HM534253B Series

262,144-word x 4-bit Multiport CMOS Video RAM

HITACHI

ADE-203-204C (2)
Rev. 3.0
Apr. 24, 1995

Description

The HM534253B is a 1-Mbit multiport video RAM equipped with a 256-kword x 4-bit dynamic RAM and a
512-word x 4-bit SAM (serial access memory). Its RAM and SAM operate independently and
asynchronously. It can transfer data between RAM and SAM. In addition, it has two modes to realize fast
writing in RAM. Block write and flash write modes clear the data of 4-word x 4-bit and the data of one row
(512-word x 4-bit) respectively in one cycle of RAM. And the HM534253B makes split transfer cycle
possible by dividing SAM into two split buffers equipped with 256-word x 4-bit each. This cycle can transfer
datato SAM which is not active, and enables a continuous serial access.

Features

* Multiport organization
Asynchronous and simultaneous operation of RAM and SAM capability
0 RAM: 256-kword x 4-bit
0 SAM: 512-word x 4-bit
» Accesstime
0 RAM: 60 nsg/70 ng/80 ng/100 ns max
0 SAM: 20 ng/22 ng/25 ng/25 ns max
e Cycletime
0 RAM: 125 ng/135 ng/150 ns/180 ns min
0 SAM: 25 ns/25 ng/30 ng/30 ns min
* Low power
O Active RAM: 413 mW max
SAM: 275 mW max
0 Standby 38.5mW max
» High-speed page mode capability
e Mask write mode capability
» Bidirectional datatransfer cycle between RAM and SAM capability
e Split transfer cycle capability
» Block write mode capability
« Flash write mode capability
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« 3variations of refresh (8 ms/512 cycles)
O RAS-only refresh
O CAS-before-RAS refresh

O Hidden refresh
e TTL compatible

Ordering Information

Type No. Access Time Package

HM534253BJ-6 60 ns 400-mil 28-pin plastic SOJ (CP-28D)
HM534253BJ-7 70 ns

HM534253BJ-8 80 ns

HM534253BJ-10 100 ns

HM534253BZ-6 60 ns 400-mil 28-pin plastic ZIP (ZP-28)
HM534253BZ-7 70 ns

HM534253BZ-8 80 ns

HM534253BZ-10 100 ns

Pin Arrangement

HM534253BJ Series

HM534253BZ Series
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Pin Description

Pin Name Function

AO — A8 Address inputs

I/00 —1/03 RAM port data inputs/outputs
SI/00 - SI/03 SAM port data inputs/outputs
RAS Row address strobe
CAS Column address strobe
WE Write enable
DT/OE Data transfer/output enable
SC Serial clock
SE SAM port enable

DSF Special function input flag
QSF Special function output flag
Ve Power supply

Vs Ground

NC No connection
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Block Diagram
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Pin Functions

RAS (input pin): RAS isabasic RAM signd. It is active in low level and standby in high level. Row
address and signals as shown in table 1 are input at the falling edge of RAS. The input level of these signals
determine the operation cycle of the HM534253B.

Tablel Operation Cycles of the HM534253B

Input Level At The Falling Edge Of RAS

CAS DT/OE WE SE DSF  DSF At The Falling Edge Of CAS  Operation Mode

X — CBR refresh

Write transfer

Pseudo transfer

Split write transfer

Read transfer

Split read transfer

Read/mask write

Mask block write

Flash write

Read/write

Block write

XX | X|X|X|X[|X|X|X|IT|r|X

X
L
L
L
L
L
H
H
H
H
H
H

I|g|T|T|T|T|T|T|T|T|T| ™
r  r x| r|r— || TxT|lxT| ||
T r|rr|xjrr|rjxjrr|xT|rr|r|x

X|IZ || X|I|rF|X|X|X|X|X

Color register read/write

Note: X: HorL.

CAS (input pin): Column address and DSF signals are fetched into chip at the falling edge of CAS, which
determines the operation mode of the HM534253B. CAS controls output impedance of 1/0 in RAM.

A0 — A8 (input pins): Row address is determined by A0 — A8 level at the falling edge of RAS. Column
address is determined by A0 — 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 HM534253B turns to mask write mode. According to the I/O level at the time, write
on each /0 can be masked. (WE level at the falling edge of RAS is don’t care in read cycle) When WE is
high at the falling edge of RAS, anormal write cycle is executed. After that, WE switches read/write cycles
asin astandard DRAM. In atransfer cycle, the direction of transfer is determined by WE level at the falling
edge of RAS. When WE islow, datais transferred from SAM to RAM (data is written into RAM), and when
WE is high, datais transferred from RAM to SAM (datais read from RAM).
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[/00 —1/03 (input/output pins): 1/0 pins function as mask data at the falling edge of RAS (in mask write
mode). Dataiswritten only to high 1/0O pins. Dataon low 1/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 address mask data at the falling edges of CAS.

DT/OE (input pin): DT/OE pin functions as DT (data transfer) pin at the falling edge of RAS and as OE
(output enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer cycle.
When DT is high at the falling edge of RAS, RAM and SAM operate independently.

SC (input pin): SC is a basic SAM clock. In a serial read cycle, data outputs from an SI/O pin
synchronously with the rising edge of SC. In a serial write cycle, data on an SI/O pin at the rising edge of SC
isfetched into the SAM data register.

SE(input pin): SE pin activates SAM. When SE is high, SI/O is in the high impedance state in serial read
cycle and data on SI/O is not fetched into the SAM data register in serial write cycle. SE can be used as a
mask for serial write because internal pointer isincremented at the rising edge of SC.

SI/00 — SI/03 (input/output pins): SI/Os are input/output pins in SAM. Direction of input/output is
determined by the previous transfer cycle. When it was aread transfer cycle, SI/O outputs data. When it was
apseudo transfer cycle or write transfer cycle, SI/O inputs data.

DSF (input pin): DSF isaspecia function datainput flag pin. It is set to high at the falling edge of RAS
when new functions such as color register read/write, split transfer, and flash write, are used. DSF is set to
high at the falling edge of CAS when block write is executed.

QSF (output pin): QSF outputs data of address A8 in SAM. QSF is switched from low to high by accessing
address 255 in SAM and from high to low by accessing 511 addressin SAM.
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Operation of HM534253B

RAM Port Operation

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

Row addressis entered at the RAS falling edge and column address at the CAS falling edge to the device asin
standard DRAM. Then, when WE is high and DI/CE is low while CAS is low, the selected address data
outputs through 1/0 pin. At the falling edge of RAS, DT/OE and CAS become high to distinguish RAM read
cycle from transfer cycle and CBR refresh cycle. Address accesstime (t,,) and RAS to column address delay
time (tzap) Specifications are added to enable high-speed page mode.

RAM Write Cycle (Early Write, Delayed Write, Read-M odify-Write) (DT/OE high, CAS high and DSF
low at the falling edge of RAS, DSF low at the falling edge of CAS)

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

When CAS and WE are set low after driving RAS low, awrite cycle is executed and 1/0 data is written in
the selected addresses. When all 4 1/Os are written, WE should be high at the falling edge of RAS to
distinguish normal mode from mask write mode.

If WE is set low before the CAS falling edge, this cycle becomes an early write cycle and all 1/0 become
in high impedance. Datais entered at the CAS falling edge.

If WE is set low after the CAS falling edge, this cycle becomes a delayed write cycle. Dataisinput at the
WE falling. 1/0 does not become high impedance in this cycle, so data should be entered with OE in high.

If WE is set low after teyp (Min) and t,,o (Min) after the CAS falling edge, this cycle becomes a read-
modify-write cycle and enables read/write at the same addressin one cycle. In thiscyclealso, 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, the cycle becomes a mask write mode which writes only to
selected 1/0. Whether or not an 1/0O iswritten depends on I/O level (mask data) at the falling edge of
RAS. Then the dataiswritten in high I/O pins and masked in low ones and internal datais retained. This
mask datais effective during the RAS cycle. So, in high-speed page mode, the mask data is retained
during the page access.
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High-Speed Page M ode Cycle (DT/OE high, CAS high and DSF low at the falling edge of RAS)

High-speed page mode cycle reads/writes the data of the same row address at high speed by toggling CAS

while RAS islow. Itscycletimeis 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 (t,,), RAS to column address delay time
(trapn), and access time from CAS precharge (t,cp) are added. In one RAS cycle, 512-word memory cells of the
same row address can be accessed. It is hecessary to specify access frequency within tg,ge max (100 ps).

Color Register Set/Read Cycle (CAS high, DT/OE high, WE high and DSF high at the falling edge of RAS)

In color register set cycle, color datais set to the internal color register used in flash write cycle or block write
cycle. 4 bits of internal color register are provided at each I/O. Thisregister is composed of static circuits, so
once it is set, it retains the data until reset. Color register set cycle is just as same as the usual write cycle
except that DSF is set high at the falling edge of RAS, and read, early write and delayed write cycle can be
executed. In this cycle, the HM534253B refreshes the row address fetched at the falling edge of RAS.

Flash Write Cycle (CAS high, DT/OE high, WE low, and DSF high at the falling edge of RAS)

In aflash write cycle, arow of data (512-word x 4-bit) is cleared to O or 1 at each 1/O according to the data of
color register mentioned before. It is also necessary to mask /0 in this cycle. When CAS and DT/OE is set
high, WE islow, and DSF is high at the falling edge of RAS, this cycle starts. Then, the row address to clear
is given to row address and mask datais given to I/0. Mask data is as same as that of a RAM write cycle.
High 1/Oiscleared, low I/O is not cleared and the internal datais retained. Cycletime isthe same as those of
RAM read/write cycles, so al bits can be cleared in 1/512 of the usual cycletime. (Seefigure 1.)
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Color Register Set Cycle Flash Write Cycle Flash Write Cycle
e — — r
CAS _—\—L/ ./ \
Address XROWX X xi X X xi X
we /T N/ N\ [/ N |/
DT/OE / \ / \ / \
psF / \ / \ / \
10 XcColorpataX X *1 X X 1 X
Setcolorregistet /0 on row address Xl using | Gach /0 o row agdress
color resister. Xj using color resister.

Note: 1. I/O Mask Data
Low: Mask
High: Non Mask

Figurel Useof Flash Write

Block Write Cycle (CAS high, DT/OE high and DSF low at the falling edge of RAS, DSF high at the falling
edge of CAS)

In ablock write cycle, 4 columns of data (4-word x 4-bit) is cleared to 0 or 1 at each /O according to the data
of color register. Column addresses AO and A1l are disregarded. The data on 1/0Os and addresses can be
masked. 1/O level at the falling edge of CAS determines the address to be cleared. (Seefigure2.) In apage
mode cycle, mixed cycle of normal Read/Write and block write can be allowed by controlling DSF.

+ Normal Mode Block Write Cycle (WE high at the falling edge of RAS)
The dataon 4 1/0s are all cleared when WE is high at the falling edge of RAS.
+ Mask Block Write Mode (WE low at the falling edge of RAS)

When WE is low at the falling edge of RAS, the HM534253B starts mask block write mode to clear the
dataon an optional 1/0. The mask dataisthe same asthat of a RAM write cycle. High1/Ois cleared, low
I/0 isnot cleared and the internal datais retained. The mask datais available in the RAS cycle. In page
mode block write cycle, the mask datais retained during the page access.
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Color Register Set Cycle Block Write Cycle ‘ Block Write Cycle ‘

e . an /
cas N/ ./ N/
Address X ROWKEEERERZRZILELIN RoWN Y Column A2-ABXIRILN RowXeoK Column A2-ABKRRES
WE  § QA LEEEX 1L REERREEISIIRN *1 KGRI

psE o NRRERRESRRIN L5 B L &<
1o} RN Color Data)eSiX_ *1 XX Address MaskfosoioX *1 X Address MaskXis.

*1
WE I/0 Mode
Low | I/O Mask Data Mask
High | Don't care Non mask
I/0 Mask Data

Low: Mask
High: Non Mask
Address Mask Data
1/00 | ColumnO (A0 = 0, Al = 0) Mask Data
/01 | Columnl (AO =1, Al = 0) Mask Data |Low: Mask
1/02 | Column2 (AO = 0, Al = 1) Mask Data
I/03 | Column3 (A0 = 1, Al = 1) Mask Data | High: Non Mask

Figure2 Useof Block Write

Transfer Operation

The HM534253B provides the read transfer cycle, split read transfer cycle,pseudo transfer cycle, write
transfer cycle, and split write transfer cycle as data transfer cycles. These transfer cycles are set by driving
CAS high and DT/OE low at the falling edge of RAS. They have following functions:

(1) Transfer data between row address and SAM data register (except for pseudo transfer cycle)
O Read transfer cycle and split read transfer cycle: RAM to SAM
O Write transfer cycle and split write transfer cycle: SAM to RAM
(2) Determine SI/O state (except for split read transfer cycle and split write transfer cycle)
0 Read transfer cycle: SI/O output
O Pseudo transfer cycle and write transfer cycle: SI/O input
(3) Determine first SAM address to access after transferring at column address (SAM start address).

HITACHI
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SAM start address must be determined by read transfer cycle or pseudo transfer cycle (split transfer cycle
isn't available) before SAM access, after power on, and determined for each transfer cycle.

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

This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF low at the falling edge of
RAS. The row address data (512 x 4 bits) determined by this cycle is transferred to SAM data register
synchronously at the rising edge of DT/OE. After the rising edge of DT/OE, the new address data outputs
from SAM start address determined by column address. In read transfer cycle, DT/OE must be risen to

transfer datafrom RAM to SAM.

This cycle can access SAM even during transfer (real time read transfer). In this case, the timing tgpp (Min)
specified between the last SAM access before transfer and DT/OE rising edge and tg,y, (min) specified
between the first SAM access and DT/OE rising edge must be satisfied. (Seefigure 3.)

When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set high
impedance before tg,5 (min) of the first SAM accessto avoid data contention.

RAS T /
s \ /
pasess Y0 X_ v X
bToE L {
AN

X X X X vi X Yj+1

SAM Data before Transfer SAM Data after Transfer
I

SI/O

Figure3 Real TimeRead Transfer
Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, SE high and DSF low at the falling edge of RAS)
Pseudo transfer cycle switches SI/O to input state and set SAM start address without data transfer to RAM.

This cycle starts when CAS is high, DT/OE low, WE low, SE high and DSF low at the falling edge of RAS.
Data should be input to SI/O later than tg, (min) after RAS becomes low to avoid data contention. SAM
access becomes enabled after te, (Min) after RAS becomes high. In this cycle, SAM access is inhibited
during RAS low, therefore, SC must not be risen.

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

Write transfer cycle can transfer arow of datainput by serial write cycle to RAM. The row address of data
transferred into RAM is determined by the address at the falling edge of RAS. The column address is
specified as the first address for serial write after terminating this cycle. Also in this cycle, SAM access
becomes enabled after tg, (Min) after RAS becomes high. SAM accessis inhibited during RAS low. In this
period, SC must not be risen. Datatransferred to SAM by read transfer cycle or split read transfer cycle can
be written to other addresses of RAM by write transfer cycle. However, the address to write data must be the
same MSB of row address (AX8) as that of the read transfer cycle. Figure 4 shows the example of row bit
data transfer. In case AX8 is 0, data cannot be transferred RAM address within the range of 100000000 to
111111111, Sameasthecase of AX8=1.

(Row address) SAM (Row address) ﬁ SAM
A8 ceeen A0 T T A8 oo A0 L1770 Possible
000000000 | | | | 000000000
: RAM : ! | | RAM
011111111 011111111 | ! Impossible
100000000 100000000 v L
RAM NN NN NN BN BN RAM
111111111 111111111
| | sam [ | sam
(Read transfer cycle) (Write transfer cycle)

Figure4 Exampleof Row Bit Data Transfer
Split Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF high at the falling edge of RAS)

To execute a continuous serial read by real time read transfer, the HM534253B must satisfy SC and DT/OE
timings and requires an external circuit to detect SAM last address. Split read transfer cycle makes it possible
to execute a continuous serial read without the above timing limitation. Figure 5 shows the block diagram for

asplit transfer. SAMdata register (DR) consists of 2 split buffers, whose organizations are 256-word x 4-bit
each. Let us suppose that data is read from upper data 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
A0 to A7, 256-word x 4-bit data are transferred from RAM to the lower data register DRO (SAM address A8
is0) automatically. After dataare read from data register DR1, data start to be read from SAM start addresses
of dataregister 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 DR1, 256-word x 4-hit 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 to be read from SAM start address
0 of data register DR3 after data are read from data register DR2. In this time, SAM data is the one
transferred to data register DR3 finally while row address AX8is 1. In split read data transfer, the SAM start

address A8 is automatically set in the data register which isn’t used.

HITACHI
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The data on SAM address A8, which will be accessed next, outputs to QSF. QSF is switched from low to

high by accessing SAM last address 255 and from high to low by accessing address 511.

Split read transfer cycle is set when CAS is high, DT/OE is low, WE is high and DSF is high at the falling

edge of RAS. The cycle can be executed asyncronously with SC. However, tss (min) timing specified
between SC rising and RAS falling must be satisfied. SAM last address must be accessed, satisfying tqsr
(min), tesr (Min), and tysr (Min) timings specified between RAS or CAS falling and column address. (See

figure 6.)

In split read transfer, SI/O isn't switched to output state. Therefore, read transfer must be executed to switch
SI/0 to output state when the previous transfer cycleis pseudo transfer or write transfer cycle.

Memory
Array

AX8=0

=)

DR1
DR3

=

DR2

DRO
SAM I/O Bus
SAM Column Decoder
SAM 1/O Bus

Memory
Array

AX8=1

SAM 1/O Buffer

§

SI/o

Figure5 Block Diagram for Split Transfer
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RAS /
tsts (min) trsT (Min)

CAS

tCST(min)t—>

Address >< Xi Yj ><

tasT(min) <—<>

DT/OE \ / N
DSF / \
/ 255 \ ~ /
511 n 255 +Yj
S¢ _/ (255) (n + 255) —  (511) (Yj) :

Figure6 Limitation in Split Transfer
Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF high at the falling edge of RAS)

A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in write
transfer. Split write transfer cycle makes it possible. In this cycle, tsrg (Min), ker (MiN), tesr (Min) and t,o;
(min) timings must be satisfied like split read transfer cycle. And it isimpossible to switch SI/O to input state
in this cycle. If SI/O isin output state, pseudo 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 split write transfer cycle. However, pseudo transfer cycle must be executed before split
write transfer cycle. And the MSB of row address (AX8) to write data must be the same as that of the read
transfer cycle or the split read transfer cycle.

SAM Port Operation

Serial Read Cycle

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

HITACHI
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Serial Write Cycle

If previous datatransfer cycleis pseudo transfer cycle or 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 SE is
high, SI/O dataisn’t fetched into data register. Internal pointer is incremented by the SC rising, so SE high
can be used as mask data for SAM. After indicating the last address (address 511), the internal pointer
indicates address O at the next access.

Refresh

RAM Refresh

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

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

(2) CBR Refresh Cycle: CBR refresh cycle is set by activating CAS before RAS. Inthiscycle, refresh
address need not to be input through external circuits because it isinput through an internal refresh
counter. Inthiscycle, output isin 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.

Absolute Maximum Ratings

Parameter Symbol Value Unit Note
Voltage on any pin relative to Vg Vi, -1.0to +7.0 \Y, 1
Supply voltage relative to Vg Ve -0.5t0 +7.0 \Y 1
Short circuit output current lout 50 mA

Power dissipation P, 1.0 w

Operating temperature Topr 0to +70 °C

Storage temperature Tstg -55 to +125 °C

Note: 1. Relative to V.

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

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Ve 4.5 5.0 55 \% 1
Input high voltage Vi, 2.4 — 6.5 \% 1
Input low voltage V, -0.5% — 0.8 \% 1

Notes: 1. All voltage referred to Vg

2 -3.0V for pulse width < 10 ns.

DC Characteristics(Ta=0t0+70°C, V.. =5V +10%, V,=0V)

HM534253B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Operating lect — 7% — 70 — 60 — 55 mA RAS,CAScycling SC=V,,
current tre = MiN SE=V,
leer — 125 — 120 — 100 — 95 mA SE=V,,
SC cycling
tscc = Min
Standby leco - 7 — 7 - 7 - 7 mA RAS,CAS=V, SC=V,
current SE=V,
lecs — 50 — 50 — 40 — 40 mA SE=V,,
SC cycling
tsce = Min
RAS-only lecs — 7% — 70 — 60 — 55 mA RAS cycling SC=V,,
refresh CAS =V, SE=V,
current tge = MiN
lecs — 125 — 120 — 100 — 95 mA SE=V,,
SC cycling
tseec = MiN
Page mode I, — 80 — 80 — 70 — 65 mA CAScycling SC=V,,
current RAS =V, SE=V,
tee = Min
lecto — 130 — 130 — 110 — 105 mA SE=V,,
SC cycling
tsee = Min
CAS-before- I — 50 — 45 — 40 — 35 mA RAScycling SC=V,,
RAS refresh tre = MiN SE=V,
current
et — 100 — 95 — 80 — 75 mA SE=V,,
SC cycling
tsce = Min
HITACHI

16



HM534253B Series

DC Characteristics(Ta=0t0 +70°C, V.. =5V + 10%, V= 0 V) (cont)

HM534253B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Data lecs — 8 — 75 — 65 — 60 mA RAS,CAScycling SC=V,,
transfer tge = MiN SE=V,
current
lecis — 130 — 125 — 105 — 100 mA SE=V,,
SC cycling
tsee = Min
Input I, -10 10 -10 10 -10 10 -10 10 A
leakage
current
Output lo -10 10 -10 10 -10 10 -10 10 pA
leakage
current
Output high  V, 24 — 24 — 24 — 24 — V low = —2 MA
voltage
Output low Vg, — 04 — 04 — 04 — 04 V loo =4.2mMA
voltage

Notes: 1. I.. depends on output load condition when the device is selected. I.. max is specified at the output

open condition.

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

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

Parameter Symbol Typ Max Unit Note
Input capacitance (Address) C. — 5 pF 1
Input capacitance (Clocks) C, — 5 pF 1
Output capacitance (I/0, SI/O, QSF) C,, — 7 pF 1

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

AC Characteristics (Ta=0t0+70°C, V=5V £ 10%, V=0 V)"

Test Conditions

e Input riseand fall time: 5ns

e Input pulselevels: Vg t0 3.0V

e Input timing reference levels. 0.8V, 2.4V

e Output timing reference levels: 0.8V, 2.0V

e Output load: Seefigures

HITACHI
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HM534253B Series

Test Conditions (cont)

+5V

IOH:_Z mA

|o|_ =4.2mA

Output Load (A)

Output Load (B)

Note: 1. Including scope & jigs

Common Parameter

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Random read or write cycle tg. 125 — 135 — 150 — 180 — ns
time
RAS precharge time tep 55 — 55 — 60 — 70 — ns
RAS pulse width tras 60 10000 70 10000 80 10000 100 10000 ns
CAS pulse width tons 20 — 20 — 20 — 25 — ns
Row address setup time tasr 0 — 0 — 0 — 0 — ns
Row address hold time tran 10 — 10 — 100 — 10 — ns
Column address setup time  t g 0 — 0 — 0 — 0 — ns
Column address hold time tean 15 — 15 — 15 — 15 — ns
RAS to CAS delay time teco 20 40 20 50 20 60 20 75 ns 2
RAS hold time referred to  teg, 20 — 20 — 20 — 25 — ns
CAS
CAS hold time referred o tcq, 60 — 70 — 80 — 100 — ns
RAS
CAS to RAS precharge time  teep 10 — 10 — 10 — 10 — ns
Transition time (rise to fall)  t; 3 50 3 50 3 50 3 50 ns 3
Refresh period trer — 8 — 8 — 8 — 8 ms
DT to RAS setup time tors 0o — 0o — 0o — 0o — ns
DT to RAS hold time tom 10 — 10 — 10 — 10 — ns
DSF to RAS setup time teer 0o — 0o — 0o — 0o — ns
DSF to RAS hold time toey 10 — 10 — 10 — 10 — ns

HITACHI
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HM534253B Series

Common Parameter (cont)

HM534253B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
DSF to CAS setup time trec 0o — 0o — 0o — 0o — ns
DSF to CAS hold time teen 15 — 15 — 15 — 15 — ns
Data-in to CAS delay time  tp,¢ 0o — 0o — 0o — 0o — ns
Data-in to OE delay time tozo 0o — 0o — 0o — 0o — ns
Output buffer turn-off delay o, — 20 — 20 — 20 — 20 ns
referred to CAS
Output buffer turn-off delay  tgqr, — 20 — 20 — 20 — 20 ns 5

referred to OE

Read Cycle (RAM), Page Mode Read Cycle

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Access time from RAS trac — 60 — 70 — 80 — 100 ns 6,7
Access time from CAS teac — 20 — 20 — 20 — 25 ns 7,8
Access time from OE toac — 20 — 20 — 20 — 25 ns 7
Address access time tan — 35 — 35 — 40 — 45 ns 7,9
Read command setup time  tg.g 0 — 0 — 0 — 0 — ns
Read command hold time tren 0 — 0 — 0 — 0 — ns 10
Read command hold time trre 10 — 10 — 10 — 10 — ns 10
referred to RAS
RAS to column address trao 15 25 15 35 15 40 15 55 ns 2
delay time
Column address to RAS lead tg, 35 — 35 — 40 — 45 — ns
time
Column address to CAS lead t., 35 — 35 — 0 — 45 — ns
time
Page mode cycle time tpe 45 — 45 — 50 — 5 — ns
CAS precharge time tep 10 — 10 — 10 — 10 — ns
Access time from CAS tace — 40 — 40 — 45 — 50 ns
precharge

Page mode RAS pulse width t,,» 60 100000 70 100000 80 100000 100 100000 ns

HITACHI
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HM534253B Series

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

HM534253B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Write command setup time  t.g 0 — 0 — 0 — 0 — ns 11
Write command hold time twen 15 — 15 — 15 — 15 — ns
Write command pulse width  t,, 15 — 15 — 15 — 15 — ns
Write command to RAS lead tg,, 20 — 20 — 20 — 20 — ns
time
Write command to CAS lead t.,, 20 — 20 — 20 — 20 — ns
time
Data-in setup time tos 0 — 0 — 0 — 0 — ns 12
Data-in hold time ton 15 — 15 — 15 — 15 — ns 12
WE to RAS setup time tws 0o — 0o — 0o — 0o — ns
WE to RAS hold time ton 10 — 10 — 10 — 10 — ns
Mask data to RAS setup time t,,q 0 — 0 — 0 — 0 — ns
Mask data to RAS hold time  t,,, 10 — 10 — 10 — 10 — ns
OE hold time referred to WE ., 20 — 20 — 20 — 20 — ns
Page mode cycle time toc 45 — 45 — 50 — 55 — ns
CAS precharge time tep 10 — 10 — 10 — 10 — ns
CAS to data-in delay time  teop 20 — 20 — 20 — 20 — ns 13

Page mode RAS pulse width tg,q» 60 100000 70 100000 80 10000 100 100000 ns

HITACHI
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Read-Modify-Write Cycle

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time tgc 175 — 185 — 200 — 230 — ns
RAS pulse width (read- trws 110 10000 120 10000 130 10000 150 10000 ns
modify-write cycle)
CAS to WE delay time tewn 45 — 45 — 45 — 50 — ns 14
Column address to WE delay t,,, 60 — 60 — 65 — 70 — ns 14
time
OE to data-in delay time toon 20 — 20 — 20 — 20 — ns 12
Access time from RAS tonc — 60 — 70 — 80 — 100 ns 6,7
Access time from CAS teac — 20 — 20 — 20 — 25 ns 7,8
Access time from OE toac — 20 — 20 — 20 — 25 ns 7
Address access time tan — 35 — 35 — 40 — 45 ns 7,9
RAS to column address trao 15 25 15 35 15 40 15 55 ns
delay time
Read command setup time  tg.g 0 — 0 — 0 — 0 — ns
Write command to RAS lead  tg,, 20 — 20 — 20 — 20 — ns
time
Write command to CAS lead t.,, 20 — 20 — 20 — 20 — ns
time
Write command pulse width  t,, 15 — 15 — 15 — 15 — ns
Data-in setup time tos 0 — 0 — 0 — 0 — ns 12
Data-in hold time ton 15 — 15 — 15 — 15 — ns 12
OE hold time referred to WE  t., 20 — 20 — 20 — 20 — ns
Refresh Cycle

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
CAS setup time (CAS- tesn 10 — 10 — 10 — 10 — ns
before-RAS refresh)
CAS hold time (CAS-before-  t,p 10 — 10 — 10 — 10 — ns
RAS refresh)
RAS precharge to CAS hold  tgee 10 — 10 — 10 — 10 — ns
time

HITACHI
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HM534253B Series

Flash Write Cycle, Block Write Cycle

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
CAS to data-in delay time ~ tcp, 20 — 20 — 20 — 20 — ns 13
OE to data-in delay time tooo 20 — 20 — 20 — 20 — ns 13
Read Transfer Cycle

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
DT hold time referred to RAS tqg, 50 10000 60 10000 65 10000 80 10000 ns
DT hold time referred to CAS t,, 20 — 20 — 20 — 25 — ns
DT hold time referred to taon 25 — 25 — 30 — 30 — ns
column address
DT precharge time tore 20 — 20 — 20 — 30 — ns
DT to RAS delay time toro 65 — 65 — 70 — 80 — ns
SC to RAS setup time ters 25 — 25 — 30 — 30 — ns
1st SC to RAS hold time tern 60 — 70 — 80 — 100 — ns
1st SC to CAS hold time tecn 25 — 25 — 25 — 25 — ns
1st SC to column address toan 40 — 0 — 45 — 50 — ns
hold time
Last SC to DT delay time teon 5 — 5 — 5 — 5 — ns
Last SC to DT delay time tsoo2 25 — 25 — 25 — 25 — ns 19
1st SC to DT hold time tepn 10 — 10 — 15 — 15 — ns
RAS to QSF delay time trop — 65 — 70 — 75 — 85 ns 15
CAS to QSF delay time teon — 35 — 35 — 40 — 40 ns 15
DT to QSF delay time tooo — 35 — 35 — 35 — 35 ns 15
QSF hold time referred to tron 20 — 20 — 20 — 25 — ns
RAS
QSF hold time referred to toon 5 — 5 — 5 — 5 — ns
CAS
QSF hold time referred to DTty 5 — 5 — 5 — 5 — ns
Serial data-in to 1st SC delay tg,¢ 0 — 0 — 0 — 0 — ns
time
Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns

HITACHI
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Read Transfer Cycle (cont)

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
SC pulse width tse 5 — 5 — 100 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — 10 — ns
SC access time toca — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — 5 — ns
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time tom 15 — 15 — 15 — 15 — ns
RAS to column address trao 15 25 15 35 15 40 15 55 ns
delay time
Column address to RAS lead tg, 35 — 35 — 40 — 45 — ns
time
RAS precharge to DT high  ty, 10 — 10 — 10 — 10 — ns 18
hold time
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Pseudo Transfer Cycle, Write Transfer Cycle

HM534253B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
%etup time referred to tes 0 — 0 — 0 — 0 — ns
RAS
SE hold time referred to RAS t, 10 — 10 — 10 — 10 — ns
SC setup time referred to ters 25 — 25 — 30 — 30 — ns
RAS
RAS to SC delay time tero 20 — 20 — 25 — 25 — ns
Serial output buffer turn-off  tg, 10 40 10 40 10 45 10 50 ns
time referred to RAS
RAS to serial data-in delay ~ tq 40 — 0 — 45 — 50 — ns
time
RAS to QSF delay time troo — 65 — 70 — 75 — 85 ns 15
CAS to QSF delay time teon — 35 — 35 — 40 — 40 ns 15
QSF hold time referred to tron 20 — 20 — 20 — 25 — ns
RAS
QSF hold time referred to toon 5 — 5 — 5 — 5 — ns
CAS
Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns
SC pulse width tec 5 — 5 — 10 — 10 — ns
SC precharge time tecp 10 — 10 — 100 — 10 — ns
SC access time tsca — 20 — 22 — 25 — 25 ns 15
SE access time toen — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — 5 — ns
Serial write enable setup tows 5 — 5 — 5 — 5 — ns
time
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time tom 15 — 15 — 15 — 15 — ns
HITACHI
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Split Read Transfer Cycle, Split Write Transfer Cycle

HM534253B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Split transfer setup time ters 20 — 20 — 20 — 25 — ns
Split transfer hold time trsr 60 — 70 — 80 — 100 — ns
referred to RAS
Split transfer hold time test 20 — 20 — 20 — 25 — ns
referred to CAS
Split transfer hold time tast 35 — 35 — 40 — 45 — ns
referred to column address
SC to QSF delay time tson — 30 — 30 — 30 — 30 ns 15
QSF hold time referred to SC t, 5 — 5 — 5 — 5 — ns
Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 100 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — 10 — ns
SC access time tsca — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — 5 — ns
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time tom 15 — 15 — 15 — 15 — ns
RAS to column address trao 15 25 15 35 15 40 15 55 ns
delay time
Column address to RAS lead tg, 35 — 35 — 40 — 45 — ns
time
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Serial Read Cycle, Serial Write Cycle

HM534253B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge width tocp 10 — 10 — 10 — 10 — ns
Access time from SC tsca — 20 — 22 — 25 — 25 ns 15
Access time from SE teen — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — 5 — ns
Serial output buffer turn-off  tg, — 20 — 20 — 20 — 20 ns 5
time referred to SE
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time tom 15 — 15 — 15 — 15 — ns
Serial write enable setup tows 5 — 5 — 5 — 5 — ns
time
Serial write enable hold time tg,,, 15 — 15 — 15 — 15 — ns
Serial write disable setup tswis 5 — 5 — 5 — 5 — ns
time
Serial write disable hold time  tg,,, 15 — 15 — 15 — 15 — ns
Notes: 1. AC measurements assume t; =5 ns.
2. When tgep > trep (Max) and tzp, > trap (Max), access time is specified by te,c OF tya.
3. V,, (min) and V, (max) are reference levels for measuring timing of input signals. Transition time t;
is measured between V,, and V,.
4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle
and delayed write cycle, either t,,. (min) or ty,, (Min) must be satisfied.
5. tom (Max), toe, (Max), and tg., (Mmax) are defined as the time at which the output achieves the open
circuit condition (Vo — 100 mV, V,, + 100 mV).
6. Assume that ty., < tyep (Max) and ty,y < thap (Max). If tyep OF tgy, IS greater than the maximum
recommended value shown in this table, t,,. exceeds the value shown.
7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
8. When ty, 2 tzxep (Max) and tz, < trpp (Max), access time is specified by t,c.
9. When ty, < trep (Max) and tzap 2 trap (Max), access time is specified by t,,.
10. If either tye,, Or to, is satisfied, operation is guaranteed.
11. When t,s = t,,cs (Min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high
impedance) condition.
12. These parameters are specified by the later falling edge of CAS or WE.
13. Either tcp, (Min) or to,, (Min) must be satisfied because output buffer must be turned off by CAS or
OE prior to applying data to the device when output buffer is on.
14.When tp =ty (Min) and t,, =ty (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. tp, (min) must be
satisfied because output buffer must be turned off by OE prior to applying data to the device.
15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF.
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HM534253B Series

16. After power-up, pause for 100 ps or more and execute at least 8 initialization cycle (normal memory
cycle or refresh cycle), then start operation.

17. When the serial write cycle is used, at least one SC pulse is required before proper SAM operation
after V. stabilized.

18. tyry, (Min) must be satisfied only if DT/OE rises up before RAS rises in a read transfer cycle.

19. After read transfer cycle, if split read transfer cycle is executed without SC access and SC address
is 254 or 510, tg,,, (Min) must be satisfied 25 ns. Except for those cases, tg,, (min) is effective and
satisfied 5 ns.

20.XXX:Hor L (H: V,,(min) =V, £V, (max), L: V, (min) <V, £V, (max))
M Invalid Dout

Timing Waveforms'®

Read Cycle
tre
trAs trp
I,
RAS N J / —
[ tcrp
trcD tRsH
_ X tcas /
CAS \ 7
trAD tRAL toaL

‘ tASR trRAH tasc tCAH

Address ZZX Row :)(XX Colun:r1—$o< >< ><><
‘ ‘t_RC.S tRRH l ¢
| tRCH
We teac .
tan cDbD
/o trac torr1
Y/ - \
(Output) tozc tonc Valid Dout —
torr2

(n XXX
(Input) tozo

t t
- DTS DTH ‘

tesr_ | | tRFH tesc H torn
DSF \ / i \
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HM534253B Series

Early Write Cycle

tre
tras trp
RAS N 1 . N
tcsH « CRP
trReD tRsH

R \ tcas
CAS N 7

| tASR || tRAH tasc tcAH

tws ‘ twH twes || twen
PR N
WE iX)i 1 XN ¥ XXX AKX XAKXAKAKXAKIX AKX AKAXKAKXX
High-Z

110 9
(Output) |_tms tMH tps tDH
XD vsion XX
(Input) Mask Data Valid Din

| toTs || toTH ‘ ‘
DT/OE

tFsrR tRFH /X\L tEsc ‘ tcrH
psF 0\ 7 XXXXXXXXXAKXXKX

Note:
WE is low.

1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when

Delayed Write Cycle

tre
_ tRAS \ trp
RAS " f—\
tesh tcrp
treD tRsH
X tcas y

CAS N 7

tasR tRAH tasc tean
scress SO, row— XD cotmn HOOOOCOOCO0TOTKTTNN

tws H twH trRwi ‘tCWL

1 [ |

WE ( b twp
we O 1 XX/ =22 XXX XXXXNAX
1/10
(Output) tus || tum toze tps || ton
i ‘ X3 { id Din X )OO
(Input) iXX MaSktData,@z — Vall‘dtDm ] XX

tors || toTH o OEH
L | | oDD e
prioe X/ ALXOOOOQOKXXOOO0

tesr || tRPH trsc ||tern
pst X\ /XN XXXIHXXXXHKXIHKKIXXAXX

Note:
WE is low.

1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
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HM534253B Series

Read-Modify-Write Cycle

trwe
- trws trp
RAS —
CAS
| tasr
Addressm Row
‘ tws ‘
- I
WE *1
I(/(())utput) (Valid Dout]
| tms || tmH tpze toac tps || toH
toowy XX X0 (X vaion ]
(Input) Mask Data 7><X:‘two P— Valid Din §<><><><><><><><>Q
itDTS forH =7 tobp LLOEH,) |
oTioE 77 s 00
tFsR tRFH trsc | |tcrH
DsF X\, XN N0

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
WE is low.

Page M ode Read Cycle

tre
trasp trp
_ X |
RAS : : i
CSH PC tRsH
trcD tcas tcp tep " teas tcrp
- X a teas | )—— CAS h
CAS N 7 N trar K /l
t tRap | [ltcal | teal ToaL
ASR T t t t
|| |tRAH :Lsg *Q:H AS(C CAH tasc \Tcan
s
Address RowX X X Columun7§<>0<><><>§( Columun W* Columun
trcs trcs tres tRRH [

- | pee] TRCH || | = IRCH ew] | [+ tRCH |en
WE tRAC  tOFF1 taa

taAA tacp

tcac tcac
110 ’ZFE\E 1
(Output) t’CDSU‘

tbzc -+ tbzc

toac ‘toEE = |toac
110 > r OVAYAYAVAYAY4
(Input) >< TtDzo 3 A‘A‘A‘A‘A‘A‘

DTS |on) tpTH

oriE W |\ XX\ 10

tESR o] = tRFH o "Jt/C>F<H tESC (! .ECFH tFSC |+~ «J;CFH
FsC
DSF J/ X\ OO XCOORAK
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HM534253B Series

Page M ode Write Cycle (Early Write)

tre

trRASP

trRp
— -\
RAS N : - % N
CsH PC tRSH
tRCD tcp F’[CL, — | tcrP

tcas tcas | tecas f——— =
— SRS | P/
CAS ; Y X /
AS<R> IRaH tﬁ§£ tcan tasc . ., tcaH tAsCl. .| . ‘ICAH

Address Column Column Mcmumn

7l

twH twes|| twen twes| | twey twes twc:]/
WE ‘ \ / ‘ J
10 High-Z
(Output) tDH tDH
o ] tps ]
1/10 /

I I
DT/OE

tﬁii{j i~ tRFH 4 ‘0 tcrH tW ‘*’PC>F<H>< thc«# ‘« tcrH
trsc X\L
DSF \ ‘ X \ -

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
WE is low.

Page M ode Write Cycle (Delayed Write)

trc
trASP ) trP
RAS N A N
- tesh ‘ tec tep trsH tcrp
. RCD | tcas tcp < tcas ; 1 tcas
CAS i N / N
tAsR | [traH tAsC N tasc N 7

|l tcaH ool | lCAH tASf_, |« tCAH
Address ROW ColuAm_n$<>< ><>i Column Column K>< ><><><
t t tow, M—j ,—MWL " tewL
ws lv H - |twp - twp Ly twP
e (X T M }J
tMH

110

(Output)  tws tps ||toH tos |[|toH tps ||toH
110 Mask Valid Valid*><>< Vaid‘5<><><><>< ><><><><><><
(Input) Data “' ’ Din 4 Din

toTs toEH |

DTIOE

tFSR len! L] FSC £FH FS<E CFH FSC tCFH

Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when
WE is low.
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RAS-Only Refresh Cycle

tre
tras trp ‘
—_—\
RAS N =
tcrp trec |
cas / RXOXXXX)
tasr || tran
AN | Beiia
- N
Address ><><>K, Row i
torF1l,
110 >
(Output)
‘tCDD
\
110 LOFF2 | ><><><><><
(Input) tobp >< >< >< ><
1
Iprs, || _toTH, |
omoe  )O00C) ALK EXAXHXXAXKHKIAXXHKXIAXKKAAR
trsr || tRFH

ose 0000

CAS-Before-RAS Refresh Cycle

trRc
trp trAS [l trP
N \
— trRPC L
RAS — trRPC tesr \—
tcp tcsr tCHR <—>‘ 2T
\ ] Inhibit Falling Transition
CAS / ~ / :
Address
WE
= torF1 .
110 TRRRRRRRIIIN High-Z
(Output) RRRRLRIKRKS
DT/OE
DSF
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Hidden Refresh Cycle

trc trc
trAs trp trAS L__trp
RiAS —XST 72L—LS 7?&—;\—
trcD tRSH tCHR tcrp |
CAS }ﬂtRAL K /
tasr tRAH tascl | tcan
~ASE| |~

Address ><><>§: R0W<$<X>§ Column 7§< >O<><><><><

I tRCS|~ trrH "] ‘

WE tcac
‘ taa ¢
I trRAC OFF1)
s
I(/C?utput) i valid Dout —
t
DZC toac toFF2
110
(Input) tpzo
|_tots ||, toTH
[ 7 L
DT/0E DO

o™
osr O\ ™ /XRXRXKKXKIKK

Color Register Set Cycle (Early Write)

tRC
trRAS trP
o N p
RAS N / N
tcsH tcrP
trRCD tRSH
U
tcas

CAS X 7

tASR tRAH
(Buasahy

Address ><>§7 Row j:

XX
tws || twH twes| | twen
w T T L AR X

110 High-Z

(Output) tos ton

110 = 3

(Input) >§k Color Data 7§<>< ><
tpTs tDTH

- 7 X

prioe XXX/ X XOOOXKX
tFsR || tRFH

7 X
DSF f RXX
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Color Register Set Cycle (Delayed Write)

trc
trAS } trRP
- -\ N
RAS N 4 \__
tesH | tcrp
trcD tRSH
CAS J tcas
tAsR || tRAH N 7
alSIay | Pl sl
‘ tRwL ‘
‘Ivvs tewL
" twp
PR N
we OO N/
110 High-Z
(Output) tos || ton
| [

1/10 s

L {DTS jue—] ‘<_> toEH

_JFSR| | trRFH ‘

Color Register Read Cycle

trC
trRAS trP
— X v \
RAS Y / \__
tcsH tcrP
trcD tRSH
e t
CAS \s cAS
tAsr tRAH 4
L
agress )000¢  row_ H0OOOOOOOOOOOOOOOOOOOOOOONK
tws twH tRCS tRRH | tRon
le—REH
—_— 4 N 4 N
e T\ *
JAAVAAVARY tcac tcop LY
tRAC torF1
il \
110 { Valid Out —
(Output) N
tpzc toac torr2
tobp
1/10 ><><><><: B
(Input) tbzo *M
lots tpTH
L
_ + |
o10E OO 1l e XN IXXXXXXAXXR

ose XXXA LN XXX XAKXHXHXAKHRXXXKXXXXAXAXR

HITACHI
33




HM534253B Series

Flash Write Cycle

trRc
trAS | trP

RAS / \

tcrp trcD

- 7
CAS M ‘tASR tRAH \7
aaaress SOOUOCCOINron W DXOOXXX

‘ tws twH
WE \ £ XXXXAKXXKAXKXX
tcop
toFF1 igh
10 S High-Z
(Output) : £
OFF2
toop tms tMH |
s
T — ) YT SO
P tpTs toTH \
- 7
orioe XK/ ROOOOOOAKAAXAKX

tFsr || trRFH
P

pse OQOOXXXXA AR XXXXXAXAXHKXXXKXAX

Block Write Cycle

trRc
trAS \ trp
x& f \
RAS N 1 tcsH terp —
tcrp trcD trsH JZ
E— l \ s
CAS N
M tasr_| | _tRAH tasc || tcaH
4 \
Address ><><><><><><><><><>§ Row XX% Column A2-A8 Jf‘5<><><>< X
| tws [ twn| |
we  )OOOOOXXXN =1 XHXXXXKXXHKXXKXK KKK XXX
. tcop
OFF1 .
110 N High-Z
(Output) "
OFF2
topb tms tun | |los || toH
s R
19,y (0o weskowK O B HOTTOOOOOCTTTOIK
tpTs toTH , |
. 7
prioe OO/ AKX XXX XXX XXX AKXXAKAXKX
trsr | | RFH ‘thc ‘ tcFH ‘

DSF \ L5 NXXXXXXXXX

Note: 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle
when WE is low.
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Page Mode Block Write Cycle

RAS

CAS

Address

WE

110
(Output)

110
(Input)

DT/OE

DSF

Note:

tre
trasP trp
\Y
tesh trc | tep tRSH
trRcD tcas tcp teas teas tcrp
X| \ \ <—>/(
7 N~ 7
tASR|[tRAH  tasc ||tcaH tasc ||tcaH tasc|| tcaH
|- | |~ | -~ ||
N Column Column Column
Row X (X Solam MX%( S M S WOOOOOOOK

WS fwml || tWH

*1

tbs

toH

(" Addre
{__Mask

173
7

tMS ] o tMH
1/0
Mask,

toTs “* *" toTH

/

tFsrR

tRFH ‘&‘ L‘ tcFH

‘}E»‘ L»‘ tcrH

FSC

\‘t—>‘ Lﬂ tcFH

when WE is low.

!

\,\

X/

A HXAX XX

1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle
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HM534253B Series

Read Transfer Cycle (1)

trRC
trAS trP
RAS N 7Z | U
tcsH tcrr
trcD tRsH
_ ~ tcas }
CAS N
trRAD trRAL
tASR || tRAH tasc||tcan

s TN ron YO XXX

ess 7
‘tws twH ‘

WE

o) High-Z ——L«—tDTHH
(Output) tcoH tDRD
{DTS tADH toTp
o tRDH % Y
DT/OE \ gl
tFSR || tRFH
ose XXX
tscc’ tscc tscc tscc
tsbp t t
tsppoe. || tsbH, || tsG, . tscp
sc / \ Al /
—| _tsca|} /I |tscA 7| tsca
tSoH tsoH tsoH
¥ — \
SI/O Valid Sout | @vald Sout Valid Sout |
Output
(Output) Pr
SI/O
(Input) tpQp
{DQH|e——»
*1 s
QSF SAM Address MSB M
‘ trRQD ‘ tcop
‘ tcQH
trRQH <

*2 p s
QSF SAM Address MSB XOOOKK

Notes: 1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle
and CAS falling edge of this cycle (QSF is switched by DT rising).
2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS
falling edge of this cycle (QSF is switched by RAS or CAS falling).
3. After read transfer cycle, if split read transfer cycle is executed without SC access and SC
address is 254 or 510, tgpp, (Min) must be satisfied 25 ns. Except for those cases, tgpp
(min) is effective and satisfied 5 ns.
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HM534253B Series

Read Transfer Cycle (2)

trc
trAs trp
. EEE— ———————\
RAS N 1 —
tcsH terp
trcD tRSH ‘
- R tcas
CAS X j
trAD tRAL
tASR | | tRAH tasc || tcaH
s b Sam Start W
Address m( Row 7§<X>§ Address ,X
‘tws twH
we XX/ X
tDTHH
/o High-Z D
t
(Output) tors, || tDTH tD'I['): °
— 7
DT/OE X 7/
tFSR_| [tRFH H
sk OO\ LX
tsrs tspbH tscc
tsc | tsc tsc _ _tscp
ScP
sc Vi W Inhibit Rising Transition ﬁ /) \
7 ‘ tsca Isca
tscH -~
tsaH
tsrRH
SI/0 i n
©utputy S5, [L3" 2
SI/0 fValid }
(Input) XX Sin_4
tpobp
tDQH
\ |
QSF SAM Address MSB ,@Y
\ tcop
[ tcoH
trRQD
tRQH
HITACHI
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HM534253B Series

Pseudo Transfer Cycle

RAS

CAS

Address

WE

110
(Output)

DT/OE

DSF

SC

SI/0
(Output)

SI/0
(Input)

QSF

tRC
tRAS tRP
E— \
N
N 7Z
tCSH | tCrRP
tRCD tRSH
A\ tcas
N 7
tASR || _tRAH _tasc || tcAH
s N\ N
><><>K( Row 7@% Address
tws twH
\ /
High-Z
tpTs tDTH
N i
tFSR || tRFH
XX £ OO K
tsez |
tES tEH ‘ tsws
|
FT OO0y
oy X
tsrRs tsro tscc
.
tsc ) tscp tsc tscp
Il
,ﬂ U
N\ Inhibit Rising Transition >©<\ /l | v
tsca - 7 —
tsrz
||t SOH
" -
Yalid | validsout D
tsiD | tsis | | tsiH tsis | |tSIH
D | |
s s
J ><>O<>( valid Sin Valid Sin
tcob ™
tcQH
tRQD Q
tRQH N
p! '
SAM Address MSB XZX

38
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HM534253B Series

Write Transfer Cycle

tRC
tRAS trRP
—\ ——\
RAS X /
tcsH | tCRP
tRCD tRSH
! tcas
CAS N\ '
_tAsR | | _tRAH tAsC || tcAH |
paess SOO(ron KX B KX S
tws twH
WE X M
10 High-z
(Output)
tDTS tDTH
tFSR || tRFH
e XN XXX LTI IIIIKIIIX
X i
tES tEH ‘ tsws
SE : ixi 7/>< =
ISRS) tSRD tscc
tswsitsc } tscp tsc | tscp
4 O L = /
sC v \>< Inhibit Rising Transition % Y \ J/
SI/O
t tsiH
(Output) N tsis | |tsiH tsis || tSIH
| |2 | [
SI/O (\/alid o . { . 7><}
(Input) X>§YVaI|d Sin ><>§k Valid Sin m\ Valid Sin
‘ ‘ tcQD
trQD ™ ~|tCcQH
tRQH
\ [
QSF SAM Address MSB KXX
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HM534253B Series

Split Read Transfer Cycle

trRC
tRAS \ RP
_ N / \
RAS 7 tCSH
t
tcRP tRCD RSH ‘ IcrRP_
il \ tcAs
CAS LN\ tRAD 1 d
tASR|| tRAH RAL
| [ tAsC ‘CAH‘
3 f SAM Start
Address ><><><, Row XXX, Address_w?@<><><><><><><><><><><><><
tws | | twH
B ] |=—]
e OO TR
‘IOFFl
/o High-Z
(Output)
tDTS | [tDTH
Dok M M
tFSR || tRFH
N
pst XOOOOOS A
‘ tcsT
tAsT N
B Low ~ tRST
SE
tsTS
SC [N s
(511) (Yi)
SI/O

| -~ «
(Output) I \( Valid Valid ) 7 Valid >< 7 Valid Valid
Valid Sout c__Sout Sout A N Sout ()() Sout Sout

slio
(Input)
tsQb tsQD
tSQH Lsok
. | -
QSF SAM Address MSB
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HM534253B Series

Split Write Transfer Cycle

RAS

CAS

Address

110
(Output)

DT/OE

SC

SI/O
(Output)

SI/0
(Input)

QSF

tCAH ‘

trRC
tRAS | tRP
3 %—\,
N 7" tCSH
tRCD tRSH
7 tCAS er
X
tRAL |
tASR| | tRAH
- tASC‘

SO row Y0

SAM Start
Address Yi

S
ﬁ
5
&
<
2
’D

High-Z

tpTS | |[tDTH

XXX

tFSR

1
Qii 5

‘ tcsT
tAST
Low tRST
tscc
tsTS tsc o tscp
Z’ST\_7Z”_\_/ ntl y| n+2 n+3 254 Zl 255 \ / Yi+255
7 | (255) f|(n+255) (n+256) (n+257) (n+258) (510) (511) (Yi)
tsis tSIH tsis| |tsIH tsis | [ tsiH
iy - Valid ), Valid Valid ‘V‘ ‘V )
Valid Sin >®<r Sin 7><X>< Sin sin__ AN e A‘ /)/) A

‘ tsQD
tSQH

s n N
Valid }@( Valid Sin
x__Si I'l‘ 7

—_—

SAM Address MSB

HITACHI
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HM534253B Series

Serial Read Cycle

_ 74 \
S tscc tsce .

tsc | |_tSCP tsc |l tscp tsc || tscp tsc
SC Z—L f #i ZZ—L

fsca tsea Al tsca N\

tsoH tsez taon tson
Sl/e) ; j@z‘ - b . Valid
(Output) Valid Sout i | Valid Sout 1 Valid Sout ) So

Serial Write Cycle

tswH Iswis, | tswin tsws
| |

tscc tscc tscc .
sc
tscl——]| tscp tsc tsc
sc tscp £ tscp /

tsis_|| tsiH | tsis ||tsiH tsis | |tsiH
o) X)%% valid sin X OXOX >Q%F valid sin JOOK valid sin X0
HITACHI
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HM534253B Series

Package Dimensions

HM534253BJ Series (CP-28D) Unit: mm
18.17
18.54 Max
28 15
[90] (90]
— —
sl o
D i
— —
Sl o
— —
1 14 -
0.74 ©
074 9
S e
+l o gg
1.30 Max B 53 o
| @ ) ——
o
TR —
0.43+0.10 | 9.40 + 0.25
=010
HM534253BZ Series (ZP-28) Unit: mm
35.58
36.57 Max
x
- [
< =
o S
o
- |
I +0.10
AR ERHUC [z
1 U 28 S |
2
501909 1.27 # -
0.50 _¢12 ] 1.045 Max «i 254
n
@
N
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