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HM534251A Series — HITACHI/ LOGIC/ARRAYS/MEM

262144-word x 4-bit Multiport CMOS Video RAM \-46-23-20

The HM534251A is a 1-Mbit multiport video Ordering Information

RAM equipped with a 256-kword x 4-bit dynamic

RAM and a 512-word x 4-bit SAM (serial access  Type No. Access time Package
memory). Its RAM and SAM operate

independently and asynchronously. It can transfer HM534251A0-6 60 ns 400-mil 28-pin
’ . HM534251AJ-7 © 70ns plastic SOJ
data petween RAM and SAM and has write mask HM534251A0-8 80 ns (CP-28D)
function. HM534251AJ-10 100 ns
Features HM534251AZ-6 60 ns 400-mil 28-pin
HM534251AZ-7 70ns plastic ZIP
* Multiport organization HM534251AZ-8 80 ns (ZP-28)
Asynchronous and simultaneous operation of HMS534251AZ-10 100 ns
RAM and SAM capability HMS34251AT-6 60 ns 8 mm x 14 mm
SR:l\L;" 521526 :‘Zﬁijtz It HM534251AT-7 70 ns 32-pin TSOP
. HM534251AT-8 80 ns type |
* Access time HM534251AT-10 100 ns (TFP-32DA)
RAM: 60 ns/70 ns/80 ns/100 ns max
SAM: 20 ns/22 ns/25 ns/25 ns max HM534251AR-6 60 ns 8 mm x 14 mm
+ Cycle time HM534251AR-7 70 ns 32-pin TSOP
RAM: 125 ns/135 ns/150 ns/180 ns min HM534251AR-8 80 ns type | reverse
SAM: 25 ns/25 ns/30 ns/30 ns min HM534251AR-10 100 ns (TFP-32DAR)
* Low power

Active RAM: 413 mW max
SAM: 275 mW max
Standby  38.5 mW max
* High-speed page mode capability
» Mask write mode capability
« Bidirectional data transfer cycle between RAM
and SAM capability
* Real time read transfer cycle capability
* 3 variations of refresh (8 ms/512 cycles)
RAS-only refresh
CAS-before-RAS refresh -
Hidden refresh
¢ TTL compatible
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HITACH :
I/ LOGIC/ARRAYS/MEM HMS534251A Series
Pin Arrangement
HM534251AJ Series HM534251AT Series
sc 1 28 [ Vss O 1 CAS
svooj 2 27 [3 svo3 ,,E')S 3 2 g% - l(\iés
swo1d 3 26 [ 81102 o3 ™ 3 30 3 A0
el EBE, aB 2 B
2
¥oo [ s 24 P Vo3 avos o o B
o1 6 23 [ vo2
o1 Ves H 7 26 [ A7
wel 7 22 FINC NG O 8 25 [ NC
ncd 8 21 (1 CAS NC & 9 24 [JNC
RAS O] 9 20 NG sSC &4 10 23 [ Vee
as0 10 19 b A0 sSKoo . 11 22 [ Ad
ASC 11 18 [1 A1 Sro1 5 12 a1 A5
DT/QEC] 13 20 1 A6
AsO 12 17 O A2 o0 . 14 19 [ A8 _
A4l 13 16 {1 A3 o1 £ 15 18 |3 RAS
Vec [ 14 15 [1 A7 WE .3 16 17 I NC
(Top View)
(Top View)
HMB534251AZ Seri
enes HM534251AR Series
] T ne we I 16 17 I NG
oz 2 3 103 o1 & 15 18 B3 RAS
SE 4 5 svo2 _Qo & 14 19 [ A8
SI03 6 v DT/OEH 13 20 B2 A6
SC 8 o S100 sKo1 & 12 21 3 A5
SI01 10 kil Sroo &5 11 22 B3 A4
100 12 11 DT/OE sC &5 10 23 [ Ve
WE 16 13 vO1 NC T 9 24 I NC
RAS 16 15 NG NC O 8 25 I NC
A6 18 17 A8 Vss 5 7 26 [ A7
At 20 19 A5 Syo3 & 6 27 D A3
21 Vge SHo2 3 5 28 [ A2
A7 22 23 A3 SE 4 29 - A1
Az 24 25 At 103 = 3 30 [ Ao
_AD 26 27 NC o2 = 2 31 OONC
CAS 28 {/ NC ] 1 32 [ CA
(Bottom View) (Top View)
Pin Description
Pin name Function Pin name Function
! A0 - A8 Address inputs DT/OE Data transfer/Output enable
‘ 00 — Y03 RAM port data inputs/outputs SC Serial clock
i
SO0 - SI0O3 SAM port data inputs/outputs SE SAM port enable
RAS Row address strobe Voo Power supply
CAS Column address strobe Vss Ground
WE Write enable NC No connection
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HITACHI/ LOGIC/ARRAYS/MEM —

HMS534251 A Series
Block Diagram
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— HITACHI/ LOGIC/ARRAYS/MEM

HM534251A Series

Pin Functions

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 HM534251A.

Table 1. Operation Cycles of the HM534251A

Input level at the falling

edge of RAS

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

H L L L Write transfer

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

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

Note: X :Don't care.

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

A0-A8 (input pins): Row address is determined
by AO-A8 level at the falling edge of RAS.
Column address is determined by AO-A8 level at
the falling edge of CAS. In transfer cycles, row
address is the address on the word line which
transfers data with SAM data register, and column
address is the SAM start address after transfer.
'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 HM534251A turns to
mask write mode. According to the I/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 normal write cycle is executed. After that,
WE switches read/write cycles as in a standard
DRAM. In a transfer cycle, the direction of
transfer is determined by WE level at the falling
edge of RAS. When WE is low, data is transferred

from SAM to RAM (data is written into RAM),
and when WE is high. data is transferred from
RAM to SAM (data is read from RAM).

1/00 - 1/03 (input/output pins): 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 1/O pins are masked and
internal data are retained. After that, they function
as input/output pins as those of a standard DRAM.
DT/OE (input pin): DT/OE pin functions as DT
(data transfer) pin at the falling edge of RAS and
as 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. Ina
serial read cycle. data outputs from an SI/O pin
synchronously with the rising edge of SC. 1In a
serial write cycle, data on an SI/O pin at the rising
edge of SC is fetched into the SAM data register.
SE (input pin): SE pin activates SAM. When SE
is high, SI/O is in the high impedance state in
serial read cycle and data on SI/O is not fetched
into the SAM data register in serial write cycle.
SE can be used as a mask for serial write because
internal pointer is incremented at the rising edge of
SC.

SI/00-S1/03 (input/output pins): SI/Os are
input/output pins in SAM. Direction of
input/output is determined by the previous transfer
cycle. When it was a read transfer cycle, SI/O
outputs data. When it was a pseudo transfer cycle
or write transfer cycle, SI/O inputs data,

Operation of HM534251A

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

Row address is entered at the RAS falling edge and
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
(taa) and RAS to column address delay time
(trAD) specifications are added to enable high-

speed page mode.
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HMS534251A Series

HITACHI/ LOGIC/ARRAYS/MEMNM

RAM Write Cycle (Early Write, Delayed Write,
Read-Modify-Write)

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

» Normal Mode Write Cycle (WE high at the
falling edge of RAS) .
When CAS and WE are set low after driving RAS
low, a write cycle is executed and I/O data is
written in the selected addresses. When all 4 I/Os
are written, WE should be high at the falling edge
of RAS to distinguish normal mode from mask
write mode.
If WE is set low before the CAS falling edge, this
cycle becomes an early write cycle and 1/O
becomes in high impedance. Data is entered at the
CAS falling edge.
If WE is set low after the CAS falling edge, this
cycle becomes a delalyed write cycle. Data is
input at the WE falling. I/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 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 I/O. Whether or not an I/O
is written depends on I/O level (mask data) at the
falling edge of RAS. Then the data is written in
high I/O pins and masked in low ones and internal
data is retained. This mask data is effective during
the RAS cycle. So, in high-speed page mode
cycle, the mask data is retained during the page
access.

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

High-speed page mode cycle reads/writes the data
of the same row address at high speed by toggling
CAS while RAS is low. Its cycle time is one third
of the random read/write cycle. Note that address
access time (ta4), RAS to column address delay
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time (tRAp). and access time from CAS precharge
(tacp) are added. In one RAS cycle, 512-word
memory cells of the same row address can be
accessed. It is necessary to specify access
frequency within tg ogp max (100 ps).

Transfer Operation

The BM534251A 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 1o 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
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
L).
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—— HITACHI/ LOGIC/ARRAYS/MEM

HMS534251A Series
RAS N_ /
CAS \ /
Address X Xi X Yj X
DT/OE \- i
tsop| | tsom
s N
svo X X X X vi X Yj+1
SAM Data before Transfer SAM Data after Transfer
T

Figure 1. Real Time Read Transfer

When read transfer cycle is executed, SI/O by the address at the falling edge of RAS. The
becomes output state by first SAM access. Input  column address is specified as the first address for
must be set high impedance before tgzg (min) of  serial write after terminating this cycle. Also in

the first SAM access to avoid data contention. this cycle, SAM access becomes enabled after

tgrp (min) after RAS becomes high. SAM access
Pseudo Transfer Cycle (CAS high, DT/OE low, is inhibited during RAS low. In this period, SC
WE low and SE high at the falling edge of RAS) 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.

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 tgjp (min)
after RAS becomes low to avoid data contention.
SAM access becomes enabled after tgrp (min)
after RAS becomes high. In this cycle, SAM
access is inhibited during RAS low, therefore, SC  SAM port is in read mode when the previous data

SAM Port Operation

Serial Read Cycle

must not be risen. transfer cycle is read transfer cycle. Access is

_ - synchronized with SC rising, and SAM data is
Write Transfer Cycle (CAS high, DT/OE low, output from SI/O. When SE is set high, SI/O
WE low and SE low at the falling edge of RAS) 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.

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

725




BLE D EN 4496203 0021287 7b4 MEHIT?

HMS534251A Series

HITACHI/ LOGIC/ARRAYS/MEM

Serial Write Cycle

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

Refresh
RAM Refresh

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

Absolute Maximum Ratings

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

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

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

SAM Refresh

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

Parameter Symbol Rating Unit
Terminal voltage™ vt -1.0t0+7.0 v
Power supply voltage™! Voo -0.5 t0 +7.0 v
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -5510 +125 °C
Note: 1. Relative to Vgg.
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HITACHI/ LCGIC/ARRAYS/MEN

HM534251A Series
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Parameter Symbol Min Typ Max Unit
Supply voltage”! Vee 45 5.0 55 v
Input high voltage™ VIH 2.4 — 6.5 v
Input low voltage”! Vi -0.5"2 — 0.8 v

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

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

Parameter Symbol

HM534251A
-6 -7 -8 -10 Test conditions
Min Max Min Max Min Max Min Max Unit RAM port SAM port

Operating lcc1 — 75 —~ 70 — 80 — 55 mA RAS,CAS SC-= V"_, SE = ViH
current cycling —_—
Iccr? — 125 — 120 — 100 — 95 mA tggc=min SE =V, SC cydling
tsoc = min
Standby |CC2 — 7 - 7 - 7 — 7 mA RAS,CAS SC-= V|L, SE= V|H
current =Viy -
lccs — 50 — 5 — 40 — 40 mA SE = V||, SC cycling
tgge = min
RAS-only  loca — 75 — 70 — 80 — 55 mA RAScyclingSC=V,SE=V|y
refresh CAS=Vy —M—
current lcce — 125 — 120 — 100 — 95 mA tgc=min SE=V, SC cycling
tscc = min
Page mode Igge — 80 — 8 — 70 — 65 mA CAScyclingSC=V),SE=Vy
current =y ——
lcctg 2— 130 — 130 — 110 — 105 mA tpg=min SE =V, SC cycling
tsce = min
CAS-before- locs — 50 — 45 — 40 — 35 mA RAScyclingSC=Vy,SE=Vy
RAS refresh tre =M —0——————
current lcc1s — 100 — 95 — 80 — 75 mA SE = Vy, SC cycling
tgce = min
Data |ccs — 80 — 75 — 65 — 860 mA RAS,CAS SC= ViL SE = ViH
transfer cycling _—
current lcciz — 130 — 1256 — 105 — 100 mA tgg=min SE =V, SC cycling
tscc = min
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HM534251A Series HITACHI/ LOGIC/ARRAYS/MEM -
DC Characteristics (Ta = 0 to +70°C, Voo =5V £ 10%, Vgg =0 V) (cont)

HM534251A

-6 7 -8 -10 Test conditions

Parameter Symbol Min Max Min Max Min Max Min Max Unit RAM port SAM port

Input leakage I -10 10 -10 10 -10 10 -10 10 pA

current

Qutput leakagel o -10 10 -10 10 -10 10 -10 10 puA

current

Output high Vou 24 — 24 — 24 — 24 — V Igy=—2mA
voltage

Output low Vg — 04 — 04 — 04 — 04 V Ig =42mA
voltage

Note: 1. Igc depends on output loading condition when the device is selected. Ig max is specified at
the output open condition.
2. Address can be changed once while RAS is low and TAS is high.

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

Vss)

Parameter Symbol Min Typ Max Unit
Address Ciy — — 5 pF
Clock Ciz - — 5 pF
Vo, S0 Cro - - 7 pF

AC Characteristics (Ta = 0 to +70°C, Voo = 5 V + 10%, Vgg = 0 V) *1. *16

Test Conditions
* Input rise and fall time: 5 ns * Input timing reference levels: 0.8 V, 2.4 V
¢ Output load: See figures ¢ Output timing reference levels: 0.8 V,2.0 V
* Input pulse levels : Vggto 3.0V

|0H=-2mA +5V IOH=—2mA +5V

_— ————

|0|_ =4.2mA IOL =4.2mA

- -

SI/0

Qutput Load (A} Output Load (B)
Note: 1. Including scope & jig.
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HM534251A Series

Common Parameter

HM534251A

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Random read or write cycle time tgc 125 — 135 — 150 — 180 — ns
RAS precharge time trp 55 — 55 — 60 — 70 — ns
RAS pulse width thas 60 10000 70 10000 80 10000 100 10000 ns
CAS pulse width tcas 20 — 20 — 20 — 25 — ns
Row address setup time tasR Q — 6 — 0 — 0 — ns
Row address hold time tRAH 10 — 10 — 10 — 10 — ns
Column address setup time tasc 0 — o — 0 — 0 — ns
Column address hold time tcAH 15 — 15 — 15 — 15 — ns
RAS to TAS delay time thop 20 40 20 50 20 60 20 75 ns
RAS hold time referencedtoCAS tggy 20 — 20 — 20 — 25 — ns
TAS hold time referencedto AAS togy 60 — 70 — 80 — 100 — ns
TAS to RAS precharge time tctgpp 10 — 10 — 10 — 10 — ns
Transition time (rise to fall) v 3 50 3 5 3 5 3 50 ns
Refresh period thRer — 8 — 8 — 8 — 8 ms
DT to RAS setup time to)s 0 - 0 — 0 — 0O — ®ns
DT to RAS hold time toyy 10 — 10 — 10 — 10 — ns
Data-in to CAS delay time toze 0 — 0 — 0 — 0 — ns
Data-in to OF delay time oo 0 — 0 — 0 — 0 — ns
Qutput buffer turn-off delay torpp — 20 — 20 — 20 — 20 ns
referenced to CAS
Output buffer turn-off delay toppg — 20 — 20 — 20 — 20 ns
referenced to OE
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HMS534251A Series
Read Cycle (RAM), Page Mode Read Cycle

HM534251A

-6 -7 -8 -10
Parameter Symbol MinMax Min Max Min Max Min Max Unit Notes
Access time from RAS tRAc — 60 — 70 — 80 — 100 ns 67
Access time from CAS tcac — 20 — 20 — 20 — 26 ns 7.8
Access time from OF toaAc — 20 — 20 — 20 — 25 ns 7
Address access time taa — 3% — 3B — 40 — 45 nps 7.9
Read command setup time thgs 0 — 0O — 0 - 0 — ns
Read command hold time tRgw 0 — O — 0 — @ — ps 10
Read command hoid time tRgy 10— 10 — 10 — 10 — nps 10

referenced to RAS

RAS to column address delay time tpap 15 25 i5 35 15 40 15 55 ns 2

Column address to RAS lead time tga; 35 — 35 — 40 — 45 — ns
Column address to CAS lead time tga 35 — 3% — 40 — 45 — ns
Page mode cycle time tpc 45 — 45 — 50 — 55 — ns
CAS precharge time tcp 10 — 10 — 10 — 10 — ns
Access time from CAS precharge tagp =~ 40 — 40 — 45 — 50 ns

Page mode RAS pulse width trasp 60 100000 70 10000080 100000 100 100000 ns
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HM534251A Series

Write Cycle (RAM), Page Mode Write Cycle

HM534251A

-6 -7 -8 -10
Parameter Symbol Min Max MinMax MinMax Min Max Unit Notes
Write command setup time {WCS 0 — 0 — 0 — 0 — ns M
Write command hold time twen 15 — 15 — 16 — 15 — ns
Write command pulse width twp 15 — 15 — 15 — 15 — ns
Write command to RAS lead time  tgwy. 20 — 20 — 20 — 20 — ns
Write command to CAS lead time  tocw 20 — 20 — 20 — 20 — ns
Data-in setup time tos 06 — 0 — 0 — 0 — ns 12
Data-in hold time toH 15 — 15 — 15 — 15 — ns 12
WE to RAS setup time tws 0 — 0 — 0o — 0o — ns
WE to RAS hold time twH 10 — 10 — 10 — 10 — ns
Mask data to RAS setup time  tyg 0o - 0o — 0o — 0o — ns
Mask data to RAS hold time tMH 10 — 10 — 10 — 10 — ns
OE hold time referencedto WE  topy 20 — 20 — 20 — 20 — ns
Page mode cycle time tpe 45 — 45 — 50 — 56 — ns
CAS precharge time top 10 — 10 — 10 — 10 — ns
CAS to data-in delay time ttpp 20 — 20 — 20 — 20 — ns 13
Page mode RAS puise width tragp 60 100000 70 100000 80 100000 100 100000 ns
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HITACHI/ LOGIC/ARRAYS/MEM — _

HM534251A Series
Read-Modify-Write Cycle

HM534251A

-6 -7 -8 -10
Parameter Symbol Min Max MinMax MinMax Min Max Unit Notes
Read-modify-write cycle time  tgwe 175—  185—  200— 230 —  ns
RAS pulse width trRws 110 10000 120 10000 130 10000 150 10000 ns
(read-modify-write cycle)
CAS to WE delay time towp 45 — 45 — 45 — 50 — s M
Column address to WE delay time tawp 60 — 60 — 65 — 70 — ns 14
OE to data-in delay time tooo 20 — 20 — 20 — 20 — ns 12
Access time from RAS thac — 60 — 70 — 80 — 100 ns 6.7
Access time form CAS ttac — 20 — 20 — 20 — 25 ns 7.8
Access time from OE toAc — 200 — 20 —~ 20 — 25 ns 7
Address access time taa — 3 — 3 — 40 — 45 ns 7.9

RAS to column address delay time tgap 15 25 15 356 15 40 15 55 ns

Read command setup time thes O — 0 — 0 — 0o — ns
Write command to RAS lead time tgy 20 — 20 — 20 — 20 — ns
Write command to TAS lead time  teyw, 20 — 20 — 20 — 20 — ns
Write command pulse width twp 15 — 15 — 15 — 15 — ns
Data-in setup time tps 6 — 0 — 0 — 0 — ns 12
Data-in hold time toH. 5 — 15 — 15 — 15 — ns 12
OF hold time referenced o WE  topy 20 — 20 — 20 — 20 — ns
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HITACHI/ LOGIC/ARRAYS/MEM

HMS534251A Series

Refresh Cycle

HM534251A

-6 -7 -8 -10
Parameter Symbol Min Max MinMax MinMax Min Max Unit Notes
CAS setup time tcsg 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
CAS hold time tthg 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
RAS precharge to CAS hold time  tgpg 10 — 10 — 10 — 10 — ns
Read Transfer Cycle

HM534251A

% 7 8 -10
Parameter Symbol MinMax MinMax MinMax Min Max Unit Notes
DT hold time referencec to RAS tgpy 50 10000 60 10000 65 10000 80 10000 ns
DT hold time referencec to CAS tcpy 20 — 20 — 20 — 25 — ns
DT hold time referenced to tADH 25 — 25 — 30 — 30 — ns
column address '
DT precharge time totp 20 — 20 — 20 — 30 — ns
DT to RAS delay time topp 65 — 65 — 70 — 80 — ns
SC to RAS setup time tsrgs 25 — 25 — 30 — 30 — ns
15t SC to RAS hold time vtSRH 60 — 70 — 80 — 100 — ns
1st SC to CAS hold time tscH 25 — 25 — 25 — 25 — ns
1st SC to column address hold time  tgan 40 — 40 — 45 — 50 — ns
Last SC to DT delay time tspp 5 — 5 — 5 — 5 — ns
15t SC to DT hold time tspy 10 — 10 — 15 — 15 — ns
Serial data-in to 1st SC delay time  tgzg o — 0 - 0 — 0 — ns
Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — 10 — ns

733




E1E D EB 4496203 0021295 430 WEMHITP

HMB34251A Series HITACHI/ LOGIC/ARRAYS/MEM
Read Transfer Cycle (cont) ‘

HM534251A

-6 -7 -8 -10
Parameter Symbo! Min Max MinMax MinMax Min Max Unit Notes
SC access time tsca — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tso 5 — 5§ — 5 — 5 — ns
Serial data-in setup time tsis 0 — 0 - 0 — 0 — ns
Serial data-in hoid time tsiH 15 — 15 — 15 — 15 — ns

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

Column address to RAS lead time  tga. 35 — B — 40 — 45 — ns

DT high hold time from RAS precharge toyy 10 — 10 — 10 — 10 — ns 18

Pseudo Transfer Cycle, Write Transfer Cycle

HM534251A

-6 -7 -8 -10
Parameter Symbol Min Max MinMax MinMax Min Max Unit Notes
SE setup time referenced to RAS  tgg 0o — 0 — 0o — o - ns
SE hold time referenced to RAS tgyy 10 — 10 — 10 — 10 — ns
SC setup time referenced to RAS tgpg 25 — 25 — 30 — 30 — ns
RAS to SC delay time tspp 20 — 20 — 25 — 25 — ns
Serial output buffer turn-off time  tggz 10 40 10 40 10 45 10 50 ns
referenced to RAS
RAS to serial data-in delay time tg)p 40 — 40 — 45 — 50 — ns
Serial clock cycle time tscc 25 — 25 — 30 — 0 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
8C precharge time tscp 10 — 10 — 10 — 10 — ns
SC access time tsca — 20 — 22 _— 25 — 25 ns 15
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HITACHI/ LOGIC/ARRAYS/MEFR

HMS534251A Series

Pseudo Transfer Cycle, Write Transfer Cycle (cont)

HM534251A

-6 7 -8 -10
Parameter Symbol! Min Max MinMax MinMax Min Max Unit Notes
SE access time tgga — 20 — 22 — 25 — 25 ns 15
Serial data-out hoid tima tsoh 5 — 5 — 5 — 5 — ns
Serial write enable setup time  tgws 5 — 5 — 5 — 5 — ns
Serial data-in setup time tsis o — 0 - 0o — 0o — ns
Serial data-in hold time tsiH 15 — 156 — 15 — 15 — ns
Serial Read Cycle, Serial Write Cycle

HM534251A

-6 -7 -8 -10
Parameter Symbol Min Max MinMax MinMax Min Max Unit Notes
Serial clock cycle time tscc 26 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge width tscp 10 — 10 — 10 — 10 — ns
Access time from SC tgcA — 20 — 22 — 25 — 25 ns S
Access time from SE tgga — 20 — 22 — 25 — 25 ns
Serial data-out hold time tsoH 5 — 5 — 5 — 5 — ns
Serial output buffer turn-off tsgz — 20 — 20 — 20 — 20 ns 5
time referenced to SE
Serial data-in setup tire tsis 0o — 0 — 0 - 0 - ns
Serial data-in hold time: tSIH 15 — 15 — 15 — 15 — ns
Serial write enable setup time  tgws 5 — 5§ — 5 — 5 — ns
Serial write enable hold time tswH 15 — 15 — 15 — 15 — ns
Serial write disable setuptime  tgwis 5 — 5 — 5 — 5 — ns
Serial write disable hold time tswH 15 — 15 — 15 — 15 — ns
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HMS534251A Series HITACHI/ LOGIC/ARRAYS/MEN —
Notes: 1. AC measurements assume ty =5 ns.
2. When trep > trop (Max) or trap > trap (Max), access time is specified by fcac or taa.
3.V (min) and V|_(max) are reference levels for measuring timing of input signals. Transition
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15.
16.

17.

18.

time ty is measured between V| and V).

Data input must be floating bafore output buffer is turned on. In read cycle, read-modify-write
cycle and delayed write cycle, sither tpz¢ (min) or tpzo (min) must be satisfied.

torF1 (max), tofF2 (max) and tgez (max) are defined as the time at which the output acheives
the open circuit condition (Vo —100 mV, Vo, +100 mV).

Assume that tgep < trep (Max) and tgap < trap (Max). If trep of trap is greater than the
maximum recommended value shown in this table, trac exceeds the value shown.

Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

When tpep = trep (Mmax) and trap < trap (Max), access time is specified by toac.

When tpep < trep (Max) and tgap = trap (Max), access time is specified by taa.

. If either tgc of trRy is satisfied, operation is guaranteed.
. When twcs > tweg (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 tgpp (min) or topp (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.

. When tawp = tawp (min) and towp 2 tocwp (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 OE prior to applying
data to the device.

Measured with a load circuit equivalent to 2 TTL loads and 50 pF.

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

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

tprHH (Min) must be satisfied only if DT/OE rises up before RAS rises in a read transfer cycle.
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T HITACHI/ LOGIC/ARRAYS/NEN HMS534251A Series

Timing Waveforms

Read Cycle
tm i .
tras trp
RAS N 5
tos terp
tacp tRSH
_ N tcas y—
CAS Y
traD 1RAL teaL
y.tﬁ'l L tRA, | tasg i, Litcan
Address @( Row )@( Column
tres| tRAK |
sl lRCH
WE 2 tonc
taa tcop
tRac torFr
Vo Y " -
Valid Dout
Output A 'g
¢ ) toze toac
[e—B2C | torF2}e—
i/ N,
npuy S tozo h
020
o tD1g || fov
DTIOE /
@ : Don't care
Early Write Cycle
tre
laas le tRp
RAS N f X
Tcsn _torp |
_ 1ac0 N Icas B
CAS
[asajitran | tasc || ican

R R R R IR I KT TIT T KK T IR,
R Ty e 2aa e a a0 0 e 2 00NN,

Address@( R

OV
l\'g.L

Ns]
. (Output) i_tys
Mask id Di R LT TR R R IILITE IR IR EIITT LI L TLRS
(input) @( Data )@( Valid Din R R R KR RLLEIAK,

—e LM - -

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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HMS534251A Series
Delayed Write Cycle
tre
tras L the
RAS N ; N
tosH tcrp
taco tRsH
— t e
CAs tﬁ“—— tran 1 1asc _ lcan =
Address @( Row )@( Column W
tws || twi trwL Towe

WE @( 1 W twp

Vo

(Output) t t {pH
o s || v !

(input) \ Maslt‘Data@ Torez VahdtDm
L prs_|[lomH oo OEH
TOE

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

Read-Modify-Write Cycle

tawe
J— 1m trp
RAS N \_
— tRep tcrp
CAS { —
RG]
tasr|| tRak tasc ||tcan
Address @ Row Column DRI LXK IHAXAXKRAILK QQ(:
tws ||t I I tawp
_ Y tewp
WE m *1 tcac
taa
tRAC
o —
Output) —— T oo P Do
MH tpzc
et & — R
toop {OEH
oToE ZZF s REBISERIEE
BZR] : pont care
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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HMS34251A Series

Page Mode Read Cycle
tac
taasp .
——
RAS 3
tosH tec tcp
- tep
- 51 p!
CAS N tcas /] Nicas A taa X
1RAD 4 tcaL | tcaL 1
ASR | (Toam tasc) | tean tasc | |tcad A
| 2% |- S| O tasc e | GAH
address nowcaumn@@(m.umn)@@:CD.L.mn
) tRcs ! tﬁcs ! thcs tRAH Fef
Tl YACH [l | ool tRCH fwd | o 1ch::1
i B o~ tore g 7 NSRS
taa tace tace 3
tCAC fcac {cac = lOFF
;,& . V-L" ( Va) 3 Vaid Dout| )
tpu tozc teon L tpzc :m tozc tcop
toac |toFFe| toac |toFF2 toac -~
[t
1o R
P
(Input) XK iozQ h ‘
tots L | tot
ooE XS A ZEN L2
Page Mode Write Cycle (Early Write)
tac
tpase e tRP
—_— —
RAS N N
tcsH | tre b t
tRcD [ [ == N foae
CAS e I tcas %tms 7
| RAH tIAsc toan tasc . | tcan  tasc H
* T ¢ .09 O 0000090
acress TN romd@X commiE RN o KR o W LRI
tws ||tw t twen twes | twen, twes| | twe
e Bioel| | | AR
0 High-Z
Outputy ~tms Ton 1
Vomp [ &-‘ DS | F——|D tos oH
b Y va o N Vel o N vk O R s
tots v
DTOE e o e saoss

Note:

@ : Don't care

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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HITACHI/ LOGIC/ARRAYS/MEM—

HMS534251A Series
Page Mode Write Cycle (Delayed Write)
RAS
CAS
Address
WE
{Output)
0 i RO,
(Input) f N "20232:2’.9‘
lors
OT/0E R
: Don't care
Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle
when WE is low.

RAS-Only Refresh Cycle
tac
tras
—_— X
RAS \
terp
e Y
Cas t t
sk || taan
‘o;0;.:.'.'.0‘%0"‘0‘0;05.;;0‘0;0‘0;0; X T
Address m& Row R R R R R LIRS,
torF1
[1]o]
{Output)
tcoo
Vo LOFF2 Laul
(Input) topo i
tors ([ tom |
_— = O, S 000
DIOE S5 RS
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HMS534251A Series

CAS-Before-RAS Refrresh Cycle

\ RC
trp d tRAS lo__tRP

_— A
RAS { tapc J? \_

icp tcsh | _tewn tRPG|+—o L]
—— = d -
CAS y \B3 intiot Falling Transition

f

Address B R R R SRR R B R R R R I E LKA R IR EIIRRR X XEITTR RRRIRKRR,

R e R R X IR I RIHAX I IRK,

— DO VTG O O G T T TGTE G O GG VGG O O O T VTG D O O G IITGTG O O GV T GG Y WY VT
K XA A AL 00300, AP CH XK K AL X
WE m@ 0..'o?0?020202020.9.?.?0202020:0.9090?0202020:0.9090.0?024’2%9.?0?0?0!030:%9.?.? :020:’: o0s% 2% 20:':
{OFF1
(Cupury S s
(Output)
SFAE R R o R T R R R o R S S K R TR R B I
DTl SR R e R e s
@ : Don't care
Hidden Refresh Cycle
the thc
tRas tre tras |lo_trP
— D— 2 Y -
RAS N p \ N\
taco tASH {CHR tere
_— S ' 4
CAS tRAD  tpay [ /
t
ASR 11 IRaH el Ttean

ro { Valid Dout
R
(Output) tozc toac) orre
o X
(|npu() ;8&%8 tozo
L tors | tomn
oTioE 3 KA

: Don't care
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HMS534251A Series HITACHI/ LOGIC/ARRAYS/M
Read Transfer Cycle (1)
e
tRAS trpP
RAS N / \
tesH tcre
trep tAsH
—— tcas
CAS N\ 1'
tRAD tRAL
taASR || tRaH tasc|itcaun
address TN Fow N GRERRE5550858 K [
tws |itwH
wE XS R o 5853
Vo High-Z toTHH
{Output) tcoH toRD
toTs taon tote
tROH
DT/0E \ ; RIS,
tsce tsce tscc tscc I
'ﬁ{—‘ﬁﬂ’—— tsoo [ tsom_
sC \ \ \
— tsca ! tsca { tsca { tsca
tsoH | 1. I 1SOH | tsoH I.LSO_H..
s10 Vaiid &m@migﬁ@vmm Sout JEZZ A Valid Sout (Valid Sout Koo
1 I L)
(Cutput) I t Previous Row ~—— New Row
SO
{Input)

@ : Don't care
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HM534251A Series

Read Transfer Cycle (2)

Address

WE
o]
{Output)

DT/OE

sC
SO
{Output)

SO
{Input)

trc
tRAS tap
_ﬁ |
A |
tesH tcre
trcD tRSH
tcas
\ /
trAD tRAL
tASR | tran asc| [toan
R R R R R R R XTI SRR IR R KRR IR T T
S22 Raw N e e e oA oISt a0 e
tws ||twn
AL XA X X
% 55 5 55
High-Z toTHH
tot torp
tors tore
tscH
tsan
Isks tsoH tsce
tsc tscp || tsc _ , tscp
d Inhibit Rising Transition i \L /
f RS 9 1scA tsca
tSRH

tsis

SIRERTTLRIIL

% T T T T T T N N T
e et et Lt tete et

isoH
LK Vaiid Sout X

@ : Don't care
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HMS534251A Series
Pseudo Transfer Cycle

Isc || tscp

High-Z

tsws

1scp

1SAD|e—-|

fion S

Inhibit Risin,

g Transi

&

2
i

SRITST R AKKT
Dodedeleseinseste!
hototetetotededed

tso

€2

ts:
tEH

tsrz

tots

(Output)

DT/OE

1

Valid Sout

@ : Don't care
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HMS534251A Series
Write Transfer Cycle
trc
— ras tRp
RAS e —
N |
igsh tcrp
_ tReD tRsH
CAS ‘ p feas f

Address %%@

o
(Output)
tots

G N

SE
tsce
ISWS [or—ee] itsc tsc tsce
sc e N N
SKo
(Output)  tsis |[tan tsis Eﬁ, 'I§'I§’ 13311
oy et smpGRERT TR (vaia sm)CZHvao sk

- + &
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HMS534251A Series HITACHI/ LOGIC/ARRAYS/MEN

Serial Read Cycle

s - \
) tscc

tscc o tsce
isc tsee || tsc Iscp tsc_j|_ lscp .ﬁl_q\—
i
/ t 4 teca
o ISEA T

SC A tsca -

tsez tsoH
.&.} tscA
S0 . y X vah IS
{Output) Valid Sout ;@ Valid Sout = alid Sout §®q s
@ : Don't care
Serial Write Cycle
tswH tswis, | tswi tsws
_ oy ey o
SE
tsce 1scc tscc tsc
tscﬁlicp sitsc n -sC
sC N tsce A L tscp_ 2
tsis_|| tsH tsis || tsmH tsis | |tsm
oy S Valig sin (€ valid Sin @{ Valid Sin
@ : Don't care
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