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The HM538253 is a 2-Mbit multiport video RAM
equipped with a 256-kword x 8-bit dynamic RAM
and 2 512-word x 8-bit SAM (full-sized SAM). Its
RAM and SAM operate independenty and

asynchronousty. The HM538253 has basically

upward-compatibility with the HMS534253A/
HMS538123A except that pseudo-write-transfer
cycle is replaced with masked-write-transfer cycle,
which has been approved by JEDEC. Furthermore,
several new features 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

«Multiport 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: 22 ns/25 nsf25 ns max
«Cycle time : p
RAM: 130 ns/150 ns/180 ns min
SAM: 25 ns/30 ns/30 ns min

«Low power
Active RAM: 715 mW max
SAM: 468 mW max
Standby 38.5 mW max

+Masked-write-transfer cycle capability
-Stopping column feature capability

»Persistent mask capability

+High-speed page mode capability

sMask write mode capability

«Bidirectional data transfer cycle between RAM
and SAM capability

o8
Hitachl ‘5,

semiconductor -

+Split transfer cycle capability

*Block write mode capability

«Flash write mode capability

«3 veriations of refresh (8 ms/512 cycles)
— RAS-only refresh

— CAS-before-RAS refresh

~ Hidden refresh

+TTL compatible

Ordering Information

Type No. Access time Package
HM538253J-7 70 ns 400 mil 40-pin
plastic SOJ
HMs538253J-8 80 ns (CP-40D)
HM538253J-10 100 ns
HM538253TT-7 70 ns 44-pin thin small
outline package
HMS5382537T-8 80 ns (TTP-40DA)
HM538253TT-10 100 ns
HM538253RR-7 70 ns 44-pin thin small
outline package
HM538253RR-8 80 ns (TTP-40DAR)
HM538253RR-10 100 ns

Preliminary: This document contains information on a new
product. Specificatiors and inlormation contained herein are
subject to change without notice.
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Pin Arrangement

Pin Description

HM538253] Series Pin name Function
Vee 1 40 [JVss AO - A8 Address inputs
sc ]2 a9 [Jsvo7
svoo []3 a8 [J svos 1100 - VO7 RAM port data inputs/outputs
svo1 [« 37 []sVOS Si1/00 - SKO7 SAM pont data inputs/outputs
svo2 5 36 | J SVO4
svo3 (16 35 JSE RAS Row address strobe
DT/OEL}7 ?f ;].. V?-f TAS Column address strobe
voo []s8 331 } VOB
vot 9 32 [Jvos WE Write enable
vo2 ] 10 31 [ vO4 ~
vo3 [ 11 30 [JVss DT/OE Data transfer/output enable
Vss [ERY: 29| JOSFi sSC Serial clock
WE (] 13 28 [ ] DSF2
RAS [] 14 27 {JCAS SE SAM port enable
A8 (] 15 26 [ ]QSF . -
A7 [ 16 25 ] A DSF1, DSF2 Special function input flag
As []17 24 1A QSF Special function output flag
As [] 18 231 A2
A4 (119 22[]A3 Vee Power supply
Ve (20 21 [ IVss Vgs Ground
(Top View) NL No lead
HMS38253TT Series HM538253RR Series ]
Vee 1 44 [ Vg Vss [ 44 1 DV
sc ]2 43 [ ] svo7 svo7 ] 43 2 sc
svoo (13 42 [] V06 svos [] 42 3 [Jsvoo
svo1 ] 4 41 [] SVOs svos [ 4t 4 | svol
svo2 (s 40 [] SVO4 svos [ 40 s [Jswo2
svo3 (6 . 39 [JSE SE[] 39 6 [1sv03
DI/OE[] 7 38 [Jvo7 vo7 ] 38 7 |J DT/OE
voo (1 8 37 [Jvos vos [} 37 g [Jvoo
vor (9 36 [Jvos vos (1 36 9 [JvoOt
voz (110 35 [J voa vod (] 35 10 [Jvo2
NL 11 34| NL NL 34 1 NL
NL 12 3 NL NL 33 12 NL
vo3 [ 13 32 [ Vss Ves [ 32 13 |J vo3
vss (] 14 31 [] DSF1 psFi(] a1 14 [ Vss
WE] s 30 [ DSF2 osF2(] 30 15 JWE
RAS[] 18 29 [JCAS TAS[] 29 16 [ AAS
As 117 28 [J OSF osF (] 28 17 [ A8
A7 [ 18 27 [J A0 a0 1 27 18 {J A7
As [] 19 26 [J At A1 [ 26 19 [JAs
As (120 25 [J A2 A2 25 20 [JAS
Ad ]2y 24 [ A3 A3 (1 24 21 [J A
Vee O 22 23 [ Vss vss (] 23 22 ] Ve
(Top View) (Top View)
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Block Diagram
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Pin Functions

RAS (input pin): RAS is a basic RAM signal. Itis 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 HM538253.

Table 1. Operation Cycles of the HM538253

RAS TAS Address VOn Input
Mnemonlc
Code TAS DT/OEWE DSF1 DSF2 DSFi DSF2 RAS TAS FAS TAS/WE
CBRS o - 0o 1 0 - 0 Stop - - -
CBRR 0 ~ 1 0 0 - 0 - - - -
CBRN 0 - 1 i 0 - v - - - -
MWT 1 0 0o o 0 - 0 Row TAP WM -
MSWT 1 0 0 1 0 - 0 Row TAP WM -
RT . 1 0 1 0 0 - 0 Row TAP - -
SRT 1 0 1 1 0 - 0 Row TAP - -
RWM 1 1 0 0 0 0 0 Row Column WM Inputdata
Reglster
Mnemonic Write  Pers No.of
Code Mask WM. WM Color  Bndry Function
CBRS - - - - Set CBR refresh with stop resister set
CBRR - Reset Resst - Reset CBR refresh with register reset
CBRN - - - - - CBR refresh (no reset)
MWT Yes Nr; 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 transter
RWM Yes No Load/use - - Read/write (new/old mask)
Yes Use
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Table 1. Operation Cycles of the HM538253 (cont)

Mnemonic FAS TAS Address VOn Input
Code TAS DT/OE WE DSF1 DSF2 DSF1 DSF2 RAS TAS RAS TAS/WE
BWM 1 1 0 0 0 1 0 Row Column WM Column Mask
RW (No) 1 1 1 0 0 (o] 0 Row Column - Input Data
BW (No) 1 1 1 0 0 1 0 Row Column -~  Column Mask
FWM 1 1 0o 1 0 - 0 Row - WM -
IMRand 1 1 1 1 0 0 0 (Row) ~ - Mask Data
Oid Mask Set
LtCR 1 1 1 1 0 1 0 (Row) — -~  Color
Option 0 0 o o0 0 - 0 Mode — Data -
Reglster
Mnemonic Write  Pers No.of
Cods - Mask WM wM Color  Bndry Functlon
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
LMRand - Set Load - - Load mask register and old mask set
Old Mask Set
LCR - -t - Load - Load color resister set
Option - - - - - -
Notes: 1. With CBRS, alt SAM operations use stop register.

2. After LMR, RWM, BWM, FWM, MWT, and MSWT, use old mask which can be reset by CBRR.
3. DSF2is fixed low in all operation. (for the addition of operation mode in future)
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CAS (input pin): Column address and DSF1 signals are fetched into chip at the falling edge of CAS, which
delermines the operation mode of the HM538253. CAS controls output impedance of 1/O in RAM.

AO - A8 (input pins): Row address (AX0 - AXB8) is determined by A0 — A8 level at the falling edge of
RAS. Column address (AY0 - AY8) 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.

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 HM538253 tums to mask write mode. According to the I/O level at the time,
write on each /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 no mask write cycle is executed. After that, WE switch read/write
cycles. In a ransfer cycle, the direction of ransfer is determined by WE level at the failing 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/O0 - 1/O7 (input/output pins): /O 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 1/O pins are masked and internal data are
retained. Afier that, they function as inut/output pins as those of a standard DRAM. In block write cycle,
they function as address mask data at the falling edges of CAS and WE.

DT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the failing 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 3E is high, SVO 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. SEcanbeusedasa
mask for serial write because internal pointer is incremented at the rising edge of SC.

S$1/00 — SI/O7 (input/output pins): S1/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 masked write transfer cycle or write transfer cycle, SO inputs data.

DSF1 (input pin): DSF1 is a special function data input flag pin. Itis setto high at the falling edge of RAS
when new functions such as color register and mask register read/write, split wransfer, and flash write, are
used.

DSF?2 (input pin): DSF2 is also a special function dala input flag pin. This pin is fixed to low level in all
operations of the HM538253.

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.
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Operation of HM538253
RAM Port Operation

RAM Read Cycle (DT/OE high, TAS high and DSF1 low at the falling edge of RAS, DSF1 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 /O pin. At the falling edge of RAS, DT/OE and TAS become high to distinguish
RAM read cycle from transfer cycle and CBR refresh cycle. Address access time (t4) and RAS o
column address delay time (tg Ap) Specifications are added to enable high-speed page mode.

RAM Write Cycle (Eraly Write, Delayed Write, Read-Modify-Write)
(DT/OE high, CAS high and DSF1 low at the falling edge of RA3, DSF1 low ai the falling edge of CAS)

(VIR 1 § Sy o TN

. NO MESK Write Cy Lish at tha falll:.-. ad

~1_ " N -~
cle (WE high at

fRAT)

ing €Gge Ci RNAS)

When CAS is set low and WE is set low after RAS low, a write cycle is executed.

1f WE is set low before the CAS falling edge, this cycle becomes an early write cycle and all I/O become
in high impedance.

I WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. 1/O does not
become high impedance in this cycle, so data should be entered with OE in high.

+ Mask Write Mode (WE low at the falling edge of RAS)

If WE 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 and used. Whether or not an I/O is written depends on I/O
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 /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 1/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.

High-Speed Page Mode Cycle (DT/OE high, CAS high and DSF1 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 (1a5), RAS to column address delay time
(tRAD). and access time from TAS precharge (tacp) are added. In one RAS cycle, 512-word memory
cells of the same row address can be accessed. It is necessary Lo specify access frequency within tp Asp
max (100 ps).
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Color Register Set/Read Cycle (CAS high, DT/OE high, WE high and DSF1 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 L/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 read and write cycle, read, early write and delayed write cycle can be executed. In this cycle, the
HMS538253 refreshes the row address feiched at the falling edge of RAS.

Mask Register Set/Read Cycle (CAS high, DT/OE high, WE high, and DSF1 high at the falling edge of
RAY)

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 [/O. This mask register is composed of static circuits, so once it is set, it
retains the data until resel. Since mask register set cycle is just as same as the usual read and write cycle,
read, early write and delayed write cycle can be executed.

\
)

4

Flash Write Cycle (CAS high, DT/OE high, WE low, and DSF1 high at the failing edge of
In a flash write cycie, a row of data (512 word x 8 bit) is cleared to 0 or 1 at each /O according to the data
of color register mentioned before. It is also necessary to mask 1O in this cycle. When CAS and DT/OE
is set high, WE is low, and DSF1 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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Flash Write Cycle

g

S

S ¢u

3

Execute flash write into
each /O on row address
Xj using color register.

Flash Write Cycle |

Execute flash write into each
YO on row address Xi using

Color Register Set Cycle

N\

Set color register

& R BB

CAS

*1 VO Mask Data (In new mask mode)

Low: Mask

High: Non Mask
In persistent mask mode, 1/O don't care

Figure 1 Use of Flash Write
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Block Write cycle (CAS high, DT/OE high and DSF1 low at the falling edge of RAS, DSF1 high and WE
low at the falling edge of CAS)

In a block write cycle, 4 columns of data (4 word x 8 bit) is cleared to 0 or 1 at each I/O according to the
data of color register. Column addresses AQ and Al are disregarded. The data on 1/Os and addresses can
be masked. 1/O level at the falling edge of CAS determines the address Lo be cleared. (See Figure 2.)
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 RAS)

The data on 8 I/Os are all cleared when WE is high at the falling edge of RAS.

« Mask Block Write Cycle (WE low at the falling edge of RAS)

When WE is low at the falling edge of RAS, the HM538253 starts mask block write mode to clear the data
on an optional I/O. The mask data is the same as that of a RAM write cycle.

Color Register Set Cycle Flash Write Cycle | Flash Write Cycle

psF1 & | - R
o BN Color DataySoaX_ !

Set cofo: register Execute flash write into each | Execute flash write into
VO on row addraess Xi using each VO on row address
color register. Xj using color register.

*1 VO Mask Data (In new mask mocfe)
Low: Mask
High: Non Mask
In persistent mask mods, /O don't care

Figure 2 Use of Block Write
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Transfer Operation

The HM538253 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 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

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 SI/O state

Read transfer cycle: SI/O output -

Masked write transfer cycle: SI/O input

{3) Deiermine 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)belore 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 cycie.

Read Transfer Cycie (CAS high, DT/OE low, WE high and DSF1 low at the falling edge of RA%)

This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF1 low at the falling edge
of RAS. The row address data (512 x 8 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 tspp
(min) specified between the last SAM access before transfer and DT/OE rising edge and tgpy (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 tgzs (min) of the first SAM access to avoid data contention.

ms  \ _/
CAS - \ /-
Address X % X v X

ooe \‘ /
skt ./ ool | tson

AN AN AN AN AN

s1o XXX X vi X i+t

SAM Data before Transfer SAM Data after Transfer

Figure 3 Real Time Read Transfer
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Masked Write Transfer cycle (CAS high, 'ﬁ’flfﬁ low, WE low, and DSF1 low at the falling edge of
RAS)

Masked write transfer cycle can transfer only selected 1/O data in a row of data input by serial write cycle
to RAM. Whether one [/O data is transferred or not depends on the corresponding /O 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 tggrp
(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

A wvON

the read transfer cycle or the split read transfer cycle (row address AX3)
Split Read Transfer Cycle (CAS high, T/OE low, WE high and DSF1 high at the falling edge of RAS)

To execuie a continuous serial read by real time read transfer, the HM538253 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 2 continuous serial read without the above timing limitation.

The HM538253 supports two types of split register operation. One is the normal split register operation o
split the data register into two halves. The other is the boundary split register operation using stopping
columns described fater.

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 DR1 (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 A0 to A7, 256-word x 8-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 DR1, 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 DR1 after data are read from data register DRO. If split read transfer is executed
setting row address AX8 1 and SAM start addresses AQ to A7 while data are read from data register DR1,
256-word x 8-bit data are transferred to data register DR2. After data are read from data register DR1, 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 0 be read from SAM start address O of data register
DRI after data are read from data register DR2. In split read data transfer, the SAM start 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 fow to
high by accessing SAM last address 255 and from high to low by accessing address 511.

Split read transfer cycle is set when TAS is high, DT/OE is low, WE is high and DSF1 is high at the falling
edge of RAS. The cycle can be exccuted asyncronously with SC. However, HMS538253 must be satisfied
(STS (min) timing specified between SC rising (Boundary address) and RAS falling. In split transfer cycle,
the HM538253 must satisfy tg T (min), tcsT (min) and tagT (min) timings specified between RAS or
CAS falling and column address. (See figure 5.)

In split read transfer, S1/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 masked write transfer cycle or masked split
write transfer cycle.

12
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=

DR3

Memory
Array

DOR1

AX8 = 1

DR2

DRO
SAM /O Bus
SAM Column Decoder
SAM /O Bus

Figure 4 Block Diagram for Split Transfer

RAS _ Vo

tsts (Min) tpsT (Min)

CAS /
tcst(min)

Addrass X xi Yj
. ‘ tasT (mln) ~_————<>
ot 1T N\ /

DSF1 / \ \
sc Wi Ym Bj-1 B Yi

efore SRT. Bi and Bjinitiate the boundary address.

Note: Ym is the SAM start address in b

Figure 5§ Limitation in Split Transfer
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Masked Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF1 high at the falling edge
of RAS)

A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write
wransfer. Masked split write transfer cycle makes it possible. In this cycle, tsTs (min), tggT (Min), tcsT
(min) and tagT (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch
SI/O 1o input state in this cycle. If SL/O is in output state, masked write transfer cycle should be executed
to switch S/O into input state. Data transferred to SAM by read transfer cycle o split read transfer cycle
can be written 10 other addresses of RAM by split write transfer cycle. However, in this 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. In this cycle, the boundary split register operation using stopping columns is
capable like split read transfer cycle.

topping Column in Spiit Transfer Cycle

The HM538253 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 data transfer cycie is execuied, and SAM start addresses AO to A8 are set. The RAM data
are transferred to the lower SAM, and SAM serial read starts from the start address (Y1) 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 splitread
transfer cycle, the next read jumps 10 the start address (Y2) on the upper SAM (jump 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.

g‘g{?z%m_‘,'! Boundaries (B7)
l 2860 l l l l
(V1) Poom) &

+—

3

evmcmssmcsssow

Start Jump 1 : Jump 2
_ Lower SAM L Upper SAM ¢
h 256 bit Tr 256 bit o
L Figure 6 Example of Boundary Split Register
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Stopping Column Set Cycle (CBRS)

This cycle becomes stopping column set cycle by driving CAS low, WE low, DSF1 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 A7 can be used and don't care AO, Al,and A8. In the HM538253,7
types of boundary (B2 to B8) can be set including the default case. (See stopping column boundary table.)
If A2 10 A6 are set to high and A7 is set 1o low, the boundaries (B7) are selected. Figure 6 shows the
example. Once a CBRS is executed, the stopping column operation mode continues until CBRR.

Stopping Column Boundary Table

Slop Address

Boundary code Columnsize A2 A3 A4 A5 A6 A7

B2 4 | 0 . . . . .
B3 8 i 0 * * ‘ *
na 18 1 1 0 . . .
B5 32 1 1 1 0 * *
B6 64 1 1 1 1 0 :
B7 128 1 1 1 1 1 0
B8 256 1 1 1 1 1 1

Notes: 1.A0, A1, and A8: don't care
2.': don'tcare

-~

Register Reset Cycle (CBRR)

This cycle becomes register reset cycle (CBRR) by driving CAS low, WE high, and DSF1 low at the
falling edge of RAS. A CBRR can reset the persistent mask operation and stopping column operation,

so the HM538253 becomes the new mask operation and boundary code B8. When a CBRR is executed for
stopping column operation reset, it needs to safisly tgs (min) and trgT (Min) between RAS falling and

SC rising.

15
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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 SI/O. When JE 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 O at the next access.

Serial Write Cycle -

If previous data transfer cycle is masked write transfer cycle or write transfer cycle, SAM port goes into
write mode. In this cycle, SKO data is fetched into data register at the SC rising edge like in the serial read
cycle. If SE is high, SO data isn't fetched intg 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 relresh cycles: (1) RAS-only refresh cycle,
(2) CAS-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 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 o 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 (CBRN, CBRS and CBRR) are 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.

16



HM538253 Series

Absolute Maximum Ratings

Parameter Symbol Value Unkt
Voltage on any pin relative to Vgg Vr -1.010+7.0 v
Supply vohage relative to Vgg Vee 0510470 v

Short circuit output current lout 50 mA
Power dissipation Py 1.0 w
Operating temperature Topi 010 +70 °C
Storage tempsrature Tstg -5510 +125 °C
Recommended DC Operating Conditions (Ta = 0to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vee 45 5.0 55 \ 1
Jnput high voltage Vin 2.4 — 85 v 1
input low voltage ViL 052 — 0.8 v 1

Notes: 1. Allvoltage referenced to Vsg
2 _13.0 Vior pulse width 5 10 ns.

17



HMS538253 Series

DC Characteristics (Ta = 0 to +70°C, Voc =5 V £ 10%, Vsg = ov)

HMS538253

-7

-8

-10

Parameter Symbol Min Max Min Max Min Max

Unlt Test conditions

Operating lcgy — 120 — 105 — 90 mA RAS,CAS SC=V).SE=Vi4
current cyding
'CC7 — 190 — 160 — 140 mA tpc= mn SE= V|L, SC cycling, tgoc = min
Standby Icc2 -7 =7 =7 mA RAS,CAS SC=V)., SE = ViH
current =Viy
icce — 8 — 70 — 7C mA 5E = Vy . SC cycling. tsoc = min
FASonly lgca — 120 — 105 — 90 mA RAScycling SC= Vi, SE= Vi
refrash CAS=Vy
current lccg — 190 — 180 — 140 mA lac~ min  SE = V|p. SC cycling, tscc = min
Page mode lccqg — 130 — 115 — 100 mA TAS cycling SC = Vi, SE = Viy
current RAS = Vy_
lcctg — 200 — 170 — 150 mA tpc= min  SE = Vi, SC cycling, tgcg = min
CAS-before- lccs — 95 — 8 — 70 mA FAS cycling SC = Vj, SE = V|4
RAS refresh tge = min
current lccyy — 165 — 140 — 120 mA SE = Vji. SC cycling, tsce = min
Datatransfer lgcg — 130 — 115 — 100 mA RAS,TAS SC=V|.SE=V|y
current cyding
lcciz — 200 — 170 — 150 mA tpc= min  SE = Vi, SCcycling, tscc = min
input leakage I -1010 -10 10 -1010 pA
current
Outputleakage o -10 10 -10 10 1010 pA
current
Outputhigh Vo 24 — 24 — 24 — V. lop=-1mA
voltage )
Outputlow Vo — 04 — 04 — 04V oL =21 mA

voltage

Notes: 1. lcg depends on output load con

output open condition.

2. Address can be changed once whi

te FAS is low and TAS is high.

dition when the device is selected. Icc max is specified at the

18



HM 538253 Series
Capacitance (Ta = 25°C, V¢ = 5V + 10%, f = 1 MHz, Bias: Clock, /0 = Ve,

address =Vgg)
Parameter ' Symbol Typ Max Unit Note
Input capacitance (Address) Ci — 5 pF 1
Input capacitance (Clocks) Ci2 — 5 pF 1
Output capacitance (120, SVO, QSF) Cyo — 7 pF 1

Notes: 1. This parameter is sampled and not 100% tested.

AC Characteristics (Ta = 0 to +70°C, Vec =5 V £ 10%, Vss =0V) *1,*16
Test Conditions

— Input rise and fall times: 5 ns
~ Input pulse levels: Vg5 1030V
- Input timing reference levels: 0.8 V, 2.4 A%
— Output timing reference levels: 0.8 V, 2.0V
— Output load: RAM 1TTL + CL (50 pF)
: SAM, QSF ITTL + CL (30 pF)

(Including scope and jig)

Common Parameter

HM538253
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Random read or write cycle time 1pc 130 — 150 — 180 — ns
FAS precharge time - tpp 50 — 60 — 70 — ns
FAS pulse width tnas 70 10000 80 10000 100 10000  ns
CAS pulse width tcas 20 — 20 — 25 — ns
| Row address setup time 1ASR o - o — 0 - ns
Row address hold time RAH 10 — 10 — 10 — ns
Column address setup time tasc o — o — 0 - ns
Column address hold time tCAH 12 — 15 — 15 — ns
RAS to TAS delay time tlRco 20 50 20 60 20 75 ns 2
&S hold time referenced to CTAS tgsy 20 — 20 — 25 — ns
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“HM538253 Series

Common Parameter (cont)

HM538253

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
TAS hold time referenced to RAS  tcsh 7 — 80 — 100 — ns
TAS to RAS precharge time  tcpp 0 — 10 — 10 - ns
Transition time (rise to fall) ty 3 50 3 50 3 50 ns 3
Refresh period tRer — 8 — 8 — 8 ms
DT to RAS setup time pTs 0 - 0 - 0 — ns
DT to RAS hold time torw 10 — 10— 10 — ns
DSF1 1o RAS setup time tFSR 0 - 0 - 0 — ns
DSF1 to HAS hold tima taeu 10 — 10 - 10 — ns
DSF1 o TAS setup time tksc o — 0 - 0o - ns
DSF1 to CAS hold time {CFH 2 — 15 - 15 — ns
Data-in to TAS delay time tpze 0 T o — 0 — ns 4
Data-in to OE delay time tozo o - 0 - 0o - ns 4
Output buffer turn-off delay tOFF1 — 20 — 20 — 20 ns 5
referenced to CAS
Output buffer turn-off delay oFF2 — 15 - 20 — 20 ns 5

referenced to OE
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HM538253 Series

Read Cycle (RAM), Page Mode Read Cycle

HM538253

-7 -8 -10
Paramaeter Symbor Min Max  Min Max  Min Max Unit Notes
Access time from RAS tRac — 70 — 80 - 100 ns 67
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 ng 7,9
Asad command selup time tace 0 — 0 - 0o — ns
Read command held time tRcH 0 — 0 - o - ns 10
Read command hold tme referenced o RAS tgpy 10 — 10 — 10 — ns 10
RAS to column address delay time  tgap 15 35 15 40 15 65 ns 2
Column address to RAS lead time  tgar 35 — 40 — 485 — ns
Column address to CAS lead time  tcar 35 — 40 — 45 — ns
Page mode cycle time tpc 45 — 50 — 55 — ns
TAS precharge time tcp 7 — 10 — 10 — ns
Access time from CTAS precharge tacp — 40 — 45 — 50 ns
Page mode RAS pulse width thasp 70 100000 80 100000 100 100000 ns
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HM538253 Series

Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle

HMS538253

-7 8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes 0 — 0o - o — ns 1
Write command hold time tweH 12 — 15 — 15 — ns
Write command pulse width twp 15 - 15 — 15 — ns
Writa command to HAS lead time tqy 20 — 20 — 20 — ns
Write command to CAS lead time  tocwyp 20 — 20 — 20 — ns
Data-in setup time 1os o — 0 — o — ns 12
Data-in hold time iDH iz — is — 15 — ne 12
WE to RAS setup time tws O — o — 0o — ns
WE to RAS hold time twy 10 — 10 — 10 - ns
Mask data to RAS selup time tMs O — o — 0o — ns
Mask data to RAS hold time tMH 10 — 10 — 10 — ns
OF hold time referencedto WE  topy 15 — 20 — 20 — ns
Page mode cycle time tpg 45 — 50 — 5 — - ns
TAS precharge lime tcp 7 — 10 — 10 — ns
TAS to data-in delay time tcop 20 — 20 — 20 - ns 13
Page mode RAS puise width lragp 70 100000 80 100000 100 100000 ns
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HM 538253 Series

Read-Modify-Write Cycle

HM538253
7 -8 -10

Parameter SymbolMin Max  Min Max Min Max Unit Notes
Read-modify-write cycle time trwe 180 — 200 — 230 — ns
RAS pulse width (read-modify-write cycle) 1rws 120 10000 130 10000 150 10000 ns
TAS to WE delay time tewp 45 — 45 — 50 — ns 14
Column address to WE delay time  tawp 60 — 65 — 70 — ns 14
OF to data-in delay time toop 20 — 20 — 20 — ns 12
Access time from RAS tRac — 70 — 80 — 100 ns 67
Access time from TAS tcac — 20 — 20 — 25 ns 7,8
Accass time from OF toac — 20 — 20 — 25 ns 7
Address access time tAA — 3 — 40 — 45 ns 7,9
HAS to column address dalay time  trap 15 35 15 40 15 55 ns
Read command setup time tRes 0 — 0o — o — ns
Writa command to RAS lead time tgwL 20 — 20 — 20 — ns
Write command to TAS lead time tcw, 20 — 20 — 20 — ns
Write command pulse width twp 15 — 15 — 15 — ns
Data-in setup time tps 0 — 0o — 0o - ns 12
Data-in hold time tDH 12 — 15 — 15 — ns 12
OFE hold time referenced to WE togH 15 — 20 — 20 — ns
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HM538253 Series

Refresh Cycle
HM538253
7 8 -10
Parameter Symbol Min  Max Min Max Min Max Unit Notes
TAS selup time (CAS-before-RAS refresh) tcsg 10 — 10 — 10 — 08
TAS hold time (CAS-before-RAS refresh) - tcHR 10 — 10 — 10 — ns
RAS precharge to TAS hold time tRPC 10 — 10 — 10 — ns

Flash Write Cycle, Block Write Cycle, and Register Read Cycle

HM538253

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
TAS to data-in delay time tcop 20 - 20 — 20 — ns 13
OE to data-in delay time opo 15 — 20 — 20 — ns 13
CBR Refresh with Register Reset

' HM538253
-7 -8 -10

Parameter Symbol Min Max Min Max Min Max Uni Notes
Split transfer setup time tsTs 20 — 20 — 25 — ns
Spiit transfer hold time referenced to RAS tgst .70 — 80 — 100 — ns
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HM538253 Series

Read Transfer Cycle
HM538253
7 -8 -10
Parameter Symbol Min Max  Min Max Min Max Unit Notes
DT hold time referenced to RAS trRpH 60 10000 65 10000 80 10000 ns
DT hold time referenced to TAS tcopH 20 — 20 — 25 — ns
DT hold time referenced to column address 1apy 25 — 30 — 30 — ns
DT precharge time toTpP 20 — 20 — 30 — ns
DT to HAS delay time toRo 60 — 70 — 80 — ns
SC to RAS setup time tsps 25 — 30 — 0 — ns
1st SC 1o RAS hold time tsnu 70 — 80 — 100 — ns
1st SCto TAS hold time tscH 25 — 25 - 5 — ns
15t SC to column address hold time tsaH 40 — 45 — 50 — ns 7
Last SC 1o DT delay time tspp S5 — 5 — 5 — ns
1st SC 1o DT hold time tsp 10 — 15 — 15 — ns
DT to QSF delay time toap — 30 — 35 — 35 ns 15
QSF hold time referenced to DT tooH 5 — 5 — 5 — ns
Serial data-in to 1st SC delay time tszs [V 0o — 0o — ns
Serial clock cycle time tscc &5 — 30 — 30 — ns
SC pulse width tsc 5 - 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — ns
SC access time tsca — 22 — 25 — 25 ns 15
Serial data-out hold time tsoH S5 — 5 — 5 — ns
Serial data-in setup time tsis 0o - 0o — o — ns
Serial data-in hold time tgin 15 — 15 — 15 — ns
RAS to column address delay time trap 15 35 15 40 15 55 ns
Column address to FAS lead time tRat 3B — 40 — 45 — ns
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HM538253 Series

Read Transfer Cycle (cont)

HM538253

-7 -8 -10
Parameter Symbot Min Max  Min Max Min Max  Unit Notes
FAS to QSF delay time tRgp — 70 — 75 — 85 ns 15
TAS to QSF delay time lcap — 35 — 35 — 3 _ns 15
QSF hold time referenced toHAS tRgn 20 — 20 — 25 — ns
QSF hold time referenced to TAS tcaH 5 — 5 — 5 — ns
Masked Write Transfer Cycle

HM538253

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
SC setup time referenced to RAS tgps 25 — 30 — 30 — ns
RAS to SC delay time tggp 220 — 25 — 25 — ns
Serial output butfer turn-off time tsRz 10 40 10 45 10 50 ns
referenced to RAS
FAS to serial data-in delay time tsiD 40 — 45 — 50 — ns
RAS to QSF delay time thap — © — 75 — 85 ns 15
TAS to QSF delay time tcap — 35 — 35 — 35 ns 15
QSF hold time referenced-to RAS thgn 20 — 20 — 25 — ns
QSF hold time referenced to TAS tcgu S5 — S5 — 5 — ns
Serial clock cycle time isce 25 — 30 — 30 — ns
SC pulse width 1sc 5 — 10 — 10 — ns
SC precharge time tscp 10 — 10 — i0 — ns
SC access time tsca - 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — ns
Serial data-in setup time tsis o — o — 0o - ns
Serial data-in hold time tsiH 5 — 15 — 15 — ns
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HM538253 Series

Split Read Transfer Cycle, Masked Split Write Transfer Cycle

HM538253
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Split transfer setup time tsTs 20 — 20 — 25 — ns
Split transfer hold time tRST 70 — 80 — 100 — ns
referenced to HAS
Split transfer hold time tesT 20 - 20 — 25 — ns
referenced to TAS
Split transfer hold time referenced  tagt B — 40 — 45 — ns
to column address
SC to QSF delay time tsgp — .30 — 30 — 30 ns 15
QSF hold time refere;ced to SC tsQH 5 — 5 — 5 — ns
Serial clock cycle time tsce 5 — 30 — 30 — ns
SC ;Sulse width tsc 5 — 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — ns
SC access lime . tsca - 22 - 3 — 25 ns 15
Serial data-out hold time tSOH 5 — 5 — 5 - ns
Serial data-in setup time tsis 0 — 0 — o — ns
Serial data-in hold time tsiH 5 — 15 — 15 — ns

HAS to column address delay time  tgap 15 35 15 40 15 55 ns

Column address to RAS lead time  tpal 3 — 40 — 45 — ns
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HM538253 Series

Serial Read Cycle, Serial Write Cycle

HM538253
-7 -8 -10

Parameter Symbol Min Max Min Max Min Max Unit Notes
Serial clock cycle time tsce 25 — 30 — 30 — ns
SC pulse width isc 5 — 10 — 10 — ns
SC precharge width tscp 10 — io — 10 - ns
Access time from SC tSCA - 22 — 25 — 25 ns 15
Access time from SE 1SEA — 20 — 25 — 25 ns 15
Serial data-out hold time tSOH ) — 5 — 5 — ns
Serial output buffer turn-off time tsHz — 15 — 20 — 20 ns 517
referenced to SE
SE to serial output in low-Z tsi1z o — 0 -— 0o - ns 5,174
Serial data-in setup time tsis 0 - o - o — ns
Serial data-in hold time tsIH 15 — 15 — 15 — ns
Serial write enable setup time tsws 0 — o — 0o - ns
Serial wrtie enbable hold time tswH 15 — 15 — 15 — ns
Serial write disable setup time tswis ‘o — 0o - 0o - ns
Serial write disable hold time tSWIH 15 — 15 — 15 — ns
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HM538253 Series

Notes:

14,

15.
16.

17.

18.
19.

. Either tgpp (min) or topp (min) must be satisfied because output bufier must be furned off

AC measurements assume ty = 5 ns.

When trcp > tRcp (Mmax) and trap > tpaD (max), access time is specified by ICAC O tAA:

VIH (ml'n) and Vy_ (max) are reference levels for measuring timing of input signals. Transition
time ty is measured between Vi and Vy.

Data input must be floating before output buffer is turned on. In read cycle, read-modily-wrile
cycle and delayed write cycle, either tpzc (min) o ipzo (min) must be satisfied.

torr1 (max), toFF2 (max), tgyz (max) and tg 7 (min) are defined as the time at which the
output acheives the open circuit condition (Voy — 100 mV, Vo + 100 mV). This parameter is
sampled and not 100% tested.

Assume that tacp < 'Rcp (max) and tpap < tRAD (max). ¥ trcp O tRAD is greater than the
maximum recommended value shown in this table, trac exceeds the value shown.

Measured with a load circuii equivalent to 1 TTL loads and S0 pF.

When trep 2 tRcp (Max) and tgap S 'RAD (Max), access time is specified by tcAG-

When tgcp s tRcp (Max) and tRAD 2 IRAD (max), access time is specified by tAA.

. If either tycH Of tRAH IS satisfied, operation is guaranteed.
. When twcs 2 twes (min), the cycle is an early write cycle, and VO pins remain in an open

circuit (high impedance) condition.

Thess parameters are specified by the later falling edge of CAS or WE.

=

TKS or OFE prior to applying data to the device when output buffer is on.

When tawp 2 tAawp (min) and towp = towp (min) in read-modily-wiite cycls, the data of the
selected address outputs to an 10 pin and input data is written into the selected address. lopp
(min) must be satisfied becausse output buffer must be turned off by OE prior to applying data to
the device.

Measured with a load circuit equivalent to 1 TTL loads and 30 pF.

After power-up, pause for 100 ys or more and execute at least 8 initialization cycle (normal
memory cycle or refrash cycle), then stant operation, Hitachi recommends that 8 initialization
cycle is CBRR for internal register reset.

When tgyz and iz are measured in the same VCC and Ta condition and tr and tf of SE are
less than 5 ns, tgnz stsiz + 5 ns.

After power-up, QSF output is High-Z, so 1SC cycle is needed to be Low-Z .

DSF2 pin is open pin, but Hitachi recommends 1 is fixed low in all operation for the addition
mode in future.
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B Timing Waveforms

! A tRC »
Read Cycle p - NTH thp——
RAS i 1 \__
¢ tCSH ¥ [&—tcrp—
— trco ¢ tRSH N >
— CAS —
CAS { '
) —]
44— tRAL >
tASR ||[¢—LtRAD—|¢ t —)
- || ¢ tRaK X ¢tasCc (——)ltCAH
Y -
Address %J_ Rowﬂ Column
tres [¢trRH »
— —} trRCH
t
) T CAC—; ¢_tcoo—»
K tRAC— . toFF1 (4 4
[/0 - > :
(Output) Vﬂ]]d Dout J
——tpzc—> 4-toac M ‘ft 14
I/IO ...... STTSLIIIL. 0FF2 _1
(Input)
- 4tpzo—
|+tms-)- —tOTH——*
oo B

LSRN | ¢ ERFH-Y (—‘FSC-;”H
DSF1 &l

@ HITACHI 30



Page Mode Read Cycle
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HM538253 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

HAS TAS HRAS RAS TAS
-DSF1 DSF1 WE /o] vo
Menu Cycle
w1 w2 w3 wa w5
RWM Write mask (new/old) 0 0 o] Write mask’t  Valid data
Write DQs to VOs
BWM Write mask {new/old) 0 1 0 Write mask2  Column mask2
Block write
RW Normal write (no mask) 0 0 1 Don'tcare’?  Valid data
BW Biock write {no mask) 0 1 1 Don'tcare2  Column mask'2
LMR Load write mask resister 1 0 1 Don't care Write mask data™
LCR Load color resister 1 1 1 Don't care Color data
Note 1
WE Mode 1O data/RAS
New
Mask Mask
Low Mode
Persistent | Don't care
Mask (mask register used)
Mode
High | No mask | Don't care

YO Mask Data (In new mask mode)

Low: Mask

High: Non Mask

In persistent mask mode, VO donl care

Note 2: reference Figure 2 use of Block Write
Note 3: IO Write Mask Data .

Low: Mask
High: Non mask
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Early Write Cycle

tRC »
¢ tRAS M [¢———trRp—H
RAS y N
' A
¢ tcs —| [¢——tcrRP—>
———LRCD b¢ tRSH : » R
. 4 CAS 14
j CAS
tASR
tRAH—b| |+tAsc-v

o
Address wkow J@{ Colu

¢tWSH| [¢—twh > ¢twCs—>

o
()
)
w
o>
*.
o
<

trSRN (4-LRFH-Y trsCH |6 teru
OSF1 - Wi W2

Wl to W5: See Write Cycle State Table for the logic states.

:Don't care
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Delayed Write Cycle

tRC —»
— trRAS H |6 tRp 14
!; R
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Wl to W5: See Write Cycle State Table for the logic states.

@ HITACHI
34



Page Mode Write Cycle (Early Write)

tre )
¢ tRASP » lf————trw——v
RAS N , A .
¢——tesH———H [&——tpC tRSH— .
- trcD—|é-tcas—H Htcp— [-teas ¥ e—tcp—H [tcas— ————tCcRP—H
CAS tasrR||tRAH tAS ; \
Sllef 1=
Address % ao-}@;
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Las
e B
I/0
(Output) 'ﬁ m
1/0 —H—
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tpTs [ |6
e B
trSR [6H 43
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peotct AN .

Wl to W5: See Write Cycle State Table for the logic states.

Page Mode Write Cycle (Delayed Write)

trRC
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RAS N 4 \____
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(0
(
(

:Don't care

Wl to W5: See Write Cycle State Table for the locgic states.
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Read- Modify-Write Cycle

tRWC 14
¢ tRWS M [¢—trP
X
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-Don't care

Wl to W5: See Write Cycle State Table for the logic states.
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AS-Only Refresh Cycle
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CAS-Before-RAS Refresh Cycle (CBRN)

. tRC ¥

+ tRp ¥ 14 tras M |¢——trRp—H

RAS (.-—-tRPC \ J} e i
(tCP ¥ [6——tcSR—H [6——LtCHR— M |- tcSR—M
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Hidden Refresh Cycle
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CAS-Before- RAS Set Cycle (CBRS)

tRC

h A 4

hd

trp

-~

RAS / . )

- o

tRAS
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hd
-

4—tCHR—P
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1 4
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CAS-Before-RAS Reset Cycle (CBRR)

¢ trp )
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trAS

-

1922222002002 220000 e e,

Inhibit falling transition §

- twH—

e

Note: 1. Bi, Bj initiate the boundary addresses.

:Don't care
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Flash Write Cycle

L4
tRP —3!

>

— tRAS-

RAS

tere

—tRCD—

Address

@ HITACHI
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Register Read Cycle (Mask data, Color data)

tRC 14
¢ tRAS — |¢ trRpP >
. tesH — )| ——tcrRr —M
¢ tRSH -»
¢ tcas —)
s j
tRCS ftray—
4-LRCH P
BRI
H——tcac—) *“'-CDD——W
\ —tRAC— > tofF 1 [—>
1/0 Fa -
(Output) ! Valid Out =
' ' toFfF2j6—>
—tpzc— toac 4-toop—»

-Don't care

Note: 1. State of DSF1 at falling edge of CAS

State 0 1
Accgssed Mask Data|Color Data
Data (LMR) (LCR)
@ HITACHI »



Read Transfer Cycle-1

tRC 4
¢ tRAS M l6———tRP
RAS - | )’ \
L tesH M tCRP
¢ tRSH 14
4——1LRCD ¢ tcas —)
CAS S{ /
4¢——tRAD P[¢ traL )
tASR || tRAH tasc || tCAH
4 ; { ) ‘___..)
AM Start
L Address
High-Z
¢ tCOH
tors 4 tADH ¢ tpRD
—H tRDH —toTP—H|
DT/0E )

Lad
w
[a)
o
+
N
[ad
7
A
sl
-
-3
r
wn
’al
’Y
Cnd
n
=]
T

———tsca—
tsoHH

———eeeed

%(I)l/J?,pUt) valid Sout

toQH

QSF SAM Address MSB

: Don't care

@ HITACHI

42



Read Transfer Cycle - 2

LR SRR E S E s s e s sy

it Rising Transition

&
Al

tRC 4
trAS » ¢ tRp———h
= Y
RAS ! ) ' -
¢ tcsH M |4 tcre »
4 tRSH 14
[4———1tRCD ¢ tcas )
CAS N /
4—tRAD P4 tRAL )
tASR [ tRAH tASC
[ [
¥ SAN
Royw REFY__Add
tws twH
— ¢
RRRRRRRIR,
High-Z
¢ tpRD >
[ toTP—)
4—tSOH—>
tSAH M [¢—tscC
tscp ¥ [-tsc—H [etscrd

¢ tSRH
S1/0
(Output) g tsIH
SI/0 Vald
(Input) @4 Sin PR

tRQD — tcQo

" tRQH ¢ tcQH

QSF tDOH

SAM Address MSB

Don't care
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Masked Write Transfer Cycle

tRC
¢ tRAS - > +—————tnp———————‘
——— _— .
RAS \ g \
¢ tCSH M ——tcrRP—N
tRSH —
H————tRCD e tcas )
CAS { s
tASR || tRAH tasc
4 JSQVE 'y 4 ) e )
SAM
Add

TeTeTa el e e e e TaTe e

o,
QOOOCK NN
RN R HARLX

Tnhibit Rising Transitionfs

¢ tsip—?
$1/0 | P
(Output) Validi Jg%?r valid 4 t‘ lsL }.SLH t‘sls‘ }ﬂ“
$1/0 Ml High-z "~ g ———
Uhput) tSOH g (Valid sin ﬁ
—tcq
teQn
¢ trQD 14
J4—tRQU————
QSF SAM Address MSB K3
tMs tMH_

'1 AL
110 Mask Data

I/0

(Input)

Note: 1. 1/0 Mask Data (In new mask mode)
Low : Mask

High : Non Mask
I/0 : Don't care in persistent mask mode.

:Don't care
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Split Read Transfer Cycle

trC )
¢ tRAS —) [¢——trpP—N
RAS N ' {‘
— tesH
Q_.._.__-
l4——LRCD ¢
CAS N
(EASC || tCAR
- pis 14X\ L4
AW St
Address Addresf?&J.
W—E- .° OO 10000 %% W SO
1/0 High-Z
(Output)
tprs||tor
o ||
pDT/0E o SR
DSF1
tesT
4 tasT
¢ tRST
—\
SC

1/0 High-Z
nput) —tsoo— 4-tsQD

%6[/jgput) Valid J@{ Souitd >@< vSaJuit‘j:
S
(1

QSF

42X SAM Address MSB

Notes: 1. Ym is the SAM start address in before SRT.
2. Bi, Bj initiate the boundary address.
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Masked Split Write Transfer Cycle

RAS

SC

S1/0
(Output)

/0

SI
(Input) __Sin

QSF

1/0
({nput)

L Address Yi

tRC
— trAS
5
4 tesH —
———tRSH——————
——1RrCD pi¢ tcAs M
g J
L tASC tCcAH
A ; f——"ﬂ
SAM Start

High-Z
I test »
¢ tast )
4 tRST 14
tscc—)
tsc . tsce
4—tsTs— N «—
A 3 %9 * N q Bj-2 Bj-1 /B §*
__4 Bi*2\ Ym*1\ Ym+l AYm+2 j- - Bj*2 Yi
tsts tsrﬂ tsrs||tsIn tsis||tsix
) 4—H —> P —)
Valid valid valid valid valid - valid .
Sirli Sin Sin Sin)@z Sin valid Sin
tseg— ltsqo
ASILIN LsoH
L4 AR

:Don't care

Notes: 1. Ym is the SAM start address in before SRWT.
2. Bi, Bj initiate the boundary address.
3. 1/0 Mask Data (In new mask mode)

Low : Mask

High : Non Mask

1/0 : Don't care in persistent mask mode.

@ HITACHI
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Serial Read Cycle

SE

SC

%éégput)Valid Sout

4

Sereal Write Cycle

SE

SC

SI/0
(I{‘put) %i

tSwH
4 )

< 14

tswis, tSWIH
4 % Vi )

Al

14

4——tscc
4-tsc— [¢—tscp —1tsC
‘SampE——
———tscA—) [j———tscA—H
—tSOH—| —tsSHZ— 4—1-tsca . 4+—tSoH
S H—tsi1 " Zvery
Valid Sout | valid Sout AN
Don't care

:Don't care
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HM538253 Series
Package Outline Unit: mm
HM538253] Series (CP-40D)
25.80
26.16max
40 21
nnnnnnnnnnnnnnnnnnn
o 2
g =
1 | 20
0.74 ] -
o N
p=3 el 29
v ‘e =4
(2]
o i ; L

9.4020.25
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HMS538253 Series

Package Outline (cont) Unit: mm
HM538253TT Series (TTP-40DA)
18.41
18.81max
44
AAAARAARAR AAARAARAAR
© B
S
(o]
‘ TYTOYy VUUUUTUVYT
, . e
NN I renr .
U.0VUZVU, LUl (W [V.e2 U] 11.76%0.2
f=te Il::::::::::kl
-+ U o8 wesss—] $ _C*
: wn .:r: ‘_ﬁ 0 5
& EQ 0.10; < L
- g Sl= T
o N
0.50%0.10
HM538253RR Series (TTP-40DAR)
18.41
18.81max
i
AAARRARAR  AAARARRAAR
o]
L
: S
VUV VUUUVUUUUY
w | g 2
0.30:0.10] [ 0.21]@] . 11.7640.2
mi ||6= =%x I t 0-5°
S ElE
I
— Q|10 ——-———%L
3 .
0.50#0.10 B




HM538253 Series

1.

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

notice.

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.

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

When using this document, keep the following in mind:

user’s unit according to this document.

Circuitry and other examples described herein are meant merely to
indicate the characteristics and performance of Hitachi's semiconductor
responsibility for any intellectu al

lems that may result from applications based

products. Hitachi assumes no

property claims or other prob

on the examples described herein.

No license is granted by implication or otherwise under any patents ot

other rights of any third party or Hitachi, Ltd.

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, butt is not

limited to, use in life support systems. Buyers of Hitachi's products

are requested o notify the relevant Hitachi sales office when planning

to use the products imn MEDICAL APPLICATIONS.

@ Hitachi, Ltd.

For Inquiry write to:

SAN FRANCISCO
Himchi America, Lid
Saniconducior & IC
Division .
2000 Siczra Poknt Park way
Beisbene, CA $4005-1819
U.S.A.

1 415-589-3300

Td
Pax & 4155834207

MUNHEN

Hiwchi Ewrape Ombi 1
Blecronic Camporents Division
Centrd Baropean Headquarsers
Hers-Pinsel-Swafe 10A,

$013 Haar bei Minchen,

West Germmnry

Tel : 9 4S14D

Tdex : $22593 (hic )

Pax | 089-463068

-

Semiconducix & tsegrated Circuit Div.
New Marunouchi Bldg.. 5-1 Marunoachi 1 -chame, Chiyoda-ke, Tokyo, 100, Japan

Tet : Tokyo (03) 212-1111

Tolox : J22395, 122432, 124491, 12637 (HITACHY)
Pax :03-214-3158 Cable : HTTACHY TOKYO

LONDON

Hitacki Barope Lid.

B < C Divisé
Naorthern Barope Headquaners

21, Upton Road,

Watford,

Herts WDITTB, UK.

Tel : 0923- U 6488

Telocorn Gold : 265871 MONREF G
ATTN 76 (HECO10) -
Telex : 936293 (HITEC Q)

Pax : 0923- 224422

{IONG KONG

Hitachi Blecwronic Companents

(Asis), Lad.

Unit $12-513, S North Tower

World Pinance Certre

Habow City, Canton Rosd, Trien She Trwi
Kowloon, Hong Kong

Tel : 3-7219218-9, 72206388

Telex : 40815 (HITBC HX)
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HM538253 Series

Revision Record

" Rev. Date Contents of Modification Drawnby  Approved by
0  Apr.26,1991 Initial issue S.Ishikawa K.Oishi
1 Sep. 27,1991 Addition of HM538253TT/RR series. S.Ishikawa M. Yamamura

Addition of HM538253-7
Change of Low Power (Active)
RAM: 633 mW (max) —» 715 mW (max)
SAM: 385 mW (max) —» 468 mW (max)
Pin Descriptioon
Addition of No lead
Change of stopping column boundary table.
Addition of note17 for AC characteristics.
Addition of note for Masked Write Transfer Cycle

and Masked Split Transfer Cycle.
Pin Arrangement
Addition of TSOP
Operation of HM538253
Change of Mask Resister Se/Read Cycle
and DSF1 low —» and DSF1 high
Figure 1/Figure 2: Change of DSF1
Figure 2: Address Mask —» Column Mask
Addition of note for DC Characteristics
Capacitance
Change of Vo rangerS V —» 5V £ 10%

AC Characteristics
Addition of Output load
tRAH: 15 ns (min) —» 10 ns (min)
trep: 25 ns (min) —» 20 ns (min)
tpTH: 15 ns (min)—» 10 ns (min)
REH: 15 ns (min) —» 10 ns (min)
“tRAD: 20 ns (min) —» 15 ns (min)
{rwL: 25 ns (min) —»= 20 ns (min)
tewL: 25 ns (min) —» 20 ns (min)
twy: 15 ns (min) —» 10 ns (min)
tmu: 15 ns (min) —> 10 ns (min)
trwc: 235 ns (min) —» 230 ns (min)
trws: 155 ns (min) —» 150 ns (min)
tcwp: 55 ns (min) —» 50 ns (min)
tawp: 75 ns (min)—= 70 ns (min)
trAD: 20 ns (min) — 15 ns (min)
tRwL: 25 ns (min) —» 20 ns (min)
tcwL: 25 ns (min) —> 20 ns (min)
tcHR: 15/20 ns (min) = 10/10 ns (min)
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HM538253 Series

Revision Record (cont)

Rev.

Date

Contents of Modification Drawnby  Approved by

1

Sep. 27, 1991

AC Characteristics (cont) S.Ishikawa M. Yamamura

tgpH: 70 ns (min) —» 65 ns (min)
tADH: 35 ns (min) —» 30 ns (min)
tprp: 30 ns (min) —» 20 ns (min)
tprp: 90 ns (min) —» 80 ns (min)
tgry: 90 ns (min) —» 80 ns (min)
tscy: 30 ns (min) —¥= 25 ns (min)
trAD: 20 ns (min) —» 15 ns (min) (P25/P27)

Change of note 5
Von: -200 mV —» 100 mV
VoL: $200 mV —» +100 mV
Change of note 17
tgpz are in the same —® tg| 7 are measured in the same
Addition of note for Write Cycle State Table
Change of BWM/BW: Address mask —»- Column mask
Change of package dimensions: HM538253TT Series (TTP 40DA),
HMS538253RR Series (TTP 40DAR)
Change of Timing waveforms

2

Apr. 2,1992

Change of Cycle time
RAM: 135 ns (min) —» 130 ns (min)
Change of Block Write cycle
DSF1 high at the falling edge of CAS and WE
—» DSF1 high and WE low at the falling edge of CAS
Addition of note for Stopping Column in Split Transfer Cycle
Addition of note for Register Reset Cycle
AC Characteristics
Change of Out put load:
. SAM ITTL + CL(30 pF) —» SAM, QSF ITTL + CL(30 pF)
Re: 135 ns (min) — 130 ns (min)
trp: 55 ns (min) — 50 ns {min)
OFF2: 20 ns (max) —» 15 ns (max)
twCH/ tCAH/ ICFH: 15 ns (min) — 12 ns (min)
tpy: 15 ns (min) — 12 ns (min) P22/ P23)
1oEH: 20 ns (min) —» 15 ns (min) (P22/ P23)
topp: 20 ns (min) —» 15 ns (min)
tprp: 65 ns (min) —» 60 ns (min)
trwc: 185 ns (min) —» 180 ns (min)
tpQD: 35 ns (max) — 30 ns (max)
Addition of notes 15 for trQp/ LcQD
_ Change of notes for tpQDARQD/ cQD/ tsQD: MOLes 7—» notes 15
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HM538253 Series

Revision Record (cont)

Rev. Date Contents of Modification Drawnby  Approved by

2 Apr. 2,1992  AC Characteristics (cont) S.isHEAWA M. SpmA L
tsEA: 22 ns (max) —» 20 ns (max)
tsyz: 20 ns (max) —» 15 ns (max)
Addition of note 16, 18, 19 for AC Characteristics
Change of Timing Waveforms
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