HM534251B Series

262144-word % 4-bit Multiport CMOS Video RAM

HITACHI

Description

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

Features

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

Type No. Access Time Package

HM534251BJ-6 60 ns 400-mil 28-pin plastic SOJ (CP-28D)
HM534251BJ-7 70 ns

HM534251BJ-8 80 ns

HM534251BJ-10 100 ns

HM534251BZ-6 60 ns 400-mil 28-pin plastic ZIP (ZP-28)
HM534251BZ-7 70 ns

HM534251BZ-8 80 ns

HM534251BZ-10 100 ns

Pin Arrangement

HM534251BJ Series HM534251BZ Series
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Pin Description

Pin Name Function

A0 — 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

Ve Power supply

Vg Ground

NC No connection
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Block Diagram
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HM534251B Series

Pin Functions

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

Table1. Operation Cyclesof the HM534251B

Input Level At The Falling Edge Of RAS

CAS DT/OE WE SE Operation Mode
L X X X CBR refresh

H L L L Write transfer

H L L H Pseudo transfer
H L H X Read transfer

H H L X Read/mask write
H H H X Read/write

Note: X : Don't care.

CAS (input pin): Column address is fetched into chip at the falling edge of CAS. CAS controls output
impedance of 1/0in RAM.

AO-A8 (input pins): Row address is determined by AO-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 islow at the
falling edge of RAS, the HM534251B turns to mask write mode. According to the /O level at the time, write
on each 1/0 can be masked. (WE level at the falling edge of RAS isdon’t carein 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 (datais written into RAM), and when
WE ishigh, datais transferred from RAM to SAM (datais read from RAM).

/00 —1/03 (input/output pins): /O pins function as mask data at the falling edge of RAS (in mask write
mode). Dataiswritten only to high I/O pins. Dataon low 1/O pins are masked and interna data are retained.
After that, they function as input/output pins as those of a standard DRAM.

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

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

Operation of HM534251B

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

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 DT/OE is low while CAS is low, the selected address data
outputs through 1/0 pin. At the falling edge of RAS, DT/OE and CAS become high to distinguish RAM read
cycle from transfer cycle and CBR refresh cycle. Address 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-Modify-Write)
(DT/OE high and CAS high at the falling edge of RAS)
« Norma 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 1/0s 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 /0O becomes in
high impedance. Datais entered at the CAS falling edge.

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

If WE is set low after to,p (Min) and ty,, (Min) after the CAS falling edge, this cycle becomes a read-modify-
write cycle and enables read/write at the same address in one cycle. In this cycle also, to avoid 1/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 cycle which writes only to
selected 1/0. Whether or not an 1/O is written depends on 1/0 level (mask data) at the falling edge of RAS.

Then the data is written in high 1/0 pins and masked in low ones and internal dataisretained. This mask data
is effective during the RAS cycle. So, in high-speed page mode cycle, the mask data is retained during the
page access.
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High-Speed Page Mode Cycle (DT/OE high and CAS high at the falling edge of RAS)

High-speed page mode cycle reads/writes the data of the same row address at high speed by toggling CAS
while RAS islow. Its cycletimeis one third of the random read/write cycle. Note that address access time
(tan), RAS to column address delay time (tgap), 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 necessary to specify
access frequency within tg,g max (100 ps).

Transfer Operation

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

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

SAM start address must be determined by read transfer cycle or pseudo transfer cycle after power on, and
determined for each transfer cycle.

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

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

This cycle can access SAM even during transfer (real time read transfer). In this case, the timing 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 1.).
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rRAS /
CAS \ /
Address X Xi X Y X

proe  \t T

tspp|| tspH
sc PAEANEFARNEAN \\ /N
SIio X X X X i Xvi+1
SAM Data before Transfer SAM Data after Transfer

Figurel. Real Time Read Transfer

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 access to avoid data contention.

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low and SE high at the falling edge of RAS)
Pseudo transfer cycle switches 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 and SE high 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 to, (Min) after RAS becomes high. In this cycle, SAM accessisinhibited during RAS
low, therefore, SC must not be risen.

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

Write transfer cycle can transfer arow of data input by serial write cycle to RAM. The row address of data
transferred into RAM is determined by the address at the falling edge of RAS. The column address is
specified as the first address for serial write after terminating this cycle. Also in this cycle, SAM access
becomes enabled after tg, (Min) after RAS becomes high. SAM accessis inhibited during RAS low. In this
period, SC must not be risen.

Data transferred to SAM by read transfer cycle can be written to other address of RAM by write transfer
cycle. However, the address to write data must be the same MSB of row address (AX8) as that of the read
transfer cycle.
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SAM Port Operation

Serial Read Cycle

SAM port is in read mode when the previous data transfer cycle is read transfer cycle. Access is
synchronized with SC rising, and SAM data is output from SI/O. When 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 O at the next access.

Serial Write Cycle

If previous data transfer 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 0 at the next access.

Refresh

RAM Refresh

RAM, which is composed of dynamic circuits, requires refresh to retain data. Refresh is executed by
accessing all 512 row addresses within 8 ms. There are three refresh cycles: (1) RAS-only refresh cycle, (2)
CAS-before-RAS (CBR) refresh cycle, and (3) Hidden refresh cycle. Besides them, the cycles which activate
RAS such as read/write cycles or transfer cycles can refresh the row address. Therefore, no refresh cycleis
reguired 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 cycleis set by activating CAS before RAS. Inthiscycle, refresh
address need not to be input through external circuits because it is input 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 register and selector), organized as fully static circuitry, require no refresh.
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Terminal voltage™ V; -1.0to +7.0 \%
Power supply voltage™ Vee -0.5t0+7.0 \Y
Short circuit output current lout 50 mA
Power dissipation P, 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg —-551t0 +125 °C
Note: 1. Relative to V.

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

Parameter Symbol Min Typ Max Unit
Supply voltage™ Vee 45 5.0 55 \Y
Input high voltage™ Vi, 2.4 — 6.5 \Y;
Input low voltage™ V, -0.5% — 0.8 \Y

Notes: 1. All voltages referred to V.
2. —3.0V for pulse width < 10 ns.

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

HM534251B
-6 -7 -8 -10 Test Conditions
Parameter Symbol Min Max Min Max Min Max Min Max Unit RAM Port SAM Port
Operating lees — 7% — 70 — 60 — 55 mA RAS,CAScycling SC=V,,
current tge = Min SE=V,
leer — 125 — 120 — 100 — 95 mA SE=V,,
SC cycling
tsec = MIN
Standby current I, — 7 — 7 -7 - 7 mA RAS,CAS=V,, SC=V,,
SE=V,
lecs — 50 — 50 — 40 — 40 mA SE=V,,
SC cycling
tscc = Min
HITACHI
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DC Characteristics (Ta=0t0+70°C, V. =5V * 10%, V , = 0 V) (cont)

HM534251B
-7 -8 -10 Test Conditions
Parameter Symbol Max Min Max Min Max Min Max Unit RAM Port SAM Port
RAS -only lecs 7% — — — mA RAS cycling SC=V,,
refresh current CAS =V, SE=V,
tge = Min
leco 125 — — — mA SE=V,,
SC cycling
tsce = Min
Page mode lcca 80 — — — mA CAS cycling SC=V,,
current RAS =V, SE=V,
tpe = Min
leeto 130 — — — mA SE=V,,
SC cycling
tscc = Min
CAS -before- s 50 — — — mA RAS cycling SC=V,,
RAS refresh tge = MiNn SE=V,
current
leen 100 — — — mA SE=V,,
SC cycling
tsec = MIN
Data transfer . 80 — — — mA RAS, CAS cycling SC=V,,
current tre = Min SE=V,
lectz 130 — — — mA SE=V,,
SC cycling
tsce = Min
Input leakage 1, 10 -10 -10 -10 HA
current
Output leakage |, 10 -10 -10 -10 HA
current
Output high Vo — 24 2.4 2.4 V gy =-2mA
voltage
Output low Voo 04 — — — \% o, =4.2 MA
voltage

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

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

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

Parameter Symbol Min Typ Max Unit
Address C. — — 5 pF
Clock C, — — 5 pF
I/0, SI/O Cio — — 7 pF

AC Characterigtics (Ta=0t0 +70°C, V. =5V £10%, V=0V) ™

Test Conditions

e Inputriseandfall time: 5ns

e Input pulselevels: Vt03.0V

* Input timing referencelevels: 0.8V, 24V

e Output timing reference levels. 0.8V, 20V
e Output load: Seefigures

+5V +5V
IOH=—2mA S = S

loL = 4.2 mA

I/O *1

;100 pF

Output Load (A) Output Load (B)

Note: 1. Including scope & jig.

HITACHI
12
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Common Parameter

HM534251B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Random read or write cycle time  t.. 125 — 135 — 150 — 180 — ns
RAS precharge time tee 55 — 55 — 60 — 70 — ns
RAS pulse width tons 60 10000 70 10000 80 10000 100 10000 ns
CAS pulse width toas 20 — 20 — 20 — 25 — ns
Row address setup time tasr 0o — 0o — 0o — 0o — ns
Row address hold time tran 10 — 10 — 10 — 10 — ns
Column address setup time tasc 0o — 0o — 0o — 0o — ns
Column address hold time tean 15 — 15 — 15 — 15 — ns
RAS to CAS delay time treo 20 40 20 50 20 60 20 75 ns 2
RAS hold time referred to CAS  t.q, 20 — 20 — 20 — 25 — ns
CAS hold time referred to RAS g, 60 — 70 — 80 — 100 — ns
CAS to RAS precharge time tere 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
Data-in to CAS delay time tose 0o — 0o — 0o — 0o — ns
Data-in to OE delay time toro 0o — 0o — 0o — 0o — ns
Output buffer turn-off delay torrs — 20 — 20 — 20 — 20 ns
referred to CAS
Output buffer turn-off delay torr — 20 — 20 — 20 — 20 ns 5
referred to OE

HITACHI
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Read Cycle (RAM), Page M ode Read Cycle

HM534251B

-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 tres 0 — 0 — 0o — 0 — ns
time
Read command hold time  tg, 0 — 0 — 0o — 0 — ns 10
Read command hold time  tx, 10 — 100 — 10 — 10 — ns 10
referred to RAS
RAS to column address  tzup 15 25 15 35 15 40 15 55 ns 2
delay time
Column address to RAS  tg, 35 — 35 — 0 — 45 — ns
lead time
Column address to CAS  t., 35 — 35 — 40 — 45 — ns
lead time
Page mode cycle time tec 45 — 45 — 50 — 56 — 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 trase 60 100000 70 100000 80 100000 100 100000 ns
width

HITACHI
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Write Cycle (RAM), Page Mode Write Cycle

HM534251B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Write command setup twes 0 — 0 — 0 — 0 — ns 11
time
Write command hold time  t,,c, 15 — 15 — 15 — 15 — ns
Write command pulse twe 15 — 15 — 15 — 15 — ns
width
Write command to RAS  t., 20 — 20 — 20 — 20 — ns
lead time
Write command to CAS  t.,. 20 — 20 — 20 — 20 — ns
lead 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 tus 0o — 0o — 0o — 0o — ns
WE to RAS hold time twn 100 — 100 — 10 — 10 — ns
Mask data to RAS setup  t,¢ 0 — 0 — 0 — 0 — ns
time
Mask data to RAS hold tn 10 — 100 — 10 — 10 — ns
time
OE hold time referred to  tog 20 — 20 — 20 — 20 — ns
WE
Page mode cycle time tec 45 — 45 — 50 — 55 — ns
CAS precharge time tep 10 — 10 — 10 — 10 — ns
CAS to data-in delay time t.p 20 — 20 — 20 — 20 — ns 13
Page mode RAS pulse trasp 60 100000 70 100000 80 100000 100 100000 ns
width

HITACHI
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Read-Modify-Write Cycle

HM534251B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Read-modify-write cycle  tgyc 175 — 185 — 200 — 230 — ns
time
RAS pulse width trws 110 10000 120 10000 130 10000 150 10000 ns
(read-modify-write cycle)
CAS to WE delay time town 45 — 45 — 45 — 50 — ns 14
Column address to WE  t,,, 60 — 60 — 65 — 70 — ns 14
delay time
OE to data-in delay time  typo 20 — 20 — 20 — 20 — ns 12
Access time from RAS trac — 60 — 70 — 80 — 100 ns 6,7
Access time form 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  tgup 15 25 15 35 15 40 15 55 ns
delay time
Read command setup tres 0 — 0 — 0 — 0 — ns
time
Write command to RAS  tg,, 20 — 20 — 20 — 20 — ns
lead time
Write command to CAS  t.,. 20 — 20 — 20 — 20 — ns
lead time
Write command pulse twe 15 — 15 — 15 — 15 — ns
width
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  tog, 20 — 20 — 20 — 20 — ns
WE

HITACHI
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Refresh Cycle

HM534251B

-6 -7 -8 -10
Parameter Symbol Min  Max Min Max Min Max Min Max Unit Notes
CAS setup time tesk 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
CAS hold time tenr 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
RAS precharge to CAS trec 10 — 10 — 10 — 10 — ns
hold time

HITACHI
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Read Transfer Cycle

HM534251B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
@old time referred to tron 50 10000 60 10000 65 10000 80 10000 ns
RAS
DT hold time referred to  tp, 20 — 20 — 20 — 25 — ns
CAS
DT hold time referred to  t,, 25 — 25 — 30 — 30 — ns
column address
DT precharge time tom 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  tgg, 60 — 70 — 80 — 100 — ns
1st SC to CAS hold time  tg, 25 — 25 — 25 — 25 — ns
1st SC to column address tg,, 0 — 40 — 45 — 50 — ns
hold time
Last SC to DT delay time  t.,, 5 — 5 — 5 — 5 — ns
1st SC to DT hold time teon 10 — 10 — 15 — 15 — ns
Serial data-in to 1st SC tsss 0 — 0 — 0 — 0 — ns
delay time
Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns
SC pulse width tse 5 — 5 — 100 — 100 — 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  tgg, 5 — 5 — 5 — 5 — ns
Serial data-in setup time ~ tgg 0 — 0 — 0 — 0 — ns
Serial data-in hold time tom 15 — 15 — 15 — 15 — ns
RAS to column address teao 15 25 15 35 15 40 15 55 ns
delay time
Column address to RAS  t,,, 3% — 35 — 40 — 45  — ns
lead time
DT high hold time from torm 10 — 10 — 10 — 10 — ns
RAS precharge

HITACHI
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Pseudo Transfer Cycle, Write Transfer Cycle

HM534251B
-6 -7 -8 -10
Parameter Symbol Min  Max Min Max Min Max Min Max Unit Notes
SE setup time referred to  t.q 0 — 0 — 0 — 0 — ns
RAS
SE hold time referred to  tg,, 0 — 10 — 10 — 10 — ns
RAS
SC setup time referred to  tgeg 25 — 25 — 30 — 30 — ns
RAS
RAS to SC delay time tsro 20 — 20 — 25 — 25 — ns

Serial output buffer turn-off tg., 10 40 10 40 10 45 10 50 ns
time referenced to RAS

RAS to serial data-in delay tg, 40 — 40 — 45 — 50 — ns

time

Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns

SC pulse width tse 5 — 5 — 10 — 10 — ns

SC precharge time tscp 10 — 10 — 10 — 10 — ns

SC access time tsca — 20 — 22 — 25 — 25 ns 15
SE access time teea — 20 — 2 — 25 — 25 ns 15
Serial data-out hold time  tgg, 5 — 5 — 5 — 5 — ns

Serial write enable setup  tg,s 5 — 5 — 5 — 5 — ns

time

Serial data-in setup time ~ tgg 0 — 0 — 0 — 0 — ns

Serial data-in hold time tom 15 — 15 — 15 — 15 — ns

HITACHI
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Serial Read Cycle, Serial Write Cycle

HM534251B
-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 tecp 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  t, 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 ~ tgg 0 — 0 — 0 — 0 — ns
Serial data-in hold time tom 15 — 15 — 15 — 15 — ns
Serial write enable setup  tg,s 5 — 5 — 5 — 5 — ns
time
Serial write enable hold town 15 — 15 — 15 — 15 — ns
time
Serial write disable setup  tgs 5 — 5 — 5 — 5 — ns
time
Serial write disable hold town 15 — 15 — 15 — 15 — ns
time
Notes: 1. AC measurements assume t; =5 ns.

2.
3.

4.

7.
8.
9.
10.
11.

12.
13.

20

When toop > trep (Max) or tg,, > tray (Max), access time is specified by t.,. Or ty,.

V,, (min) and V,_ (max) are reference levels for measuring timing of input signals. Transition time t;
is measured between V,, and V,.

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 t,,, (Min) must be satisfied.

torrs (MaX), toee, (Max) and tg., (Max) are defined as the time at which the output acheives the open
circuit condition (V,, =100 mV, V, +100 mV).

. Assume that tycp < taep (Max) and tg,p < tgap (Max). If tyep OF trap IS greater than the maximum

recommended value shown in this table, t,,. exceeds the value shown.
Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

When top 2 tyep (Max) and tg,, <ty (Max), access time is specified by t.,c.
When tgp < trep (Max) and tg,, 2ty (Max), access time is specified by t,,.
If either ty, of tyx, is satisfied, operation is guaranteed.

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.

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

Either ty, (Min) or top, (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.

HITACHI



HM534251B Series

14. When t,,p 2ty (Min) and ty, 2 teyp (Min) in read-modify-write cycle, the data of the selected
address outputs to an 1/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.

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.XXX:HorL (H: V,; (min) <V, £V, (max), L: V, (min) <V, £V, (max))
M Invalid Dout

Timing Waveforms **’

Read Cycle
tre
trAs trp
-
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 teop
/o trac torr1
Y/ - \

(Output) A : 4 Valid Dout —

pEe A torr2
(n XXX
(Input) tozo

tors | | _toTH

oioe X/ XXX *

HITACHI
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HM534251B Series

Early Write Cycle

tre
tras trp
RAS N\ 1 . \
tesh CRP

treD trRsH
R \ tcas
CAS N 2

| 1ASR | | trRAH tasc tcAH

pasess SO ron— KIY_coum KOOXXCCXXXXXXKKIKIRK
tws ‘ twH twes || tweH
we 1 X0 1/ XXX XXX XXX

High-Z

\
4

110
(Output)

|_tms tMH tps tbH
1o TR wescoms KD vawom XX
tpTs || toTH
P R

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

DT/OE

Delayed Write Cycle

tre
RAS N ] ;

tesn tcrp

tren trsH
CAS \ tcas y
CAS N }
VR || LASC tean
patoss SN _mow K oo KX X XXX XXX XCKKEKIKIRX
tws H tw ,tRL,‘tCWL

_ I’ il y : |
we  OOC 1 XX/ NP XOQOOQOKIIXXXX
110
(Output) tus || twm torc tps || toH |
110 v A —
(Input) @ Mask Data }@ §®£—V;I|d Din }(X ><>< WW

h N torr2
‘J:E, &‘ tobp

orioe X/ XX/ NXXXHKXHIAIIXLXXKXXANX

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

‘tOEH

HITACHI
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HM534251B Series

Read-Modify-Write Cycle

trwe
J— trws rP
RAS —X
I
. trcD tcrP
CAS \ -
tRAD K y
| 1ASR | | tRAH tasc ||tcaH
paress TTX._row— X cotamun KOO0
‘ ¢ ‘ tawp
ws_| O tRCS tcwp
WE m *1 ; tcac
tan
trRAC
I(/(())utput) (Valid Dout]
tms || tmH tpze toac Ibs || toH
1/10 \ A ,ﬁ <
Mask Data Valid Din X
VO e — XXX
tpTs toTH = toop tOEH |
ooE [/ oo S NN

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
—
RAS N : : f
CSH PC trRsH
tcp tcrp
IRCD) teas | | tcp teas _|F— tcas
CAS S( *Z n trAL S( Z
t
¢ RAD | teaL | teal toaL
AR |tran tasc|| fean tasc _||toan tasc \tcan
— v \ 4 L
Address Row | CO'“”‘“";WXX Columun { Columun K><><><
tres ‘ tres ¢ trcs tRRH [«
o | bl RCH |ar| | om RCHpes| | [x» tRCH |us
WE tRAC tOFF1
taa
tcac
T} { Valid )
(Output) t’cggm
tbzc -
~— toac ‘tOFFZ
110 X
(Input) tbzo
toTs {DTH
DTIoE / \ / \

HITACHI
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HM534251B Series

Page M ode Write Cycle (Early Write)

RAS
CAS
Address
WE

110

(Output)

110
(Input)

Note:

tre
trRASP trP
-
\ N
N
tcsH tpc t
).tCP . - RSH___ tcrP
tRCD tcas Lﬁs tcas _| tcas _,
i N /
t
ASR || IRAH tasg tcan tasci. .||, .|tcaH fAsC|. ]

Column

~—[CAH

twH  twcs| | tweH twes|| twen twcs twcj
[ | [ | F
7 + *
High-Z
tDH tDH
] |

tDS (S
4 . . 4 N Ty

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)

RAS

CAS

trRc
trRASP trRP
\ 7 \
tesh tpc tcp tRsSH tcrp
treD tcp t
"= tcas tcas CAS
)‘ 7L )S
j N / L
tasr| | traH tasc N tasc t
el [ . -~ fcAH

Address

WE
e}

LS Y

Row

tcaH
MColumn %(

.. tcaH tasc
><>i Column Column K><><

tws

tewL

tRwL
ﬁ—w tcwL

A

(Output)

1/0
(Input)

XK

tbTs

tms
]

b tbs

H 0‘ tbH
{ Din Din

XXXXX

toEH |

DTIOE

Note:

write cycle when WE is low.

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

24
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RAS-Only Refresh Cycle

tre

trAs trp ‘

—
RAS N /
tcrp
cas 7 RXOOOXXX)
tasr || tran
LRAR

fo—

- R
Address ><><>K, Row i

torF1|,

110
(Output) r

1tCDD

t !
(inpu S — JXXKKKHXKHXAXXX X

tors, || _totr |

omoe Q00! LKA XAXHXXAXKHKIAXXHKXXAXKKAAR

CAS-Before-RAS Refresh Cycle

tRC
tRP trAS I trp
Y 0 )X \
RAS —/C K RPC  tcer N
tcp tcsr tcHr R
— VR /O Inhibit Falling Transition
CAS S !

Address >< >< >< ><
WE X XXXX X X

High-Z

TR R I IIIIITN
SELRRLLRRRS

110
(Output)

DTIOE XXXXXX XXXXX

HITACHI
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Hidden Refresh Cycle

trc trc
trAs trp trAS L__trp
N - X\ N
N / N L N
RAS b ’ tcrp
trcD trsH tcHR
CAS i /
CAS trAD_ tgaL |
tasr tRAH tascl | tcan
" a1 el
Address ><><>§Y Row Column 7§< XXX AXXX
| trosles trri="] |
\WE t
WE CAC
“74“% toFF1
trRAC ]
] I Valid Dout —
(Output) toze toac ry—
110
(Input) tpzo
|_tots ||, toTH
DTI0E ‘ 3 OO
DT/OE M VOO /
Read Transfer Cycle (1)
trRC
trRAS trp
—
_ _—
RAS \ 7 N\
tcsH ‘ tcrr
trcD trRSH
- ; tcas }
CAS \(
trRAD tRAL
tASR || tRAH tasc| | tcan
vi  SAM Start
Address ><>§r Row §<X>§ Address ><>< ><><
tws ||twH |
| |
we XX/
High-Z 4’1’4—tDTHH
110
(Output) tcoH tDRD
tpTs tADH tote
—\ tRDH Y
DT/OE X
tscc tscc tscc tscc
tspp ‘ tspH_ || tsg, . tscp
— ] y
\ \
S¢ tscal 7 |tsca /| tsca tsca eon
tSoH tsoH {SOH tsoH -~
pt s . R
SI/O Valid Sout ;wtvwid Sout \Valid Sout Qgggg%Valld Sout Valid Sout
(Output Previous Row —= ~—— New Row
SI/O
(Input)

26
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HM534251B Series

Read Transfer Cycle (2)

trRc
trAS {RP
S\
RAS N f
tcsH tcrp
trRcD tRsH
- Y tcas {
CAS X 7
tRAD tRAL
tASR_| | tRAH Iasg || tean
r p f Sam Start } W
Address XXX Row 7§<X>§( Kot XX
tws [ {twH
[ |
we  XX/f X
_ tDTHH
/o High-Z e -
Output o
(Output) tots || toTH toTp
_ AVAVA 7‘ L
_ { /% NOOOKAKAKK
tscH
tsAH
tSrs
tspH tsce
tse { ‘ tsc tscp
SCP | jp—= —
sc ]‘ W Inhibit Rising Transitiop WZ x /
w tsca tsca_
tSRH DI
S0 t t Valid Sout
(Output) Sli :IH -
SI/0 FVaid
(Input) Egv Sin_#
HITACHI
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Pseudo Transfer Cycle

RAS

CAS

Address

WE

110
(Output)

DT/OE

SC

SI/0
(Output)

SI/O
(Input)

tRC
tRAS trP
N \
N
N /
tcsH | tcrRP
tRCD tRSH
A\ tcas
\ 7
tASR | |_tRAH _tAsC || tcAH
s N N
><><>K( Row 7 Address
tws twH
\ /
High-Z
tpTs tDTH
\ 2 XXX XX XXX AR R AR AKX AN XK
tSEZ |
tes tEH | ‘ tsws
|
¥
\
tSRs tsro tscc
.
o sc | tscp tsc | _ISCP _
,—* U
N\ Inhibit Rising Transition >©<\ /] L /
tSCA X 7 7
tsrz
~—~[tSOH
" N
Yalid Valid Sout
\ tsip | tsis || tsiH tsis ||tsiH

s s
¢ XX R wats s XXX v v

28
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Write Transfer Cycle

RAS

CAS

Address

WE

110
(Output)

DT/OE

SC
SI/0
(Output)

SI/0
(Input)

tRC
tRAS trRP
—\ ——\
{ i
tCSH | tCRP
tRCD tRSH
K tcas
N 7
_tAsR | | _tRAH tAsC || tcAH |
b SAM Start
Row 7 Address }O < ><><X
tws twH
\ /X
High-Z
tDTs tDTH
X £ XX
tES tEH tsws
XN\ XXX
tsrRs
e tSRD tscc
tsw SLL,‘ tscp tsc | _tscp
4 Lo Y s - H
/ \><><><><>< Inhibit Rising Transition /| \ /
—_ A " 7
tsis | [tSIH
[P Y B tsis_ | |tsiH tsIs || tsiH
| L2 Pl |
s - - /s r n
Xvaia sin { valid sin m\ valid sin X)

HITACHI
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HM534251B 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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HM534251B Series

Package Dimensions

HM534251BJ Series (CP-28D) Unit: mm

18.17
18.54 Max

28 15

imiminininininisinisisisisis)

10.16 £ 0.13
11.18 £ 0.13

1 14 -
0.74 ©
- N
o - <t
+ o 33
1.30 Max B 53 o
| @ ) ——
o
B ——
043010 | 9.40 + 0.25
o]
HITACHI
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HM534251B Series

HM534251BZ Series (ZP-28) Unit: mm

IO HHHHHWHHHHHHHHM% 0 (yes
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