HM538253B Series

262,144-Word x 8-Bit Multiport CMOS Video RAM

HITACHI

The HM538253B is a 2 M-bit multiport video
RAM cquipped 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 HMS538253B has
compatibility with the HM538253.

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: 60 ns/70 ns/80 ns (max)
SAM: 18 ns/20 ns/23 ns (max)
«Cycle time
RAM: 110 ns/130 ns/150 ns (min)
SAM: 23 ng/25 ns/28 ns (min)
*Low power
Active RAM: 660 mW/605 mW/550mW
SAM: 385 mW/358 mW/330 mW
Standby 38.5 mW (max)
*Masked-write-transfer cycle capability
«Stopping column feature capability
*Persistent mask capability
+Fast page mode capability
- Cycle time: 40 ns/45 ns/50 ns
- Power RAM: 633 mW/605 mW/578 mW
*Mask write mode capability

Preliminary : This document contains information on & new
product. Specifications and information contained herein
are subject to change without notice.

Preliminary

Rev. 0.0
Jun. 16, 1994

«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. Access time Package
HM5382538J-6 60 ns 400 mil 40-pin
plastic SOJ
HM538253BJ-7 70 ns (CP-40D)
HM538253BJ-8 80 ns
HM538253BTT-6 60 ns 40/44-pin
thin small
HM538253BTT-7 70ns outline package
(TTP-40DA)
HM538253BTT-8 80 ns
HM538253BRR-6 60 ns 40/44-pin
thin small
HM538253BRR-7 70 ns outline package
(TTP-40DAR)
HMS538253BRR-8 80 ns

I
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HM538253B Series

Pin Arrangement Pin Description
HM538253BJ Series Pin name Function
A0 — A8 Address inputs
vecO 1 40 [1 Vss 1100 - VO7 RAM port data inputs/outputs
scl2 39 [ sKo7
svool 3 38 [J Si06 SI100 - SKO7 SAM port data inputs/outputs
svo1( 4 37 0 si0s
svozs 36 [J SI04 RAS Row address strobe
svosl] e 35 0 SE
DT/OEQ 7 34 [J Vo7 TAS Column address strobe
vool] 8 33 ] /06
vo1(] 9 32 [] O5 WE Write enable
voz[]10 31 104
voal[]it 30 [ Vss DT/OE Data transfet/output enable
vss [J12 29 [J DSF1
wel13 28 [1 DSF2 sC Sarial clock
RAs (] 14 27 [J CAS
asl 15 26 [] QSF SE SAM port enable
a7[]16 25 J Ao
As[]17 24 0 Al DSF1, DSF2 Special function input flag
As[]18 23] A2
A4al]19 22[1A3 QSF Spacial function output flag
Ve [ 20 210 Vss
Vee Power supply
(Top View) Vss Ground
NL No lead
HM538253BTT Series HM538253BRR Series
Hitachi pin No. Hitachi pin No.
| IJEDECpinNal | IJEDEC pin No.l ‘

Vee 1 01 440 40 Vss Vss aogu 1P 1 Vee
sc 202 43 [] 39 SIO7 SVO7 39 [] 43 2[02sc
svoo 3 3 42[] 38 SVO6 Svoe 3g [] 42 3 [0 3 svoo
svo1 4 [ 4 41 [) 37 SVOs Svos a7 41 4 [ 4 syor
svoz 5 05 40 P 36 SLO4 S04 36 [] 40 s D5 svo2
svo3 6 {6 39} 35 SE SE 35 (] 39 6 D6 syo3
poE 7 O 7 38 [J 34 VO7 Vo7 34 ] 38 7 D 7 DwoE
voo 8 [0 8 37 33 voe voe a3 a7 8 {18 1100
vor @ 0o 36 0 32 VO5 vos 32 [ 36 9 09 1o
voz 10 {10 35[0 31 VO4 V04 31 35 10 BIO o2
NL 11 34 NL NL 34 1" NL
NL 12 33 NL NL 33 12 NL
vo3 11 []13 32[1 30 Vss Vss 30 [] 32 1311 yo3
Vgs 1214 31 ] 29 DSF1 DSF1 29 [ 31 19 012 vgg
WE 13 [J15 30 ] 28 DSF2 DSF2 28 [] 3o 15 D 13 WE
RAS 14 (16 29 ] 27 CAS CAS 27 [ 20 16 [J 14 RAS
A8 15 [(J17 28 26 QSF QSF 26 [] 28 17015 Ag
A7 16 [J18 270 25 A0 A0 25 [ 27 18 [J 16 A7
A6 17 Q19 26 [J 24 At Al 24 [ 26 19017 a6
A5 18 [ 20 25[] 23 A2 A2 23 25 2018 A5
A4 18 021 24122 A3 A3 22 (] 24 21019 A4
Vee 20 [G22 23[] 21 Vss Vss 21 [] 23 22020V
(Top View) (Top View)
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HMS538253B 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 HM538253B.

Table 1. Operation Cycles of the HM538253B

HAS TKS Address VOn input
Mnemonic
Code TAS DICEWE DSF1 DSF2 DSFt DSF2 AAS TUTAS RAS TASWE
CBRS 0 - 0 ) 0 - (] Stop - - -
CBRR 0 - 1 (] 0 - 0 - - - -
CBRN 0 - 1 1 0 - 0 - - - -
MWT 1 0 0 0 o - 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 1] 0 Row Column WM Inputdata
Register
Mnemonic Write Pers —— No.of
Code Mask WM WM Color  Bndry Function
CBRS - - - - Set CBR refresh with stop resister set
CBRR - Reset  Reset - Reset CBR refresh with register reset
CBRN - - - - - CBR 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 transter (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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HM538253B Series

Table 1. Operation Cycles of the HM538253B (cont)

Mnemonic RAS TAS Address 1/On Input
Code TAS DT/OE WE DSF1 DSF2 DSF1 DSF2 RAS TAS RAS TASWE
BWM 1 1 o o 0 1 0 Row Column WM Column Mask
RW (No) 1 1 1 0 0 0 0 Row Column - input Data
BW (No) 1 1 1 0 0 1 0 Row Column -  Column Mask
FWM 1 1 o 1 0 - 0 Row - WM -
LMRand 1 1 1 1 0 0 0 (Row) — ~  Mask Data
Old Mask Set
LCR 1 1 1 1 0 1 0 (Row) — - Color
Option 0 0 0 0 0 - 0 Mcde — Data -
Register
Mnemonic Write Pers No.of
Code Mask WM. 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
LMRand - 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. DSF2is fixed low in all operation. (for the addition of operation mode in future)
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HMS538253B Series

TAS (input pin): Column address and DSF1 signals are feiched into chip at the falling edge of TAS, which
determines the operation mode of the HM538253B. TAS controls output impedance of /0 in RAM.

AO — A8 (input pins): Row address (AX0 — AX8) is determined by A0 — A8 level at the falling edge of
RAS. Column address (AYO — 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 HM538253B tumns to mask write mode. According to the [/O 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 no mask write cycle is executed. After that, WE switches
read/write cycles. 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).

/OO - I/O7 (input/output pins): 1/O pins function as mask data at the falling edge of RAS (in mask write
mode). Data is written only to high 1/O pins. Data on low /O 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 column 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 falling edge of RAS and as OF
(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 S1/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 the internal pointer is incremented at the rising edge of SC.

SI/O0 - SI/O7 (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 masked write transfer cycle, SI/O inputs data.

DSF1 (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 and mask register read/write, split transfer, and flash write, arc
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 HM538253B.

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 address 511 address in SAM.
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Operation of HM538253B
RAM Port Operation

RAM Read Cycle (DT/OE high, CTAS high and DSF1 low at the falling edge of RAS, DSFI1 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 I/O 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 (t5p) and RAS 1o
column address delay time (tg o p) specifications are added to enable fast page mode.

RAM Write Cycle (Early Write, Delayed Write, Read-Modify-Write)
(DT/OE high, TAS high and DSF1 low at the falling edge of RAS, DSF1 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 CAS falling edge, this cycle becomes an early write cycle and all /O become
in high impedance.

If WE is set low after the TAS 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.

If WE is set low after towp (min) and tawp (min) after the TAS 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 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 from I/O pin and used. Whether or not an I/O is written
depends on 1/O level at the falling edge of RAS. The data is written in high level 1/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 }/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 (DT/OE high, CAS high and DSF1 low at the falling edge of RAS)

Fast 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 (14 4), RAS 10 column address delay time
(tRAD) and access time from CAS precharge (tocp) 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 tgasp
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 I/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, so read, early write and delayed write cycle can be executed. In this cycle, the
HM538253B refreshes the row address fetched 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 RAS)

In mask register set cycle, mask data is set (o 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 I/Q. 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 (CAS high, DT/OE high, WE low, and DSF1 high at the falling edge of RAS)

In a flash write cycle, a row of data (512 word x 8 bit) is cleared 10 0 or 1 at each /O according to the data
of color register mentioned before. It is also necessary to mask I/O in this cycle. When TAS 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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RAS

CAS

we T X XX\ | AR | /XXXXXKXXXK
ooE {/ [ \XXXXXXXXXX/ | \XQOOQOXXX/ | \XXXXXXXXXX)
psF1 ¢/ XXX/ | ANRCOOOXXXXX | \XXXXXXXXXX)

o

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

Color Register Set Cycle

TN

Flash Write Cycle |

\ )

Flash Write Cycle

V—

N\ /A

N

N

A\XXXXXXXX/

AXXXXXXX

XXXXXX Coror DataXXXRX

Set color register

Low: Mask
High: Non Mask

Execute flash write into each
11O on row address Xi using
color register.

In persistent mask mode, /O don' care

Figure 1 Use of Flash Write

XEXXXCXXXRXRK 1 XXXXXXXXXXX

Execute flash write into
each /O on row address
Xj using color register.
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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 column x 8 bit) are cleared to 0 or 1 at each I/O according to
the data of color register. Column addresses A0 and Al are disregarded. The mask data on I/Os and the
mask data on column address can be determined independently. I/O level at the falling edge of CAS
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 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 HM538253B starts mask block write cycle 1o clear the
data on an optional IfO. The mask data is the same as that of a RAM write cycle. High I/O is cleared, low
I/O is not cieared and the internal data is retained. In new mask mode, the mask data is available in the
RAS cycle. In persistent mask mode, I/O don't care about mask mode.

IColor Register Set Cycle | Biock Write Cycle | | Block Write Cycle |

s Y \ \ Y
& T N/ /T \__/
Address
W 7T R /RRCTORR AT X /XX
BToE 7 \KRXXXXXK/ \XKKXRXKKXRX/  \KRXXKXXRXXX

psF1 ¢/ XXX\ /XS XXX\ X7 X
1o XXXXXXCotor Data XX~ XXX Column MasktXTXX 1 XK XCotumn Mase XS0
1

WE__ Mode I/O data/RAS
Low New mask mode Mask

Persistent Horl

mask mode (mask register used)
High No mask Horl

1O Mask Data (ln new mask mode)
Low: Mask
High: Non Mask
In persistent mask mode, /O H or L
Column Mask Data
VOO0 | ColumnO (AO = 0, A1 = 0) Mask Data
VO1 | Column1 (A0 = 1, A1 = 0) Mask Data |Low: Mask
V02 | Column?2 (A0 = 0, A1 = 1) Mask Data
/03 [ Column3 (AO = 1, A1 = 1) Mask Data | High: Non Mask

Figure 2 Use of Block Write
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Transfer Operation

The HM538253B 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 (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 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 serial 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 (CAS high, DT/OE low, WE high and DSF1 low at the falling edge of RAS)

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 Xi X X

oo\t ?

oset | [/ teoo| | tson

NN AN AN AN

S0 X X X X vi X Yi+d

SAM Data before Transfer T SAM Data atter Transfer

Figure 3 Real Time Read Transfer |
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HMS538253B Series - -
Masked Write Transfer cycle (CAS high, DT/OE 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 SAM data is transferred or not depends on the corresponding 1/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 tsgp
(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 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, WE high and DSF1 high at the falling edge of RAS)

To execute a continuous serial read by real time read transfer, the HMS538253B 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 HM538253B 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 register 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 AQ to A7, 256-word x 8-bit data are
transferred from RAM 1o the lower data register DRO (SAM address A8 is 0) automatically. Afier data are
read from data register DR1, data start to be read from SAM stant 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 O 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 AO to A7 while data are read from data register DRI,
256-word x 8-bit data are transferred o 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 to be read from SAM start address 0 of data register
DR1 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 low 10
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 DSF1 is high at the falling
edge of RAS. The cycle can be executed asynchronously with SC. However, HM538253B must be
satisfied 1gg (min) timing specified between SC rising (Boundary address) and RAS falling. In split
transfer cycle, the HM538253B must satisfy tggT (min), (cgy (min) and tp st (min) timings specified
between RAS or CAS falling and column address. (Sec figure 5.)

In split read transfer, SI/O isn’t switched to output state. Therefore, read transfer must be executed to
switch SI/O 1o 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.

402 Hitachi



HMS538253B Series

DRt
DR3

Memory
Array

Memory
Array

AX8 =0 AX8 =1

DR2

DRo
SAM VO Bus
SAM Column Decoder
SAM VO Bus

SAM 11O Buffer

I

SO

Figure 4 Block Diagram for Split Transfer

tast (min)

|
CAS /
test(min)

Address X Xi X} Yj X
tast(min)
— ] N\
DT/OE \ / N
DSF1 ] / \ \

N
sc _/ i Ym — ABi-1\_/8 \/ Y

RAS /
tsTs (min)

Note: Ym is the SAM start address in before SRT. Bi and Bj initiate the boundary address.

Figure § 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
transfer. Masked split write transfer cycle makes it possible. In this cycle, tgTs (min), tre (min), tosT
(min) and tosT (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 SO 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
ransfer cycle must be executed before masked split write transfer cycle. And in this masked split write
transfer cycle, the MSB of row address (AX8) 1o 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 HM538253B 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 A0 10 A8 are set. The RAM data are
transferred to the 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 split read 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.

¢ Column | )
§<§ize_'§ Boundaries (B7)
l 128 bit l l l l
(Y1) ) (v2)
g i
i Start Jump 1 - Jump 2
P Lower SAM i Upper SAM i
D 256 bit g 256 bit i
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 10 A7 can be used and don't care AQ, Al, and A8. In the HM538253B, 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 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 Address

Boundary code Columnsize A2 A3 A4 A5 A8 A7

B2 4 0 . N . N .
B3 8 1 0 . . . .
B4 16 1 1 0 * * *
BS 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't care

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 HM538253B becomes 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 tgTg (min) and tRgT

(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 CAS low, WE high and DSF1 high at the
falling edge of RAS. The CBRN can only execute the refresh operation.
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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 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.

Serial Write Cycle

If previous data transfer cycle is masked write transfer cycle, SAM port 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 SEis
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 511), the intemnal
pointer indicates address O 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) CTAS-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 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 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 TAS 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. In the mask register read cycle and the
color register read cycle, Dout data guaranteed while RAS and CAS are low, and so after the mask register
read cycle or the color register read cycle is performed, in hidden refresh cycle Dout data is not guaranteed.

SAM Refresh

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

406 Hitachi



HMS538253B Series

Absolute Maximum Ratings

Parameter Symbol Value Unht
Voltage on any pin relative 1o Vgg Vr -1.010 +7.0 Vv
Supply vonége relative to Vgg Vee -0.5t0 +7.0 v
Short circuit output current lout 50 mA
Power dissipation P 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55to +125 °C

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

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vee 45 5.0 5.5 v 1
Input high voltage ViH 24 —_ 6.5 \' 1
Input low voltage ViL -052 — 0.8 v 1

Notes: 1. All voltage referred to Vgg
2 -3.0 Vfor pulse width 5 10 ns.
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DC Characteristics (Ta =0to +70°C, Voc =5V £ 10%, Vgg =0 V)

HM538253B-6 HM538253B-7 HM5382536-8

Parameter Symbol Min Max Min Max Min Max Unit Test conditions

Operating Iccy — 120 — 110 — 100 mA RAS,TAS SCa=V|,5E=Vy
current cyding

lcc; — 180 — 185 — 150 mA fgc=min SE = V||, SC cydling, lgc = min
Blockwrite lgcigw — 125 — 115 — 105 mA HAS,TAS SCa- ViL. SE= Vi
current cyding

lcczaw — 185 — 170 — 155 mA tpe=min  SE = V||, SCcycling, lsec = min
Standby ez — 7 9 — 7 - 7 mA RAS,CAS SC=V|.SE=Vy
current =Viy

|cce -_— 70 — 65 — 60 mA SE - V|L, SC cycling, lscc= min
RAS-only  Igcg — 120 — 110 — 100 mA RAScyclingSC = V)|, SE = V)
refresh CAS « Viy
current lccy — 180 — 165 — 150 mA tggc=min SE « V), SCcycling, tgcc = min
Fastpage lccq — 115 — 110 — 105 mA TAScyclingSC = V), SE = V)y
mode FRAS = V|L
current‘3  lccip — 165 — 160 — 155 mA tpg=min  SE « V), SCcycling, tgcc = min
Fastpage lccgpw — 135 — 130 — 125 mA TAScyclingSC = V|, SE = Viy
mode block RAS = VlL
write current °3 Igcppw — 195 — 185 — 175 mA tpgemin SE = Vyi, SCcycling, tgee = min
CAS-before- lccs — 95 — B85 — 75 mA RAScyclingSC=V),SE=V|y
RAS refresh trc = min
current lcci1 — 150 — 140 — 130 mA 5E = V|(, SC cycling, tgcc « min
Datatransfer lccg — 145 — 130 — 115 mA RAS,TAS SC=V),SE=Vy
current cydling

lccta — 195 — 180 — 165 mA tgc=min SE = V), SCcycling, tgcc = min
Input leakage I | -0 10 -10 10 -~10 10 pA 0VsVinsg7V
current
Outputleakage g =10 10 -10 10 -10 10 pA oVsVouls7V
current Dout, Sout = disable
Outputhigh Voy 24 — 24 — 24 — V Igy=-1mA
voltage
Outputlow Vo — 04 — 04 — 04 V g =21mA
voltage

Notes: 1. Icc depends on output load condition when the device is selected. lcc max is spacified at the
output open condition.
2. Address can be changed once while RAS is low and TAS is high.
3. Address can be changed once in 1 page cycle (tpg).
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HM538253B Series
Capacitance (Ta = 25°C, Voc = 5 V1 10%, f = 1 MHz, Bias: Clock, I/O = V¢, address =Vgg)

Parameter Symbol Typ Max Unlt Note
Input capacitance (Address) Ci — 5 pF 1
Input capac;tance (Clocks) Cp — 5 pF 1
Output capacitance (I/0, SVO, QSF) Cvo —_ 7 pF 1

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

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

— Input rise and fall times: 5 ns

— Input pulse levels: Vgg t0 3.0V

— Input timing reference levels: 0.8 V,24 V

~ Output timing reference levels: 0.8 V,2.0 V

— Output load: RAM 1TTL + CL (50 pF)
SAM, QSF 1TTL + CL (30 pF)
(Including scope and jig)

Common Parameter

HM538253B-6 HM538253B-7 HM538253B-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycletime  tpe 110 — 130 — 150 — ns
RAS precharge time tpp 0 — 50 — 60 — ns
RAS pulse width tRAS 60 10000 70 10000 B8O 10000 ns
TAS pulse width 1CAS 15 — 20 — 20 — ns

Row address setup time tasm 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 — 12 — 15 — ns
RAS to TAS delay time tReD 20 45 20 50 20 60 ns 2
RAS hold tima referred to TAS tRsH 15 — 20 — 20 — ns
TAS hold time referred to RAS 1csH 60 — 70 - 80 — ns
TAS to RAS precharge time tcpp 10 — 10 — 10 — ns
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Common Parameter (cont)

HM538253B-6 HM538253B-7 HM538253B-8

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 thRep — 8 - 8 — 8 ms
DT to HAS setup time Ipt1s 0 — 0 - 0 — ns

DT 1o HAS hold time oyt 10 — 10 — 10 — ns
DSF1 to RAS setup time tfsp 0 — 0 — 0 — ns
DSF1 to RAS hold time \RFH 10 — 10 — 10 — ns
DSF1 to TAS setup time s 0 — 0 - 0 — ns
DSF1 to TAS hold time IcrH 12 — 12 — 15 — ns
Data-in to TAS delay time pzc 0 — 0 — 0 — ns 4
Data-in to OE delay time pzo 0 — 0 — 0 — ns 4
Output buffer turn-off delay referred o TAS ~ toppy — 15 — 15 - 20 ns §
Output buffer tum-off delay refered o O~ topp; — 15 — 15 - 20 ns 5
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Read Cycle (RAM), Page Mode Read Cycle

HM538253B-6 HM538253B-7 HM538253B-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS thac — 60 - 70 — 80 ns 6,7
Access time from TAS tcac — 15 — 20 — 20 ns 7.8
Access time from OE toac — 15 - 2 — 20 ns 7
Address access time taa — 30 — 35 — 40 ns 7,9
Read command setup time tRcs 0 — 0 — 0 - ns

Read command hold time thRcH 0 — 0 — 0 -_ ns 10
Read command hold time referred to RAS  tggy 0 — 0 - 5§ — ns 10
RAS to column address delay time tRap 15 30 15 35 15 40 ns 2
Column address to RAS iead time Ry 30 — 3B — 40 — ns
Column address to TAS lead time tcar 30 — 33 — 40 — ns

Page mode cycle time tpc 40 — 45 — 56 — ns

TAS pracharge time tep 7 — 7 - 10 — ns
Access time from TAS precharge acp — 35 — 40 — 45 ns

Page mode RAS pulse width trasp 60 100000 70 100000 80 100000 ns
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Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle

HM5382538-6 HM538253B-7 HM5382538-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes 0 — 0o - 0 - ns 11
Write command hold time twen 12 — 12 — 15 — ns
Write command pulse width twp 12 — 12 — 15 - ns
Write command to RAS lead time thwe 15 — 20 — 20 - ns
Write command to CAS lead time tewe 15 — 20 — 20 — ns
Data-in setup time tps 0o — 0 - 0 —_ ns 12
Data-in hold time tDH 12 — 12 — 15 — ns 12
WE to RAS setup time ws O — o - 0 - ns

WE to RAS hold time Wwh 10 — 10 — 10 — ns
Mask data to HAS setup time tys O — ¢ — ] — ns
Mask data to HAS hold time tMp 10 — 10 — 10 — ns

OE hold time reterred to WE toey 15 — 15 — 20 - ns
Page mode cycle time tpc 40 — 45 — 50 — ns

TAS precharge time tecp 7 — 7 - 10 — ns

TAS 10 data-in delay time icop 15 — 15 — 20 - ns 13
Page mode RAS pulse width tnagp 60 100000 70 100000 80 100000 ns
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Read-Modify-Write Cycle

HM538253B-6 HM5382538-7 HM538253B-8

Parameter Symbol Min Max Min Max Min Max Unit Notes

Read-modify-write cycle time tawc 160 — 180 — 200 ~— ns

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

TAS 1o WE delay time tctwp 35 — 40 — 4 — ns 14
Column address to WE delay time tawp 55 — €6 — 65 — ns 14
UE to data-in delay time toop 15 — 15 — 20 — ns 12
Accass time from RAS tRac — 60 - 70 — 80 ns 6,7
Accaess time from TAS tcac — 15 — 2 - 2 ns 7,8
Access time from OE toac — 15 — 20 -~ 20 ns 7
Address access time taa — 30 - 35 - 40 ns 7,9
RAS to column address delay time tRap 15 30 15 35 15 40 ns

Read command setup time trRes © — 0 — 0 — ns

Write command to RAS lead time tRwL 20 — 20 - 20 - ns

Write command to TAS lead time tew, 20 — 20 - 20 — ns

Wirite command pulse width wp 12 — 12 - 15 - ns
Data-in setup time tps o — 0 -_ 0 _ ns 12
Data-in hold time toH 12 — 12 — 15 — ns 12
OFE hold time referred 1o WE toeEHn 15 — 15 — 20 - ns
Refresh Cycle

HM538253B-6 HM538253B-7 HMS382538-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
TAS setup time (CAS-before-RAS refresh) tecgg 10 — 10 — 10 — ns
TAS hold time (CAS-before-RAS refresh)teyg 10 — 10 — 10 - ns
RAS precharge to TAS hold time tapg 10 — 10 — 10 — ns
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Flash Write Cycle, Block Write Cycle, and Register Read Cycle

HM538253B-6 HM538253B-7 HM538253B-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
TAS 1o data-in delay time tcob 15 — 15 — 20 — ns 13
OE to data-in delay time tobo 15 - 15 — 20 — ns 13

CBR Refresh with Register Reset
HM538253B-6 HM5382538-7 HM538253B-8

Parameter Symbol Min Max Min Max Min Max Unlit Notes
Split transfer setup time lgyg 20 — 20 — 20 — ns

Split transfer hold time referred to RAS tRsT 60 — 70 —_ 80 -— ns

Read Transfer Cycle

HM538253B-6 HM538253B-7 HM538253B-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
DT hold time referred to RAS tRpH 50 10000 60 10000 65 10000 ns

DT hold time referred 1o TAS tcpH 15 — 20 — 20 — ns

DT hold time referred to column address ~ 1apy 20 — 25 — 30 — ns

DT precharge time torp 20 — 20 — 2 — ns

DT to RAS delay time toRp SO0 — 60 — 70 — ns

SC to RAS setup time tspg 10 — 15 — 20 — ns

1st SC 1o RAS hold time tspy 60 — 7 — 80 — ns

1st SC to TAS hold time tscH 256 — 25 — 25 — ns

1st SC to column address hold time saH 35 — 40 - 45 — ns

Last SC to DT delay time tsopp 5 2 — 5 — 5 ~ ns

1st SC to DT hold time tspy 10 — 0 — 13 — ns

DT 1o QSF delay time loco — 25 — 30 - 35 ns 15
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Read Transfer Cycle (cont)

HM5382538-6 HMS538253B-7 HM538253B-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
QSF hold time referred to DT tpaK 5 — 5 — 5 — ns
Serial data-in to 1st SC delay time tszs 0o - 0 — 0 — ns
Serial clock cycle time tsce 23 — 25 - 28 — ns
SC pulse width tsc 5 — 5 — 10 — ns
SC precharge time tscp 10 — 10 - 10 — ns
SC access time tsca — 18 —_ 20 - 23 ns 15
Serial data-out hold time tsoH 5 - 5 — 5 — ns
Serial data-in setup time tsis 0 —_ 0 - 0 - ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns
RAS to column address delay time  trap 15 30 15 35 15 40 ns
Column address to RAS lead time tRAL 30 - 33— 40 — ns
RAS to QSF delay time trRaD — 65 —_— 70 - 7 ns 15
TAS to QSF delay time tcap — 35 - 35 — 35 ns 15
QSF hold time referred to RAS tRaH 20 — 20 — 20 — ns
QSF hold time referred to TAS tcay 5 — 5 — 5 — ns
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Masked Write Transfer Cycle

HM538253B-6 HM5382538-7 HM538253B-8
Parameter Symbol Min Max Min Max Min Max Unit Notes
SC setup time referred to RAS tsgs 10 — 15 — 20 — ns
RAS to SC delay time . tsgp 15 — 20 — 25 — ns
Serial output bufter turn-off time tsRz 10 25 10 30 10 3 ns
referred to RAS
RAS to serial data-in delay time tsip 25 — 3 — 35 — ns
RAS to QSF delay time thRaop — 65 - 70 - 7% ns 15
TAS to QSF delay time tcap — 35 - 3 - 3 ns 15
QSF hold time referred to RAS tRgH 20 — 20 — 20 -~ ns
QSF hold time referred 1o TAS tcagH 5 — 5 — 5 — ns
Serial clock cycle time tsce 23 — 25 — 28 - ns
SC pulse width tsc 5 — 5 — 10 — ns
SC precharge time tscp 10 — 10 - 10 - ns
SC access time tsca — 18 — 20 - 23 ns 15
Serial data-out hold time tsoH 5 — 5 — 5 - ns
Serial data-in setup time tsis [ 0 — 0 — ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns

416 Hitachi



HMS538253B Series

Split Read Transfer Cycle, Masked Split Write Transfer Cycle

HM538253B-6 HM538253B-7 HM538253B-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Split transfer setup time tsts 20 — 20 — 20 - ns

Split transfer hold time referred to RAS trsT 60 — 70 — 80 — ns

Split transfer hold time referred to TAS tcst 15 — 20 - 20 — ns

Split transfer hold time referred tastT 30 — 3B — 40 — ns

to column address

SC to QSF delay time tsacp — 30 - 3 - 30 ns 15
QSF hold time refarred to SC tsgn 5 — 5 — 5 — ns
Serial clock cycle time tscc 23 — 25 -— 28 — ns

SC pulse width tsc 5 — 5 — 10 - ns

SC precharge time ilscp 10 — 10 - 10 - ns

SC access time tsca — 18 — 20 - 23 ns 15
Serial data-out hold time tsoH & —_ 5 — 5 - ns
Serial data-in setup time tg)s 0 — 0 — 0 - ns
Serial data-in hold time sy 15 — 15 - 15 — ns

HAS to column address delay time trRap 15 30 15 3 15 40 ns
Column address to RAS lead time tRaL 30 — 3B — 40 — ns
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Serial Read Cycle, Serial Write Cycle

HM5382538-6 HM538253B-7 HMS5382538-8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Serial clock cycle time tsce 23 — 25 — 28 - — s

SC pulse width tsc 5 — 5 —_ 10 - ns

SC precharge width tscp 10 — 10 — 10 -_— ns
Access time from SC tSCA — 18 — 20 — 23 ns 15
Access time from SE 1SEA — 15 - 17 - 20 ns 15
Serial data-out hold time tSOH 5 — 5 — 5 - ns

Serial output buffer turn-off time tsHZ — 15 - 15 — 20 ns 5,17
referred to SE

SE to serial output in low-Z g1z 0o - 0 — 0 — ns 517
Serial data-in setup time sis o - 0 - 0 — ns

Serial data-in hold time tgiH 15 — i — 15 — ns

Serial write enable setup time isws 0 -_ 0 —_ 0 — ns

Serial write enable hold time tswH 15 - 15 — 15 —_ ns

Serial write disable setup time tswis o - 0 - 0 - ns

Serial write disable hold time tSWiH 15 — 5 — 15 — ns
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Notes:

1.

- a2 © o~
-

i2.
13.

14.

15.
16.

17.

8.
19.

AC measurements assume iy = 5 ns,
When tgep > trep (max) and tgap > tRap (Max), access time is specified by toac or tAA-

V|4 (min) and Vy_ (max) are reference levels for measuring timing of input signals. Transition
time t is moasured between V) and V|, .

Data input must be floating before output buffer is turned on. In read cycle, read-modity-write

‘eycle and delayed write cycle, either tpz¢ (min) or ipz0 (Min) must be satisfied.

1oFF1 (max), topFz (max), 1gz (max) and tg; 7 {min) are defined as the time at which the
output achieves the open circuit condition (Vg — 100 mV, Vg + 100 mV). This parameter is
sampled and not 100% tested.

Assume that tpep < trep (max) and tgap < trap (Max). ¥ tgcp or tRap is greater than the
maximum recommended value shown in this table, tpac exceeds the value shown.

Measured with a load circuit equivalent to 1 TTL loads and 50 pF.

When tpep 2 trep (Max) and trap < trap (Max), access time is specitied by toac.

When trep s trep (Max) and tpap 2 tRap (Max), access time is specified by tAa.

. If either troy or tRRH is satisfied, operation is guaranteed.
. When twcs = twes (min), the cycle is an early write cycle, and VO pins remain in an open

circuit (high impedance) condition.

These parameters are specified by the later falling edge of TAS or WE.

Either 1¢pp (min) or topp (Min) must be satisfied because output buffer must be turned off by
TAS or DE prior to applying data to the device when output buffer is on.

When tawp 2 tawp (min) and tcwp 2 tewp (min) in read-modify-write cycle, the data of the
selected address outputs to an I/O pin and input data is written into the selected address. topp
{min) must be satisfied because output buffer must be turned off by OF 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 ps or more and execute at least 8 initialization cycle (normal
memory cycle or refrash cycle), then start operation. Hitachi recommends that ieast 8
initialization cycle is the CBRR for internal register reset. This CBRR need not tg1g and trsT.
When tgpz and g 7 are measured in the same VCC and Ta condition and tr and tf of SE are
less than 5 ns, IgHz <tg 2 + 5 ns. This parameter is sampled and not 100% tested.

After power-up, QSF output may be High-Z, so 1SC cycle is needed to be Low-Z it.
DSF2 pin is open pin, but Hitachi recommends it is fixed low in ali operation for the addition
mode in future.
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Timing waveforms *20
Read Cycle
tac
lRas tRp
RAS R l N
sk CRP
S : cas
CAS N f'(
taap IR toa
tAsSA tRAl ASC
F '=§.. A0 tean
Address Row ,@ Column
tacs] t
. f"" R tacH
WE tcac
L tan feoo
Vo lrac el
Y . N
(Output) § Valid Dout 'g
Yoze loug toFF2
o y
(iopu) o {XXXXXXX
015 |1 tomy
weE X7 | /RRRRRKEIXER
tesh || YRFH | tFsC | tcen
DSF1 X \t /XN XXX
Note 20:

420 Hitachi

@ HorL (H: V) (min) £ Viy < Vjy (max), L: V) (min) < V) < Vy (max))
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HMS538253B Series

Fast Page Mode Read Cycle
tre
lRasp trp
| !t p
RAS A N—
1CSH tpc tRSH
RcD __ tcas tcp tcAs tcp tcas lcrp
— S
CAS ZL_SH\__/ tha ] 4
taen | [P ToAL [ ||tea o
AT [taan tl“s'g : '“E_. tca hASC tean
s SN FomKD ctmo KX e X XHXN
| (Rt
IRcs Y ' tARH
Mof| teed| | |fresthcdl |4 ltecs RH =T
we AN AN XXX
taa ! lacp 1 " [lace
icac lcac \CAC [=~{toFF1
o ] Vaid Vaid oot }—o
(Outpuy) ‘mt: Uﬂ:‘
tozc tcooluel tpze tcoD|. 4y toze DD
LOAC |!o_553 LOAC Ilo_r»'_FgJ ~1|toac
topuy XXX QXXX
{Input) 1020
tOTS o |, tDTH
oToE XX/ || AN XXX XN

tFSR tRFH ool beaflcEn 1FSC feal FH 1FSC |l buitcFH
DSF1 trsc

Hitachi 421



HMS538253B 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

RAS TAS HAS RAAS TAS
DSF1 DSF1 WE Vo vo
Menu Cycle
w1 w2 w3 wa ws
RWM Write mask (new/old) 0 0 0 Write mask’!  Valid data
Wirite DQs to /Os
BWM Wirite mask (new/old) 0 1 0 Write mask'2  Column mask‘2
Block write
RW Normal write (no mask) 0 0 1 Don't care’t  Valid data
BW Block write (no mask) 0 1 1 Don'tcare’?  Column mask'2
LMR"4 Load mask resister 1 0 1 Don't care Mask data"3
LCR'4 Load color resister 1 1 1 Don't care Color data
Note 1
WE__ Mode VO data/RAS
Low New mask mode Mask
Persistent HorlL
mask mode (mask register used)
High No mask Horl
/0 Mask Data (In new mask mods)
Low: Mask
High: Non Mask

In persistent mask mode, /O Hor L

Note 2: reference Figure 2 use of Block Write
Note 3: 110 Write Mask Data

Low: Mask

High: Non mask
Note 4: Column Address: H or L
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Early Write Cycle

1re
tpas L lgp.
S f |
lesn ||, tere
trep tRsH L
—_— tcas
CAS 1asR || thaH tasc cAn !
Address m Row ,l@l Column
wsg twH twes | | twen
w X0 w XX XXX XX XXX XXX XXX XXXXXXX)
Vo High-Z
(Output) IMs T L tos L!o_n"
town Rt KO v XXXXXXXXHKKXX XXX KK XXKKK
DTIOE 287]( XXX XXX XX XXX XXX
FSR 1cFy

DSF1 m W1 @q w2

W1 to W5: See write cycle state table for the logic states.

UXX XX XX XX XXX XX XXX XXXXXXXX)

Delayed Write Cycle
1rc
ras l tre
RAS N i N
lesh lerp
tpaco tasH
p— 1
Cas el cas
SRRy tase f1 T tcan
Address Row m Column
tws || twn ! fewm
we XU ws_ XX/ N2 OO XXX

W1 to WS5: See write cycle state table for the logic states
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Fast Page Mode Write Cycle (Early erte)

o

(Output)

(put) D) v XXOOOOOOO0
DTIOE ' V XOOOOOOK 0 0 OO0 0'0'0 0'0' XOOOOOOOOOOX
DSF1 I

W1 to W5: See write cycle state table for the logic states

Fast Page Mode Write Cycle (Delayed Write)

tRe
tRASP o e lBP
_— — h
RAS N , R\
csh lpg o tRsu ©
RP
_ 0o s P ot . lcas tcas | re——
CAS tasR t & i l i o ) ¢
| 1A tas 1cAH AsC lcan | lasc lcan
Adcross K)o wmﬁ%p(wwgzxum
c few tAwL
[
tws |]twn twe twp twp
% X0(w : ) R
] High-Z
(Output)  tms |[twm tos | jtou 108||tom tlo_s. 1DH

Coon o]

DT/OE
lX/r li:m tesc|| tern tr
FER |wnf o~

ose1 - XK e KRXRER e KRR

W1 to W5: See write cycle state table for the logic states

is
2
i
5
2

H
18

N

QUKXAXXXXXXIXXHXXX
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HM538253B Series

Read-Modify-Write Cycle
lawe
—_— 1 ! tRp
RAS RWS r=q
_ | e |
CAS L
a0

plash | taan 4 tasc,_|{tcan
Address O Row XX{ Coumn
T e ain =
" B w e e JXRRRX

| 1AA
1RAC
o -
Valid Dout)

:::Wl) ! e | toze loac A i 108 || ton
npuy XL Wa_ KB v ws OO0

tos .M 1000 toEH
e 3 RXXEXRD

= = I'Fsc VVYV'VVV'V'V'VVVV"VVV'
DSF1 m wi m w2 ’A’A A‘A A’A AYA A’A A’A’A’A’A A’A‘A A’A AVAVA

W1 to W5: See write cycle state table for the logic states

RAS-Only Refresh Cycle
lnc
laas tpp
RAS tenp tapc F\__
s XXX i RAXXXXXX)
Address Row
LoFF '
o
(Outpu)
rjcoo
{imput) roers > o T 3OO XXX KOOI XXX XXX XXX
D

lors || lom |
ﬁ/& m ‘.A".A".‘.“‘.A.A’A.A’A.A."A’A’A.A’A’A’A’A‘A’A’A’A’A’

teen || tren
DSF1 m v‘v’v’v.v.v’v.v’v.v.v.v’v‘v’v.v.v.v.v / v.v.v.v.v.v.v.v’

WE: Horl
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HMS538253B Series

TAS-before-RAS Refresh Cycle (CBRN)

1ac

tapc

!
VX Teibit Faing Transivon X X\
T

— WAVAV AV VAVAVAVAV AV,
WE AV AVAVAVA A’A’A‘A’Ar’
{Output) 2O
DT/OE
1rse || tRFm
DSF1
SC: Horl
Hidden Refresh Cycle
tac tRc
thas trp jL tras (L trp
o N v X
RAS R o K 5 F
tRco tRSH lcHR |1,_lcRe
G o 1 1k ¥
1
ASR .-:RAN tasc| [ 1caH
Address mm Column
il ~JHBES | tpardas  tws el M| |
WE teac AXXXXXXXAXXXXK)
Ll
' tRAC Keia?
vo ¥ Valid Dout —
{Outpun) pzc lm; : OFF;
vo
(Input) \pzo
1 tors || 1DTH
e XXF_]. 1
FSR Lj‘;%lrxsi-( [T n1rsa || teen
psF1 XX) LXXXA WXXXXXXXXXXXXXX)
i T
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HMS538253B Series

TAS-before-RAS Set Cycle (CBRS)

trc

tre tRAs i tap

RAS / \ p N
taprc . tcsh tcHR {cRP
w1 —
CAS YXXX, inhibit falfing transiton QLGN
tasnl| tRaH
Az Stop Address KXOOXXKXXXXXXXXXXXXKXXXKXXXXXXXXNKX
(A2-A7) T t
ws|| twn
we  XO0000000000KS OO0,
Vo High-Z
(Output)
Vo
(Input)
DT/OE
tFSR tRFH
DSF1
Note: A0, A1,A8;HorlL
SC;HorlL
TAS-before-RAS Reset Cycle (CBRR)
{RC

tRp tRaS | thp

RAS / N q -
tRee ,, tcsh tcHr tchp

CAS L /XXX intibit taling transition XX XX /

Address

lws fe—e]——=lwH
WE  XXXXXXXXXX/
1o
(Output)
tonun 2RI IKAKXKAIKRHKHKKXHKKX

|
Er','o—é \/ "V’V.V’V’V’V‘V.V’V’V.V V’V‘V’V.V’V.V.V’V’V’V’V‘V’V’V’V.V’V’V‘V.V.V’V’V’V’V’V
UFSR {RFH

psF1 SCOOOOOXXXY XXX KKK KKK HKHKKKIKKK

 lsts tRsT ,
sc _/__\_)E-_f\_u /812 \ / Bi-1\ /8r1\

Note: 1. B, Bj initiate the boundary addresses.
2. Ym, Yn are the SAM start address in before SRT/MSWT,

A’A’A.A’A’A’A‘A’A’A‘A’A’A A A’A A’A’A ENNNNN

High-Z
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HM5382753B7§gri7e7sm 7

Flash Write Cycle
thc
lRAS | trp
—RTS V\ L 3
{CRP {RCD
= XK L,
saaess XXXXXXXXRRN_Fow X XXXXXKXXXKXXXKXXXIXX)
tws twH
WE XOOOOOOOOXXX £ 000000COOOOAOOOOOOOXXXX
torF1 icpo HghZ
(Qutput) toFF2
tooo tMs tMH ‘
wo 30 sk Data XXX IIIKIKKKS
tors 10TH |
BTI'IC‘E m i tFSR tRFH ‘A’A’A’A‘A’A’A‘A.A.A’A‘A’A.A.A’A‘A’A0A‘:OA’A.A.I.A.A‘A.Z’A’A.A.A’A
ose1 XRXXRXXKRXXK XX KX KX KX KX KKK K XX XXX,
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HMS538253B Series

Registered Read Cycle (Mask data, Color data)

tRe
tRas tpp
RAS A { N
tosH tcrp
treo " tRsH
—_ CAS
CAS N y
tashl| tRAH |
Address XXXX) Row
1
i tws| lwni il_ucs b— L RRH— tReH
WE NAXXXOXX
XX/ L )
Vo toFF1
(Outpul) Valid Out
tozc toac toFF2 [~ 550
1[0 [
(Input) " tpzo
o r.gi lo— tOTH —+
DTOE XK ol tmen trsc L XKX00XX.
! { itCFH

DsF1 YOO/ ROL__ - 0000000000000OOCOOXXX

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

State 0 1

Accessed | Mask data | Color data
data (LMR) (LCR)
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HMS538253B Series

Read Transfer Cycle-1 (Real Time Read Transfer)

1 tRC
‘H‘IT LYY | i
1c8H tcre
tAco 1. lRsH
_— 1' tcas
CAS
1RAD AL
tash || tran tascl [ toam

Address YOOI Row KA SENCCCLEECCCIECSS
Ilws M—I

High-Z

-

KN vaiia Sout JERIRX:

New Row

QSsF SAM Address MSB
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HMS538253B Series

Read Transfer Cycle-2

3l

‘R

[l

lcrp

Vo High-2
(Cutput) tors || 1ot ‘ 1DAD
L e

DToE  XXXY ) ROOOCXXXXCXNXXX

\esA | [tRFH [
psF1 XXX

1sRs 1sAM 1soH \scc

1sc \scp \sC tscp
sc X h Inhibit Rising Transition (X ™ E H '

k. SCA
tseH Isca tsom
isRH
svo Ealid Sou!@
(Outpuy 'S'S || 1sm 1525 ] @
syo
(Input) i d
R0 teao 0G0
lcaH
fRoH
10QH ferend

QSF SAM Address MSB @i
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HMS538253B Series

Masked Write Transfer Cycle
tRe

!Ras N tap

RAS \
tesH — tchp

trcD Toas— RsH
CAS N y
tASR|[1RAH  1ASC|[tcan

Address m Row Add XXXXXXXX::

tws]| twH
wE X
o High-Z
(Output) tors||totH
oioe KO0
trsr|| tRFH
sk XXXKY
tm I'SRD tscc
tsc tsce (| tsc_  tsce
sc y NOOOOC Inhibit Rising Transition XOOOOXX / i
o) ‘SC; = 1Rz — tsio =)
(Output) __Valid l__'@( Valid tsis]|tsiH ttﬂi 1§|_.14
SO tsoH High-Z ) —— -
s DR s R e
tpop '©
{ROH
QsF SAM Address MSB e
s [

}ﬁ,’pm, Y3000 vo wask naa KOO0

Note: 1. 1O mask data (In new mask mode)
Low: Mask
High: Non mask
1/0: H or L in persistent mask mode.
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HMS538253B Series

Split Read Transfer Cycle

1CRP 1RCD | tRSH

* K ARKXXKXXXXXXXNRXX)

o ‘..6'6'0'0'0'0'03" thh—Z
{Output) 20300% %0 02020005

tpTs | |tom™
v SKXORRRXRY, |

tFsR | | tRFH

sC

S1o

OuBUl  yazd Saut Vaid

Svo .

(Input) High-Z
l.ts00 | tsa0
1SOH SOM

asF X\ SAM Address MSB E®§

Notes: 1. Ym is the SAM start address in before SRT.
2. Bi, Bj initiate the boundary address.
3. AB;Hor L, and upper SAM or lower SAM is set automatically by the internal circuit.
SAM start address cant set on the boundary address.
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HMS538253B Series ) -

Masked Split Write Transfer Cycle

tRe
tRAS . igp
RAS \ ) \
tcsH
tRcD 1RSH
. tcas
CAS \ y
tASR|[1RAH  tasc|itcAH
Address OO0, Row KN Boress s
twe||twi
WE  XOOXXO00Y |
tOFF1
o High-Z
{Output)
tprs|{toTH
DT/OE
tesn||tRFH
i |
DsF1 XXXXXXXXXXX/ N
test
tasT
tRsT
tscc
tsTs Isc tscp
s¢ _ferAl_4ym N\ Armefvme Bj-2 Bj-1 Bj-2 Yi
S0
{Output) ' .
sis|[tsH
sio Vaid r.-;-}:_.‘ Valo
(Input) Teon
{soH
QSF SAM Address MSB
t MH
}{ﬁpu,) 2 K X000OOO0OOOOOOOO00OOOOOONOOOOOONXX

Notes: 1. Ym is the SAM start address in before MSWT.

2. Bi, Bjinitiate the boundary address.

3. /1O Mask data (In new mask mode)
Low: Mask
High: Non mask
VO: H or L in persistent mask mode.

4. A8; H or L, and upper SAM or lower SAM is set automatically by the internal circutt.
SAM start address can' set on the boundary address.
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HMS538253B Series

Serial Read Cycle
SE ¥ i \
\scc tscc isce
tsc tscp tsc )| tscp || ltsc |, tscp %
P% Y & 4 k
sC 1SCA £ \‘_Jﬂ lsEAxJ‘——’? [CTY), S—
tson tsHz tsca tsoH
(%3 |

sKo i i > : .
SUO y _Valid Sout ?@1 Valid Sout_ Mnﬁﬂm—
Serial Write Cycle
tswH tswis, , tswi lsws
B o
SE LXX/ XX
tscc tscc lscc

SC y[
tsis

tscp
e

tsiH

tsc

It

tscp

S0
(Input)

Valid Sin

tsis

tsiH

| 1sc tscp ’Ilsc=j

tsis

tsH

XX

Valid Sin
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HM£8253B Seyies

Package Dimensions

HM538253B] Series (CP-40D) Unit;: mm
25.80
26.16 Max
o @
ol o
- H
P e
el =
1 20 -
0.74 8
o 53
H € °9
1.3 Max 3 = o
) ]
8 M\ ~N
[«3
!U U U —_ ] Nt
0.43 1 0.10 I1_27 ' 9.40 1 0.25
0.10
HM538253BTT Series (TTP-40DA) Unit: mm
18.41
18.81 Max
40 31 30 21
AnannNannag - anannnaanmn
©
=
[+]
OUODUYUO0T U0uouunooy
1 10 11 20
[0.80
030:0.10| [©[0.211W)
11.76 ¢ 0.2
| e 0-5°

T — 7
'''' N

0.50+ 0.10

1.20 Max

0.17 £ 0.05
0.08 Min
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HMS538253B Series

Package Dimensions

HM538253BRR Series (TTP40DAR) Unit: mm

18.41
18.81 Max
1 10 11 20
QOONNANONT  NNNONANRGN
]

®
=]
OUOBUUUO00 g0gouoonou
40 31 30 21
|0.80]

0.30:0.10| [®]o.21 W)
1005 M 11.76 £ 0.2
T [ 0—5°

1.20 Max
0.17 £ 0.05
0.08 Min

0.50 + 0.10
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