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Description

The HM538123B is a 1-Mbit multiport video RAM equipped with a 128-kwoBibit dynamic RAM and a
256-word x 8-bit SAM (seral access memory). Its RAM an8AM opeate independently and
asynchronously. It can transfer data between RAMSNA. In addtion, it has two modes to realize fast
writing in RAM. Block write and flash write modes clear the data of 4-waBebit and the data of one row
(256-word x 8-bit) respectively in one cycle of RAM. And the HM538123B makes split transfer cycle
possible by dividing SAM into two $ip buffers equipped with 128-word 8-bit each. This cycle can
transfer data to SAM which is not active, and enables a continuous serial access.

Features

» Multiport organization
Asynchronous and simultaneous operation of RAM and SAM capability
0 RAM: 128-kwordx 8-bit and
0 SAM: 256-wordx 8-bit
» Access time
0 RAM: 60 ns/70 ns/80 ns/100 ns max
0 SAM: 20 ns/22 ns/25 ns/25 ns max
e Cycle time
0 RAM: 125 ns/135 ns/150 ns/180 ns min
0 SAM: 25 ns/25 ns/30 ns/30 ns min
e Low power
0 Active RAM: 413 mW max
SAM: 275 mW max
0 Standby 38.5 mW max
« High-speed page mode capability
« Mask write mode capability
« Bidirectional data transfer cycle between RAM and SAM capability
e Split transfer cycle capability
« Block write mode capability
« Flash write mode capability



HM538123B Series

» 3 variations of refresh (8 ms/512 cycles)

0 RAS-only refresh
O CAS-beforeRAS refresh
O Hidden refresh

e TTL compatible

Ordering Information

Type No. Access Time Package
HM538123BJ-6 60 ns 400-mil 40-pin plastic SOJ (CP-40D)
HM538123BJ-7 70 ns
HM538123BJ-8 80 ns
HM538123BJ-10 100 ns
HITACHI
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Pin Arrangement

HM538123BJ Series

scl1 40 [ Vss
siyoo [ 2 39 [1 SIo7
syo1l 3 38 [] SI/06
sio2 [ 4 37 [1 SI/05
sio3 0 5 36 [] SI/04
DT/OE L[] 6 351 SE
yool 7 34 [11/07
o1l 8 33 [J /06
o2 9 32 [1 /05
110310 31 [ /o4
Vee I: 11 30 :l Vss
WE [J12 29 [ DSF
Nc [ 13 28 [INC
rRAS [ 14 27 [1 CAS
Nc [ 15 26 [1 QSF
Asl]16 25 [1 A0
A6 17 24 1Al
A5 [] 18 23 [1 A2
A4 19 22 [1 A3
Vee [ 20 21 [ A7
(Top View)

Pin Description

Pin Name Function

A0 — A8 Address inputs

1/100 - 1/07 RAM port data inputs/outputs
SI/00 - SI/O7  SAM port data inputs/outputs
RAS Row address strobe

CAS Column address strobe

WE Write enable

DT/OE Data transfer/Output enable
SC Serial clock

SE SAM port enable

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

Vo Ground

NC No connection
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Block Diagram
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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 eRlg&.ofThe input level of these signals
determine the operation cycle of the HM538123B.

Table 1 Operation Cycles of the HM538123B

Input Level At The Falling Edge Of RAS

DSF At The Falling Edge Of

CAS DT/OE WE SE DSF CAS Operation Mode

L X X X X — CBR refresh

H L L L L X Write transfer

H L L H L X Pseudo transfer

H L L X H X Split write transfer
H L H X L X Read transfer

H L H X H X Split read transfer
H H L X L L Read/mask write
H H L X L H Mask block write
H H L X H X Flash write

H H H X L L Read/write

H H H X L H Block write

H H H X H X Color register read/write

Note: X; Don't care

CAS (input pin): Column address and DSF signal atelied into chip at the falling edge @S, which
determines the operation mode of HM538128BAS controls output impedance of I/O in RAM.

AO — A8 (input pins): Row address (AX0 — AX8) is determined by AO — A8 level at the falling edge of
RAS. Column address (AYO — AY7) is determined by A0 — A7 level at the falling edga%f In transfer
cycles, row address is the address on the word line which transfers da&AMttata register, and column
address is the SAM start address after transfer.

WE (input pin): WE pin has two functions at the falling edgeRAS and after. WheWE is low at the
falling edge ofRAS, the HM538123B turns to mask write mode. According to the 1/0 level at the time,
write on each I/O can be maskedVH level at the falling edge &AS is don't care in read cycle.) When
WE is high at the falling edge ®AS, a normal write cycle is executed. After tH&E switches read/write
cycles as in a standard DRAM. In a transfer cycle, the direction of transfer is determiwégl Ibyel at

the falling edge oRAS. WhenWE is low, data is transferred fro®AM to RAM (data is written into
RAM), and wherWE is high, data is transferred from RAM to SAM (data is read from RAM).
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/00 — /07 (input/output pins): 1/0 pins function as mask data at the falling edgR4$ (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. In block write cycle,
they function as address mask data at the falling edgasf

DT/OE (input pin): DT/OE pin functions adT (data transfer) pin at the falling edgeRAS and asOE
(output enable) pin after that. Wh®T is low at the falling edge AQAS, this cycle becomes a transfer
cycle. WherDT is high at the falling edge ®AS, RAM and SAM operate independently.

SC (input pin): SC is a basic SAM clock. In a gdrread 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.

SE (input pin): SE pin activateSAM. WhenSE is high, SI/O is in the high impedance state in serial read
cycle and data on SI/O is not fetched into 8#&M data register in serial write cycle&S8E can be used as a
mask for serial write because internal pointer is incremented at the rising edge of SC.

SI/O0 — SI/O7 (input/output pins): SI/Os are input/output pins in SAM. Bation 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.

DSF (input pin): DSF is a secial function data input flag pin. It is set to high at the falling eddeAsf
when new functions such as color register read/write, split transfer, and flash write, ar®88eis. set to
high at the falling edge &fAS when block write is executed.

QSF (output pin): QSF outputs @ta of address A7 iISAM. QSF is swiched from low to high by
accessing address 127 in SAM and from high to low by accessing 255 address in SAM.
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Operation of HM538123B

RAM Read Cycle (DT/OE high,CAS high and DSF low at thelling edge oRAS, DSF low at thedlling
edge ofCAS)

Row address is entered at IRAS falling edge and column address at @S falling edge to the device as
in standard DRAM. Then, wheWE is high andDT/CE is low while CAS is low, the selected address data
outputs through 1/O pin. At the falling edge RAS, DT/OE andCAS become high to distinguish RAM
read cycle from transfer cycle and CBR refresh cycle. Address access, Jra@dRAS to column address

delay time (t,,) specifications are added to enable high-speed page mode.

RAM Write Cycle (Early Write, Delayed Write, Read-Modify-Write) (DT/OE high, CAS high and DSF
low at the falling edge dAS, DSF low at the falling edge GfAS)

« Normal Mode Write CycleWE high at the falling edge &®AS)

WhenCAS andWE are set low after drivinBAS low, a write cycle is executed and I/O data is written
in the selected addresses. When all 8 1/0Os are writtErshould be high at the falling edgeRAS to
distinguish normal mode from mask write mode.

If WE is set low before th€AS falling edge, this cycle becomes an early write cycle and 1/0 becomes
in high impedance. Data is entered at@% falling edge.

If WE is set low after th€AS falling edge, this cycle becomes a delayed write cycle. Data is input at
the WE falling. 1/0 does not become high impedance in this cycle, so data should be enter@H inith
high.

If WE is set low aftert, (min) and f,,, (min) after theCAS 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/0 contention, data should be input after reading data and dBriggh.

« Mask Write Mode WE low at the falling edge d@AS)
If WE is set low at the falling edge BAS, the cycle becomes a mask write mode which writes only to
selected 1/0. Whether or not an 1/O is written depends on I/O level (mask data) at the falling edge of
RAS. Then the data is written in high /O pins and masked in low ones and internal data is retained.
This mask data is effective during tRAS cycle. So, in high-speed page mode, the mask data is
retained during the page access.
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High-Speed Page Mode CycléDT/OE high,CAS high and DSF low at the falling edgeRAS)

High-speed page mode cycle reads/writes the data of the same row address at high speed bgASggling
while RAS is low. Its cycle time is one third of the random read/write cycle. In this cycle, read, write, and
block write cycles can be mixed. Note that address access {neRAS to column address delay time
(t..o), and access time fro@AS precharge (t,) are added. In onRAS cycle, 256-word memory cells of

the same row address can be accessed. It is necessary to specify access frequengy, wigxr{X00 ps).

Color Register Set/Read Cyclg[CAS high, DT/OE high, WE high and DSF high at thalfing edge of
RAS)

In color register set cycle, color data is set to the internal color register used in flash write cycle or block
write cycle. 8 bits of internal color register are provided at each I/0O. This register is composed of static
circuits, so once it is set, it retains the data until reset. Color register set cycle is just as same as the usual
write cycle except thaDSF is set high at thelling edge olRAS, and read, early write and delayed write

cycle can be executed. In this cycle, HM538123B refreshs the row address fetched at the falling edge of
RAS.

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

In a flash write cycle, a row of data (256-word-bit) is cleared to O or 1 at each I/O according to the data

of color register mentioned before. It is also necessary to mask I/0 in this cycle. OAB@mdDT/OE is

set high,WE is low, and DSF is high at thalfing edge olRAS, this cycle starts. Then, the row address to
clear is given to row address and mask data is given to /0. Mask data is as same as that of a RAM write
cycle. High 1/O is cleared, low I/O is not cleared and the internal data is retained. Cycle time is the same
as those of RAM read/write cycles, so all bits can be cleared in 1/256 of the usual cycle time. (See figure
1)
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RAS

CAS

Address (X Row)X))OOOCOGOONAOOO xi_XOCAO000ONXRK X1 XXOOOOGOOANNX

we (/]
DT/OE {/
psF {/
o

Color Register Set Cycle

L

Flash Write Cycle |

*7

Flash Write Cycle |

I /4

AR

NOOXXKXL

VO /000N

/XXXXKCROQOUNHN

/ XXOOUOOCUNN0

A\ J

NSRRI

\

\ XXX

A\

OO

X Color DataX ><>< *1

X X1

XX

Set color register

Execute flash write into each
1/0 on row address Xi using
color resister.

Execute flash write into
each 1/0O on row address
Xj using color resister.

Figure 1 Use of Flash Write

Block Write Cycle (CAS high, DT/OE high and DSF low at thealling edge ofRAS, DSF high at the
falling edge ofCAS)

In a block write cycle, 4 columns of data (4-wev@-bit) is cleared to 0 or 1 at each 1/O according to the
data of color register. Column addresses AO and Al are disregarded. The data on I/Os and addresses can

be masked. I/O level at the falling edgedz{S determines the address to be cleared. (See figure 2.)

« Normal Mode Block Write CycleWE high at the falling edge ®AS)
The data on 8 1/Os are all cleared wi¥éR is high at the falling edge ®AS.
« Mask Block Write Mode WE low at the falling edge d@AS)

WhenWE is low at the falling edge ®&AS, HM538123B starts mask block write mode to clear the data
on an optional /0. The mask data is the same as that of a RAM write cycle. High I/O is cleared, low

I/O is not cleared and the internal data is retained. The mask data is availabRAS ttycle. In
page mode block write cycle, the mask data is retained during the page access.
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Color Register Set Cycle Block Write Cycle Block Write Cycle

RAS T S\
cas o N/ N__/ N/
Adcress {XRowX000000000U00TXRom ) Cotam Az} 000X RowX i) Goum Az ) T
we 7\ /0T X X1 XXOC000N
DricE 7 OO N N

pse O/ \XOOOO0O0000 /Y VA0 NG
I/0 ><><><><><><XColor DataX><><><>< *1 WAddress MastXXX)( *1 >®<Address Mast><><><

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

Low: Mask
High: Non Mask
Address Mask Data
1/00 | ColumnO (A0 = 0, Al = 0) Mask Data
/01 | Columnl (A0 =1, Al = 0) Mask Data |Low: Mask
1/02 | Column2 (AO = 0, Al = 1) Mask Data
I/O3 | Column3 (AO = 1, Al = 1) Mask Data | High: Non Mask

Figure 2 Use of Block Write

Transfer Operation

The HM538123B provides the read transfer cycle, split read transfer cycle, pseudo transfer cycle, write
transfer cycle and split write transfer cycle as data transfer cycles. These transfer cycles are set by driving
CAS high andDT/OE low at the falling edge &AS. They have following functions:

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

SAM start address must betdrmined by read transfer cycle or pseudo transfer cycle (split transfer cycle
isn’'t available) before SAM access, after power on, and determined for each transfer cycle.
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Read Transfer Cycle(CAS high, DT/OE low, WE high and DSF low at the falling edgeRAS)

This cycle becomes read transfer cycle by dridgOE low, WE high and DSF low at thefling edge of
RAS. The row address data (2%68-bit) determined by this cycle is transferredSaM data register
synchronously at the rising edgedT/OE. After the rising edge dbT/OE, the new address data outputs
from SAM start addressetiermined by column address. In read transfer cy®ROE must be risen to
transfer data from RAM to SAM.

This cycle can acce$&AM even during transferdnl time read transfer). In this case, the timigg(tnin)
specified between the laSIAM access before transfer amd/OE rising edge and.t, (min) specified
between the first SAM access ad@/OE rising edge must be satisfied. (See figure 3.)

When read transfer cycle is executed, SI/O becomes output state [§AMsaccess. Input must be set
high impedance beforg, ¢ (min) of the first SAM access to avoid data contention.

RAS /
CAS \ /
Address X Xi X Y X
pioe \- {

A AN

Slle} X X X X T v X vj+1

SAM Data after Transfer

SAM Data before Transfer

Figure 3 Real Time Read Transfer

Pseudo Transfer Cycle(CAS high, DT/OE low, WE low, SE high and DSF low at thealling 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 whe@AS is high,DT/OE low, WE low, SE high and DSF low at thelling edge oRAS.
Data should be input to SI/O later thag ¢min) afterRAS becomes low to avoid data contention. SAM
access becomes enabled aftgr ¢min) afterRAS becomes high. In this cycl8AM access is inhibited
duringRAS low, therefore, SC must not be risen.
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Write Transfer Cycle (CAS high, DT/OE low, WE low, SE low and DSF low at the falling edge 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 edBA®f The column address is
specified as the first address for serial write after terminating this cycle. Also in this $pdleaccess
becomes enabled aftey,t(min) afterRAS becomes high. SAMccess is inhibited durinRAS low. In

this period, SC must not be risen. Data transferr&htd by read transfer e or split read transfer cycle

can be written to other addresses of RAM by write transfer cycle. However, the address to write data must
be the same as that of the read transfer cycle or the split read transfer cycle (row address AX8). Figure 4
shows the example of row bit data transfer. In case AX8 is 0, data cannot be transferred RAM address
within the range of 100000000 to 111111111. Same as the case of AX8 = 1.

Split Read Transfer Cycle(CAS high, DT/OE low, WE high and DSF high at the falling edgeRAS)

To execute a continuous serial read by real time read transfer, HM538123B must satisfy SUGHRd
timings and requires an external circuit to det8A&M last address. $8pread transfer cycle makes it
possible to execute a continuous serial read without the above timing limitation. Figure 5 shows the block
diagram for a split transferSAM data register (DR) consists of 2 split buffers, whose organizations are
128-wordx 8-bit each. Let us suppose that data is read from upper data register DR1 (The row address
AX8 is 0 and SAM address A7 is 1.). Wheritspead transfer is executed setting row address AX8 0 and
SAM start addresses A0 to A6, 128-word-bit data are transferred from RAM to the lower data register
DRO (SAM address A7 is 0) autmtically. After data are read from data register DR1, data start to be read
from SAM start addresses ot register DRO. If the next split read transfer isn’t executed while data are
read from data register DRO, data start to be read $AM start address 0 of DR1 afteaitd are read from

data register DRO. If split read transfer is executed setting row address AX&Alshstart addresses A0

to A6 while data are read from data register DR1, 128-wo8ibit data are transferred to data register
DR2. After data are read from data register DR1, data start to be rea®Adghstart addresses of data
register DR2. If the next split read transfer isn't executed while data is read from data register DR2, data
start to be read from SAM start address O athdregister DR3 after data are read from data register DR2.

In this time,SAM data is the one transferred to data register DR3 finally while row address AX8 is 1. In
split read data transfer, the SAM start address A7 is automatically set in the data register which isn’t used.

The data orSAM address A7, which W be accessed next, outputs @sF, QSF is sitched from low to
high by accessing SAM last address 127 and from high to low by accessing address 255.

Split read transfer cycle is set wh€aS is high, DT/OE is low, WE is high and DSF is high at thelling

edge ofRAS. The cycle can be executed asyncronously with SC. However, HM538123B must be satisfied
t.. (Min) timing specified between SC rising aRAS falling. SAM start address must keccessed,
satisfying L., (min), t., (min) and t., (min) timings specified betweeRAS or CAS falling and column
address. (See figure 6.)

In split read transfer, SI/O isn't switched to output state. Therefore, read transfer must be executed to
switch SI/O to output state when the previous transfer cycle is pseudo transfer or write transfer cycle.
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(Row address) SAM (Row address) MI ! SAM
A8 reenee A0 _TT A8 ........ AO I 1 Possible
000000000 | | | | 000000000
: RAM : , | | RAM
211111111 011111111 ! ! Impossible
00000000 100000000 L

. RAM . | RAM
111111111 111111111
| | sam | | sam
(Read transfer cycle) (Write transfer cycle)
Figure 4 Example of Row Bit Data Transfer
= - 3 o =
Memory a w § ” a Memory
Array ] 2 a Array
Q| E | Q
— — =] — -
AX8=0 s = s AX8=1
o < O < N
x (99} s (7] [ad
)
= © & =

SAM 1/O Buffer

3§

SI/O

Figure 5 Block Diagram for Split Transfer
Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF high at the falling edgeRAS)

A continuous serial write cannot be executed because acc&#sihgs inhilited duringRAS low in write

transfer. Split write transfer cycle makes it possible. In this cyglentin), t..; (min), tg, (min) and [,

(min) timings must be satisfied like split read transfer cycle. And it is impossible to switch SI/O to input
state in this cycle. If SI/O is in output state, pseudo transfer cycle should be executed to switch SI/O into
input state. Data transferred $\M by read transfer @je or split read transfer cycle can be written to
other addresses of RAM by split write transfer cycle. However, pseudo transfer cycle must be executed
before split write transfer cycle. And the MSB of row address (AX8) to write data must be the same as that
of the read transfer cycle or the split read transfer cycle.
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RAS /
tsts (min) trsT (Min)

I
CAS /
tcst(min)

Address X Xi Y] ><

tasT (mln) <—<>
DT/OE \ / ~

DSF /
127 S
255 n / \ / 127 +Yj
s¢ _/ (127) (n+127) —  (255) (Yj) J

Figure 6 Limitation in Split Transfer
SAM Port Operation

Serial Read Cycle

SAM port is in read mode when the previoustad transfer cycle is read transfer cycle. Access is
synchronized with SC rising, ar@AM data is output from SI/O. WheSE is set high, SI/O becomes high
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address
(address 255), the internal pointer indicates address 0 at the next access.

Serial Write Cycle

If previous data transfer cycle is pseudo transfer cycle or write transfer &4dlié,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 dataSéM. After indcating the last address (address 255), the internal
pointer indicates address O at the next access.
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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 cy®esS-ly refresh cycle, (2)
CAS-beforeRAS (CBR) refresh cycle, and (3) Hidden refresh cycle. Besides them, the cycles which
activateRAS 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 CycleRAS-only refresh cycle is executed by activating dRiS cycle withCAS
fixed to high after inputting the row address (= refresh address) from external circuits. To distinguish
this cycle from data transfer cyclBT/OE must be high at the falling edgeRAS.

(2) CBR Refresh Cycle: CBR refresh cycle is set by activaii§ beforeRAS. In this cycled, refresh
address needs 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 l@&s8use
circuits don’t operate.

(3) Hidden Re@sh_ Cycle: Hidden refresh cycle executes CBR refresh with the data output by reactivating
RAS whenDT/OE andCAS 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.

Absolute Maximum Ratings

Parameter Symbol Value Unit
Terminal voltage ™ Vv, -1.0t0 +7.0 \Y
Power supply voltage ™* Ve, -0.5t0 +7.0 \%
Short circuit output current lout 50 mA
Power dissipation P, 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55to +125 °C

Note: 1. Relative to V.
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Recommended DC Operating ConditiongTa = 0 to +70°C)

Parameter Symbol Min Typ Max Unit
Supply voltage™ Ve, 45 5.0 5.5 \%
Input high voltage™ Vv, 2.4 — 6.5 \%
Input low voltage™ v, -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, {, =5V = 10%, V;;=0 V)
HM538123B
-6 -7 -8 -10 Test Conditions
Parameter ~ Symbol Min Max Min Max Min Max Min Max Unit RAM Port SAM Port
Operating leer — 7% — 70 — 60 — 55 mA RAS,CAS SC=V,,
current cycling SE=V,
tee = Min
lecr — 125 — 120 — 100 — 95 mA SE=V,,
SC cycling
teee = Min
Standby leco — 7 — 7 - 7 - 7 mA  RAS, SC=V,,
current CAS=V, SE=V,
lecs — 50 — 50 — 40 — 40 mA SE=V,,
SC cycling
teee = Min
RAS-only lees — 7% — 7 — 60 — 55 mA RAScyclng SC=V,
refresh CAS=V, SE=V,
current tee = Min
leco — 125 — 120 — 100 — 95 mA SE=V,,
SC cycling
teee = Min
Page mode I, — 80 — 80 — 70 — 65 mA CAScyclng SC=V,
current RAS=V, SE=V,
t.c = Min
lecso — 130 — 130 — 110 — 105 mA SE=V,,
SC cycling
teee = Min
16 HITACHI



HM538123B Series

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

HM538123B
-6 -7 -8 -10 Test Conditions

Parameter =~ Symbol Min Max Min Max Min Max Min Max Unit RAM Port SAM Port

CAS-before- I, — 5 — 45 — 40 — 35 mA RAScyclng SC=V,

RAS refresh tee = Min SE=V,

current

lecss — 100 — 95 — 80 — 75 mA SE=V,,

SC cycling
teee = Min

Data transfer I ., — 80 — 75 — 65 — 60 mA RAS, CAS SC=V,,

current cycling SE=V,

tee = Min
(I — 130 — 125 — 105 — 100 mA SE=V,,

SC cycling
teee = Min

Input leakage |, -10 10 -10 10 -10 10 -10 10 QA

current

Output lo -10 10 -10 10 -10 10 -10 10 pA

leakage

current

Output high  V,, 24 — 24 — 24 — 24 — V loy = =2 MA

voltage

Output low V. — 04 — 04 — 04 — 04 V lo, = 4.2 MA

voltage

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

output open condition.

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

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

Parameter Symbol Min Typ Max Unit

Address C, — — 5 pF

Clock C, — — 5 pF

1/0, SI/O, QSF Cwo — — 7 pF
HITACHI 17



HM538123B Series

AC Characteristics (Ta =010 +70°C, \. =5V + 10%, \[;= 0 V)"

Test Conditions

* Inputrise and fall time : 5ns

* Output load : See figures

* Input pulse levels: ¥to 3.0 V

* Input timing reference levels: 0.8V, 2.4V

» Output timing reference levels: 0.8V, 2.0V

lop=—2mA *oV lop=—2mA *oV
loL = 4.2 mA loL = 4.2 mA
1/0 1 SI/0
;100 pF ;50 pF
Output Load (A) Output Load (B)
Note: 1. Including scope & jig
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HM538123B Series

Common Parameter

HM538123B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max  Uni Note
t S
Random read or write cycle  t.. 125 — 135 — 150 — 180 — ns
time
RAS precharge time too 55 — 55 — 60 — 70 — ns
RAS pulse width tons 60 10000 70 10000 80 10000 100 10000 ns
CAS pulse width tons 20 — 20 — 20 — 25 — ns
Row address setup time tien 0 — 0 — 0 — 0 — ns
Row address hold time toan 10 — 10 — 10 — 10 — ns
Column address setup time ~ t,.. 0 — 0 — 0 — 0 — ns
Column address hold time toan 15 — 15 — 15 — 15 — ns
RAS to CAS delay time toco 20 40 20 50 20 60 20 75 ns 2
@ hold time referenced to  t., 20 — 20 — 20 — 25 — ns
CAS
@ hold time referenced to  t_, 60 — 70 — 80 — 100 — ns
RAS
CAS to RAS precharge time  t_,, 10 — 10 — 10 — 10 — ns
Transition time (rise to fall) t; 3 50 3 50 3 50 3 50 ns 3
Refresh period toer — 8 — 8 — 8 — 8 ms
DT to RAS setup time tors 0o — 0o — 0o — 0o — ns
DT to RAS hold time tom 10 — 10 — 10 — 10 — ns
DSF to RAS setup time ten 0o — 0o — 0o — 0o — ns
DSF to RAS hold time tor, 10 — 10 — 10 — 10 — ns
DSF to CAS setup time tec 0o — 0o — 0o — 0o — ns
DSF to CAS hold time tee, 15 — 15 — 15 — 15 — ns
Data-in to CAS delay time t,e — — — — ns
Data-in to OE delay time too — — — — ns
Output buffer turn-off delay  t,, — 20 — 20 — 20 — 20 ns
referred to CAS
Output buffer turn-off delay  t,, — 20 — 20 — 20 — 20 ns 5
referred to OE
HITACHI 19



HM538123B Series

Read Cycle (RAM), Page Mode Read Cycle

HM538123B
-6 -7 -8 -10

Parameter Symbol Min Max Min Max Min Max Min Max Uni Note
t S

Access time from RAS tonc — 60 — 70 — 80 — 100 ns 6,7

Access time from CAS tenc — 20 — 20 — 20 — 25 ns 7,8

Access time from OE tone — 20 — 20 — 20 — 25 ns 7

Address access time ton — 35 — 35 — 40 — 45 ns 7,9

Read command setup time trcs — — — — ns

Read command hold time tecn — — — — ns 10

Read command hold time [ 10 — 10 — 10 — 10 — ns 10

referenced to RAS

RAS to column address delay t,,, 15 25 15 35 15 40 15 55 ns 2

time

Column address to RAS lead t., 35 — 3B — 40 — 45 — ns

time

Column address to CAS lead t, 35 — 3B — 40 — 45 — ns

time

Page mode cycle time toc 45 — 45 — 50 — 5 — ns

CAS precharge time te 10 — 10 — 10 — 10 — ns

Access time from CAS taco — 40 — 40 — 45 — 50 ns

precharge

Page mode RAS pulse width  t_,, 60 100000 70 100000 80 100000 100 100000 ns
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HM538123B Series

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

HM538123B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note
t S
Write command setup time tyes 0 — 0 — 0 — 0 — ns 11
Write command hold time twen 15 — 15 — 15 — 15 — ns
Write command pulse width  t,, 15 — 15 — 15 — 15 — ns
Write command to RAS lead  t, 20 — 20 — 20 — 20 — ns
time
Write command to CAS lead  t,,, 20 — 20 — 20 — 20 — ns
time
Data-in setup time tos 0 — 0 — 0 — 0 — ns 12
Data-in hold time to,, 15 — 15 — 15 — 15 — ns 12
WE to RAS setup time tos 0o — 0o — 0o — 0o — ns
WE to RAS hold time t, 10 — 10 — 10 — 10 — ns
Mask data to RAS setup time t, 0 — 0 — 0 — 0 — ns
Mask data to RAS hold time ~ t,,, 10 — 10 — 10 — 10 — ns
OE hold time referred to WE  t_, 20 — 20 — 20 — 20 — ns
Page mode cycle time toc 45 — 45 — 50 — 5 — ns
CAS precharge time te, 10 — 10 — 10 — 10 — ns
CAS to data-in delay time teoo 20 — 20 — 20 — 20 — ns 13
Page mode RAS pulse width  t,, 60 100000 70 100000 80 100000 100 100000 ns
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HM538123B Series

Read-Modify-Write Cycle

HM538123B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note

t S

Read-modify-write cycle time  t,. 175 — 185 — 200 — 230 — ns
RAS pulse width (read-modify- t,,. 110 10000 120 10000 130 10000 150 10000 ns
write cycle)
CAS to WE delay time tews 45 — 45 — 45 — 50 — ns 14
Column address to WE delay t,,, 60 — 60 — 65 — 70 — ns 14
time
OE to data-in delay time tooo 20 — 20 — 20 — 20 — ns 12
Access time from RAS tonc — 60 — 70 — 80 — 100 ns 6,7
Access time from CAS [ — 20 — 20 — 20 — 25 ns 7,8
Access time from OE tone — 20 — 20 — 20 — 25 ns 7
Address access time ton — 35 — 35 — 40 — 45 ns 7,9
RAS to column address delay t,,, 15 25 15 35 15 40 15 55 ns
time
Read command setup time tecs 0 — 0 — 0 — 0 — ns
Write command to RAS lead  t,, 20 — 20 — 20 — 20 — ns
time
Write command to CAS lead  t,,, 20 — 20 — 20 — 20 — ns
time
Write command pulse width  t,, 15 — 15 — 15 — 15 — ns
Data-in setup time tos 0 — 0 — 0 — 0 — ns 12
Data-in hold time to,, 15 — 15 — 15 — 15 — ns 12
OE hold time referred to WE  t_, 20 — 20 — 20 — 20 — ns
Refresh Cycle

HM538123B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note

t S

CAS setup time tees 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
CAS hold time term 10 — 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
RAS precharge to tome 10 — 10 — 10 — 10 — ns
CAS hold time
22 HITACHI



HM538123B Series

Flash Write Cycle, Block Write Cycle

HM538123B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note

t S

CAS to data-in delay time teoo 20 — 20 — 20 — 20 — ns 13
OE to data-in delay time tooo 20 — 20 — 20 — 20 — ns 13
Read Transfer Cycle

HM538123B

-6 -7 -8 -10
Parameter Symbol  Min  Max Min  Max Min  Max Min  Max Unit Notes
DT hold time referenced to RAS taon 50 10000 60 10000 65 10000 80 10000 ns
DT hold time referenced to CAS ~ t,, 20 — 20 — 20 — 25 @ — ns
DT hold time referenced to column  t,,, 25 — 25 — 30 — 30 — ns
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 tons 25  — 25  — 30 — 30 — ns
1st SC to RAS hold time [ 60 — 70 — 80 — 100 — ns
1st SC to CAS hold time tsen 25  — 25  — 25  — 25 @ — ns
1st SC to column address hold time t,,, 40 — 40 — 45 — 50 — ns
Last SC to DT delay time tson 5 — 5 — 5 — 5 — ns
Last SC to DT delay time tspo 25  — 25  — 25 — 25 @ — ns 17
1st SC to DT hold time [ 10 — 10 — 15 — 15 — ns
RAS to QSF delay time ten — 65 — 70 — 75 — 85 ns 15
CAS to QSF delay time teon — 35 — 35 — 40 — 40 ns 15
DT to QSF delay time toon — 35 — 35 — 35 — 35 ns 15
QSF hold time referred to RAS teon 20 — 20 — 20 — 25 @ — ns
QSF hold time referred to CAS teon 5 — 5 — 5 — 5 — ns
QSF hold time referred to DT toon 5 — 5 — 5 — 5 — ns
Serial data-in to 1st SC delay time  t, 0 — 0 — 0 — 0 — ns
Serial clock cycle time toce 25 — 25 — 30 — 30 — ns
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HM538123B Series

Read Transfer Cycle(cont)

HM538123B
-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note
t S
SC pulse width tee 5 — 5 — 10 — 10 — ns
SC precharge time teer 10 — 10 — 10 — 10 — ns
SC access time teca — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time teon — — — — ns
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time te 15 — 15 — 15 — 15 — ns
RAS to column address delay t,,, 15 25 15 35 15 40 15 55 ns
time
Column address to RAS lead  t.,, 35 — 3B — 40 — 45 — ns
time
RAS precharge to DT high tor 10 — 10 — 10 — 10 — ns
hold time
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HM538123B Series

Pseudo Transfer Cycle, Write Transfer Cycle

HM538123B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note

t S

SE setup time referred to RAS t, 0o — 0o — 0o — 0o — ns
SE hold time referred to RAS  t,, 10 — 10 — 10 — 10 — ns
SC setup time referred to RAS t. 25 — 25 — 30 — 30 — ns
RAS to SC delay time tens 20 — 20 — 25 — 25 — ns
Serial output buffer turn-off tory 10 40 10 40 10 45 10 50 ns
time referred to RAS
RAS to serial data-in delay too 40 — 40 — 45 — 50 — ns
time
RAS to QSF delay time teoo — 65 — 70 — 75 — 85 ns 15
CAS to QSF delay time teoo — 35 — 35 — 40 — 40 ns 15
QSF hold time referred to teon 20 — 20 — 20 — 25 — ns
RAS
QSF hold time referred to teon 5 — 5 — 5 — 5 — ns
CAS
Serial clock cycle time tece 25 — 25 — 30 — 30 — ns
SC pulse width tee 5 — 5 — 10 — 10 — ns
SC precharge time teer 10 — 10 — 10 — 10 — ns
SC access time teca — 20 — 22 — 25 — 25 ns 15
SE access time teca — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time teon 5 — 5 — 5 — 5 — ns
Serial write enable setup time t,, 5 — 5 — 5 — 5 — ns
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time t 15 — 15 — 15 — 15 — ns

SIH
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HM538123B Series

Split Read Transfer Cycle, Split Write Transfer Cycle

HM538123B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note

t S

Split transfer setup time tors 20 — 20 — 20 — 25 — ns
Split transfer hold time tesr 60 — 70 — 80 — 100 — ns
referenced to RAS
Split transfer hold time tesr 20 — 20 — 20 — 25 — ns
referenced to CAS
Split transfer hold time tasr 35 — 3B — 40 — 45 — ns
referenced to column address
SC to QSF delay time tsoo — 30 — 30 — 30 — 30 ns 15
QSF hold time referred to SC 5 — 5 — 5 — 5 — ns
Serial clock cycle time toce 25 — 25 — 30 — 30 — ns
SC pulse width tee 5 — 5 — 10 — 10 — ns
SC precharge time teer 10 — 10 — 10 — 10 — ns
SC access time teca — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time teon — — — — ns
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time te 15 — 15 — 15 — 15 — ns
RAS to column address delay t,,, 15 25 15 35 15 40 15 55 ns
time
Column address to RAS lead  t.,, 35 — 3B — 40 — 45 — ns
time
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HM538123B Series

Serial Read Cycle, Serial Write Cycle

HM538123B

-6 -7 -8 -10
Parameter Symbol Min Max Min Max Min Max Min Max Uni Note

t S

Serial clock cycle time tece 25 — 25 — 30 — 30 — ns
SC pulse width tee 5 — 5 — 10 — 10 — ns
SC precharge width teer 10 — 10 — 10 — 10 — ns
Access time from SC toca — 20 — 22 — 25 — 25 ns 15
Access time from SE teea — 20 — 22 — 25 — 25 ns 15
Serial data-out hold time teon 5 — 5 — 5 — 5 — ns
Serial output buffer turn-off tees — 20 — 20 — 20 — 20 ns 5
time referred to SE
Serial data-in setup time tos 0 — 0 — 0 — 0 — ns
Serial data-in hold time te 15 — 15 — 15 — 15 — ns
Serial write enable setup time t,, 5 — 5 — 5 — 5 — ns
Serial write enable hold time  t,,, 15 — 15 — 15 — 15 — ns
Serial write disable setup time t,, 5 — 5 — 5 — 5 — ns
Serial write disable hold time  t 15 — 15 — 15 — 15 — ns

SWIH

Notes: 1. AC measurements assume t, = 5 ns.

2. Whent, >t (max)ort,, >t, (max), access time is specified by t.,. or t,,.

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

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write
cycle and delayed write cycle, either t,,. (min) or t_,, (min) must be satisfied.

5. t.., (Max), t,.., (max) and t,, (max) are defined as the time at which the output achieves the
open circuit condition (V,,, — 100 mV, V, + 100 mV).

6. Assume thatt. <t., (max)andt, <t. (max). Ift_ ort.,, is greater than the maximum

RCD — RAD —
recommended value shown in this table, t.,. exceeds the value shown.

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
8. Whent, >t (max)andt,,, <t., (max), access time is specified by t_,..

9. Whent, <t . (max)andt,, >t,, (Mmax), access time is specified by t,,.

10.If either t_,, of t.., is satisfied, operation is guaranteed.

11.When t, 2 t, . (Min), the cycle is an early write cycle, and 1/O pins remain in an open circuit
(high impedance) condition.

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

13. Either t,, (min) or t,,, (min) must be satisfied because output buffer must be turned off by CASor
OE prior to applying data to the device when output buffer is on.

14.When't,,, 2 t,,, (min) and t_,, >t_, . (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.
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HM538123B Series

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

17. After read transfer cycle, if split read transfer cycle is executed without SC access and SC
address is 126 or 254, t,,, (min) must be satisfied 25 ns. Except for those cases, t.,, (min) is
effective and satisfied 5 ns.

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

Timing Waveforms™®

Read Cycle
tre
trAs trp
— e —
RAS N 1 ~
tcsh tcrp
trcD tRsH
- { tcas %
CAS X
trAD trRAL teaL

| tasr||_ tran tasc, tean

Address @i‘ Row j}@( Column
‘ tres trrH l
= - »|RCH
WE XX e
™ tcop
o traC toFF1
n/s - \
(Output) — " Valid Dout —
torr2

(Input) tozo

t t
- DTS DTH |
orioE X/ X\

tesr || tRFH tesc H J/tCFH

X

)
B

DSF
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HM538123B Series

Early Write Cycle

tre
tras \ trp
RAS N\ / \
tcsH <AAEEBEAAA,
trcD trRsH

J— \ tcas
CAS N

tASR | | tRAH tasc tcAH
Address <X>£ Row :)<X>§l Column &( X ><>< ><><

}VV%‘ LFE!QL, twes | | tweH
N N
WE 1] /X

High-Z

o 9
(Output) | tMs tv | tos | tom
(Input) Mask Data | Valid Din

| tots || toT ‘
DTIoE {)X/ RO XIXHXAXXAKXAXXX

IR R -0 0 0 0
psF XN XN

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

Note:

tre
tras trp
RAS N 1 \
tesh tcrp

trep tRsH
— \ tcas /
CAS ¢ ¢ N\ -/

ASR RAH tasc tean
pcress S0X_row— HI_cotamanHOOOOCOOCOOTOCRTITX
tWS‘ twh tRwL ‘tCWL

WE *1

) A

XAXXXX

10 @
t t
(Output) tus tn tozc Ips DH
19 X sk o KT o KKK
OFF2

t t = t

iDTs DTH i tobd ‘ OEH
oroe X/ X7 RLOOOOOOOOXX

tesr || tRPH tesc | |terH

DSF

N

7&\*

R TK KA

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

when WE is |

ow.
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HM538123B Series

Read-Modify-Write Cycle

Note:

trwe
RAS “ews B
\ AN
trcD tcrp
CAS 3 %_4_,_
tRAD X r
ISR | | trAH tasc_||tcAH,
s Y row YO cobmn_ K000
t ‘ tawp tRWL 1
WS, | [WH {RCS| tewp towL
_ | | !
e D XY e o O
AA
|
traC
I(/gutput) {Valid Dout}
Ms || tMH toze toac Ibs || toH
110 Vs Wy i 7X>£ S I—
(Input) XXX Mask Data XX:LIDZO r—r Valid Din ,)( ><>O<><><><
itDTs toTH = tooo toen ‘
omes X7 \ / OO0
tFSR || IRFH trsc ‘ tcFH
DsF - XN\ XN OO

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

Page Mode Read Cycle

tre
trasp trp
_ _5& I
RAS - - / N
CSH PC tRsH
tcp t
tRCD . tcas tcp teas tcas CRP
— \ ZL N i
CAS ¢ g( A N 7 traL |\
RAD | tcaL | tcaL t
tAsR | ¢ tasc| | tcan tasc ||tcan CAL
«_4,RAH 25| |-l S tASCl tcan
Address Row Column WXX Column ><>O< Column
trcs trcs trcs tRRH ||~
- | b 'RCH|we] | Jv tRCH|w] | n tRCH |»
WE tRAC  tOFF1 taa
taa tacp
tcac tcac
/o { Yaid {
(Output) “*Dout #
tozc tcopl, ZC |
toac_|toFr2 toac
| ]
110 > ‘
(Input) tpzo
tDTS |l |, [DTH
owoe  f \ XX\
tESR |+l [+=[tRFH |~ ~[tcFH tFSC [+~ - tcEH tESC (| t=~{tCFH
DSF /XNy L OO0 XXOOUOO0ORXX
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HM538123B Series

Page Mode Write Cycle(Early Write)

tre

trRASP trp
—_— — Aé—\,
RAS N |

tcsH tpc tRSH
tRCD tcp

tcp -—h tcrP
tcas | [z=—"F=y| _ tcas |~ i L e —
CAS ‘
ASR | | t
R | |IRAH tasc tcan tAsc, . tcaH  tASCla | |a v tcAn

Column Column moolumn

7l

Address

twH  twcs| | tweH twes|| twen twes twc:]/
WE ‘ \ / ‘ 7
110 High-Z
(Output) tpH tDH

]| e tDs’«

110 S —
(Input) | Valid Din Valid Din X

I ]
prioe QU || NOOOOOOOOK
S TRt Ve 1S
Rt =
DSF T M T T T T ‘

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)

trRc
trASP ) trp
RAS N 7 N
tesH tpc tep trsH tcrp
treD ‘ tcp t
> _ fcas tcas CAS
CAS )‘ 7L )S
tASR| | traH tasc N tasc 1 7

i tcan oo |wu]fCAH tasc | - [CAH
Address @EOW Colu<n;1$< ><>i Column mcmumn K>< ><><><
}M‘J M ‘—’jRL—J‘ tewL
tws _E!/H | twp - twp twp
e T VTN

110
(Output)  tms | |tmH tps

.

{DH tbs tbH

sl || | ||
| \
110 fMask Valid fValid Valid
(inpu iXXMMXx i W o XXXXX
toTs |, ] Lﬁ,\
oToE ()(/ NXCXXXXX

{DH tbs

TFom Lo LRFH tFSﬁ <Ii:I:H tFSﬁ tcFH trsc| |tcrh
o O\ e Bl yoeer My OO
T T T T T T T ‘
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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HM538123B Series

RAS-Only Refresh Cycle

tre
tras trp
. SE— e
RAS \ |
tcrp &‘ X
CAS 7
tasr || tran X Z(XXXEQQQ
hadress Row X XX XXX XXX XXX XNXK
torFi|.
110 R KIS
(Output) ‘2:2::::‘_:‘.:‘:2:’6
11000
110 LOFF2 jus b
o XXX KX K KXKXTXKIKER
tors || _loTh, |
omoe )OO0 LXK XARAXXHXIKXXXHIHX XXX XAXXXXK
tEsr ‘tﬂj/
ose 0000 Y XXX XHXXHXXHKX XXX IXKXAIXAXKX XD

CAS-BeforeRAS Refresh Cycle

trRc
trP tRAS I trP
Y 2\ \
— trPC N H
RAS —_— 5 RPC  t.qp \—
tcp tcsr tCHR 4—-‘4—.
— / N\ />< InhibitFaIIingTransitionm
CAs k !
Address
toFF1 ’
110 TR R R R R ITIIN High-Z
(Output) SRLLRRLKRS
SreE XXX IIIIKIIIIKE
DSF XOXXXXX
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HM538123B Series

Hidden Refresh Cycle

trRe tRe
trRAS trp trAs L trP
/A
ms )\ J g |2
trCD tRSH tcHR tcrp
i /
CAS trap o, [ —

|
Address ><>§: Row mi Column 7§< ><><><><><><

‘ tan
‘ trAC toFFL,
I(/gutput) t ( Valid Dout )5—
. bzC | toac r—
I(llgput)

tpzo
e

|_toTs toTH
‘

orioe  )0f RO i

tEsr || tRFH
tFsc

e
osr )00\ T OORRRTRARKK

Color Register Set CyclgEarly Write)

trRc
trAS trp
¥ \
RAS N i <
tcsH tcrp
trRcD tRSH
tcas
CAS \- :
{ASR tRAH
Address ><><>§7 Row ><><
tws twH twes| | twcH
7 h
we XX 0 / XXXIXIK
110 High-Z
(Output) 105 | | ton
(Input) {; Color Data 7§<><
tos ||, toru |
_ 3 =
oroe XX X
tFsr || tRFH
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Color Register Set CyclgDelayed Write)

tRC
trAS } trRP
_ N
RAS N 4 \__
tcsH tcrp
trcD tRSH
CAS tcas
X 7
tasr || tRAH
R AT
! tRWL ‘
‘ tws tewr
Tamm— twp
N R ||
WE XXX 7 NS J/
T
110 High-Z
(Output) os || ton
! ]
110 r
- DTS | L_, toEH
DT/OE \
‘}FSR tREH ‘

Color Register Read Cycle

trC
trAS trRP
—_— 1 3
RAS N A N
tcsH tcrP
trcD tRSH
CAS o
tASR || traH N
|
AL
padress OO0 row__ XXOOOOOOOOOOOOOOXOONNK
tws twH trcs tRRH | tReH
w XX W |
AN teac tcop
traC toFF1
-+ \
110 4 Valid Out ,>—
(Output) A
tpzc toac torrF2
tobp
e {
(Input) ><><><><; tbzo *
_toTs toTH
I
— T s
oo 000 o XXX XXXXXRXXX

DSF ! XX XXXXXX XX
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Flash Write Cycle

trRc
trAs | trp
RAS N 7
tcrp trcD
i NROOOOOIRKKK
CAS
XX s ||t
Address ><><><>Kr Row m ><><
‘ tws twH
we  JOOOOXXXXXN £ X XXX XAXAXAKAXAKAXKAXKX KKK
tcop
toFF1 High-Z
110 5 g
(Output) ;
OFF2
topb tvs || tmH
1o o TR Maskaa XOOOOOOOOOOOOOOOOOOOOAKK
npu
P tpTs tDTH |
DT/OE i XXX AXAKAXXX
R <_4

pse XOOOOOXXXA

Block Write Cycle

trRc
tRAS | trRP
L L
N /
RAS S 7 tcsH —
| tcrp

tcrP trcD tRSH
— 7 R i
CAS x

tASR || tRAH tasc || tcan

4 \

| tws || twn | I

e — XXXXXX
e SOOOOOCKR,

; tcop
OFF1 ;
le) ( High-Z
(Output) {
OFF2
tobb tMs tun | |tps || toH
I(/Igput) —KXXI/O Mask Data Mask Data
tots tDTH |
R ]
prioe XX/ AXXXXXXXXX XXX
trsr | | tRFH ‘thc ‘ tcrH |
DSF \ J
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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Page Mode Block Write Cycle

Note:

RAS

CAS

Address

110
(Output)

1/0
(Input)
DT/OE
DSF

1.

tre

tesh [ tpc | tRSH

t t t Ler )= = terp
RCD CAS CP tcas tcas [ -
)x )S \ [+———
|\

tasr||[tRAH  tasc ||tcaH tasc ||tcaH tasc || tcaH
(| | -~ = |
Column Column Column 1
A2-A8 A2-A8 A2-A8

High-Z

tps

IMS | lem(tMH [«PS o] lemitpy
/0 { Address
Mas __Mask

toTs “’ “‘ tpTH

tFsR || tRFH ﬂ»‘ L.‘ tcrH }}ﬁ»‘ L\ terH \ﬁ“‘ Lﬂ tcrH
Ve
XX/ XXX N

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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HM538123B Series

Read Transfer Cycle (1)

trRC
trRAS trp
_ ——————\
RAS N 7 | W
tcsH tcrp
trRcD tRSH
- ~ tcas }
CAS N
trRAD trRAL
tASR || tRAH tasc| | tcan

N

A+

address HOC( row X il ] XXX
tws ||twH |
| |

we XX/

High-Z 4>L<—tDTHH

1/0
(Output) tcoH tDRD

toTs tADH toTp
o tRDH % Y
DT/OE \ /

tesr || tRFH
pse XX\ VXXX

tscc tscc tscc tscc
tsbp
tsppz+3 || tspH_| | tsg .. tscp
—

scC J N\ y A \

tsca tscA tsca tsca , .

'tsoH tsoH || tsoH tsoH L SOH_|
g N — \ — -
SI/0 Valid Sout %@yahd Sout Valid Sout | [ Valid Sout Valid Sout
(Output) ]
Previous Row —* ~— New Row
SI/O
(Input) tpop
IDQH|————n
*1 .
QsF SAM Address MSB i(><><)§
trRQD ‘ ~|tcqp
tcQH
tRQH Q

QSF 2 SAM Address MSB TOOOKNR

Notes: 1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle
and CAS falling edge of this cycle (QSF is switched by DT rising).
2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS
falling edge of this cycle (QSF is switched by RAS or CAS falling).
3. After read transfer cycle, if split read transfer cycle is executed without SC access and SC address
is 126 or 254, t., (min) must be satisfied 25 ns. Except for those cases, t,,, (min) is effective and
satisfied 5 ns.
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HM538123B Series

Read Transfer Cycle (2)

trc
trAs trp
—\
RAS i
tcsH tcrp
trcD tRsH ‘
y tcas
CAS s j
trRAD tRAL
tASR | [ trRAH tasc tCAH‘
s 3 Sam Start
Address ><><>§Y Row XXX‘ Address }( ><><><
‘ tws twH
we  XXSf N
tDTHH
/o High-Z "
(Output) tors || toTH tl::‘ll:'): °
o % /
DT/OE X 7
tFSR | [tRFH ‘ H
DSF W\Y Z
{srRs tspH tscc
tsc tsc tscp
b | tscp |P——= -
sc D Wlnhibit Rising Transition / i 7 tsca
7 tscn . SCA D
tsAH
tSrRH
<6 t t Valid Sout
(Output) Sli :IH -
SlI/o FValid
(Input) @{ Sin L_»
tbobp
tbQH
\ o’
QSF SAM Address MSB 7@
\ tcQb
I~ tcQH
trRQD
tRQH
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HM538123B Series

Pseudo Transfer Cycle

RAS

CAS

Address

WE

110
(Output)

DT/OE

DSF

SC

SI/O0
(Output)

SI/0
(Input)

QSF

tRC
tRAS (RP
-\ <\
A
tcsH | tcrP
tRCD tRSH
A’\ tcAs
. 7
IASR tRAH tASC || tCAH
><>J; Row 7§<X>< Address

High-Z

tDTS tDTH

tFSR tRFH

XX £X

tSEZ o
tes [EH tsws|
f RXOOXXXXX XX
_ N
tSRs tsrO tscc
-
tsc | tscp tsc tscp
N\ Inhibit Rising Transition \ 7/ i
tScA - —
tSRz
<—>‘ISOH
Jaid | Valid Sout
tsip | tsis_| | tsiH tsis | [tsiH
b< HXOXXOXK valid sin m Valid Sin
tcQD ~
tcQH
tRQD ?
tRQH N
\ r
SAM Address MSB JKXX

HITACHI
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HM538123B Series

Write Transfer Cycle

RAS

CAS

Address

WE

110
(Output)

DT/OE

DSF

SC

SI/0
(Output)

SI/0
(Input)

QSF

trRC
tRAS trRP
——\ a L
N /
tCSH | tCRP
tRCD tRSH
A—\ tcas
\ 7
tASR _| | _tRAH tAsc || tcaH

SAM Start
Address

tws twH

.
~

“ tcQD
trOD '™ ~|tcQH

tRQH

High-Z
IDTS | |tDTH
tFSR || tRFH
N 7 XX XXX LXK AKAXHXXXK
tes tEH ‘ tsws
; \ Y XXX
tSRS
N tSRD tscc
tsws|tsc } tscp tsc | tscp
/ A o r % d
v l1\><><><><>< Inhibit Rising Transition 7] \ 7[
tsis tsIH
-] tsis_| |tsiH tSIS | | tsIH
[Pt LN | [
valid Sin m Valid SinX}

SAM Address MSB
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HM538123B Series

Split Read Transfer Cycle

RAS

CAS

Address

110

SC

SI/o

(Output)  yaiig sout }@#

SI/0
(Input)

QSF

tRC
tRAS | tRP
3 %—\
N 7 tcsH
tCRP tRCD tRSH N teRp
f—
7 \L tcas
tRAD 7 TRAL
tASR| | tRAH -
A A tasc|| tcan
T SAM Start

Low

High-Z
tDTS | |[tDTH
tFSR | | tRFH
i
test
tAST
tRST

tsTs

AN\ el

tsca
tSOH

Valid

SAM Address MSB

HITACHI
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HM538123B Series

Split Write Transfer Cycle

tRC
tRAS | tRP
— N % A
RAS # tcsH
tRCD tRSH .
— 7 \L tcas
CAS 3
tASR|| t [RAL -
.| &H tasc|| tcAaH ‘
Address SO row 00X ddW
e XX
o) High-Z
(Output)
DTI0E XX
DSF XX XXX
‘ tcsT
tAST N
Low - tRST
SE
tscc
tsTs tsc tscp
sc Zf 511 4 n n+1 Y| n+2 n+3 254 ZW
+# | (255) (n+255) (n+256) (n+257) (n+258) (510) (511) (i)
SI/O
Output)
( P tsis tSIH tsis| [tSIH tsis | | tsiH
[t | -] [ | |- | [
Slo - Valid "} Valid - Valid \/ \/ <1<1 £ Valid id S
(Input)  Valid Sin ><X><f o 7}@( fali ><X>§T a "A’@‘A‘ /)/) ><X>§‘ val 7}<X>< valid Sin
‘ tsQD tsQD
soH, S
QSF i SAM Address MSB i
—
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HM538123B Series

Serial Read Cycle

_ ¥ \
SE tscc M -
tsc [l tscp tsc || tscp tsc |
Vo ]
SC _JZ J/—\K—
|tsea tsea L fsca N
tsoH tsEz tsca tsoH
S0 i Aﬁ@( : b . Valid
(Output) Valid Sout . | Valid Sout { Valid Sout ) Sout

Serial Write Cycle

tswH tswis, | tswiH tsws

" tscc tscc tscc ¢
tsc—= ‘ tscp t‘SC :]tsc SC
sc {—’K_; B i
tsis_|| tsH lsis ||tsiH tsis | |tsiH
) 3 I o o

slio valid Sin
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HM538123B Series

Package Dimensions

HM538123BJ SerieCP-40D)

Unit: mm

25.80
26.16 Max
40 21
imimininininininininisinisisisisi=isl=is)
™| ™
M
o| o
) H| H
©| ©
) -
o| -
— -
OO0 | N N N - - |
t 0.74 20 o
o e
+ 52
o a5 + |
1.30 Max 0 co o
™ + 1 ™
| 2 ——— o
o
0.43 +0.10 H 1.27 9.40+£0.25
0.41+0.08 -
©|0.10 Hitachi Code CP-40D
JEDEC —
Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 1.73 g
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HM538123B Series

When using this document, keep the following in mind:

. This document may, wholly or partially, be subject to change without notice.
. All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole or
this document without Hitachi’'s permission.

. Hitachi will not be held responsible for any damage to the user that may result from accidents of

other reasons during operation of the user’s unit according to this document.

part of

any

. Circuitry and other examples described herein are meant merely to indicate the characteristics and

performance of Hitachi’'s semiconductor products. Hitachi assumes no responsibility for any inte
property claims or other problems that may result from applications based on the examples des
herein.

. No license is granted by implication or otherwise under any patents or other rights of any third p
Hitachi, Ltd.

. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL

APPLICATIONS without the written consent of the appropriate officer of Hitachi's sales company.

Such use includes, but is not limited to, use in life support systems. Buyers of Hitachi’s products
requested to notify the relevant Hitachi sales offices when planning to use the products in MEDI

lectual
cribed

arty or

are
CAL

APPLICATIONS.
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