS high and DSFl low at the falling edge of RA"S, DSFl low at the 
falling edge of CAS) 

Row address is entered at the RAS falling edge and column address at the CAS falling edge to the device 
as in standard DRAM. Then, when WEU or WEL is high and OT/OE is low while Ci\S is low, the 
selected address data outputs through I/O pin. At the falling edge of RAS, OT/OE and CAS' become high 
to distinguish RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (tAA) and 
RAS to column address delay time (tRAO) specifications are added to enable fast page mode. · 

RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write) 
(OT/OE high, CAS' high and DSFl low at the falling edge of RAS, DSFI low at the falling edge of CAS) 

• No Mask Write Cycle (WEU and WEL high at the falling edge of RAS) 

When CAS is set low and either WE'U or WEL is set low after RAS low, a write cycle is executed. 
If either WEU or WEL is set low before the CAS falling edge, this cycle becomes an early write cycle and 
all I/O become in high impedance. All 16 data are latched on the falling edge of CAS'. If only one of 
WEU and WEL is low when CAS falls, the write will affect only those corresponding 8 bits. If the other 
of WEU and WEL falls at the same time in the cycle, the write will then occur for those 8 bits, with the 
latched data. 
If .both mlJ and WEL are set low after the CAS falling edge, this cycle becomes a delayed write cycle 
and all 16 data are latched on the falling edge of WEU or WEL. Byte write occures if only one of WEU or 
WEL falls during the cycle. I/O does not become high impedance in this cycle, so data should be entered 
with OE in high. 
If both WEU and WEL are set low after tcwo (min) and tAWD (min) after the CAS falling edge, this cycle 
becomes a read-modify-write cycle and enables read/write at the same address in one cycle. In this cycle 
also, to avoid I/0 contention, data should be input after reading data and driving OE high. 

• Mask Write Mode (WEU or WEL low at the falling edge of RAS) 

If WEU or WEL is set low at the falling edge of RAS, two modes of mask write cycle are capable. 
1. In new mask mode, mask data is loaded from I/O pin and used. Whether or not an I/0 is written 
depends on I/0 level at the falling edge of RAS. The data is written in high level I/Os, and the data is 
masked and retained in low level I/Os. This mask data is effective during the RAS cycle. So, in page 
mode cycles the mask data is retained during the page access. 
2. If a load mask register cycle (LMR) has been perfonned, the mask data is not loaded from I/O pins and 
the mask data stored in mask registers persistently are used. This operation is known as persistent write 
mask, set by LMR cycle and reset by CBRR cycle. 

Fast Page Mode Cycle (OT/OE high, CA'S" high and DSFI low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the same row address at high speed by toggling CAS' 
while RAS is low. Its cycle time is one third of the random read/write cycle. In this cycle, read, wriL Jnd 
block write cycles can be mixed. Note that address access time (tAA), RAS to column address delay time 
(tRAD), and access time from CA'S' precharge (tAcP) are added. In one RAS' cycle, 256-word memory 
cells of the same row address can be accessed. It is necessary to specify access frequency within tRASP 
max (100 µs). 
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HM5316123 Series 

Color Register Set/Read Cycle (CAS high, DT/0£ high, WEIT and WEL high and DSFI high at the 
falling edge of RAS) 

In color register set cycle, color data is set to the internal color register used in flash write cycle or block 
write cycle. 16 bits of internal color register are provided at each J/O. This register is composed of static 
circuits, so once it is set. it retains the data until reset Since color register set cycle is just as same as the 
usual write cycle, so read, early write and delayed write cycle can be executed. In this cycle, the 
HM5316123 refreshes the row address fetched at the falling edge of RAS. 

Mask Register Set/Read Cycle (C33 high, DT/<:>E high, WEU and WEL high, and DSFI high at the 
falling edge of RAS) 

In mask register set cycle, mask data is set to the internal mask register used in mask write cycle, block 
write cycle, flash write cycle, masked write transfer, and masked split write transfer. 16 bits of internal 
mask register are provided at each 1/0. This mask register is composed of static circuits, so once it is set, it 
retains the data until reset. Since mask register set cycle is just as same as the usual read and write cycle, 
so read, early and delayed write cycles can be executed. 

Flash Write Cycle (CAS high, DT/OE high, WEU or WEL low, and DSFl high at the falling edge of m) 

In a flash write cycle, a row of data (256 word x 16 bit) is cleared to 0 or 1 at each J/O according to the data 
of color register mentioned before. It is also necessary to mask I/O in this cycle. When CAS and DT/OE 
is set high, WEU or WEL is low, and DSFl is high at the falling edge of RAS, this cycle startS. Then, the 
row address to clear is given to row address. Mask data is as same as that of a RAM write cycle. Cycle 
time is the same as those of RAM read/write cycles, so all bits can be cleared in 1/256 of the usual cycle 
time. (See figure 1.) 

Address 

0r16E 

DSF1 

110 

~lor Register Set Cycle 
1 Flash Write Cycle I 
I 

1 Flash Write Cycle •( 

I I I 

Color Data ·1 

Set color register 
I . 

I

·. Execute flash write into each 
110 on. ro~ address Xi using 
color register. 

•1 1/0 Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, 110 don•t care 

Figure 1 Use of Flash Write 

Execute flash write into 
each 110 on row address 
Xj using color register. 
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HMS316123 Series 
Block Write Cycle (CAS° high. DT/OE high and DSFI low at the falling edge of RAS, DSFI high and 
WEU or WEL low at the falling edge ofC':43) 

In a block write cycle, 4 columns of data (4 column x 16 bit) are cleared to 0 or 1 at each I/O according to 
the data of color register. Column addresses AO and Al are disregarded. The mask data on I/Os and the 
mask data on column addresses can be determined independently. I/O level at the falling edge of ~ 
determines the address to be cleared. (See Figure 2.) The block write cycle is as the same as the usual 
write cycle, so early and delayed write, read-modify-write, and page mode write cycle can be executed. 

• No mask Mode Block Write Cycle (WEU and 'Wm: high at the falling edge of RAS) 

The data on 16 I/Os are all cleared when W!U and WEL are high at the falling edge of RAS. 

• Mask Block Write Cycle (WEU or WEL low at the falling edge of RAS) 

When either WEU or WEL is low at the falling edge of RAS. the HM5316123 starts mask block write 
cycle to clear the data on an optional 1/0. The mask data is the same as that of a RAM write cycle. High 
1/0 is cleared, low I/O is not cleared and the internal data is retained. In new mask mode, the mask data is 
available in the RAS cycle. In persistent mask mode, 1/0 don't care about mask mode. 

• Column Mask (WEU or WEL low at the falling edge of CAS) 

Column mask data is determined by 41/0s (I/00, I/01, I/02, I/03) level at CA'S' low and WEU or WEL 
low edge. When upper byte column mask is performed by WEL high and WEU low, column mask data are 
determined by 4!/0s (1100. I/01, I/02, 1/03) and other I/Os (1/04to1/015) don't care. 
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Color Register Set Cycle Block Write Cycle 

RAS 

CAS 

Address 

WEU, WEL 7j 

OT/OE §' 

DSF1 <j 

1/0 ., 
!WEU, WELi Mode 110 data/RAS 

New 
Mask Mask 

Either Mode 
Low Persistent Deni care 

I Mask (mask register used) 
, Mode 

Both Highl No mask Deni care 

110 Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, VO doni care 

Column Mask Daia 

r 1100 ColumnO (AO • 0, A 1 • 0) Mask Data 

i l/01 Column 1 (AO • 1, A 1 • 0) Mask Data 

/ l/02 Column2 (AO • 0, A 1 • 11 Mask Data 

Low: Mask 

HM5316123 Series 

Block Write Cycle 

\..___--Jr 

l 
[ 1103 Column3 JAO • 1, A 1 • 11 Mask Data High: Non Mask j 

Figure 2 Use of Block Write 
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HM5316123 Series 

Transfer Operation 

The HM5316123 provides the read transfer cycle, split read transfer cycle, masked write transfer cycle and 
masked split write transfer cycle as data transfer cycles. Theses transfer cycle5 are set by driving CA'S high 
and OT/OE low at the falling edge of RAS'. They have following functions: 
(1) Transfer data between row address and SAM data register 
Read transfer cycle and split read transfer cycle: RAM to SAM 
Masked write transfer cycle and masked split write transfer cycle: SAM to RAM 
(2) Determine SJ/O state (except for split read transfer cycle and masked split write transfer cycle) 
Read transfer cycle: SI/O output 
Masked write transfer cycle: Sl/O input 
(3) Determine first SAM address to access after transferring at column address (SAM start address). 
SAM start address must be determined by read transfer cycle or masked write transfer cycle (split transfer 
cycle isn't available)before SAM access, after power on, and determined for each transfer cycle. 
(4) Use the stopping columns (boundaries) in the serail shift register. If the stopping columns have been 
set, split transfer cycles use the stopping columns, but any boundaries cannot be set as the start address. 
(5) Load/use mask data in masked write transfer cycle and masked split write transfer cycle. 

Read Transfer Cycle (Cft3 high, DT/OE low, WEU and WEL high and DSFl low at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT/OE low, WEU and WEL high and DSFl low at the 
falling edge of RAS. The row address data (256 x 16 bits) determined by this cycle is transferred to SAM 
data register synchronously at the rising edge of OT/OE. After the rising edge of OT/OE, the new address 
data outputs from SAM start address determined by column address. In read transfer cycle, OT/OE must 
be risen to transfer data from RAM to SAM. 
This cycle can access SAM even during transfer (real time read transfer). In this case, tile timing tsoo 
(min) specified between the last SAM access before transfer and OT/OE rising edge and tsoH (min) 
specified between the first SAM access and DT/OE rising edge must be satisfied. (See figure 3.) 
When read transfer cycle is executed, Sl/O becomes output state by first SAM access. Input must be set 
high impedance before tszs (min) of the first SAM access to avoid data contention. 

RAS 

CAS 

Address x Xi x Yj x 
OT/OE 

I 

~L ff OSF1 t~~ I 

SC ~ "'\ 
Sl/O x x Yj Yj + 1 

SAM Data before Transfer SAM Data after Transfer 

Figure 3 Real Time Read Transfer 
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HM5316123 Series 

Masked Write Transfer cycle (CXS' high, DT/OE low, WEU or WEL low, and DSFI low at the falling 
edge of~) 

Masked write transfer cycle can transfer only selected I/0 data in a row of data input by serial write cycle 
to RAM. Whether one I/O data is transferred or not depends on the corresponding 1/0 level (mask data) at 
the falling edge of RAS. This mask transfer operation is the same as a mask write operation in RAM 
cycles, so the persistent mode can be supported. The row address of data transferred into RAM is 
determined by the address at the falling edge of RAS. The column address is specified as the first address 
for serial write after terminating this cycle. Also in this cycle, SAM access becomes enabled after tsRO 
(min) after RAS becomes high. SAM access is inhibited during RAS low. In this period, SC must bot be 
risen. Data transferred to SAM by read transfer cycle or split read transfer cycle can be written to other 
addreses of RAM by write transfer cycle. However, the adddress to write data must be the same as that of 
the read transfer cycle or the split read transfer cycle (row address AX8) 

Split Read Transfer Cycle (CAS high, DT/OE low, WEU and WEL high and DSFl high at the falling edge of RAS) 

To execute a continuous serial read by real time read transfer, the HM5316123 must satisfy SC and OT/OE 
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it 
possible to execute a continuous serial read without the above timing limitation. 
The HM5316123 supports two types of split register operation. One is the normal split register operation 
to split the data register into two halves. The other is the boundary split register operation using stopping 
columns described later. 
Figure 4 shows the block diagram for the normal split register operation. SAM data register (DR) consists 
of 2 split buffers, whose organizations are 128-word x 16-bit each. Let us suppose that data is read from 
upper data reagister DR 1 (The row address AX8 is 0 and SAM address A 7 is 1.). When split read transfer 
is executed setting row address AX8 to 0 and SAM start addresses AO to A6, 128-word x 16-bit data are 
transferred from RAM to the lower data register ORO (SAM address A 7 is 0) automatically. After data are 
read from data register ORI, data start to be read from SAM start addresses of data register ORO. If the 
next split read transfer isn't executed while data are read from data register ORO, data start to be read from 
SAM start address 0 of DR 1 after data are read from data register DRO. If split read transfer is executed 
setting row address AX8 to 1 and SAM start addresses AO to A6 while data are read from data register 
DRl, 128-word x 16-bit data are transferred to data register DR2. After data are read from data register 
DRl, data start to be read from SAM start addresses of data register DR2. If the next split read transfer 
isn't executed while data is read from data register DR2, data start to be read from SAM start address 0 of 
data register ORI after data are read from data register DR2. In split read data transfer, the SAM start 
address A 7 is automatically set in the data register, which isn't used. 
The data on SAM address A7, which will be accessed next, outputs to QSF. QSF is switched from low to 

high by accessing SAM last address 127 and from high to low by accessing address 255. 
Split read transfer cycle is set when a°S is high, DT/O'E is low, WEU and WEL is high and DSFl is high 
at the falling edge of RAS. The cycle can be executed asyncronously with SC. However, HM5316123 
must be satisfied tSTS (min) timing specified between SC rising (Boundary address) and RAS falling. In 
split transfer cycle, the HM5316123 must satisfy tRsT (min), tcsT (min) and tAsT (min) timings specified 
between RAS' or CAS falling and column address. (See figure 5.) 
In split read transfer, SI/O isn't switched to output Slate. Therefore, read transfer must be executed to 
switch SI/Oto output state when the previous transfer cycle is masked write transfer cycle or masked split 
write transfer cycle. SAM start address must be set in every split read transfer cycle. 
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HM5316123 Series 

a: = ('I) "'O 
Memory 0 a: Memory Cl r/) 

CJ 
{/) Cl 

Array 
Q) 

Array :::> Cl :::> 
al a:i 

~ 
c: 

~ E 
AXS ·O :::> AXS • 1 ~ 0 ~ 

0 < () < (\j 

a: (/) 
~ 

(/) a: 
Cl < Cl 

(/) 

SAM 1/0 Buffer 

Sl/O 

Figure 4 Block Diagram for Split Transfer 

RAS 

!1 tsrs (min) tRsr(min) 

·1 
1. 

I! 

CAS ~ I 
tcsr(min)I, .i I 

i 
Address x Xi X) Yj 

tAsr(min) 

OT/OE 

DSF1 

SC Bi Ym Yj 

Note: Ym is the SAM start address in before SAT. Bi and Bj initiate the boundary address. 

Figure S Limitation in Split Transfer 
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HM5316123 Series 

Masked Split Write Transfer Cycle cm- high, DT/OE low, WEU or ~ low and DSFl high at the 
falling edge of RAS) 

A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write 
transfer. Masked split write transfer cycle makes it possible. In this cycle, tsTS (min), tRsT (min), tcsT 
(min) and tAST (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch 
SUO to input state in this cycle. If Sl/O is in output state, masked write transfer cycle should be executed 
to switch Sl/O into input state. Data transferred to SAM by read transfer cycle or split read transfer cycle 
can be written to other addresses of RAM by masked split write transfer cycle. However, masked write 
transfer cycle must be executed before split write transfer cycle. And in this masked split write transfer 
cycle, the MSB of row address (AX8) to write data must be the same as that of the read transfer cycle or 
the split read transfer cycle. 

Stopping Column in Split Transfer Cycle 

The HM5316123 has the boundary split register operation using stopping columns. If a CBRS cycle has 
been performed, split transfer cycle performs the boundary operation. Figure 6 shows an example of 
boundary split register. (Boundary code is B6.) 
First of all a read data transfer cycle is executed, and SAM stan addresses AO to A 7 are set The RAM data 
are transferred to the SAM, and SAM serial read starts from the stan address (Yl) on the lower SAM. 
After that, a split read transfer cycle is executed, and the next stan address (Y2) is set The RAM data are 
transferred to the upper SAM. When the serial read arrive at the first boundary after the split read transfer 
cycle, the next read jumps to the stan address (Y2) on the upper SAM Uump 1) and continues. Then the 
second split read transfer cycle is executed, and another stan address (Y3) is set. The RAM data are 
transferred to the lower SAM. When the serial read arrive at the other boundary again, the next read jumps 
to the stan address (Y3) on the lower SAM. In stopping column, split transfer is needed for jump operation 
between lower SAM and upper SAM. 

: _folumn siz\i l 64brt i Boundaries (86) 

l l . . . . 
(Y1) 

. 
(Y3) j (Y2) . . . o-+ 

4 ~ 
. . . . 

. . . 
!Start Jump 1 

. 
Jum 

I J . I . 
p2 

:~4~----L~o_w_e_rs_A_M ____ ........ ~;•11-----..... urppe;,,..,...,r_s_A_M ____ ~~~:.' 
: 128 bit : 128 brt 

Figure 6 Example of Boundary Split Register 
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HMS3 l 6123 Series 
Stopping Column Set Cycle (CBRS) 

This cycle becomes stopping column set cycle by driving~ low, mtJ or W'm: low, DSFI high at the 
falling edge of RAS. Stopping column data (boundaries) are latched from address inputs on the falling 
edge of RAS. To determine the boundary, A2 to A6 can be used and don't care AO, Al, and A7. In the 
HM5316123, 6 types of boundary (B2 to B7) can be set including the default case. (See stopping column 
boundary table.) If A2 to A5 are set to high and A6 is set to low, the boundaries (B6) are selected. Figure 
6 shows the example. The stop address that is set by the CBRS is used from next split transfer cycle. Once 
a CBRS is executed, the stopping column operation mode continues until CBRR. 

Stopping Column Boundary Table 

Stop 

Boundary code Column size A2 

B2 4 0 

B3 8 

B4 16 

B5 32 

B6 64 

B7 128 

Notes: 1. AO, Al, and A7: don't care 
2. *: don't care 

Register Reset Cycle (CBRR) 

Address 

A3 A4 

* * 

0 * 

0 

A5 A6 

* * 

* *· 

* * 

0 * 

0 

This cycle becomes register reset cycle (CBRR) by driving CAS low, WEU and WEL high, and DSFl low 
at the falling edge of RAS. A CBRR can reset the persistent mask operation and stopping column 
operation, so the HM5316123 becomes the new mask operation and boundary code B7. When a CBRR is 
executed for stopping column operation reset and split transfer operation, it need to satisfy tsrs (min) and 
tRST (min) between RAS falling and SC rising for correct SAM read/write operation. 

No Reset CBR Cycle (CBRN) 

This cycle becomes no reset CBR cycle (CBRN) by driving D\S' low, Wb high and DSFI high at the 
falling edge of RAS. The CBRN can only execute the refresh operation. 

Byte Control {w.tU, W£I:) 

In a write cycle, when WEL set low and WEU set high, I/00to1/07 become write mode and I/08to1/015 
become no write mode, and when WEL set high and WEU set low, 1/00 to 1/07 become no write mode and 
I/08 to I/015 become write mode. The write cycle that byte control is capable are RAM write cycle, block 
write cycle, load write mask register cycle and load color register cycle. The byte control write cycle is 
capable to execute early write, delay write, read-modify-write and page mode. But write mask in new 
mask mode, flash write, transfer and refresh cycle can not execute byte control. 
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HM5316123 Series 
SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data transfer cycle is a read transfer cycle. Access is 
synchronized with SC rising, and SAM data is output from Sl/O. When SE is set high, SI/0 becomes high 
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address 
(address 255), the internal pointer indicates address 0 at the next access. 

Serial Write Cycle 

If previous data transfer cycle is masked write transfer cycle, SAM port goes into write mode. In this 
cycle, Sl/0 data is fetched into data register at the SC rising edge like in the serial read cycle. If SE is 
high, SI/O data isn't fetched into data register. The internal pointer is incremented by the SC rising, so SE 
high can be used as mask data for SAM. After indicating the last address (address 255), the intem·al 
pointer indicates address 0 at the next access. 

Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, requires refresh cycle to retain data. Refresh is executed by 
accessing all 512 row addresses within 8 ms. There are three refresh cycles: (1) RAS-only refresh cycle, 
(2) as-before-RAS (CBRN, CBRS, and CBRR) refresh cycle, and (3) Hidden refresh cycle. Besides 
them, the cycles which activate RAS, such as read/write cycles or transfer cycles, can also refresh the row 
address. Therefore, no refresh cycle is required when all row addresses are accessed within 8 ms. 

(1) RAS-Only Refresh Cycle: RAS-only refresh cycle is executed by activating only the RAS cycle with 
CAS' fixed to high after inpuuing the row address(= refresh address) from external circuits. To distinguish 
this cycle from a data transfer cycle, ITT/CIB must be high at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle (CBRN, CBRS and CBRR) are set by activating CAS' before 
RAS. In this cycle, the refresh address need not to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in high impedance and power dissipation is 
lowered because CAS' circuits don't operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating 
RAS when OT/Ob and CAS' keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift resister and selector), organized as fully static circuitry, require no refresh. 
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HMS316123 Series 

Absolute Maximum Ratings 

Parameter Symbol Value Unit 

Voltage on any pin relative to Vss Vr -1.0to +1.0 v 

Supply voltage relative to Vss Vee --0.5 to +7.0 v 

Short circuit output current lout 50 mA 

Power dissipation Pr 1.0 w 

Operating temperature Topr o to +70 oc 

Storage temperature Tstg -55 to +125 oc 

Recommended DC Operating Conditions (Ta = 0 to + 70°C) 

Parameter Symbol 

Supply voltage Vee 

Input high voltage 

Input low voltage 

Notes: 1. All voltage referenced to Vss 
2. -3.0 V for pulse width ~ 10 ns. 

Min 

4.5 

2.4 

--O.s·2 

Typ Max Unit Notes 

5.0 5.5 v 

6.5 v 

0.8 v 
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HM5316123 Series 

DC Characteristics (Ta = 0 to + 70°C, V cc = 5 V ± 10%, V ss = 0 V) 

HMS316123 
.7 -8 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Test conditions 

Operating current lcc1 120 110 100 mA ~.~ SC• VIL· SE• V1H 
cycling 

lcc7 195 175 160 mA tRc. min SE • VIL· SC cycling 
tscc =min 

Block write current lcc1ew - 125 115 . 100 mA ~.~ SC •VIL· SE• V1H 
cycling 

lcc78w - 200 180 160 mA tRc. min SE• VIL• SC cycling 
tscc ·min 

Standby current lcc2 7 7 ..;.... 7 mA ~.~ SC .. VIL· SE .. VIH 
• V1H 

Ices 85 75 70 mA SE= VIL• SC cycling 
tscc =min 

~-only refresh lcc3 115 105 90 mA ~cycling SC= VIL· SE• V1H 
current ~-V1H 

lcc9 185 165 150 mA tRc. min SE• VIL· SC cycling 
tscc. min 

Fast page mode lcc4 125 120 115 mA CAS cycling SC .. VIL• SE= V1H 
current •3 ~-V1L 

lcc10 200 185 175 mA tpc. min SE• VIL· SC cycling 
tscc. min 

Fast page mode lcc4ew - 145 135 130 mA CAS cycling SC •VIL• SE .. V1H 
block write ~-V1L 
current •3 lcc10ew- 220 205 195 mA tpc •min SE= VIL• SC cycling 

tscc .. min 

CA'S-before~ Ices 85 75 65 mA ~cycling SC •VIL• SE= V1H 
refresh current tRc =min 

lcc11 155 140 125 mA SE= VIL• SC cycling 
tscc .. min 

Data tr an sf er Ices 130 120 110 mA ~.~ SC •VIL· SE= V1H 
current cycling 

lcc12 205 185 165 mA tRc •min SE • VIL· SC cycling 
tscc ·min 

Input leakage current lu -10 10 -10 10 -10 10 µA 

Output leakage current ILo -10 10 -10 10 -10 10 µA 

Output high voltage VoH 2.4 2.4 2.4 v loH ·-1 mA 

Output low voltage Vol 0.4 0.4 0.4 v loL • 2.1 mA 

Notes: 1. Ice depends on output load condition when the device is selected. Ice max is specified at the 
output open condition. 

2. Address can be changed once while ~ is low and "CA'S is high. 
3. Address can be changed once in 1 page cycle (tpc). 
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HM5316123 Series 

Capacitance (Ta = 25°C, V cc = 5 V± 10 %, f = 1 MHz, Bias: Clock, 1/0 = V CC• address= V ss) 

Parameter Symbol Typ Max Unit Note 

Input capacitance (Address) C11 5 pF 

Input capacitance (Clocks) C12 5 pF 

Output capacitance (1/0, SVO, QSF) C110 7 pF 

Notes: 1. This parameter is sampled and not 100% tested. 

AC Characteristics (Ta= 0 to +70°C, V cc= 5 V ± 10%, V ss = 0 V) *1, *16 

Test Conditions 

- Input rise and fall times: 5ns 
- Input pulse levels: V SS to 3.0 V 
- Input timing reference levels: 0.8 V, 2.4 V 
- Output timing reference levels: 0.8 V, 2.0 V 
- Output load: RAM 1 TI1..+CL(50PF) 

SAM, QSF 1 TIL+CL(30PF) 
(Including scope and jig) 

Common Parameter 

HM5316123 
-7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Random read or write cycle time tRc 130 150 180 ns 

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10000 80 10000 100 10000 ns 

CAS pulse width tcAS 20 20 25 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address setup time tASC 0 0 0 ns 

Column address hold time tcAH 12 15 15 ns 

RAS to CAS delay time tRco 20 50 20 60 20 75 ns 2 

RAS hold time referenced to 'OAS tRSH 20 20 25 ns 

CA'S' hold time referenced to RAS tcsH 70 80 100 ns 

CAS to RAS precharge time tcRP 10 10 10 -ns 
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HMS-316123 Series 
Common Parameter (cont) 

HM5316123 
-7 ·8 -10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Transition time (rise to fall) tr 3 50 3 50 3 50 ns 3 

Refresh period tREF 8 8 8 ms 

OT to 'RAS setup time tors 0 0 0 ns 

OT to 'RAS hold time torH 10 10 10 ns 

DSF1 to 'RAS setup time tFSR 0 0 0 ns 

DSF1 to 'RAS hold time tRFH 10 10 10 ns 

DSF1 to 'CAS setup time tFsc 0 0 0 ns 

DSF1 to 'CAS hold time tcFH 12 15 15 ns 

Data-in to 'CAS delay time tozc 0 0 0 ns 4 

Data-in to OE delay time tozo 0 0 0 ns 4 

Output buffer turn-off delay toFF1 15 20 20 ns 5 
referenced to 'CAS 

Output buffer turn-off delay toFF2 15 20 20 ns 5 
referenced to OE 
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HMS316123 Series 

Read Cycle (RAM), Page Mode Read Cycle 

HM5316123 
-7 -8 -10 . 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Access time from RAS tRAc 70 80 100 ns 6, 7 

Access time from "CAS tcAc 20 20 25 ns 7, 8 

Access time from OE toAC 20 20 25 ns 7 

Address access time tAA 35 40 45 ns 7,9 

Read command setup time tRcs 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 10 

Read command hold time tRRH 0 5 10 ns 10 
referenced to RAS 

RAS to column address delay time tRAo 15 35 15 40 15 55 ns 2 

Column address to RAS lead time tRAL 35 40 45 ns 

Column address to "CAS lead time tcAL 35 40 45 ns 

Page mode cycle time tpc 45 50 55 ns 

"CAS precharge time tcp 7 10 10 ns 

Access time from "CAS precharge tACP 40 45 50 ns 

Page mode RAS pulse width tRAsP 70 100000 80 100000 100 100000 ns 

• 
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HM5316123 Series 

Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM5316123 
-7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Write command setup time twcs 0 0 0 ns 11 

Write command hold time twcH 12 15 15 ns 

Write command pulse width twp 12 15 15 ns 

Write command to R1\S lead time tRWL 20 20 20 ns 

Write command to 'CAS lead time tcwL 20 20 20 ns 

Data-in setup time tos 0 0 0 ns 12 

Data-in hold time toH 12 15 15 ns 12 

WE to R1\S setup time tws 0 0 0 ns 

WE to R1\S hold time twH 10 10 10 ns 

Mask data to R1\S setup time tMs 0 0 0 ns 

Mask data to R1\S hold time tMH 10 10 10 ns 

OE hold time referenced to WE toEH 15 20 20 ns 

Page mode cycle time tpc 45 50 55 ns 

'CAS precharge time tcp. 7 10 10 ns 

'CAS to data-in delay time tcoo 15 20 20 ns 13 

Page mode R1\S pulse width tRASP 70 100000 80 100000 100 100000 ns 

• 
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HM5316123 Series 

Read-Modify· Write Cycle 

HM5316123 
-7 -8 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Read-modify-write cycle time tRwc 180 200 230 ns 

RAS pulse width (read-modify-write cycle) tRws 120 10000 130 10000 150 10000 ns 

'CAS to WE delay time tcwo 40 45 50 ns 14 

Column address to WE delay time tAwo 60 65 70 ns 14 

OE to data-in delay time tooo 15 20 20 ns 12 

Access time from RAS tRAc 70 80 100 ns 6, 7 

Access time from 'CAS tcAC 20 20 25 ns 7,8 

Access time from OE to AC 20 20 25 ns 7 

Address access time tAA 35 40 45 ns 7, 9 

'RAS to column address delay time tRAo 15 35 15 40 15 55 ns 

Read command setup time tRcs 0 0 0 ns 

Write command to RAS lead time tRWL 20 20 20 ns 

Write command to 'CAS lead time tcwL 20 20 20 ns 

Write command pulse width twp 12 15 15 ns 

Data-in setup time tos 0 0 0 ns 12 

Data-in hold time toH 12 15 15 ns 12 

OE hold time referenced to WE to EH 15 20 20 ns 
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HMS316123 Series 

Refresh Cycle 

HM5316123 
-7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

CAS setup time (CAS-before-'RAS refresh) tcsR 10 10 10 ns 

CAS hold time (CAS-before-~ refresh) tcHR 10 10 10 ns 

~ precharge to "OAS hold time tRPC 10 10 10 ns 

Flash Write Cycle, Block Write Cycle, and Register Read Cycle 

HM5316123 
-7 8 -10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

"OAS to data-in delay time tcoo 15 20 20 ns 13 

OE to data-in delay time tooo 15 20 20 ns 13 

CBR Refresh with Register Reset 

HM5316123 
.7 ·8 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Split transfer setup time tsrs 20 20 25 ns 

Split transfer hold time referenced to 'RAS tRsT 70 80 100 ns 
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HM5316123 Series 

Read Transfer Cycle 

HM5316123 
.7 -8 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

OT hold time referenced to 'RAS tRDH 60 10000 65 10000 80 10000 ns 

OT hold time referenced to "CAS tcoH 20 20 25 ns 

OT hold time referenced to column address tADH 25 30 30 ns 

OT precharge time torP 20 20 30 ns 

OT to 'RAS delay time to RD 60 70 80 ns 

SC to 'RAS setup time tsRS 15 20 30 ns 

1 st SC to 'RAS hold time tsRH 70 80 100 ns 

1st SC to "CAS hold time tscH 25 25 25 · ns 

1st SC to column address hold time tsAH 40 45 50 ns 

Last SC to OT delay time tsoo 5 5 5 ns 

1st SC to OT hold time tsoH 10 13 15 ns 

OT to QSF delay time toao 30 35 35 ns 15 

QSF hold time referenced to OT toaH 5 5 5 ns 

Serial data-in to 1st SC delay time tszs 0 0 0 ns 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

'RAS to column address delay time tRAo 15 35 15 40 15 55 ns 

Column address to 'RAS lead time tRAL 35 40 45 ns 

'RAS to QSF delay time tRao 70 75 85 ns 15 

CA'S to OSF delay time tcao 35 35 35 ns 15 
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HM5316123 Series 

Read Transfer Cycle (cont) 

HM5316123 
.7 -8 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

QSF hold time referenced toRAS tRQH 20 20 25 ns 

QSF hold time referenced to "C1\S" tcaH 5 5 5 ns 

Masked Write Transfer Cycle 

HM5316123 
·7 ·8 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

SC setup time referenced to RAS ts RS 15 20 30 ns 

RAS to SC delay time ts RD 20 25 25 ns 

Serial output buffer turn-off time ts AZ 10 30 10 35 10 50 ns 
referenced to RAS 

RAS to serial data-in delay time ts10 30 35 50 ns 

RAS to QSF delay time tRQD 70 75 85 ns 15 

"C1\S" to QSF delay time tcao 35 35 35 ns 15 

QSF hold time referenced to RAS tRQH 20 20 25 ns 

OSF hold time referenced to "C1\S" tcaH 5 5 5 ns 

Serial clock cycle time ts cc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time ts1s 0 o· 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 
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HM5316123 Series 

Split Read Transfer Cycle. Masked Split Write Transfer Cycle 

HM5316123 
·1 -8 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Split transfer setup time tsrs 20 20 25 ns 

Split transfer hold time referenced to RAS tRST 70 80 100 ns 

Split transfer hold time referenced to CAS tcsr 20 20 25 ns 

Split transfer hold time referenced tAST 35 40 45 ns 
to column address 

SC to QSF delay time tsao 30 30 30 ns 15 

QSF hold time referenced to SC tsaH 5 5 5 ns 

Serial clock cycle time ts cc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge time tscP 10 10 10 ns 

SC access time tscA 20 23 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

RAS to column address delay time tRAo 15 35 15 40 15 55 ns 

Column address to RAS lead time tRAL 35 40 45 ns 
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HM5316123 Series 

Serial Read Cycle, Serial Write Cycle 

HM5316123 
-7 -8 -10 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Serial clock cycle time tscc 25 28 30 ns 

SC pulse width tsc 5 10 10 ns 

SC precharge width tscP 10 10 10 ns 

Access time from SC tscA 20 23 25 ns 15 

Access time from SE ts EA 17 20 25 ns 15 

Serial data-out hold time tsoH 5 5 5 ns 

Serial output buffer turn-off time tsHZ 15 20 20 ns 5,17 
referenced to SE 

SE to serial output in low-Z tsLZ 0 0 0 M 5,17 

Serial data-in setup time ts1s 0 0 0 ns 

Serial data-in hold time ts1H 15 15 15 ns 

Serial write enable setup time tsws 0 0 0 ns 

Serial wrtie enable hold time tswH 15 15 15 ns 

Serial write disable setup time tsw1s 0 0 0 ns 

Serial write disable hold time tsw1H 15 15 15 ns 
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HM5316123 Series 
Notes: 1. AC measurements assume tr .. 5 ns. 

2. When tRco > tRcD (max) and tRAo > tRAD (max), access time is specified by tcAC or tAA. 
3. v1H (min) and v1L (max) are reference levels for measuring timing of input signals. Transition 

time tr is measured between V1H and V1L· 
4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write 

cycle and delayed write cycle, either tDzc (min) or tozo (min) must be satisfied. 
5. toFFl (max), toFF2 (max), tsHZ (max) and tsLZ (min) are defined as the time at which the 

output acheives the open circuit condition (VoH - 100 mV, VoL + 100 mV). This parameter is 
sampled and not 100% tested. 

6. Assume that tRcD .s tRcD (max) and tRAD .s tRAD (max). If tRcD or tRAo is greater than the 
maximum recommended value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 1 TIL loads and 50 pF. 

8. When tRco.?. tRcD (max) and tRAD .s tRAo (max), access time is specified by tcAC· 
9. When tRcD .s tRcD (max) and tRAD.?. tRAD (max), access time is specified by tAA· 
10. If either tRcH or tRRH is satisfied, operation is guaranteed. 
11. When twcs .?. twcs (min). the cycle is an early write cycle, and 1/0 pins remain in an open 

circuit (high impedance) condition. 
12. These parameters are specified by the later falling edge of CAS or WEU and WEC. 
13. Either tcDo (min) or toDO (min) must be satisfied because output buffer must be turned off by 

CAS or OE prior to applying data to the device when output buffer is on. 
14. When tAwD.?. tAwD (min) and tcwo.?. tcwo (min) in read-modify-write cycle, the data of the 

selected address outputs to an 1/0 pin and input data is written into the selected address. t000 
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to 
the device. 

15. Measured with a load circuit equivalent to 1 TIL loads and 30 pF. 
16. After power-up, pause for 100 µs or more and execute at least 8 initialization cycle (normal 

memory cycle or refresh cycle), then start operation. Hitachi recommends that least 8 
initialization cycle is the CBRR for internal register reset. This CBRR need not tsrs and tRST· 

17. When tsHZ and tsLZ are measured in the same Vee and Ta condition and tr and tf of SE are 

less than 5 ns, tsHZ .s tsLZ +5 ns. This parameter is sampled and not 100% tested. 

18. When both WEU and WE[ go low at the same time, all 16-bits data are written into the device, 
WEO and WE[ cannot be staggered within the same write cycles. 

19. After power-up, QSF output may be High·Z, so 1 sc cycle is needed to be Low-Z it. 
20. OSF2 pin is open pin, but Hitachi recommends it is fixed low in all operation for the addition 

mode in future. 
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•Timing Waveforms 

Read Cycle 

RAS 

i+-----------tRc----------..i 

---tRco---+1+----tRSH----+1 
i+------tcAs------1+---+1 

---++------~· !~--------

Address 

1/0(0-7) _____________ ~ Valid Oout 
(Output) i----~----....---

1 /0 (0-7) 
(Input) 

I /0 ( 8-15) __ --+li-------+--f+--t----G 
(Output) 

1/0(8-15) 
(Input) 

DSFl 

@HITACHI 

tRRH 

tQFF 1 

Valid Oout 

Iii: Don't care 
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Fast Page Mode Read Cycle 

Address 

I/0 
(Output) 

I/0 
(Input) 

OSFl 

i.-~~~~~~~~~~~~tRc~~~~~~~~~~~~~~~~-41 

i.-~~~~~~~~~~tRASP~~~~~~~~~~~• 

m: oo.n't care 
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HMS316123 Series 

Write Cycle 

The write cycle state table as shown below is applied to early write, delayed write, page mode write, and 
read-modify write. 

Write Cycle State Table 

OSF1 OSF1 WEU, WE( 1/0 1/0 
MNEU 

RWM 

BWM 

RW 

BW 

LMR'4 

LCR'4 

Notes: 

Cycle 
W1 W2 

Write mask (new/old) 0 0 
Write DOs to I/Os 

Write mask (new/old) 0 
Block write 

Normal write (no mask) 0 0 

Block write (no mask) 0 

Load write mask resister 0 

Load color resister 

1. 

I WEU. WEL\ Mode I 110 data/RAS 

\New I 
i Mask i Mask 

Either I Mode I 
Low I Persistent j Don't care 

. Mask I (mask register used) 
/Mode . 

Both High· No mask ! Don't care 

110 Mask Data (In new mask mode) 
Low: Mask 
High: Non Mask 

In persistent mask mode, 1/0 don't care 
2. Reference Figure 2 Use of Block Write. 
3. VO Write Mask Data 

Low: Mask 
High: Non Mask 

4. Column Address: Don't care 

W3 W4 WS 

0 Write mask'1 Valid data 

0 Write mask'2 Column mask'2 

Don't care·1 Valid data 

Don't care'2 Column mask'2 

Don't care Write mask data'3 

Don't care Color data 
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Early Write Cycle 

Address 

I/0(0-7) 
(Output) 

I/0(0-7) 
(Input) 

I /0 ( 8-15) • 
(Input) • 

OS Fl 

-----------tRC-----------+t 
1+-------tRAs-------t+----tRP---

Wl to W5: See Write Cycle State Table for the logic states. 
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Delayed Write Cycle 

14------------tRc----------41 
11+----------tRAS------~----tRP--...., 

---tRco-------tRSH----"91 
i.-----tcAs----+--..i ----------- ~--------

Address 

I/0(0-7) 
(Output) 

I/0(0-7) 
(Input) 

I /0(8-15) ----+1------t+-t~~+---++------------(Output) 

1/0(8-15) 
(Input) · 

DSFl 

Wl to W5: See Write Cycle State Table for the logic states. 

@HITACHI 

a: Don't care 
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Fast Page Mode Write Cycle (Early Write) 

Address 

WEU,WEL 

I/0 
(Output) 

I/0 
(Input) 

OSFl 

Wl to W5: See Write Cycle State Table for the logic states. 

Fast Page Mode Write Cycle (Delayed Write) 

~:Don't care 

1+----~-~----~tRC-----~---~-----+l 

Address 

WEU,WEL 

I/0 
(Output) 

I/0 
(Input) 

OT/OE 

DSFl 

1----------tRAS?-----------

Wl to W5: See Write Cycle State Table for the locgic states. 

®HITACHI 

~:Don't care 
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Read- Modify-Write Cycle 

Address 

l/0(0-7) 
(Output) 

l/0(0~7) 
(Input) 

I /0 (8-15) -----++---~--++---~-~ (Output) 

I/0(8-15) 
(Input) 

OT/OE 

OSFl 

Wl to W5: See Write Cycle State Table for the logic states. 

@HITACHI 

mm: Oon' t care 
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• RAS-Only Refresh Cycle 

Address 

1/0 
(Output) 

1/0 
(Input) 

OS Fl 

WE: Don't care 
§I: Don 1 t care 
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CAS-Before-RAS Refresh Cycle (CBRN) 
t+---------tRc----------.i ----+i 14-------tRAS------

Address 

I/0 " 
(Output) 

OT/OE 

OSFl --Note: SC:Don 1 t care m: Don 1 t care 

Hidden Refresh Cycle 

Address 

1/0 
(Output) 

I/0 
(Input) 

DSFl 

Im: Don 1 t care 
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CAS-Before- RAS Set Cycle (CBRS) 

Address 
(A2-A6)* 

WEU,WEL 

I/0 
(Output) 
I/0 
(Input) 

OT/OE 

DSFl 

Note: AO, Al, A?: Don't care 
SC : Don 1 t care 

CAS-Before-RAS Reset Cycle (CBRR) 

Address 

WEU, \.;El 

I/0 
(Output) 
1/0 
(Input) 

OT/OE 

DSFl 

SC 

SC tRST 

Note: 1. Bi, Bj initiate the boundary addresses. 
2. Ym, Yn are the SAM start address in before SRT/MSWT. 

@HITACHI 

fm : Don't care 

[ii: Don't care 
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Flash Write Cycle 

I/0 
(Input) 

OT/OE 

OS Fl 

t.._-----tRAS 

ffi§ : Don't care 
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Register Read Cyc!e (Mask data, Color data) 

----tcAs------~-.i 

-------------- Ii---------

Address 

I/0 
(Output) 

I/0 
(Input) 

DSFl 

j+-tozc-+ 

Note: 1. State of DSFl at falling edge of CAS 

State 0 1 

Accessed Mask Data Color Data 
Data (LMR) (LCR) 

@HITACHI 

(1~1J : Don't care 
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Read Transfer Cycle-1 

Address 

I/0 
(Output) 

OSFl 

SC 

SI/0 
(Input) 

Previous Row--+1 1+-New Row 
High-Z 114-tOQOj 

QSF 
tOQH~ ________ S_A_M_A_d_d_r_e_s_s_M_S_B-------------------~~----------------~ 

mm : Don It care 
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Read Transfer Cycle - 2 

Address 

I/0 
(Output) 

OT/OE 

OSFl 

SC 

SI/0 
(Output) 

QSF 

14--------tcsH------+11+---+--..,_ _____ tRsH----+.~--.i 

---~~-----., ... ---tcAs-----~ "---'"-------+---

lm:Don 1 t care 
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Masked Write Transfer Cycle 

Address 

I/0 
(Output) 

OT/OE 

OS Fl 

SC 

SI/0 
(Output) 

_....;...::.~~ 

SI/0 
( Input) --=.;..;..-+.+---....::----+-+----~ 

QSF 

I/0 
(Input) 

Note: 1. 1/0 Mask Data(In new mask mode) 
Low: Mask 
High: Non Mask 
1/0: don't care in persistent mask mode 

@HITACHI 

fili1: Don't care 
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Split Read Transfer Cycle 

------tRAs-------1 

--·-----tcAs----+----+' f.+-tcRP 
.,._ ___ -+t-----~. ir-------

Address 

I/0 ~:-:[j[j~ (Output),!2 

DSFl 

SC 

SI/0 
(Output)_...,.____,. 

SI/0 
(Input) 

QSF SAM Address MSB 

Notes: 1. Ym is the SAM start address in before SRT. 
2. Bi, Bj initiate the boundary address. 
3. AS: Don't care 

High-Z 

SAM start address can 1 t set on the boundary address. 

@HITACHI 

m: Don't care 
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Masked Split Write Transfer Cycle 

RAS 

CA'S 

Address 

WEU,WEL 

I/0 
(Output)>; 

OT/OE 

OS Fl 

SC 

SI/0 
(Output) 

SI/0 
(Input) 

QSF 

1/0 
(Input) 

tRC 
tRAS 

tCAS 

tRST 

Notes: 1. Ym is the SAM start address in before MSWT. 
2. Bi, Bj initiate the boundary address. 
3. 1/0 Mask Data(In new mask mode) 

Low: Mask 
Hogh: Non Mask 
1/0: Don't care in persistent mask mode 

4. AB: Don't care 
SAM start address can't set on the boundary address. 

@HITACHI 

.« 

ml: Don't care 
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Serial Read Cycle 

Sf 

SC 

Sereal Write Cycle 
tswH 

SC 

SI/0 
(Input) 

f§i: Don't care 

tsws 

~:Don't care 

@HITACHI 47 



HM5316123 Series 

Package Dimensions 

HM5316123 Series (FP-64DS) Unit: mm 

0 

64~1·lllil.ll.Il.ll.ll.Illill~2~7IB.OfilMilla~xl.ll.Il.llfilillllD.IlJ[lfilj1133 

] 
1Tinmmnmn1l1llTmrmmmmrnrlllIBlmrrruur32 x 

II .... L 13.8±0.2 

j_j _1._1o_M•_x ________ ~ ~ 1· --- 'I 
ttl~~n•~~a~n~an~n~nn~w~n~on~~~n~M~no~nHno~nn~M~~ 0 ~( ____________ )~~ ......... ~==-"10-+· 

JI!J.JL t ~ = r o.so~8:~g.! 1. 
~ ~~ 

26. 2 

o~ 

c::i c::i 
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Section 3 

Frame Memory 



ADE-203-012C (Z) 

HM530281 
331,776-Word x 8-Bit Frame Memory 

HITACHI Rev.3 
Feb.1994 

The HM530281 memory products provide 
completely asynchronous 1/0 and operate at the high 
speed of 50 MHz. 0.8 µm CMOS process is used in 
their fabrication. 

The HM53028 l memory products provide reset. 
jump, and line increment/hold pointer control 
functions that can be used in synchronization with 
independent clocks on each of the 1/0 ports. 
Memory can be accessed immediately without any 
waiting period after the execution of these functions. 

In addition to the FIFO function, the 281 products 
suppon an address strucwre that is compatible with 
HDTV, NTSC, and PAL standards, and can be used 
in a wide range of applications, such as noise 
reducers. TBC (time-based correction). inter-frame 
YC separation. and special function modes (e.g .• 
multi-freeze. P-in-P) in the digital TV, VCR, and 
video camera application. 

They are also appropriate for use as inter-system 
speed conversion buffer memories in communi
cation systems, as cache memories of HDD and 
MOD and as frame buffer of VGA. 

--Hitachf ~ 
semiconductor -

Features 

(1) HM530281 
Organization; 331,776 words x 8 bits 

• Completely asynchronous operation of the 
serial read pon and write pon 
- Intemal gc:neratioo of read mt write addnsses 
- Internal memory operation conttol provided 

on-chip 
High speed read/write cycle time: 50 MHz 

• Reset functions 
- Independent execution for read and write pons 
- Can be executed with arbitrary timing 
- Allow immediate access after execution 

(read/write) (for the jump function •. when 
the address sewp is complete) 

- Jump address specifiable in 32-word units 
Built-in self-refresh eliminates the need for 
external refresh control. 

• Power supply voltage: V cc= 5.0 V ±10% 
2 dimensial Address 
32 word unit address jump 
Line increment/hold Address pointer control 
function 
Window scan function 

• Can handle HDTV, NTSC. and PAL standards 
- Line length: Up to 11 Ci'2. hir~ (~rl'.'irrnry lin~ 

lengths can also be handled by using the 
line reset function.) 

- Line count: Up to 324 lines 



HM530281 

Ordering Information 

Product Number 

HM530281 TT-20 
-25 
-34 
-45 

Cycle Time 

20 ns 
25 ns 
34 ns 
45 ns 

Memory Organization 

331.ns words x 8 bits•' 
1152 dots x 288 lines x 8 bits•2 
1024 dots x 324 lines x 8 bits 

Selectable following two kinds of addressing mode by mode pins. 

Notes: 1. 1 dimensional addressing mode 
2. 2 dimensional addressing mode 

Pin Arrangement 

D1N 0 ,o 44 Douro 

D1N, 43 Dour 1 

D1N 2 42 Dour 2 

D1N 3 41 Dour 3 

D1N 4 40 Dour 4 

D1N 5 6 39 Dour 5 

D1N 6 7 38 Dour 6 

D1N 7 8 37 Dour 7 

Vss 9 36 Vss 
Vee 10 35 Vee 
WE 11 34 OE 

CGW 12 33 CGR• 

WCK 13 32 ACK 

WAS 14 31 RAS 

WLAS 15 30 ALAS 

WCLR 16 29 RCLR 

WWND 17 28 RWND 

WAS 18 27 RAS 

WAD 19 26 RAD 

MODEO 20 25 TEST 1 

MODE1 21 24 TEST2 

TESTO 22 23 TEST3 

(Top view) 

2 

Package 

44-pin TSOP 



HM530281 

Pin Functions 

Pin Functions 
Symbol 2 Dim.add. 1 Dim.add. 

D,No to D1N7 Data input Data input 

Douro to DoUT 7 Data output "Data output 

WCK Write clock Write clock 

ACK Read clock Read clock 

WAS Write reset Write reset 

RAS Read reset Read reset 

WE Write enable Write enable 

OE Output enable Output enable 

CGW Write clock gate Write ctock gate 

CGR Read clock gate Read clock gate 

WAS Write address set Write address set 

WAD Write address Write address 

RAS Read address set Read address set 

RAD Read address Read address 

WLRS Write line reset VccorGND 

ALAS Read line reset VccorGNO 

WWNO Write window mode VccorGNO 

RWNO Read window mode VccorGNO 

WCLA Write clear VccorGNO 

RCLR Read clear Vee or GNO 

MODE 0 to 1 Mode selection inout Mode selection input 

Vee Power supply Power supply 

Vss Ground Ground 

TESTO to TEST3 Connect to ground Connect to ground 
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HM530281 

Block Diagram 

"8 

we 
(Write enaDle) 

(Wnte dock) WCI< 

(Write dock gae) CGW 

tWriterwHtJ WRS 

ms 
(Write mareu 1ump) 

WAD 

(Wnte line rwHI) wt.RS 

WWNi5 
(Wnt• wmciDw mode) 

WClR 

4 

32-worci 32-worci 32-worci 32-worci 
xi xe--------.xa x8 

M9mory array 

152dot •2811irwx8-
024 Clot •324 Ii .. ···-
03Y doe x32 WOIO lC 8 -

§ .,. 

"8 

RCK (RNddoc:kl 

CG'R (Re9d CIClck ;aa.1 

RRS (Remdrnel) 

RA'S 
(RNd _.,,... JUIT'PI 

RAO 

c=·-·---· 
Note: S.lecled by Ille mod• pin __ (Re9d Window mode) 

RCLR 



HMS30281 

Absolute Maximum Ratings 

Item Rating Unlt 

Pin voltagaNo1e -1.0 to +7.0 v 
Power dissipation 1.0 w 
Operating temperature o to +70 oc 
Storage temperature -55 to +125 oc 
Storage temperature (when biased) T bias -10 to +85 oc 
Note: The permissible values with respect to V55. 

Recommended DC Operating Conditions (Ta = 0 to + 70°C) 

Item Symbol Min Typ Max Unit 

Power supply voltage Vee 4.5 5 5.5 v 
Vss 0 0 0 v 

Input voltages V1H 2.7 6.5 v 
V1L -0.5No1e 0.6 v 

Note: Whan the pulse width is under 1 o ns, V1L min • -3.0 V. 

DC Characteristics (V cc = 5.0 V ± 10%, V ss = 0 V, Ta= 0 to + 70°C) 

HM530281·20 HM530281-25 HM530281·34 HM530281-45 Test 
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Conditions 

Operating lccA - 110 135 - 90 120 - 70 95 - 55 75 mA lour. o. 
power twee • tRCC • Min 
supply 
voltage 

Standby Ices - 15 25 - 15 25 - 15 25 - 15 25 mA 
power 

supply 
voltage 

Input lu -10- 10 -10- 10 -10 - 10 -10- 10 mA Vee. 5.5 V, 
leakage V1N • Vss to Vee 
current 

Output I Lo -10- 10 -10- 10 -10 - 10 -10- 10 mA OE• V1N 
leakage. Voor • Vss to Vee 
current 

Output VOi 0.4 0.4 - 0.4 0.4 v 101 • 2.1 mA 
voltages VOH 2.4 - 2.4 - - 2.4 2.4 - v loH • -1.0 mA 

Capacitances 

Item Symbol Typ Max Units Test Conditions 

Input capacitance ·C1N 5 pF v,N. o v 
Output capacitance Cour 7 pF VOIJT • O V 

Note: These parameters are sampled values, not values measured for all units. 
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HM530281 

AC Characteristics 

Test Conditions 

Input pulse level: V ss to 3.0 V 
Input rise/fall times: 3 ns 
UO timing reference level: 1.5 V 
Output load: 1 TI1. + 50 pF (including jig and scope capacitances) 

HM530281·20 HM530281·25 HM530281·34 HM530281-45 

Item Symbol Min Max Min Max Min Max Min Max Unit 

Write clock twee 20 25 34 45 ns 
cycle time 

Write clock twc 8 10 12 15 ns 
pulse w.idth (high) 

Write clock twcP 8 10 12 15 ns 
pulse width (low) 

WRS twRS 8 8 10 10 ns 
setup time 

WRS twRH 7 8 10 10 ns 
hold time 

Data input tos 5 5 5 5 ns 
setup time 

Data input tOH 6 6 6 6 ns 
hold time 

CGW twas 7 8 10 10 ns 
setup time 

CGW twGH 7 8 10 15 ns 
hold time 

WE setup time twes 5 5 5 5 ns 

WE hold time tweH 6 6 6 6 ns 

Read clock tRcc 20 25 34 45 ns 
cycle time 

Read clock tRc 8 10 12 15 ns 
pulse width (high) 

Read clock tRcP 8 10 . 12 15 ns 
pulse width (low) 

RRS tRRS 7 8 10 10 ns 
setup time 

RRS tRRH 7 8 10 10 ns 
hold time 

Access time tRAc 18 23 25 35 ns 
from RCK 

Output toH 6 6 6 6 ns 
hold time 
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HMS30281 

AC Characteristics (cont) 

HM530281-20 HM530281-25 HMS30281-34 HMS30281-45 

I tam Symbol Min Max Min Max Min Max Min Max Unit 

Output toLZ 0 0 0 0 ns 
enable time 

Output enable to AC 18 20 25 25 ns 
access time 

Output toHZ 0 15 0 18 0 20 0 20 ns 
disable time 

CGR tRGS 7 8 10 10 ns 
setup time 

CGR tRGH 7 8 10 10 ns 
hold time 

WAS twss 7 8 10 10 ns 
setup time 

WAS twSH 7 8 10 10 ns 
hold time 

RAS tRSS 7 8 10 10 ns 
setup ti.me 

RAS tRSH 7 8 10 10 ns 
hold time 

Write address twAS 5 5 5 5 ns 
input setup time 

Write address twAH 6 6 6 6 ns 
input hold time 

Read address tRAs 5 5 5 5 ns 
input setup time 

Read address tRAH 6 6 6 6 ns 
input hold time 

WLRS setup time twLS 7 8 10 10 ns 

WLRS hold time twLH 7 8 10 iO ns 

ALAS setup time tRLS 7 8 10 10 ns 

ALAS hold time tRLH 7 8 10 10 ns 

WCLR setup time twcLs 7 8 10 10 ns 

WCLR hold time twcLH 7 8 10 10 ns 

RCLA setup time tRCLS 7 8 10 10 ns 

RCLR hold time tRCLH 7 8 10 10 ns 

WWND setup time twwos 7 8 10 10 ns 

WWND hold time twwoH 7 8 10 10 ns 

RWND setup time tRwos 7 8 10 10 ns 

RWND hold time tRWOH 7 8 10 10 ns 
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HM530281 

Input and Output Pin Functions 

D1!11-0 to D1N 7 (data input) Input 

The ~ pins input 8 bits of data. Data is input on 
the rising edge of the cycle of WCK that follows a 
low level on both CGW and WE. 

Dour-0 to Dour7 (data output) Output 

The DoUT pins output 8 bits of data. Data output 
is synchronized with the RCK clock, and the 
access time is specified from the rising edge of the 
RCKcycle. 

WCK (write clock) Input 

WCK is the write clock input pin. The input of 
write data is Synchronized with this clock. 

Write data is input on the rising edge of the~ 
of WCK that follows a low level on both CGW 
and WE, and when CGW is low, the internal write 
address pointer is incremented at the same time. 

Input of the write jump address is also 
synchronized with this clock. The 14 or 15 bits of 
the write jump address are read in seguentially 
from the WCK cycle that set WAS low, 
irrespective of write data acquisition. 

RCK (read clock) Input 

RCK is the read clock input pin. Read data is 
output in synchronization with this clock when 
both CGR and OE are low, and when CGR is low, 
rhe intern::.! r~d add~-ss pointer is incremented at 
the same time. 

Input of the read jump address is also synchronized 
with this clock. The read jump address is read in 
sequentially staning at the RCK cycle in which 
RAS was set low, independently of read data 
output. 

WRS (write address pointer reset) Input 

WRS is a reset signal input that resets the write 
address pointer to 0 when WAS and WLRS are 
high, resets to the head of the line ~ly being 
written when WAS is high and WLRS is low, 
and jumps to the preset write jump address when 
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WAS is low.X<* 

Only the falling edge of this reset input is detected. 
and, on the first WCK cycle following that falling 
edge, a write cycle to the set address is started 
immediately. 

Note: The reset destination in window scan mode 
changes as follows: 

Reset to 0 -+ Reset to the window start. 
Reset to line start -+ Reset to the point at the left 

edge of the window for the 
line. 

RRS (read address pointer reset) Input 

RRS is a reset signal input that resets the read 
address pointer to 0 when RAS and RLRS are 
high, resets to the start of the line currently being 
read when RAS is high and RLRS is low, and 
jumps to the read jump address when RAS is 
low.Note 

Only the falling edge of this reset input is detected, 
and, on the first RCK cycle following that falling 
edge, a read cycle at the set address is staned 
immediately. 

Note: The reset destination in window scan mode 
changes as follows: 

Reset to 0 -+ Reset to the window stan. 
Reset to line start -+ Reset to the point at the left 

edge of the window fur Lhe 
line. 

WE (\\Tile enable) Input 

WE is an input signal that controls the 
enabling/disabling of the data input pins. When 
WE is low, input data is acquired on the WCK 
cycle, and when WE is high, data input is disabled 
and the previous memory data is maintained. 

Note that the write address pointer is incremented 
by the WCK write clock without regard for the 
level of WE. 



OE (output enable) Input 

OE is an input signal that enables/disables the data 
output pins. When OE is low, data output is 
enabled. and when high. data output is disabled 
and the output pins go to the high impedance state. 

Note that the read address pointer is incremented 
by the RCK read clock without regard for the level 
of OE. Therefore. data can be jumped over during 
read simply by disabling output with OE. 

CGW(clock gate for write) Input 

CGW is an input signal that enables/disables 
incrementing of the internal write address pointer. 
When CGW is low, the write address pointer is 
incremented in synchronization with the WCK 
write clock, and when high. incrementing is 
stopped. Therefore time axis compression can be 
easily implemented without stopping the write 
clock by using CGW. 

CGR(clock gate for read) Input 

CGR is an input signal that enables/disables 
incrementing of the internal read address pointer. 
When CGR is low, the read address pointer is 
incremented in synchronization with the RCK read 
clock. and when high, incrementing is stopped. 
Therefore time axis expansion can be easily 
implemented without stopping the read clock by 
usingCGR. 

WAS (write address set and jump) Input 

WAS is an inpui. ~ignal i.hal initiai.es wrii.e jump 
address input when WRS is high and jumps to the 
previously input write jump address when WRS is 
low. The falling edge of this input signal is 
detected, and either a write jump address input is 
initiated or a jump to the previously input write 
jump address is executed on the first WCK cycle 
following the fall of WAS. 

WAD (write jump address) Input 

WAD is the input pin for the write jump address. 
The 14/15 bits of the write jump address are read 
in sequentially from the high order bit, staning at 
the WCK cycle (when WRS was high) in which 
WAS was set low. Note 

HM530281 

RAS (read address set and jump) Input 

RAS is an input signal that initiates read jump 
address input when RRS is high and jumps to the 
previously input read jump address when RRS is 
low. The falling edge of this input signal is 
detected, and either the read jump address input is 
initiated or the jump to the previously input read 
jump address is executed on the first RCK cycle 
following the fall of RAS. 

RAD (read jump address) Input 

RAD is the input pin for the read jump address. 
The 14/15 bits of the write jump address are read 
in sequentially from the high order bit. starting a 
the RCK cycle (when RRS was high) in which 
RAS was set low.Note 

Note: 

Addressing Address Input 
Mode Structure Address 

1 dim. add. o to 10,367 blocks Address bits A13 
(FIFO) to Ao 
2 dim.add. 32 horizontal Line address 
( 1) blocks by 324 bits Va to V0, 

vertical lines horizontal adchsa 
bits H, to H0 

2 dim.add. 36 horizontal Line address 
(2) blocks by 288 bits Va to V0, 

vertical lines horizontal address 
bits H5 to H0 

Note: For 2 dim. add., read jump and read window 
starting point setup are available only for 
the read jump address of which horizontal 
address is "O". 

WLRS (write line reset) Input 
(in 2 dimensional addressing mode) 

WLRS is an input pin for resetting the write 
address pointer to the start of the line from an 
arbitrarv dot for each line.Note Only the falling 
edge of this signal is detected, and, on the first 
WCK cycle following that falling edge. the write 
address pointer is set to the head of the next line 
when WRS is high, and to head of the current line 
when WRS is low.Note 
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~ote: When window scan mode is set. the reset is 
to the point at the left edge of the window 
for the line. 

RLRS (read line reset) Input (in 2 dimensional 
addressing mode) 

RLRS is an input pin for resetting the read addr~ 
pointer to the stan of the line from an arbitrary dot 
for each line)fote Only the falling edge of this 
signal is detected, and, on the first RCK cycle 
following that falling edge, the write address 
pointer is set to the head of the next line when RRS 
is high, and to head of the current line when RRS 
is low.Note 

Note: When window scan mode is set, the reset is 
to the point at the left edge of the window 
for the line. 

WWND (write window scan) Input 
(in 2 dimensional addressing mode) 

WWND is an input signal that specifies the use of 
the window~ function. When executing a write 
jump with WRS and WAS low, if WWND is set 
low at the same time, a scan of the window region 
that talces that write jump address as its staning 
point will begin (see note below). 

RWND (read window scan) Input 
(in 2 dimensional addressing mode) 

RWND is an input signal that specifies the use of 
the window scan function. When executing a read 
jump with RRS and RAS low. if RWND is set low 
at the same time, a scan of the window region that 
takes that read jump address as its staning point 
will begin.Noce 
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~OltC: When window scan is set. the horizonraJ 
address of the pointer reset destination when 
increment/hold is executed will be the left 
edge of the window. Also. when a 
write/read reset is executed, the pointer wiH 
be reset to the staning point of the window. 
Thus it is possible to scan arbitrary window 
regions within the screen independently for 
read and write by using these line reset and 
reset functions. 

Staning point of read window is confined to the 
address of which horizontal address is 'O'. 

WCLR (write clear) Input 

WCLR is an input signal that. independently of the 
levels on WRS, WAS, WLRS and WWND, resets 
the write address pointer to 0 and clears the 
window scan function. This function is executed 
immediately in the WCK cycle in which WCLR 
was set low. This clear operation should also be 
performed after applying power to the HM.530281. 

RCLR (read clear) Input 

RCLR is an input signal that. independendy of the 
levels on RRS, RAS, RLRS and RWND, reseu the 
read address pointer to 0 and clears the window 
scan function. This function is executed 
immediately in the RCK cycle in which RCLR was 
set low. This clear operation should also be 
performed after applying power to the HM530281. 
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Memory Structure 

corresponding to 32 word blocks. The memory is organized as 331.776 words of. 8 bits 
each, and these words can be accessed sequentially. 
since the address pointer can be incremented by 
inputting a clock signal. Addresses are allocated 

The mode pins switch between the three 
addressing modes shown below. 

ModeO Mode1 Addressing Mode Address Structure Capacity 

0 0 1 dim. add. (FIFO) O to 10,367 blocks 331,776 words 

0 2 dim. add. (1) 32 horizontal blocks by 324 1 024 dots by 324 lines 
vertical lines 

0 2 dim. add. (2) 36 horizontal blocks by 288 1152 dots by 288 lines 
vertical lines 

In 1 dimensional addressing mode, blocks O to 10367 are accessed cyclically. 
In the 2 dimensional addressing modes. the line head can be resat at an arbitrary dot on each line. 

11 
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Operations 

Write 

Write operation 
When the WE and COW inputs are low, 8 bits 
of write data are input in synchronization with 
the WCK clock. The input data is read in to 
the word indicated by the address pointer on 
the next rising edge of the WCK cycle. This 
allows read data and write data to be handled 
with the same clock. and cascade connections 
to be easily implemented. 

Write reset operations 
When COR is 'L'. by setting WRS low, the 
write address pointer can be set immediately on 
that WCK cycle to the address 0 block head. 

This operation can be executed independently 
of the input level of WE. (See 'Notes on usage 
6' on the operation when COW = 'H') 

Write address pointer increment operations 
The write address pointer is incremented in 
synchronization with WCK when COW is low. 

It is possible to apply a write mask in WCK 
clock units by setting the WE input high. In 
this case, the previous memory data will be 
retained. The write address pointer increment 
function can be stopped by setting the COW 
input high. This allows time axis compression 
to be implemented easily. (See 'Notes on usage 
3 and 4' for interval specifications of write 
system reset operations}"'oce 

Note: The write system reset operation stands for 

W£ and rnlV Input Level, Write Address 
Pointer, and Data Input State Relationship 

WCK Rising Edg• ant•m•I Writ• 

CGW WE Address Pointer Data Input 

L L Incremented Enable 

L H 

H Stopped 

Disable 
(memory data 
is retained) 

Data is input when the WE input is low. 
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write reset. write window reset. write line 
reset. write jump and write clear. 

Read 

Read operation 
8 bits of read data are output in synchronization 
with the RCK clock when the OE and CGR inputS 
are low. The access time is stipulated from the 
rising edge of the RCK clock. 

Read reset operations 
When COR is 'L'. by setting RRS low, the read 
address pointer can be set immediately on that 
RCK cycle to address 0 and data will then be 
OUlpUL 

This operation can be ~rfonned independendy 
of the input level of OE. (See 'Notes on usage 
5' on the operation when COR = 'H') 

Read address pointer increment operations 
The read address pointer is incremented in 
synchronization with RCK when CGR is low. 

Data outpu~o to the high impedance stale 
when the OE input is set high. The read 
address pointer increment function can be 
stopped by setting the COR input high. This 
allows time axis expansion to be implemented 
easily. (See 'Notes on usage 2' for interval 
specifications of read system reset 
operations )i'iote 

Note: The read system reset operation stands for 
read reset. read jump, read window reset. read 
line reset and read clear. 

Relation Between the UE" and CGlf Input 
Levels and the Read Address Pointer and Data 
Output States. 

RCK Rising Edge Internal Read 

CGR Oe Address Pointer Data Output 

L l Incremented Output 

L H 

H L 

H H 

Stopped 

------
High impedance 

Output data held 

High impedance 

Data is output when the OE input is low. 



Line Reset (independent functions for read and 
write, in 2 dimensional addr~ing modes) 

When the 281 series products are used in 2 
dimensional addressing modes, the line length can 
be set to be either 1024 dots (2 dimensional (1)) or . 
1152 dots (2 dimensional (2)). In these modes, 
after accessing the data at the last dot (address) on 
each line, address pointer incrementing is stopped. 
Access is restarted at either the first dot at the head 
of the next line or at the first dot at the head of the 
current line by executing either a line increment or 
a line hold, respectively. Also, since these line 
reset operations can be executed at any arbitrary 
point in the middle of a line, an arbitrary line 
length (of between 64 dots and the actual line 
length) can be realized. 

Line increment operation 
In case clock gate signal (CGW, CGR) is 'L', 
the read and write line increment operations are 
executed by setting RLRS low and RRS high. 
and setting WLRS low and WRS high 
respectively. When these operations are 
executed, the next access goes immediately to 
the staning dot of the next line. 

Line hold operation 
In case clock gate signal (CGW, CGR) is 'L', 
the read and write line hold operations are 
executed by setting RLRS and RRS low, and 
setting WLRS and WRS low respectively. 
When these operations are executed, the next 
access goes immediately to the starting dot of 
the current line. Note that the read line hold 
operation is invalid on the first line following :! 
0 reset or jump. In this case, the same effect 
can be achieved by re-executing the reset or 
jump operation (resetting only the H address to 
0). 

If the reset interval specifications are mei (see 
Notes on Usage 1 to 3), the line resetNote 
operation can be performed on an arbitrary 
RCK/WCK clock cycle without regard for the 
levels of the OE, WE, and inputs. (See Notes 
on usage 6, 7 for the operation when clock gate 
signal (CGW, CGR) is 'H'.) 

HMS30281 

Note: The line reset operation stands for write line 
hold. write line increment, read line hold 
and read line incremenL 

Jump (independent functions for read and 
write) 

It is possible to set the address pointer to the swt 
address of an arbitrary block in 32 word units.Noce 
After initializing a jump address setup for read 
and/or write, after 64 WCK or 64 RCK cycles, it is 

. possible to execute a jump to that address (random 
access in 32 word by 8 bit units) independently for 
read and write. 

Note: As for the read jump. in 2-dim add, read 
jump address is confined to the address of 
which horizontal address is 'O'. 

Jump to the line end block is inhibited. (See 
'Notes on usage 5' for jump operation to ·o· 
address) 

• Jump address sewp 
The read and write jump addresses are serially 
input independently from the RAD and WAD 
pins in synchronization with the RCK and 
WCK clock inputs respectively. Address input 
start is enabled by setting the RAS and/or WAS 
inputs low for read and write respectively, and 
14/15 bits of jump address are input 
sequentially starting with that cycle.Nace NOf.e 
that the read and write operations can continue 
independently of this address input operation. 

Jump address setup is executed regardless of 
the input level of WE. CGW and OE. CGR. 

Note: 

Addressing Address Input 
Mode Structure Address 

1 dim. add. Oto 10,367 Address bit A13 
(FIFO) blocks to Ao 
2 dim. add 32 horizontal Line address bits 
(1) blocks by 324 V 8 to V 0, horizontal 

venical lines address bits H4 to Ho 
2 dim. add. 36 horizontal Line address bits V 9 
(2) blocks by 288 to V 0, horizontal 

venical lines address bits H5 to Ho 

13 



HM530281 

Following the start of address input. it is possible 
to mask the input of address bits below an 
arbitrary bit position by returning RAS or WAS 
ta the high level at the desired bit position. This 
can be convenient in applications that need to 
jump a fixed interval, since the low order bits of 
the ~ will be fixed. When all 14 bits of an 
address are to be input. be sure to hold RAS and 
WAS low for the full 14<loclc period. 

Jump operation 
In case clock gate signal is ~the jump 
operation is executed by setting RRS and RAS 
low for read, and by setting WRS and WAS low 
for write. and the address set is accessed 
immediately from that RCK or WCK cycle. 
Note that as long as the interval specifications 
listed in Notes on Usage 1 to 4 are met. the jump 
operation can be execuled on any RCK or WCK 
cycle without regard for the values of OE on 
read. and WE on wrire. (See 'Notes on usage 5 
and 6' on the operation when clock gate signal 
(CGW, CGR) is 'L') 

Window Scan (independent runctions ror read 
and write) 

The window scan function can be used with either 
the 2 dimensional (1) or (2) addressing modes, and 
is a function which scans a rectangular region with 
an arbitrary staning pointNOlC. The jump address 
setup function (see Jump address setup above) is 
used to specify the staning point 

Note: Staning point of read window is confined to 
the address of which horizontal address is 
·o·. 
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Initiating window scan 
When clock gate signal is 'L', the window scan 
function is staned by setting WW IND to low 
for write or RWIND low for read, and 
executing a read or write jump 

operation (see Jump operation above). 
Window scan will start immediately from that 
cycle. 

Window scan operation 
When clock gate signal is 'L'. one of the 
window scan functions described below will be 
executed independently for read and write.Note 

Also note that as long as the inrerval conditions 
listed in Notes on Usage 1 to 3 are met. these 
operations can be executed at arbitrary dots 
without regard for the address block 
organization. 

Operation Address Pointer Control 

Resat Reset to the first dot at the start of 
the window. 

line Reset to the first dot at the left edge 
increment of the window on the next line. 

line hold Reset to the first dot at the left edge 
of the window on the current line. 

Note: For a starting point, minimum window size 
can be scanned, is 64 dots x 1 line. 

Clearing window scan 
The window scan function is turned off either 
by executing a reset or jump with RWIND (for 
read) or WWIND (for write) set high, or by 
executing the clear operation described in 
section Clear below. 

Both setting and clearing window scan mode 
are executed independently of OE and WE. 
(See 'Notes on usage 1 and 2' fer :he operation 
when clock gate signal (CGW, CGR) is 'H') 
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Overview of the window scan operation 

.---.----..-------------------------------..... 

Vertical 
(line) 

323 
(287) 

0 
0 

31 63 Horizontal (dots) 
2 Horizontal address (H) 

First point of the screen 

First point of the window 

1023(1151) 
31 (35) 

(M, N) Window area 

(M+ m, N + n) 

Note: M and N are addresses. M is in line units, N is in units of 32 
dots, and m and n are in line and dot units respectively. 
For read window. N is confined to 'O'. 

Starting and clearing window scan 

H04513.1-1 

WCK 

WAS 

WAS 
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Clear (independent functions for read and 
write) 

The clear function both resets the address pointer 
to 0 without regard for the value on Wl8, WAS', 
~. WW!'115, RB, RM'. RI:B and RWND. 
If window mode is set, this clears window mode. 

• Clear Operation 

When clock gate signal (crlW or CUR) is 'L', 
the clear operation can be executed by setting 
the Rcr:ll pin low for read (read clear) and the 
~pin low for write (write clear). The 
data input following a write clear is valid data. 
If the interval conditions listed in Notes on 
Usage 1 to 3 are met by the operations 
including the clear operation, then the data 
preceding the clear operation will also be valid 
data. 

Access of New and Previous Data 

• New data access (follow-up read out of data 
currently being written) 
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Written data of 32 word block can be read out 
128 WCK cycles after it was written. 
However, it is necessary to execute the read 
jump address setup operation outside the time 
period between 32 WCK cycles before write to· 
that address is staned and 32 WCK cycles 
after write to that address is completed. 

- It is also possible to read out the new data 
of 32 word block when jumping to an 
address at least 128 WCK clock cycles 
after write to that address was finished. 
Note that in this case, there is more than 
enough time for the read jump address 
setup operation even if it is begun 32 or 
more clock cycles after the completion of 
the write operation. 

- It is possible to read out the new data of 
less than 32 word block when 128 WCK 
clock after write system reset was input. 

At least 96 WCK clock are necessory between 
completion 32 word block data input and staning 
previous address of 32 word block data outpuL 
Generary this mean, 160 WCK clock separation 
between write and read Address pointer. 

Previous data access (reading out data pri<X' to 
that of the current write operation) 
The previous data can be read out up to 32 
WCK clock cycles after the write operation. 

Therefore, these memories can be used to 
provide delay times of becween 160 and 
331,808 (331,776 + 32) clock cycles. 

Power On 

Wait at least 100 µ.s after power-on to begin 
operation. At this time the write and read addrea 
pointers are undefined. 

The following operation should be executed. 

• ~and~ should be hold low. 
• Reset cycle when 1 dimensional addressing 

mode. 
• Clear cycle when 2 dimensional addressing 

mode. 
Dummy cycle of over 64 WCK and 64 RCK. 
clock cycle. 

Then, initiate the desired operating mode by 
providing the signal input combination given by 
the auth tables below. 



H~S30281 

Function TableNote 

1 Dimensional Addreuing Modes 

Write 

WCK Rising Edge 

WRS WAS 

H H 

l H 

l l 

H l 

Read 

RCK Rising Edge 

RRS RAS 

H H 

l H 

l l 

H l 

Operation 

Normal state In the normal state. the write address pointer is incremented in 
synchronization with WCK. 

Reset The write address pointer is reset to 0. 

Jump Jump to the address A to which the write address pointer is set. 

Address setup The write jump address is input. 

Oper•tlon 

Normal state In the normal state. the read address pointer is incremented in 
synchronization with ACK. 

Reset The read address pointer is resat to 0. 

Jump Jump to the address A to which the read address pointer is set. 

Address setup The read jump address is input. 

Note: Descri~n of operations of function table is based on the operation on condition CGW, WE and 
CGR. OE is 'L'. 
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2 Dimensional Addre~ing Modes (when window scan is not used) 

Wrire*l 

Operation 
Levels at the RIM of WCK Write Addrea Write Jump 
WRS WAS WLAS WWND WCLR Pointer Control Address Note• 
H H H H H Normal state Incremented in *2 

synchronization with WCK 

L H H H H Reset Reset to (0, 0) 

L L H H H Jump Jump to the set address A 

H L H H H Address set Set 

H H L H H Line increment Reset to the first bit of *2 

the next line 

L H L H H Line hold Reset to the first bit of *2 

the current line 

L Clear Reset to (0, 0) 

(-: Don't care) 

Notes: 1. Hold the WWNO pin high when window mode is not used. 
2. The write address pointer is incremented up to the last dot on the current line, and then stopped. 

Writing is staned immediately from the first dot on the next line by execution of the tine increment 
operation. Also, writing is staned immediately from the first dot on the current line by execution of 
the tine hold operation. 

Read*l 

Operation 
Levels at the AIM of ACK 

Read Address Read Jump 
RRS RAS RLRS RWND · RCLR Pointer Control Address Notes 

H H H H H Normal state Incremented in •2 

synchronization with RCK 

L H H H H Reset Reset to (0, O) 

L L H H H Jump Jump to the set address A 

H L H H H Address set Set 

H H L H H Line increment Reset to the first bit of *2 

the next line 

L H L H H Line hold Reset to the first b.it of •2 

the current line 

L Clear Reset to (0, 0) 

(-: Don't care) 

Notes: 1. Hold the RWNO pin high when window mode is not used. 
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2. The read address pointer is incremented up to the last dot on the current line, and then stopped. 
Reading is started immediately from the first dot on the next line by execution of the line increment 
operation. Also, reading is staned immediately from the first dot on the current line by execution of 
the tine hold operation. 
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2 Dimensional Addressing Modes (when window scan is used) 

Write 

Operation 

Write Address 
Pointer Control 

Levels at the Rise of WCK 
Window Window Write Window 
Mode Mod• Jump Mod•lft8r 

WAS WAS WLRS WWND WCLR Off on Address Execution Not. 

L H H H H Reset Reset to (0, 0) Off 

H H H H Norm al state Incremented in ., 
synchronization with 
WCK 

H H l H line increment To the To the left 
first bit of edge of the 
the next line window on 

the next line 

l H l H Line hold To the To the left 
first bit of edge of the 
the current window on 
line the current 

line 

H l H H Address set Set 

L l H H H Jump Jump to 1he set address A Off 

l l H l H Window jump Jump to 1he set address A On •2 

l H H l H Window Reset Reset to the window 
origin point A 

l Clear Reset to (0, 0) Off 

(-: Don't care) 

Notes: 1. The write address pointer is incremented up to the last address on the line, and then stopped. Writing 
is started immediately from the first dot on the next tine or the left edge of the window by execution a 
the line increment operation. 

2. It is possible to move directly from an old window to a new window in window mode by setting up 
a new jump address and executing a window setup jump operation. 
However, the new jump address should be input after access to the last line of the old window. 
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Read 

Operation 

Read Address 
Pointer Control 

Levels at the Rise of RCK Window Window Read Window 
Mode Mod• Jump Modeatt. 

RAS RAS RLRS RWND RCLR Off On Address Execution Note9 

l H H H H Reset Resat to (O. 0) Off 

H H H H Normal state Incremented in ., 
synchronization with 
RCK 

H H l H Line increment To the To the left 
first bit af edge af the 
the next line window on 

the next line 

l H l H Line hold To the To the left 
first bit of edge of the 
the current window on 
line the current 

line 

H l H H Address set Set 

l L H H H Jump Jump to the set address A Off 

L l H L H Window jump Jump to the set address A On •2 

l H H l H Window Reset Reset to the window 
origin point A 

l Clear Reset to (0, 0) Off 

(-:Don't care) 

Notes: 1. The read address pointer is incremented up to the last address on the line. and then stopped. 
Reading is staned immediately from the first dot on the next line or the left edge of the window 
by execution of the line increment operation. 

2. It is possible to move directly from an old window to a new window iii window mad.; by s.;tting up 
a new jump address and executing a window setup jump operation. 
However, the new jump address should be input after access to the last line of the old window. 

3. When window scan mode is used any case after power on, WWND and WAS or RWNt> and 
~ pins are should be input same signal. 

Notes on Usage 

1. Read system resets (read reset. read jump, read window reset. read line reset and read clear) and the 
read address setup operation cannot be executed for consecutive RCK clock cycles. Similarly, write 
system resets (write reset. write jump, write window reset. write line reset and write clear) and the write 
jump address setup operation cannot be execution for consecutive WCK clock cycles. 

2. Read system reset operations and read jump address set operations must be performed at times 
separaled by at least 64 RCK clock cycles. (There is no need to use only 32 word addressing units, and 
these operations can be perfonned on any clock cycle.) 

3. Write system reset operations must be perfonned at times separated by at least 64 WCK clock cycles. 
During setting write jump address. write system reset operations cannot be executed. 
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4. It is possible to input the write system reset in the middle of 32 word unit addressing. In this case. not 

only must the condition of note 2 be met, but furthermore, pairs of write system resets for units of less 
than 32 words must be separated by at least 160 WCK clock cycles. When the write system reset is 
executed at less than 32 words. the data up IO the point to which the address pointer has advanced will 
be written, and the remaining data will retain the old values. (Note that after the completion of a write 
of less than 32 words. a write reset is required to write the data for the last address into the memory 
array.) 

5. Location 0 and line end cannot be specified as a jump address. Use a reset IO access location 0. 
6. Any number of read system resets can be input when crm is high. but the only first reset is effective. 

This read system reset operation is executed at the rising edge of the RCK just after CGR is set to low. 
7. When CGW is high, write system can reset be input only once. In this case. this write system reset is 

executed at the rising edge of the WCK just after CGW is set IO low. 

Supplement 

If the read system reset interval (at least 64 RCK clock cycles) of note 1. or lhe write sys1em reset inr.erval 
for less than 32 word units (and at least 160 WCK clock cycles) are not provided (see noce 3), it is possible 
for the 32 words of data of the first address after the reset IO be invalid. or for the first write of less than 32 
words following the write reset IO fail tO occur. However, even in this case. address pointer conttol will 
correctly. and valid data will be output for the second and following addresses. (However. in this case the 
condition of note 2 and the 32 clock or longer read system reset/read jump address interval must be 
provided.) 
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Timing Charts 

Write Cycle 

Write address reset 

WCK 

WAS 

WAS High 

The write address pointer is reset to 0 starting with the W'RSlow cycle. Only the falling edge ot 1he 
WRS signal is detected. Adequate margin is provided if the rise occurs at least one dock qde 
before the next fall. 

Write clock gate 

WCK 

WRs 
WAS 

High 

High 

During cycles where 'r:GW is high, the write address pointer is not incremented, and the 0 IN data 
is not written. 

Write enable 

~s 

WAS 

22 

Al1hough the write address pointer is inaemented on a cycle where WE is high, the 01 N d~a is not 
written. and the previous memory data is retained. 
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Read Cycle 

Read address reset 

RCK 

RRS 

RAS 

Dour 

~. 1-C~N ~ ~_::•• h' ~ 

The read address pointer is reset to 0 from the cyde where RRS was low. 
Only the falling edge of the 'RRS signal is deteded. Adequate margin is provided if the rise 
occurs at least one dock cyde before the next fall. 

Read clock gace 

ACK 

RRS 

RAS 

oaJT 
CGR 

OE 

Cyde N • 1 Cyde N Clock gate cycle Cyde N + 1 Cyde N + 2 

High 

,§)¢( o,..,, ~ I o.. ~ DIN.II >O< o...., H;gh 

1£ :. s 
~---~~~~~~~~-~ I ~--~~~~~~~~~~~~ 

tRGS tRGH 

Low 

During cydes where C"GR is high, the read address pointer is not incremented, and the output data 
is retained. 

Output enable 

RCK 

RRS 

RAS 

oaJT 

CGR 

OE 

High 

High 

During cycles where OE is high, the output goes to the high impedance state, and the read address 
pointer is incremented. 
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Line Reset 

Write line increment 

WCK 

WLRS 

High 

WWNO 

WCLR 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--High 

The line address Vis incremented, and the horizontal address His reset to 0. 

Read line increment 

ACK 

ALAS 

RAS 

Dcur ==:)0( !JiN-11 )0( 

High 

High 

RWNO 

RCLR 
-------------------------------------------------------- High 
The line address V is incremented. and the horizontal address H is reset to 0. 

Write line hold 

WCK 

WLRS 

WRS 

High 

High 

I/NINO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~High 
WCLR Add (0, V) High 

The line address V is held as it is, and the horizontal address H is reset to 0. 
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Read line hold 

RO< 

RLRS 

RRS 

DOU' 

R'l.NO 

High 

------------------------------------------------------ High RCLR Add (V, 0) High 
The line address Vis held as it is, and the honzonta address His reset to O. 

Jump Addrm Setup 

1 Dimensional Addressing Mode 

Write address setup 

Write address setup Write jump 

WCK 

WAD 

WAS 

J. 

0 
At least 64 CLK cydes 

12 

_______ J, 

13 63 0 

_JVV\_/ 

I~ 

~~~~~~~~~--~~~~~~~:~(1) 
~, IE-Add WA 

The write jump address WA is (A 13• A 12 .... A0) 

After 64 cycles have passed following the start of write address setup, a jump to the set address can be 
performed at any time. 
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Read address sewp 

Read address setup Read JUmp 

ACK 

RAS 

RAO 

RAS 

Dour 

.!. -------- At least 64 CLK cycles ------- .1. 
0 2 12 13 0 

xu 
~-----------------~~~ 

The read jump address RA is (A13 , A12 , ••• Ao) Add RA 

After 64 cycles have passed following the stan of read address setup, a jump to the set address can be 
performed at any time. 
Read and write address setup can be performed asynchronously. 

2 Dimensional Addressing Mode 1 

Write address setup (2 dimensional addressing: 324 line x 1024 dot mode) 

Write address setup 
J, 

Write jump 
At least 64 CLK cycle,-------- J, 

0 . 9 10 13 63 0 

WCK .F\_J\F\_JV 
WAS Line ess V HorizoLal addr H '\._J---

'w.s 3 !0!,1 ':~.±::lr::!. I 

WAD , Vs , V1 ::~:::™11//f/L0Wffi 
WAS ~ 
D1N -~fiii12F!:fJ1Ef?EY~:t2fii?f:JiE:f:~~(!) 

. "''-'~"'~1-~~(V H)' 

26 

The write jump address W(V, H) is (V8, .•.• VO, H4, ... , HO) ' 

The jump to the set address can be performed at any time once the required 64 cycles have passed 
following the stan of write address setup. 
Jump to line end block is inhibited. 
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Read address sewp (2 dimensional addressing: 324 line x 1024 dot mode) 

Read address setup Read jump 
J. ~-------Atlemt64CLKcyde..._------• J. 

0 8 9 10 14 63 0 t 

ACK .. j\J\J\JV 
RAS \ __ ./-

RAD 

RRS 

0 00T ~)Valid x Valid X Vaid X Valid rx~~ 
The read jumpaddr.aR(V, H)il (V8, ••• , V0,H4, ••• ,Ho) l\ddR(V, H) 

The jurrp to 1hesetaddreucai be pertonnedatanytimeonce1he required64cydes have p .. d 
bUowing the stan of read address setup. 
Read and write address setup cai be performed asynctuonou sly. 
Horizontal address should be 'O'forreadjump in 2dim. add. 
Jump 1D line end address is inhibited. 

2 Dimensional Addressing Mode l 

Write address setup (2 dimensional addressing: 288 line x 1152 dot mode) 

Wtte address setup Write jump 
J. 

WO< 

W/-0 

WRS 

J. 

_ _n_J\/L!LJ 

K\_j 

~::~::~~C~· 
The write jump address W(V,H)is (V8, .•• , Vr; H5, ••• ,Ho) AddW(V, H) 

The jump to 1hesetaddresscan be performed at anytime once therequi'ed 64cydeshavep .. ad 
folowing the stat of write address setup. 
Jump to line end address is inhibited. 
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Read address setup (2 dimensional addressing: 288 line x 1152 dot mode) 

ACK 

RAD 

RAS 

Read jump 
---------Al least 64 CU< cyctes ------- J. 

8 9 10 13 63 0 1 

.... r\J\J\_JV 

Dour ~)Vaid x Vaid x Vaid x Vaid x~~ 
The read ju~ addreu R(V, H) is (V 8, ••• , V0 , H5, ••• , Hd Add R(V, H) 

The ju~ to the Ht addreu can be performed at any time once 1he required 64 cyctes have passed 
following the start of read llddress setup. 
Read and write adchsa setup can be performed asynchronously. 
Horizontal acttess should be 'O' for read ju~ in 2 dim. add. 
Jump to line end address is inhibited. 

Address input mask 

WCK 

WAS 

WAD 

WRS 

28 

Address setup Jump 
-------- At least 64 CLK cycle-------... J. J. 
0 2 8 9 10 63 0 

(ACK) ... J\J\J 
(RAS) 

\w (tRAs) 

(RAO) 

(RRS) 

h th is ex ample, only 1he line address is re-in put, and the horizontal address retains its 
previoustf setvaue. 

After the start of ram orwrite ~mp add 18sa setup, if RXS or W1\S respectively is retumed to the 
high level at an arbilraiy bit position, th• address bits inputthereater are masked, and 1h• 
corresponding bits retan ther previous vaues. 



Jump 

Wrirejump 

WCK 

WRS 

Read jump 

RCK 

RRS 

RAS 

Dour 

HMS30281 

WA'rs the address input in theprevioua write address utup 
cyde. . 
Ju mp to Hne end address is inhibted. 

RA is the address input in the pravioua remi add rass selJp cyde. 
Read jump is availableforthe jufTl> addrass of which horizontal address is ·o·. 
Jump to ine end address is inhibted. 
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New/Previous Data Acceu 

New dala access (address reset) 

30 

WCK 

WE 

CGN 

WRS 

WAS 

DIN 

RCK 

CGR 

RRS 

RAS 

OE 

Dasr 

\_J 

Written data can be read out 160 WCK doc:K cycles after it was written. 

High 



• Previous data access (address reset) 

WCK 

WE 

CGN 

WAS 

WAS 

DIN 

ACK 

CGR 

RAS 

RAS 

OE 

Oout 

0 

\_J 

2 

HM530281 

32 33 3' 

~ 

High 

High 

'{----!I>~ 
~~-==--

Previous data can be read out up to 32 WCK clock cydes after the write operation. 
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New data access (address jump) 
(example where the read and write jump addresses are to the same location) 

0 1 2 13 160 161 , 62 

WCK J\J\J\J\~J\_F\JV\J 
WE 

(XNI 

WRS 

WAS 

DIN 

RCK 

CGR 

RRS 

RAS 

OE 

Darr 

32 

Written data can be read out 160 WCK dock cydes attar it was written. However, it is necessary 1D 
execute the read ju~ address setup operation outside the time period between 32 WCK cydes before 
the stan of write to that address and 32 WCK cydes after the c:o~letion of write to that address. 



• Previous data access (address jump) 
(example when the read and write jump addresses are to the same location) 

WCK 

we 

CGN 

WRS 

WAS 

RCK 

CGR 

RRS 

RAS 

OE 

Dour 

Previous data can be read out up 1D 32 WCK dock cyd• after the write op•ation. 

HMS30281 
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Clear 

• Write clear 

WCK 

WCLA 

WNNO 

DtN 

-----Add (V, H) Add (0, 0) 

WRS W//#J' 

WLAS V/////J 
WAS V//////7 

The write address pointer is reset to (0, 0), and window mode is turned off if it was on. 

. Read clear 

N N+1 0 2 

ACK 

RCLA 

RWND 

Darr 

Add (0, 0) 

RRS 

RLAS 

RAS 

The read ackhss pointer is reset to (0, 0), and window mode is turned off if it was on. 
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Window Scan Function 

Combined Window Scan Example 

In window scan mode~ the destination address of a 
jump will be the first point in the window region, 
and line reset and reset operate as follows. 

Linc increment: Resets to the left edge of the 
window on the next line. 

Linc hold: Resets to the left edge of the window on 
the same line. 

Resec Resets to the first point in the window. 

HM530281 

In this mode, addresses are generated 
automatically internally, so this function is useful· 
in applications that need to scan a window region. 

Also, completely independent window regions can 
be scanned by the read and write systems. 

Representative application examples are presented 
below. 

0 

H (32-bit units) 
~ 1024 (1152) 

0 

(P,Q) 

(M ,N) 
WindowB 

(A, S) 

Window A 
(P + p, Q + q) 

WindowC 

(M + m, N + n) 

319 (A+ r. S + s) 

Note: Horizontal address should be 'O' for read window jump. 
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Case 1: Switching Between Normal and Window A Scan 

'hWND-, _ ___.-....i;-.."""""-....i;-'-"--.""""'-......_""""'"""-"~ vZZZZZZZZfZZZZ<l 
(RWND) 

Mode 

WRS 
(RRS) 

WAS 
(RAS) 

WLRS 
(RLRS) Jump to 

(M, N) 
(M. N+1) (M. N+n) Jump to (0, ( 1. 0) 

0) 

Case 2: Repeatedly Scanning Window A 

Jump to 
(M,N) 

2nd line 

'NWND 
(RWNO) 

rZZZZZZZZZZZZ?ZZZZZZZZJ tZZZZZZZZZZZZZZZJ 

Mode 

WRS 
(RAS) 

WM 
(RAS) 

WI.BS 
(ALAS) 

Window A 

1 st line 2nd line 

Jump to 
(M,N) 

(M,N+1) 

Window A 

Last tine in A 1st line 2nd line 

(M,N+n) Jump to 
(M,N) 

(M,N+1) 

Case 3: Switching from Window A Scan to Normal Scan to Window C Scan 

ezzzzza 

36 

WRS 
(RRS) 

WAS 
(RAS) 

WLRS 
(RLRS) --4..._, ____ ....._ ______ ....(·~--;......,_.;..---1 

we.LB 
(RCLR) 

Jump to 
(M,N) 

(M, N+~) Jump to (0, 0) 

New· address 
setup: (P. 0) 

Jump to 
(R.S) 

New address 
setup: (R. S) 

2nd line 

(R, S+1) 
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Case 4: Switching from Window A Scan to Winclow B Scan to W"mdow C Scan 

W\NNDt Q????????z'p??????Zj i~_...,...,.....,...,__...._......._""""""_. 
(RWN~ ~--------~~~:----~------~~-----
Mode 

WRS 
(RRS) 

WM 
(RAS) 
WLRS~--- I 

(RLRS) Jump 1D 
(M,N) 

(M. N+n) Jump ID (P, 0+1) 
I (P,0) 

(P. ~+q) Jump to (R, S+1) 

Window Scan Timing Charts 

Window Jump (setup) 

• Write 

NeWadchla 
setup: (P, 0) 

I (R.S) 

New address 
setup: (R, S) 

The value (M, N) is the adcrns input during the write address setup cyde. 
Ju111> to line end address is inhibited. 
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Read 

RCK 

RAS 

AVVND 

Do.sr 

The value (M, N) is the address input during the read address se1Up cycle. 
N should be ·o· for read address. 
JurT4> to the line end address is inhibited. 

Line Increment (in window mode) 

Write 

WCK 

WLRS 

WAS 
DIN 

'IN/NO 

WCLR 

Read 

ACK 

ALAS 

RRS 

Dour 

RWND 

RCLR 

38 

Don't Care 

High 

The line address M is inaemented and the horizontal address currently at N + n is reset to N. 

n-1 

0(2) 

Add(M+1,N) ----

Don't Cara 

High 
The line address M is inaemented and the horizontal address currently at N + n is reset to N. 
N should be ·o· for read window. 



Line Hold (in window mode) 

Write 

WCK 

-wLRS 
WRS 

"WWNb 

WCLR High 

HMS30281 

The line address M is held at its a.irrent value and 1ha horizontal address a.irrantty at N + n is reset to N. 

Read 

RCK 

RLRS 

RR6 

D OUT 

RWNO Doni Cara 

RCLR High 
The line address M is held at its a.irrent value and 1he horizontal address a.irrently at N + n is reset to N. 
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Window Clear 

Write 

WCK 

WRS 

WAS 

I/NINO 

DIN 

Read 

ACK 

RAS 

RWND 

OOJT 

40 

Note: The write addreM is reset 1D (0,0) when ms is high. 
'Mien W"J;S is low, the write address jUrT1>11D WA, and in any case, the write window is d .. ed. 

Note: The read address is reset to (0,0) when~ is high. 
When~ is low, the read address jumps to RA, and in any case, the read window is deared. 
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Clear 

• Write clear 

----- Add (V, H) Add (0, 0) 

WRS W/ff/,/ 
WLRS V//////? 
WAS W/11//f 

The write address pointer is reset to (0, 0), and window mode is turned off if it was on. 

• Read clear 

ACK 

RCLR 

RWNO 

Dour 

"""""'~ ..... """""'~~ ...... ~~====:~=-""""~~--------.--.---

The read address pointer is reset to (0, 0), and window mode is turned off if it was on. 
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Reset to the W"mdow Origin 

These figures show the timing chans for resetting the address pointer to the window origin address (M, N) 
during window scan mode execution. 

Write 

WCK 

WAS 

WWNO 

The write address pointer is reset tD the window origin address (M, N). 

• Read 

ACK 

RAS 

RWNO 

Dour 

Add(M, N) 

The read address pointer is reset to the window origin address (M, N). 
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Package Dimensions 

Unit: mm 

TTP440B 

18 .41 -18.81 Max 

~-· 23 

t 
co -0 -

'-0 

1 ,. lI lo.so I 
..... 
22 

Q:..30 :t: 0.10 r•I 0.2~ 1Mi 

)( 

"' 2 
U') 

0 

0 

~ 

0 

- +t 
..... -0 
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HM63021P-28/34/45 
2048 X 8 - BIT LINE MEMORY 

Rev. 7 
Aug. 1990 

@HITACHI 

The HM63021P is a 2048-word x 8-bit static Serial AccessMemory (SAM) with separate 
data inputs and outputs. Since it has an internal address counter, no external 
address signal is required and internal addresses are scanned serially. Using 
five different address scan modes, it is applicable to FIFO memories, double-speed 
conversions, lH delay lines, and 1H/2H delay lines for digital TV signals. Its 
minimum cycle times are 28 ns and 34 ns, each corresponding to 8 fsc of PAL TV 
signals and NTSC TV signals. All inputs and outputs are TTL-compatible. This 
device is packaged in a 300-mil 28-pin DIP, and 28-pin plastic SOP. 

Ordering Information 
Tlee No. Clcle Time Package 

HM63021P-28 28 ns 300-mil 
28-pin 

HM63021P-34 34 ns plastic DIP 
(DP-28N) 

HM63021P-45 45 ns 

HH63021FP-28 28 ns 28-pin 
plastic 

HM63021FP-34 34 ns SOP 
(FP-28DA) 

l!M63021FP-45 45 ns 

Features 
.... ( 

,., 

,., 

,., 

,., 

,., 

Five modes for various .applications 
Corresponds to digital TV system with 4 fsc sampling 

(PAL, NTSC) 
Decoder signal output pin: Fewer external circuits 
Asynchronous read/write operations 

Separate address counters for read/write 
No address input required 

High speed 
Cycle time: HH63021-28: 28 ns (min) 

HM63021-34: 34 ns (min) 
llH63021-45: 45 ns (min) 

Completely static memory: No refresh required 
8-bit SAM with separate I/0 
Low power dissipation 

Active: 250 mW typ 
Single 5 V supply 
TTT.-compatihle 



Pin Arrangement 

D 111 21 TBC DSC TOCE Mot.lcs TOCE DSC TDC 111 21 D 

MOOE 

aK iITTK 
RES t RRES iiliEc om. 

otno of 
Dint Oouto 

Ofn2 Oout I 

OfnJ Oout2 

Oln'I Oout3 

Oln5 Oout11 

Dln6 OoutS 

OlnT Oout6 

WE OoutT 
orc1 WiJEC WTIE5 OS om 

Vss WCLK wr om 
(Top View) 

Hode Table 

Mode Si_g_nals Ho de Application Example 
Model Hode2 Mode3 

H H H Time base compression~ 
e~ansion (TBCEl 

Picture in picture 

H H L Double speed Non interlace 
conversion _{_DSCl 

H L - ,'ell Time base correction Time base correcto~ 
(TBC) 

L H - *1 1H/2H delay (1H/2H) Vertical filter 

L L - 'l'tl Delay line (D) Delay line 

Note: *l Decoder output signal ( RDEC, DEC2 

@HITACHI 



Pin Description 

Pin No. 

DSC, TBC 

DSC, TBC 

(TBC) 

TBCE, DSC, TBC 

16 WRES/DS/DEC TBC 

@HITACHI 



Block Diagram 

Vee 

lilJEC 
(20'17) Acidress 

IJncodnr 

HCLK/CLK 
HHES/HES 

Tlminc (liritc Stop) 
Control 

WCLK/\H I.or, i e 

~RES/OS 

HODEl 
HOUEZ. 

MODEJ 

lir.ita 
Row 

Decoder 

DouLO DouL7 OE 

11 .. 1(1 ~'l'I :J:i • i 11 •r., '••n 

lirile Column 
IJcr.odar 

liri l:r. CoJ umn 
Switch 

Mnmori; Matr.ix 

A . 13 
(l28x61)~ (128x6~) 

Hand Column 
Swj Leh 

Rend Column 
Decoder 

DinO Din7 

Read 
Row 

Decoder 

.....-----., ....................... .__ ffijfc 
µ..>U<..IU..l..l.uuu. OEGl 

Addross DEC2 

,....,......~-@ 

~o..::..:::...1---- DECi1 

Rend .Address 
Control 

1-----j @HITACHI I il . 



Absolute Maximum Ratings 
Parameter Symbol 

Voltage on any pin VT 
relative to Vss 

dissipation 
Operating 
temperature 
Storage 

Topr 

Tstg 

Rating Unit 
-0.5'' to +7 .0 v 

1.0 w 

0 to +70 

-55 to +125 
temperature 
Storage temperature Tbias -10 to +85 6 C 
under bias 
Note: "' VT min = - 3. 5 V for pulse width S 10 ns 

Recommended DC Operating Conditions ( Ta • 0 to +70°C 
Parameter S;t:mbol min t:t:e max Unit 

Vee 4.S s.o 5.5 v 
Supply voltage 

Vss 0 0 0 v 

Vm 2.4 6.0 v 
Input voltage 

VIL -0.5* 0.8 v 

Note: ;, VIL min = -3.0 V for pulse width S 10 ns 

Electrical Characteristics 

DC Characteristics (Ta = 0 to +70°C, Vee = 5 V±lO i, Vss = 0 V) 
*l 

Parameter S mbol min t max Unit Test Condition 
Input leakage It I 10 µA Vcc=S.5 V 
current Vin=Vss to Vee 
Output leakage I Ito I 10 µA OE=VIH 
current Vout=Vss to Vee 
Operating Min.cycle, 
power supply Ice 50 90 mA Iout=O mA *2 
current 

Vat 0.4 v IOL=8mA,Dout0 - 7 
DEC output pin *3 

Output voltage VoH 2.4 v IOH=-4 mA, 
DoutO - 7 pin 

VoH 2.4 v .!.Q!!•-1 mA, 
DEC output pin 

Notes: *l Typical values are at Vcc=5V, Tas25 6 C and for reference only. 
,.,2 Dout and f5!'e 
,.,3 IoL • 6 mA for 45 ns version. 

Capacitance (Tas2S°C, f=l.O MHz) 

Parameter S;t:mbol min tIE max Unit Condition 
Input capacitance Cin 6 pF 
Output caeacitance *l Cout 9 eF 
Notes: ,.,1 13,15 - 24,26 pin 

*2 This parameter is sampled and not 100 % tested. 
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AC Characteristics (Vee = 5 V±lO %, Ta 0 to 70°C unless otherwise noted) 

* AC Test Conditions 

# Input and output timing reference levels: 1.5 V 
# Input pulse levels: Vss to 3 V 
# Input rise and fall times: 5 ns 

HM63021-28, -34 
+SV 

DEC 

395 

510 Q 

30 pF '0'1 

+5V 

Dou t c>----t Dout 

255 255 

+SV 

DEC output load Dout output load (A) Dout output load (B) 
Ctotz. tottz) 

HM63021-45 
+SV +SV +5V 

DEC Dou t l.J----t Dout 
0 pF "'1 

294 294 

DEC output ioad Dout output load (A) Dout output load (B) 

Note: *1 Including and jig 
Ctotz. tottz) 

scope 

Read Cycle 
HH63021-28 HH63021-34 HH63021-45 

Parameter s bol min max min max min max Unit 
ea eye e time tRC 28 34 45 ns 

Read clock width tRWL 10 10 15 ns 

tRWH 10 10 15 ns 

Access time tAC 20 25 30 ns 

Decode output( fall) to Al 20 25 30 ns 
access time · 

(rise) tDA2 40 50 60 ns 

Output hold time toH ~ 5 5 ns 

Decode output(fall) tDoH1 5 5 5 ns 
hold time 

'. (rise) tooH2 s s 5 ns 

tQE 20 25 30 ns 

tQHZ 0 15 0 20 0 25 ns 

totz 5 5 5 ns 

@HITACHI 
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Write Cycle 

HM63021-28 HM63021-34 HM63021-45 
Parameter S;:t:mbol min max min max min max Unit 

twc 28 34 45 ns 
Write cycle time 

twc{lH/2H Mode}56 68 90 ns 

twwL 10 10 15 ns 
Write clock width 

twWH 10 10 15 ns 

Input data setup tns 5 5 7 ns 
Time 
Input data hold tnH 5 5 7 ns 
Time 

twESL 5 5 7 ns 
WE setup time 

twESH 5 5 7 ns 

twEHL 5 5 7 ns 
WE hold time 

twEHH 5 5 7 ns 

twTsL 5 5 7 ns 
WT setup time 

tWTSH 5 5 7 ns 

twTHL 5 5 7 ns 
WT hold time 

twTHH 5 5 7 ns 

Reset Cycle 
HM63021-28 HM63021-34 HM63021-45 

Parameter Slmbol min max min max min max Unit 
Reset setup time tRES 8 9 10 ns 

Reset hold time tREH 5 5 7 ns 

Clock setup time tREPS 8 9 10 ns 
before reset 
Clock hold time tREPH 5 5 7 ns 
before reset 

@HITACHI 



Mode Description 

* Time Base Compression/Expansion Mode 

This mode turns HH6302l into a 2048-word x 8-bit FIFO 
memory with asynchronous input/outP-ut. ~HH63021 provides 2 
clocks (~, WC!:R) and 2 resets (RR"[$, WRES), one each for 
read and write. The internal address counters increment by 1 
address clock and are reset to address 0. A write-inhibit 
function of llM63021 stops writing automatically after the data 
has been written into all addresses 0 to 2047. The write-inhibit 

·function is released by reset using ~. and the HH63021 restarts 
writing into address 0. 

* Double-Speed Conversion Mode 

This mode turns HH63021 into a 1024-word x 8-bit x 2 memory with 
asynchronous input/output. It is used for generating non-interlaced 
TV signals. When the original signal and the inter-polated signal 
(1-field delay) of interlaced signals are input to the HH63021 
multiplexed per dot, it outputs non-i~terlaced signals for each line. 
8 fsc should be input to RCL1< and WCT.K. A standard ll synchronizing 
signilL.gnd a non-interlace H synchronizing si~nal are inJ?Ut to QRES 
and RRES respectively. A write-inhibit function is provided in this 
mode1 making it applicable to PAL TV, where extra data (1135 - 1024 
111 oits) is ignored. 

"' TBC Mode 

This mode turns HH63021 into a 2048-word x 8-bit FIFO memor~th 
asynchronous inp_y~/oJ.li.p.J,lt. The HH63021 provides 2 clocks (RCLK, WCLK) 
and 2 resets (RRES, WRES), one each for read and write. The internal 
address counters increment by 1 address at each clock and are reset to 
address O. The internal address counters return to address 0 after they 
reach address 2047. The HM63021 outputs a write decode pulse from WOEC, 
synchronizing it with ~9dress 2047 in the write address counter, and read 
a decode pulse from tm'EC, synchronizing it with address 2047 in the read 
address counter. Using these pulses, the memory area can be extended 
easily (multiple HH6302ls can be used with ease). 

* 1H/2H Delay Mode 

This mode turns HH63021 into a 1024-word x 8-bit x 2 delay line with 
synchronous input/output. Delay time is defined by ~he reset period of 
RES. Since the H!:J63021 outputs L2..Ql decq_ge i:>ulse (DECl) and a 910 
decode pulse CorG2), connecting DEC2 to RES, for example, outputs lH
and 2H-delayed signals alternately at a 8-fsc cycle when the original 
signal is input at a 4-fsc cycle. A write-inhibit function is provided 
in this mode, making it a{lplicable to PAL TV, where extra data 
(1135 - 1024 = 111 bits) is ignored. 

* Delay Line Mode 

This mode turns the ·HM63021 into a 2048-word x 8-bit delay line with 
synchronous input/output. Delay time (3 to 2048 bi~§) is defined by the 
reset period of ~. The delay is 2048 bits when RES is fixed hi$h. 
Signals delayed by 910 bits to 1135 bits, for examele; can be easily 
obtained witl~9ut external circuits by just connecting selected decoded 
pulses on UE'Cl - D~C4 to RES. 

®HITACHI 



Notes on Using 111163021 

* Hitachi recommends that pin 13 (high impedance) should be fixed 
by pulling up or down with a resistor (of several kQ) in TBC or 
DSC mode. 

* Hitachi recommends that the mode signal input pins and DS pin 
should be fixed by pulling them up or down with a resistor (of 
several kQ) . 

* Data integrity cannot be guaranteed when mode or DS is changed during 
operation. 

* When a read address coincides with a write address in TBCE, TBC 
or DSC mode, the data is written correctly but it is not always 
read correctly. 

(1) Read after write (3 bits delay) 

t ~ tWC min 

f- Read cycle 

(2) Write after read (2048 bits delay) 
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* At power on, the output of the address counter is not defined. 

Therefore, operations before the system is reset cannot be 

guaranteed, and decode signal output is not defined until after the 

first reset cycle. 

* The decode signal is latched by a decode output latch circui~ at the 

previous address of the internal counter address and is output 

synchronized with the next address. For example, WDEC in TBC mode is 

latched at write address 2046 and is output at write address 2047. If 

a write reset is performed on address 2047 at this time, the write 

address becomes 0 and WDEC is output. 

The same operation is performed in other modes. 

* In the reset cycle, the input levels of WRES, RRES, RES are raised to 

satisfy tREH, and are fixed high until tREPH in the next pre-reset 

cycle is satisfied. The rise timings of the reset signals (RES, 

WRES, RRES) are optionals provided that the tREPS specification is 

satisfied. The timings at which RES, WRES, and RRES fall after 

pre-reset are also optional, provided that the tREPH and tRES speci

fications are satisfied. 

RES 

WRES 

RRES 
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* Hitachi rec0111Dends that tm (time between mode set and the first 
cycle (Pre-reset)) should be kept for 2 cycle time (56 ns/68 ns 
/90 ns) or more while the power supply is on. 

(1) TICE. TBC. DSC and Delay Line Mode 

mode 

WCEK 
(CLK) 

~ 
~ 

WRES...,...,...,..,...,+,...,...,....,...,....,...,....,...,....,...,...,..,....,...,...,+...-~~"""\I 

(RES) ....... '-'-'-4-'-......_......._.......,.'-'--' .................. "-'1 

(2) lH / 2H Delay Mode 

~ v ~ v 

Note: When mode pins are fixed with Vee, V55 in mode set 
while the power supply is on, tm spec is not needed. 
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Docode Signal 

When the internal address counter reaches the specified address as 
h b 1 d d b 1 s own e ow-'- eco e out.2_uts ecome ow. 

Ho de Pitj Pin Internal Timing of the 
No. Name Address Output Signal Operation 

Counter 
TBC 13 WDEC Write 204~ After write Completion of writing on all 

2047 bits is detected. 
26 RDEq Read 2047 Output of Completion of reading from 

2046 all bits is detected. 
lH/ 21l 13 OEq Read 900 Output of Dy .inputting this signal to pin 

(211) 900(1H) 03, 901/1802-bit delay output 
is obtained. 

26 DEC2 Read 909 Output of Dy inputting this signal to pin 
(2H) 909(1H) #3, 910/1820-bit delay output 

is obtained. 
Delay 13 DEq Read 900 Output of 899 By inputting this signal to pin 
line #3, 910-bit delay output is 

obtained. 
Read 1810 Output of By inputting this signal t~n 

1809 #3 after the frequency of DECl 
is devided into two, 1811-bit 
del~ out_E.ut is obtained. 

26 DEC2 Read 909 Output of 908 By inputting this signal to pin 
#3, 910-bit delay output is 
obtained. 

Read 1819 Output of By inputting this signal t~n 
1818 #3 after the frequency of DEC2 

is devided into two, 1820-bit 
dela_y_ out_.2..ut is obtained. 

16 UEC~ Read 1134 Output of By inputting this signal to pin 
1133 113. 1135-bit delay output is 

obtained. 
15 DEC~ Read 1125 Output of By inputting this signal to pin 

1124 113 I 1126-l>it delay output is 
obtained. 

Note: When the counter is reset by reset signal (RRES, ~ES, WRES), 
address becomes 0. 

Write-inhibit Function 

When internal address counter is as follows, writing is inhibited 
automatically for the next cycle. The write-inhibit function 
is cancelled by_ reset throu__g_h WRES or RES. 

Mode Write-inhibit Function 
(internal counter addressl 

TBCE Write-inhibit after address 2047 
DS·C Write-inhibit after address 1023 x 2 
TBC No function 
lll/2H Write-inhibit after address 1023 
D No function 
Note: When the address counter is reset by WRES or ffi, address 

becomes 0. 
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Read Reaet Cycle (TICE, TIC Modes) 

Dout 
lfote (Z 

Notes: 1. The read address counter is reset at the first falling edge 
of RCLK after RRE'S falls, meeting the specifications of tREPS 
.!!!.!L_tREPH, and it is not reset at the next falling edge of 
RCLK even if RRES is kept low. 

When tRES• tREH• tREPS• and tREPH cannot meet the speci
fications, the reset operation is not guaranteed. In reset 
operation, both prereset and reset are required. 

2. Output is from the read address of the previous cycle. 

3. When RRE'S is fixed high, the data at the read address 
counter is reset after the data of address 2047 is output, 
and the same operation restarts. 
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Write Reset Cycle (TICE, TIC tlodea) 

WRES 
Nolr.(l 

Din 

Note: The write address counter is reset at the first falling edge 
of WCLK after WRES falls, meeting the specifications of tREPS 
~tREPH• and it is not reset at the next falling edge of 
WCLK even if WRES is kept low. 

When tRES• tREH• tREPS• and tREPH cannot meet the specifications, 
the reset operation is not guaranteed. 
In reset operation, both prereset and reset are required. 
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Reset Cycle (DSC Mode) 

[Prere;;t ~J 
··---~ 

"RFS 
Nole{~} Nole 
Nole 

IJ.in 

RCl.K 

Uoul 

Rr.~~1; Ti•inr. I 

Notes: l. The write address counter is reset at the first falling edge of 
~after~ falls, meeting the specifications of tREPS and 
tREFH.!_and it is not reset at the next falling edge of~ even 
if ~~ is kept low. When tRES• tREH• tREPS• and tREPH cannot 
meet the specifications, the reset operation is not guaranteed. 

2. The read address counter is reset at the first falling edge of 
~ after RRlS falls, meeting the specifications of tREfS and 
tREPH• and it is not reset at the next falling edge of RCLR even 
if RR!S is kept low. When tRES• tREH• tREPS• and tREPH cannot 
meet the specifications, the reset operation is not guaranteed. 

3. When tREf9• tRE.$_!.__and tREH (~to~), or tREPS• tREPH• tRES• 
tREH (PR£S to RCIJ{) cannot meet the specifications, the output of 
video signal A is no~arantee~. (Reset Timing l) 

4. When tREPS (~to RCLK), or tRES• tREH• tREPH (~to RCLK) 
cannot meet the specifications, the interpolation signal B is not 
guaranteed. (Reset Timing 2) 
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Reset C,cle (1B/2B Mode) 

cu 
(8 he) 

Nolc(I) 
VT 
(~ he) 

RES 

Din 

n-1 
211 lit 211 lit 211 

tWl!Sl_l tVEllL 
1---~~ :;-:!If---\ I \ \ c-= 

OS 

Notes: 1. WT is the input during half cycle of CLK, meeting the 
specification!_of tvrsL• twnu,, tvrSH• and tWTHH.:... Data is 
written when WT is low. Reset is possible when WT is high. 

2. Read address counter is reset at the first falling edge of 
CLK after RES falls, meeting the specifications of tREP~nd 
tREPH• and it is not reset at the next falling edge of CLK 
even if RES is kept low. When tRES• tREH• tREPS• and t'REPH 
cannot meet the specifications, the reset operation is not 
guaranteed. In reset operation, both prereset and reset are 
required. • 

3. When DS is fixed high, lH output data is delayed by n bits and 
2H output data is delayed by 2n-bits where 2n is the reset 
cycle of RES. When DS is fixed low, lH output data is delayed 
in n-5 bits and 2H output data is delayed in 2n-S bits. 
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Reset Cycle (D !Sode) 

Din 

r>out 

Note: 

tllEPS lllEPll 

\ 

The read address counter is reset at the first falling edge 
of CLK after RES falls, meeting the specifications of tREPS 
and tREPH• a~it is not reset at the next falling edge of 
CLK even if RES is kept low. 

When tRES• tREH• tREPS• and tREPH cannot meet the specifi
cations, the reset operation is not guaranteed. 
In reset operation, both prereset and reset are required. 
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Write Enable (DCE, DSC, TBC, D tlodes) 

VCLK Nolr.(2) 
(Cl.K) 

nin 

Notes: 1. When tWEHL• tWESH• twEHH• and twtsL cannot meet this spe
cifications, the write enable operation is not guaranteed. 

2. In the delay line mode, CLR takes the place of WCLK. 

Write Enable (1H/2H Kode) 

CIJ 
(8 f r.c) 

_ Notr.(J) 
VE 

Din 

Note: When tWTSL• tWTHL, tWEHL• and tWEHH cannot meet the spe
cifications, the write enable operation is not guaranteed. 
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Decode Output (TIC, D Kodea) 

Notes: 1. In TBC mode, WCLK or RCLK takes th!....E.!ac~ CLK. __ 
2. DEC is WDEC or RDEC in TBC, DECl, DEC2, DEC3, or DEC4 in 

D mode. 

Decode Output (1H/2H Hodes) 

C:l.K 

VT 
Nolc(l) 

Note: When t\¥TSL• t\¥THL, t\¥TSH• and tWTHJI cannot meet the speci
fications, the decode output operation is not guaranteed. 

Output Enable (All Hodes) 

Dout 
Not.c(t) 

DATA VALlO 

0!17. 

lllr,h z 

LOE 
l.01.7. 
~-··-

UATA VALlD 

Note: Transition of toHZ and tWLz is measured ±200 mV from 
steady state voltage with Output Load B. 
This parameter is sampled and not 100 i tested. 
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Package.Diaeuimus 

•HH63021P Series 

36.0 I ZI 37.32•• IS I 

c::::::::::::i~~ 
l II 1.3 14 

•H!163021FP Series 

1 
0.895 

18.30 

14 

c 
•""1 • C> 

0 

" 
= C> 

C> 

r-i 

Unit: 1111 

11.80!0.30 
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