HM534251B Series

262144-word x 4-bit Multiport CMOS Video RAM

HITACHI

Rev. 0.0
Dec. 1, 1995

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

¢ Multiport organization
Asynchronous and simultaneous operation of RAM and SAM capability
RAM: 256-kword X 4-bit
SAM: 512-word X 4-bit
¢ Access time
RAM: 60 ns/70 ns/80 ns/100 ns max
SAM: 20 ns/22 ns/25 ns/25 ns max
¢ Cycle time
RAM: 125 ns/135 ns/150 ns/180 ns min
SAM: 25 ns/25 ns/30 ns/30 ns min
¢ 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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HMS534251B Series

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
e
SC O 1 28 [J Vgg /o2 2 ——— 1 NC
SI/00 O 2 27 [0 SI/O3 SE 4 3 /03
SI/01 O 3 26 [ Sl/02 sS/o3 6 ——— 5 SlI02
DT/OE [ 4 25 [ SE sc 8 7 Vss
/00 4 5 24 [ /O3 s/o1 10 9 SlIoo
/01 O 6 23 [ 1/02 /oo 12 11 DT/OE
WE [ 7 22 [0 NC WE 14 13 1/O1
NC ] 8 21 [0 CAS RAS 16 15 NC
RAS [] 9 20 O NC A6 18 17 A8
A8 ] 10 19 1 A0 A4 20 19 A5
A6 O 11 18 [ A1l A7 22 21 Vce
A5 [0 12 17 1 A2 A2 24 23 A3
A4 [} 13 16 [ A3 A0 26 25 A1
Vee U 14 15 [ A7 CAS 28 27 NC
(Top View) ~1
(Bottom View)
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HMS534251B Series

Pin Description

Pin Name Function

A0 - A8 Address inputs

/00 — 1/1O3 RAM port data inputs/outputs
SI/00 — SI/O3 SAM port data inputs/outputs
RAS Row address strobe

CAS Column address strobe

WE Write enable

DT/OE Data transfer/Qutput 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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HMS534251B Series

Pin Functions

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

Table 1. Operation Cycles of the HMS534251B

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’tcare.

impedance of I/0 in RAM.

A0-AS8 (input pins): Row address is determined by AO-AS8 level at the falling edge of RAS. Column
address is determined by A0O-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 HM534251B 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).

I/00 - 1/03 (input/output pins): I/0O pins function as mask data at the falling edge of RAS (in mask write
mode). Data is written only to high I/O pins. Data on low I/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 OE

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

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

HITACHI
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HMS534251B Series

SE (input pin): SE pin activatess 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.

S1/00-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 HM534251B

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 (t,,) and RAS to column address delay

time (tzop) 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)
e 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/0 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 I/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/0O does not become high impedance in this cycle, so data should be entered with OE in high.

If WE is set low after toyp, (min) and t,y,, (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 I/O
contention, data should be input after reading data and driving OE high.

e 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/0. Whether or not an I/0 is written depends on I/0 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.

HITACHI
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HMS534251B Series

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
(txa), RAS to column address delay time (tg,p), 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 ty,gp 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 tgn, (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 1.).

HITACHI
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RAS /
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SAM Data before Transfer SAM Data after Transfer

Figure 1. 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;g (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 tgy, (min) after RAS becomes low to avoid data contention. SAM access
becomes enabled after tgy,, (min) after RAS becomes high. In this cycle, SAM access is inhibited 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 a row 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 access is 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.

HITACHI
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HMS534251B Series

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 is incremented by the SC rising. After indicating the last address (address
511), the internal pointer indicates address O at the next access.

Serial Write Cycle

If previous data transfer cycle is 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) m-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. In this cycle, refresh
address need not to be input through external circuits because it is input through an internal refresh
counter. In this cycle, output is in high impedance and power dissipation is lowered because CAS circuits
don’t operate.

(3) Hidden Refresh Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating

RAS when DT/OE and CAS keep low in normal RAM read cycles.

SAM Refresh

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

HITACHI
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Terminal voltage™ V; -1.0t0 +7.0 \Y
Power supply voltage™ Vo -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 -55to0 +125 °C

Note: 1. Relative to V.

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

Parameter Symbol Min Typ Max Unit
Supply voltage™ Vo 45 5.0 55 \Y
Input high voltage™ Vi 24 — 6.5 \Y%
Input low voltage™ \'A -0.5% — 0.8 v

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

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

HM534251B
-6 -7 -8 -10 Test Conditions
Parameter Symbol Min Max Min Max Min Max Min Max Unit RAM Port SAM Port
Operating lecs — 7% — 70 — 60 — 55 mA RAS, CAScycling SC=V,,
current tre = Min SE=V,
leosr — 125 — 120 — 100 — 95 mA SE=V,,
SC cycling
tscc = min
Standby current lgg, — 7 — 7 — 7 — 7 mA RAS,CAS=V, S8C=V,,
SE=V,
loos — 50 — 50 — 40 — 40 mA SE=V,,
SC cycling
tscc = Min

HITACHI
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DC Characteristics (Ta =0 to +70°C, V.=5V £10%, Vi, =0 V) (cont)

HM534251B
-6 -7 -8 -10 Test Conditions
Parameter Symbol Min Max Min Max Min Max Min Max Unit RAM Port SAM Port
RAS -only locs — 75 — 70 — 60 — 55 mA RAS cycling SC =V,
refresh current CAS =V, SE=V,
tpe = Min
leco — 1256 — 120 — 100 — 95 mA SE=V,,
SC cycling
tscc = Min
Page mode loca — 80 — 80 — 70 — 65 mA CAS cycling SC=V,,
current RAS =V, SE=V,
tpe = Min
leoro — 130 — 130 — 110 — 105 mA SE=V,,
SC cycling
tscc = Min
CAS -before- |, — 50 — 45 — 40 — 35 mA RAScycling SC=V,,
RAS refresh the = Min SE=V,
current
leors — 100 — 95 — 80 — 75 mA SE=V,,
SC cycling
tscc = min
Data transfer lecs — 8 — 75 — 65 — 60 mA RAS,CAScycling SC=V,,
current tpe = Min SE=V,
leoia — 130 — 125 — 105 — 100 mA SE=V,,
SC cycling
tscc = Min
Input leakage |, -0 10 -10 10 -10 10 -10 10 QpA
current
Output leakage |, -10 10 -10 10 -10 10 -10 10 pA
current
Output high Von 24 — 24 — 24 — 24 — V lop = 2 MA
voltage
Output low A\ — 04 — 04 — 04 — 04 V lo = 4.2 mA
voltage

Notes: 1. I, depends on output loading 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.

HITACHI
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Capacitance (Ta = 25°C, V.. =5V, f =1 MHz, Bias: Clock, I/O = 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 Characteristics (Ta = 0to +70°C, V.. =5V +10%, V4, =0 V)" "°

Test Conditions

¢ Inputrise and fall time: 5 ns

e Inputpulse levels : Vg to 3.0 V

¢ TInput timing reference levels: 0.8 V,24V
¢ Qutput timing reference levels: 0.8 V,2.0V
¢ Qutput load: See figures

+5V +5V

lon=—2 mA lop=—2 MmA
—_— -

loL = 4.2 MA
o=l

1/0

loL = 4.2 MA
x SI/0

Output Load (A) Output Load (B)

Note: 1. Including scope & jig.

HITACHI
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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  tg¢ 125 — 135 — 150 — 180 — ns
RAS precharge time tee 55 — 55 — 60 — 70 — ns
RAS pulse width tans 60 10000 70 10000 80 10000 100 10000 ns
CAS pulse width toas 20 — 20 — 20 — 25 — ns
Row address setup time task 0o — 0o — o — 0o — ns
Row address hold time tran 10 — 10 — 10 — 10 — ns
Column address setup time fasc 0 — 0 — 0 — 0 — ns
Column address hold time toan 15 — 15 — 15 — 15 — ns
RAS to CAS delay time trco 20 40 20 50 20 60 20 75 ns 2
RAS hold time referred to CAS tqg, 20 — 20 — 20 — 25 — ns
CAS hold time referred to RAS tgg, 60 — 70 — 80 — 100 — ns
CAS to RAS precharge time tome 10 — 10 — 10 — 10 — ns
Transition time (rise to fall) tr 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 tory 10 — 10 — 10 — 10 — ns
Data-in to CAS delay time toze 0o — 0o — 0o — 0o — ns
Data-in to OE delay time tozo 0o — 0o — 0o — 0o — ns
Output buffer turn-off delay torrs — 20 — 20 — 20 — 20 ns
referred to CAS
Output buffer turn-off delay torro — 20 — 20 — 20 — 20 ns 5
referred to OE

HIT%CHI
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Read Cycle (RAM), Page Mode 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 toac — 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 — 0 — 0 — ns
time
Read command hold time  t, 0 — 0 — 0 — 0 — ns 10
Read command hold time  tggy, 10 — 10 — 10 — 10 — ns 10
referred to RAS
RAS to column address gy, 15 25 15 35 15 40 15 55 ns 2
delay time
Column address to RAS  tg., 35 — 35 — 40 — 45 — ns
lead time
Column address to CAS  t.,, 35 — 35 — 40 — 45 — ns
lead time
Page mode cycle time tpc 45 — 45 — 50 — 55 — 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 tweos 0 — 0 0 — 0 — ns 11
time
Write command hold time  ty,cy 15 — 15 15 — 15 — ns
Write command pulse twe 15 — 15 — 15 — 15 — ns
width
Write command to RAS trwe 20 — 20 20 — 20 — ns
lead time
Write command to CAS  tg,, 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 tws 0 — 0 0 — 0 — ns
WE to RAS hold time tym 10 — 10 10 — 10 — ns
Mask data to RAS setup  tyg 0 — 0 — 0 — 0 — ns
time
Mask data to RAS hold tam 10 — 10 10 — 10 — ns
time
OE hold time referred to  tyg, 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 ., 20 — 20 20 — 20 — ns 13
Page mode RAS pulse trase 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  tguc 175 — 185 — 200 — 230 — ns
time
RAS pulse width taws 110 10000 120 10000 130 10000 150 10000 ns
(read-modify-write cycle)
CAS to WE delay time towo 45 45 45 50 — ns 14
Column address to WE  tap 60 — 60 — 65 — 70 — ns 14
delay time
OFE to data-in delay time  tgy 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 tosc — 20 — 20 — 20 — 25 ns 7
Address access time tan — 35 — 35 — 40 — 45 ns 7,9
RAS to column address  tgap 15 25 15 35 15 40 15 55 ns
delay time
Read command setup trecs 0 — 0 — 0 — 0 — ns
time
Write command to RAS trwe 20 — 20 — 20 — 20 — ns
lead time
Write command to CAS towe 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  t, 20 — 20 — 20 — 20 — ns
WE
HITACHI
16

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HMS534251B Series

Refresh Cycle

HM534251B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
CAS setup time tesm 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
CAS hold time tenm 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  tgp, 20 — 20 — 20 — 25 — ns
CAS
DT hold time referredto  tapy 25 25 30 — 30 — ns
column address
DT precharge time tore 20 — 20 — 20 — 30 — ns
DT to RAS delay time tomo 65 — 65 — 70 — 80 — ns
SC to RAS setup time ters 25 25 30 — 30 — ns
1st SC to RAS hold time  tgp, 60 — 70 — 80 — 100 — ns
1st SC to CAS hold time  tgg, 25 25 25 25 ns
1st SC to column address  tgay 40 — 40 — 45 — 50 — ns
hold time
Last SC to DT delay time  tgy, 5 - 5 - 5 — 5 — ns
1st SC to DT hold time teom 10 — 10  — 15  — 15 — ns
Serial data-in to 1st SC tezs 0 — 0 — 0 — 0 — ns
delay time
Serial clock cycle time tsce 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge time tsce 10 — 10 — 10 — 10 — ns
SC access time tsca — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time teom 5 — 5 — 5 — 5 — ns
Serial data-in setup time tas 0 — 0 — 0 — 0 — ns
Serial data-in hold time e 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.,, 35 — 35 — 40 — 45 ns
lead time
DT high hold time from tormn 10 — 10 — 10 — 0 — ns
RAS precharge

HIT%CHI
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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
@etup time referred to  tgg 0 — 0 — 0 — 0 — ns
RAS
SE hold time referredto  t, 10 — 10 — 10 — 10 — ns
RAS
SC setup time referred to  tggg 25 — 25 — 30 — 30 — ns
RAS
RAS to SC delay time tsro 20 — 20 — 25 — 25 — ns
Serial output buffer turn-off g, 10 40 10 40 10 45 10 50 ns
time referenced to RAS
RAS to serial data-in delay tq 40 — 40 — 45 — 50 — ns
time
Serial clock cycle time tsco 25 — 25 — 30 — 30 — ns
SC pulse width tsc 5 — 5 — 10 — 10 — ns
SC precharge time tsce 10 — 10 — 10 — 10 — ns
SC access time tsca — 20 — 22 — 25 — 25 ns 15
SE access time teea — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — 5 — ns
Serial write enable setup  tgys 5 — 5 — 5 — 5 — ns
time
Serial data-in setup time tas 0 — 0 — 0 — 0 — ns
Serial data-in hold time tem 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 tsoc 25 — 25 — 30 — 30 — ns
SC pulse width teo 5 — 5 — 10 — 10 — ns
SC precharge width tsce 10 — 10 — 10 — 10 — ns
Access time from SC tsca — 20 — 22 — 25 — 25 ns 15
Access time from SE teea — 20 — 22 — 25  — 25 ns 15
Serial data-out hold time ~ tg, 5 — 5 — 5 — 5 — ns
Serial output buffer turn-off tsc, — 20 — 20 — 20 — 20 ns 5
time referred to SE
Serial data-in setup time tais 0 — 0 — 0 — 0 — ns
Serial data-in hold time tom 15 — 15 — 15 — 15 — ns
Serial write enable setup  tgys 5 — 5 — 5 — 5 — ns
time
Serial write enable hold tswn 15 — 15 — 15 — 15 — ns
time
Serial write disable setup  tgys 5 — 5 — 5 — 5 — ns
time
Serial write disable hold towin 15 — 15 — 15 — 15 — ns
time
Notes: 1. AC measurements assume t; =5 ns.

2.
3.

7.
8.
9.
10
11.

12.
13.

When trep > trep (Max) or tzap > trap (Max), access time is specified by te,e OF s

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), toree (Max) and tge, (Mmax) are defined as the time at which the output acheives the open
circuit condition (V,, —100 mV, V5 +100 mV).

Assume that typ < trep (Max) and tpyy, < trap (Max). If teep OF tryp 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 to., > toop (Max) and tg,, <ty (Max), access time is specified by tg,c.
When tgqp < taep (Max) and tg, 2 thy, (Max), access time is specified by t,,.

. If either t., of to, is satisfied, operation is guaranteed.

When t,cs 2 twes (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 tepp (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
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HMS534251B Series

14. When tyyp 2 tawe (Min) and teyp = towp (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. t,, (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. Hor L (H: V,, (min) £ V,, £ V,, (Max), L: V,, (min) <£V,, £V, (max))
@ Invalid Dout

Timing Waveforms *"7

Read Cycle
tre
tras trp
I
RAS N J \
tosH terp
tRcD tRsH
I X tcas /
CAS + X T 7
RAD RAL teaL
tAsR trRAH tasc tcan
Address ZX)E: Row :@( Column }(>< ><X
‘ tRCS tRRH !—
tReH

WE \
WE ></f tcac

‘ tan teop

‘ trac toFF1
10 e , \
(Output) tore " { Valid Dout );

torre
> (XX
(Input) tnzo
tors | |_ totH

oricE X/ N /

HITACHI
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HMS534251B Series

Early Write Cycle
tre
tras I trp
RAS \ / \
tesH -tCL,
treD tRsH

_ \ tcas s
CAS t t N 7

ASR | | tRAH tasc tcAH

s \ s

Address @\ Row ,@‘ Column }(>< X

tws, | | twH twes | | twen|
E— \
WE T J 2
/o High-Z
(Gutput) tMs tMH t

tps DH

Z(r?put) @:t Mask tData X)X vaiiabin XX
DTS DTH
s Lo

orioe O/ \

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

Delayed Write Cycle
tre
tras L trp
N\
RAS \ 7 N\
[ tere

treD tRsH
— \ tcas /
CAS ; . \- -/

ASR RAH tasc tean

Address ZXX Row )@Z: Columun W ><X
tws H twh «tﬁL—‘tCWL
1

T G 07 o/ T

110 @
(Output) tus || twn toze tps || ton

{inputy  OOK_Mask Data XJ——— Z:X)% valid Din_ XX XX
rt_[ﬁ’ ‘ tpTH toop Lt%
ooe 7\ v %

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

HITACHI
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HMS534251B Series

Read-Modify-Write Cycle

trRwe
AS trws LLRP
X
N N
oo tCRP
CAS \ / o
tRAD X d
1ASR| | tRAH tasc_||tcaAH
Address XXX Row :@E Columun WW X ><

" tAWD tRwWL JJ
W, | | w 1RCg| tcwp towl
we IO N o [00000T
taa T
|
trac
E/gutput) {Valid Dout))
tMs || tMH tpze toac Ibs || toH
l{e] /s \ 7@% L
(input m&ﬁ%@tm ——{X valia o XOO00001
DTS toTH ™™ 1 toEH
e LI oDD

DT/OE W

NUAXXY

/

!\

X

Note: 1. This cycle becomes a hormal mode write cycle when WE is high and a mask
write cycle when WE is low.
Page Mode Read Cycle
tre
trasp trp
- —" S
RAS N t t t 7 N
CSH PC
tep RSH tcrp
tRCD Tl toas tep tcas 1|_teas
CAS St N 7 tRAL S( z
. tRAD | tcAL | tcAL ToAL
ASR : ‘
o] .t.RAH TAS_Q <t—C>AH tASE - tcan tasc tcaH
Address QX Rowj@( Columun WX)E Columi Columun ><><
tres trcs tres tRRH |
- | TRCH e | tRCH ] | Tom tRoH :j
WE tRac_ torF1 \o taa toFE tAa
tAA ‘ tacp il tacp
tcac tcac tcac
/O { Valio Y {Vaid} 7
(Output) \_Dout # \_Dout # 3
tpzc 1CoD[Ly tpze 1CoD| <] toze
™o _toac_|torFz toac _[toFFz|| [ toac
/O AN NANNNNN
(|npu{) ></ETDZO g A’A‘A‘A‘A’A’
DTS IDTH
DT/OE 700N yINAN
HITACHI
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HMS534251B Series

Page Mode Write Cycle (Early Write)

tre
tRASP - trp
I Y\ zk—x
RAS N 7 \
tcsH tpc 1
tcp RSH tcrp
1RCD tcas | = icp | 1CAS | [ Nl deas =
CAS ; 7 N
A JLTAH tasc tcaH tasc ., tASCla_a luo fCAH

Address Column ><XCqumn Column

twes| | tweH twes| | twen twes| | twe
WE / ) L
110 High-Z
(Output) tms [[tMH  tDs ||tpH {DH tDH

> [ DS = DS+
110 Mask ) X / . R 4 N
(npuy QO valid Din X > )X XX Valid Din X X)X XX Valid Din X
DTS Lepl le o IDTH
— 7
DT/OE ﬁX/
Note: 1. This cycle becomes a normal mode write cycle when WE is high and a mask
write cycle when WE is low.

Page Mode Write Cycle (Delayed Write)

tRC
tRASP ) trP
— — %—3
RAS N : 7 N
CSH tpc tRSH
tep tcrP
treD toas | I tcp X loas y tcas
CAS / N / N
tash| | traritase |[—— tasc \t—7 tasc | o

] | tcAH |l CAH 3 tcAH

Address Romeolumn & X XCqumn XXColumn X>< ><><X
Jow| Jow| T
tws | |twH + towL

L s TWP twp twp
we X7 ) ) }I,V
110
(Output)  tmg | [tmH tpbs | |toH th_j toH tog ||1oH

[ [~ 4—‘ [y
/0 { Mask’ Valid {Valid Valid }
(Input) @ Data “’ " ><)§tDianl W >CK_}D%I W
tpTs toEH, |
oo (N
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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HMS534251B Series

RAS-Only Refresh Cycle

tre
tras trp
— c N
RAS N /| ___
tcrp trpc
CAS A X
task || tRaH

Address ><X Row —X><>< ><><>O/><X

toFF1
l[e]
(Output)

N

1tCDD
t e
yl(r?put) OFF2 - §:>< ><><
tors_||_torH, |
e 000 NG XX

CAS-Before-RAS Refresh Cycle

trRe
trP tRAS [ tRP

s \
e tRPC N M1RPC  yogp \_
tcp tcsr tcHR e

— / _Sr /><> Inhibit Falling TransitiorOQ@Sr
CAS
Address ><><

WE

/o toFF1 High-Z
(Output) £

DT/OE X X X

HITACHI
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HMS534251B Series

Hidden Refresh Cycle
tre tre
tRAS tRP tRAS L_trp
J— -\ N\
RAS N y N
trcD tRSH tCHR tcrP
CAS N /
1RAD _ tpa |
tASR tRAH tasC| | TCAH
A p !
Address )(t Row Column 7§<>Q< ><><>< ><><X
I tRCS|ex tRRH=" |
WE ‘ toae XXXX
taa
| tRAG tOFFl
s
/0 § Valid Dout ,S—
(Output) toze toac toFF2
/0 N
(Input) ><:(tDZO
| tors || toTH
—_ Y
prioE )0 O /X
Read Transfer Cycle (1)
tRC
trAs trp
—_ N
RAS N 7 \
tcsH tcrP
trRCD tRSH
N tcas v
CAS N\ /
tRAD tRAL
tASR || traH tasc| | tcaH
pocress JOOKRow XX ettt X X
tws ||twH ‘
e |
WE S \
/o High-Z ——L<—tDTHH
(Output) tcoH 1DRD
tpTs tADH toTP
o tRDH Ir Y
DT/OE \ 7 \ <
tscc tscc tsce tscc
tsbp tSDH tsc tscp
o ] ]
\ / \ / { \
s¢ tSCASt /liscA /| tsca /| _tscA — t
1SOH 1SoH 1SOH 1SOH SoH
\ -
e Valid Sout Koo X Valid Sout X X Valid Sout Koo X Valid Sout ) Valid Sout
(Output) Previous Row — ~—— New Row
SI/O
(Input)

HITACHI
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HMS534251B Series

Read Transfer Cycle (2)
trc
trAS tRP
_— —\
RAS N Y
tcsH tcrP
tRcD tRSH
- 3 tcas /
CAS \; /
trRAD tRAL

tASR | | tRAH tasc | | tcaH
Address X Row ’@‘ Sam Start ><X

( 7 \__Address #

tws || twH
o e
we O \

. IDTHH
110 High-Z e
tbrD
(Output) tots || toTH toTp
— = 7
prioE O\ /X XXX/ NN
tscH
tsaH
tsRs 1SDH tscc
tsc o tsop tsc tscp
Inhibit Rising Transition |
tsRH tson
Valid Sout

slio T T
(Output) Sl‘i _jIH tszs
sl/o Vald \
(Input) Sin f

HITACHI
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HMS534251B Series

Pseudo Transfer Cycle

RAS

CAS

Address

lje]
(Output)

DT/OE

SC

SI/0
(Output)

SI/0
(Input)

tRC
tRAS tRP
1\ N ——
N
N 7Z
tCSH tCRP
tRCD tRSH
3y tCAS
\
tASR tRAH tASC || tCAH
' s
SAM Start ><X
><>§t Row 7§<X>§( Address ,X
tws twH
\ / XX
High - Z
tDTS | [tDTH
XX\ 2 XXX AKX AKX AR A ALK AR A AK K
tSEZ o
tES tEH ‘ tsws|
4 < XXN
—_ N
tSRs tsro tscc
|-
tsc ‘ tSCP tsc , ,_tscp
|
Inhibit Rising Transition \ /i
tSCA - 7 S
tsRz
tSOH
n N
Saiid Valid Sout
\ tsID tsis || tsiH tsis ||tsIH
[ B e ] [t

XN

o Y AP 7
Valid Sin 4@ Valid Sin
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HMS534251B Series

Werite Transfer Cycle
tRC
tRAS tRP
_ \ e\
RAS S\ 72 e
tcsH tcRP
tRCD tRSH
I X tcas /
CAS NS 7/
tASR | | _tRAH tASC || tCAH
f 3 f SAM Start  }
Address ><><X( Row 7@( Address ;W ><X
tws twH
WE \ /X XX
1/0 High-Z
Output
( P ) tDTS tDTH
oot TN/
tEs tEH tsws
SE ;ZS />< X
IsRs tSRD tsce
lS_V‘.’SlSC—.‘ tscp tsc tscp
4 A o r 4
SsC v/ \>< Inhibit Rising Transition \ 7/ \( Y
SI/O
t
(Output S8, |1 tsis | [tsIH tsis | | tsiH
T, GIE a5 X000K vala sin X
w0, s X Rk v KT vate o
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HMS534251B Series

Serial Read Cycle

_ / \
SE s tsce 5 v
tsc |1 tscp Il tsc | tscp tsc || tscp tsc |
4 le . k S )k
sC 7 tsca ‘S‘ J&‘ i tsEA /<—>13CA
tsoH tsez tsca - 1SOH |

SI/O0 ; - N i d . v Valid
(Output) Valid Sout E@g Valid Sout 2 { Valid Sout P<§>j ot

Serial Write Cycle

tswH lswis | tswiH tsws
|

S LSS O

tscc tscc tscc

tsc | tscp isc :ﬂso
SC iscp SE tscp 4
isis

tsIH tsis ||tsiH tsis | |tsiH

XX DX valid sin XXX valid sin- XX

tsc

SI/l0
(Input)

2 o
{ Valid Sin
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HMS534251B Series

Package Dimensions

HMS34251B]J Series (CP-28D) Unit: mm
18.17
18.54 Max
28 15
2 @
ol o
H| H
) [{e] 0
S| =
1 I 1477
0.74 ©
Al
= -
+ o ay
1.30 Max 3 s o
o o N
| Q | E—
o
AAARARAAY G .
0.43£0.10,| 9.40 + 0.25
~[0.10]
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HMS534251B Series

HMS534251BZ Series (ZP-28) Unit: mm

1HHHHUHHHHHUHHHHUWUHHHUUHUUM28
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