HM534253A Series

262,144-Word x 4-Bit Multiport CMOS Video RAM

M DESCRIPTION

The HM534253A is a 1-Mbit multiport video RAM equipped with a 256k-word x
4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). lts RAM
and SAM operate independently and asynchronously. it can transfer data between
RAM and SAM and has a logic operation mode by internal logic-arithmetic unit and
a write mask function. In addition, it has two modes to realize fast writing in RAM.
Block write and flash write modes clear the data of 4-word x 4-bit and the data of
one row (512-word x 4-bit) respectively in one cycle of RAM. And the HM534253A
makes split transfer cycle possible by dividing SAM into two split buffers equipped
with 256-word x 4-bit each. This cycle can transfer data to SAM which is not active,
and enables a continuous serial access.

W FEATURES

e Multiport Organization
Asynchronous and Simultaneous Operation of RAM and SAM Capability
RAM: 256k-word x 4-bit and SAM: 512-word x 4-bit

* Access Time

Preliminary

HM534253AJ Series

3DCP28D

(CP-28D)
HMS534253A7 Series

RAM. . e 80 ns/100 ns (max)
SAM . e e 25 ns/25 ns (max)
* Cycle Time
RAM L 150 ns/190 ns (min) 3bzpas
SAM L. 30 ns/30 ns (min) (zp-28)
* Low Power
Active RAM ... .. e 360 mW (max)
SAM L e 275 mW {max)
Standby . ... e 38.5 mW (max)
¢ High-Speed Page Mode Capability
¢ Logic Operation Mode Capability B PIN OUT
* Mask Write Mode Capability HM534253AJ Series HMS534253AZ Series
* Bidirectional Data Transfer Cycle between RAM and
SAM Capability < d; 2 [ vs osF
; i 3 s
¢ Split Transfer Cycle Capability swo 4 2 27 P sios s
* Block Write Mode Capability sy O3 % [ sioe 3’:’2
« Flash Write Mode Capability OTOET] 4 P& Sioo
* 3 Variations of Refresh (8 ms/512 cycles) o §s b DToE
RAS LO1 6 2 o2
RAS Only Refresh vy 7 » P psF Vo1
CAS Before RAS Refresh NC 8 2 hts ﬁ
Hidden Refresh ::3' ?o fg g;‘as': *
¢ TTL Compatible % " 18 B A X‘;E
W PIN DESCRIPTION W R wBa A
sF
Pin Name Function Ve I spA
Ap-Ag Address Inputs 0086-1 0086-2
1/0p-1/03 RAM Port Data Inputs/Outputs (Top View) (Bottom View)
S1/0p-S1/03 SAM Port Data Inputs/Outputs B ORDERING INFORMATION
RAS Row Address Strobe P - ok
CAS Column Address Strobe HMS::ZST;J ” Acc;s; Time pros a‘_:] :ie -
— - - ns mil 28-pin
VE Write Enable HM534253AJ-10 100 ns Plastic SOJ
DT/OE Data Transfer/Output Enable (CP-28D)
SC Serial Clock HM534253AZ-8 80 ns 400 mil 28-pin
3E SAM Port Enable HM534253AZ-10 100 ns lea;)t;; )ZIP
DSF Special Function Input Flag
QSF Special Function Output Flag
Vee Power Supply
Vss Ground
NC No Connection
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B BLOCK DIAGRAM

HM534253A Series
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HM534253A Series

B 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 HM534253A.

CAS (input pin): Column address and DSF signal are fetched
into chip at the falling edge of CAS, which determines the
operation mode of HM534253A. TAS controls output imped-
ance of 1/0 in RAM.

Ap-Ag {input pins): Row address is determined by Ag-Ag
level at the falling edge of RAS. Column address is deter-
mined by Ag—Ag 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 HM534253A turns to mask write mode. According
to the 1/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 cy-
cle, 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).

1/0p~1/03 (input/output pins): 170 pins function as mask
data at the failing edge of RAS (in mask write mode). Data
is written only to high I/0O pins. Data on low 1/0 pins are
masked and internal data are retained. After that, they func-
tion as input/output pins as those of a standard DRAM. In

¢ Table 1. Operation Cycles of the HM534253A

block write cycle, they function as address mask data at the
falling edge of CAS.

DT/OE (input pin): DT/OE pin functions as DT (data trans-
fer) pin at the falling edge of RAS and as OE (output en-
able) 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 indepen-
dently.

SC (input pin): SC is a basic SAM clock. In a serial read cy-
cle, data outputs from an SI/O pin synchronously with the
rising edge of SC. In a serial write cycle, data on an SI/0O
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/0 is not fetched into the SAM data register in serial
write cycle. SE can be used as a mask for serial write be-
cause internal pointer is incremented at the rising edge of
SC.

SI/0p-SI/03 (input/output pins): SI/Os are input/output
pins in SAM. Direction of input/output is determined by the
previous transfer cycle. When it was a read transfer cycle,
SI/0 outputs data. When it was a pseudo transfer cycle or
write transfer cycle, SI/0 inputs data.

DSF (input pin): DSF is a special function data input flag pin.
It is set to high at the fafling edge of RAS when new func-
tions such as color register read/write, split transfer, and
flash write, are used. DSF is set to high at the falling edge
of CAS when block write is executed.

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

Input Level at the Falling Edge of RAS

DSF at the Falling

DT/OE WE SE

DSF

Edge of CAS Operation Mode

X

>

Logic Operation Set/Reset

CBR Refresh

Write Transfer

Pseudo Transfer

Split Write Transfer

Read Transfer

Split Read Transfer

Read/Mask Write

Mask Block Write

Flash Write

Read/Write

Block Write

m:::::::r:::::z:::mrr«%

A=A A A R R sl Al Al R R
sl ol =R U ol N ol Rudl N--H E--R N o R Nl Nl B=-R N o]
A R A A A R R e e

=B Nl el N R N ol Nl Ne ol Rl -R N ol Nasll IR e

Al R e B A A K A R A

Color Register Read/Write

Note: X; Don'’t care.
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HM534253A Series

W OPERATION OF HM534253A

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

Row address is entered at the RAS falling edge and col-
umn address at the CAS falling edge to the device as in
standard DRAM. Then, when WE is high and DT/OE is low
while TAS is low, the selected address data outputs through
1/0 pin. At the falling edge of RAS, DT/OE and CAS be-
come high to distinguish RAM read cycle from transfer cycle
and CBR refresh cycle. Address access time (taa) and RAS
to column address delay time (trap) specifications are add-
ad 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 of
RAS, DSF low at the falling edge of (CAS)

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

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

If WE is set low before CAS falling edge, this cycle be-
comes an early write cycle and 1/O becomes in high imped-
ance. Data is entered at the CAS falling edge.

If WE is set low after the CAS falling edge, this cycle be-
comes 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 entered with OE in high.

if WE is set low after iowp (min) and tawp (min) after the
CAS falling edge, this cycle becomes a read-modify-write cy-
cle and enables read/write at the same address in one cy-
cle. In this cycle also, to avoid 1/0 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 be-
comes a mask write mode which writes only to selected 1/0.
Whether or not an 1/0 is written depends on 1/0 level (mask
data) at the falling edge of RAS. Then the data is writien in
high 170 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, the mask data is retained dur-
ing the page access.

« High-Speed Page Mode Cycle (OT/OE high, CAS high
and DSF low at the falling edge of RAS)

High-speed page mode cycle reads/writes the data of the
same row address at high speed by toggling CAS while RAS
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 time (taa), RAS to col-
umn address delay 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 igagp max
(100 ps).

* Color Register Set/Read Cycle (CAS high, BT/OE
high, WE high and DSF high at the falling 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. 4
bits of internal color register are provided at each 1/0. 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 that DSF is set high at
the falling edge of RAS, and read, early write and delayed
write cycle can be executed. In this cycle, HM534253A re-
freshes the row address fetched at the falling edge of RAS.

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

In a flash write cycle, a row of data (512-word x 4-bit) is
cleared to 0 or 1 at each I/0 according to the data of color
register mentioned before. It is also necessary 1o mask I/0
in this cycle. When CAS and DT/OE is set high, WE is low,
and DSF is high at the falling edge of RAS, this cycle starts.
Then, the row address to clear is given to row address and
mask data is given to I/0. Mask data is as same as that of
a RAM write cycle. High 1/O is cleared, low 1/0O 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 1/512 of the usua! cycle time. (See figure 1.) If
this cycle is executed in logic operation mode described lat-
er, the logic aperation mode is reset only in the cycle and
masked data in this cycle is written.

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

In a block write cycle, 4 columns of data (4-word x 4-bit}
is cleared to 0 or 1 at each 1/0 according to the data of
color register. Column addresses A0 and A1 are disregard-
ed. The data on 1/0s and addresses can be masked. 1/O
level at the falling edge of CAS determines the address to
be cleared. (See figure 2.) If this cycle is executed in logic
operation mode described later, the logic aperation mode is
reset only in the cycle and masked data in this cycle is writ-
ten.

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

The data on 4 1/Os are all cleared when WE is high at
the falling edge of RAS.

o Mask Block Write Mode (WE low at the falling edge of
RAS)

When WE is low at the falling edge of RAS, HM534253A
starts mask block write mode to clear the data on an option-
al 1/0. The mask data is the same as that of a RAM write
cycle, High 1/0 is cleared, low 1/O is not cleared and the
internal data is retained. The mask data is available in the
RAS cycle. In page mode block write cycle, the mask data is
retained during the page access.

@ HITACHI
Hitachi America, Ltd. « Hitachi Plaza » 2000 Sierra Paint Pkwy. ¢ Brisbane, CA 94005-1819 » {415) 589-8300 1097




HM534253A Series

Color Register Set Cycle

M N

Flash Write Cycle

K
v

Flash Write (Cycle

Color Data

Set color register

color register.

Execute flash write inte each

1/0 on row address Xi using

Execuze flash write into
each 1/0 an row address

Xj using color register.

0086-4
Note: *1. 1/0 Mask Data
Low: Mask
High: Non Mask
Figure 1. Use of Flash Write
|__Coior Register Set Cycle L Block Write Cycle N| Block Write Cycle N
OSF
Color Data X “1 )@ddress Mask .1 @éddress Mask)@
0086-5

Note: *1

WE 1/0 Mode

Low 170 Mask Data Mask

High Don’t Care Non Mask
I/0 Mask Data
Low: Mask
High: Non Mask

Address Mask Data

1/0g Column0 (A0=0,Al=0) Mask Data

Low: Mask
1704 Columnl (AO=1,A1=0) MaskData
1/0, Column2 (A0=0,Al=1) MaskData .
High: Non Mask
1/03 Column3 (AO=1,Al=1) MaskData

1098

Figure 2. Use of Block Write
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HM534253A Series

* Transfer Operation

The HM534253A provides the read transfer cycle, split
read transfer cycle, pseudo transfer cycle, write transfer cy-
cle and split write transfer cycle as data transfer cycles.
These transfer cycles are set by driving CAS high and
DT/OE low at the falling edge of RAS. They have following
functions:

(1) Transfer data between row address and SAM data regis-
ter (except for pseudo transfer cycle).

Read transfer cycle and split read transfer cycle: RAM
to SAM

Write transfer cycle and split write transfer cycle: SAM
to RAM

Determine SI/0 state (except for split read transfer cycle
and split write transfer cycle).

[t

-

Read transfer cycle: SI/0 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 trans-
fer cycle or pseudo transfer cycle (split transfer cycle
isn't available) before SAM access, after power on, and
determined for each transfer cycle.

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

This cycle becomes read transfer cycle by driving DT/OE
low, WE high and DSF low at the falling edge of RAS. The
row address data (512 x 4-bit) determined by this cycle is
transferred to SAM data register synchronously at the rising
edge of OT/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 fis-
en to transfer data from RAM to SAM.

This cycle can access SAM even during transfer (real
time read transfer). In this case, the timing tgpp (min) speci-
fied between the last SAM access before transfer and
DT/OE rising edge and tgpn (min) specified between the
first SAM access and DT/OE rising edge must be satisfied.
(See figure 3.)

When read transfer cycle is executed, SI/0 becomes out-
put state by first SAM access. Input must be set high imped-
ance before tgzg (min) of the first SAM access to avoid data
contention.

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

Pseudo transfer cycle switchs SI/0 to input state and set
SAM start address without data transfer to RAM.

This cycle starts when TAS is high, DT/OE low. WE low,
SE high and DSF low at the falling edge of RAS. Data
should be input to SI/0 later than tgp (min) after RAS be-
comes low to avoid data contention. SAM access becomes
enabled after tggp (min) after RAS becomes high. In this cy-
cle, SAM access is inhibited during RAS low, therefore, SC
must not be risen.

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

Write transfer cycle can transfer a row of data input by
serial write cycle to RAM. The row address of data trans-
ferred 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 tgpp (min)
after RAS becomes high. SAM access is inhibited during
RAS low. In this period, SC must not be risen. Data trans-
ferred to SAM by read transfer cycle or split read transfer
cycle can be written to other addresses of RAM by write
transfer cycle. However, the address to write data must be
the same as that of the read transfer cycle or the split read
transfer cycle (row address AX8).

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

To execute a continuous serial read by real time read
transfer, HM534253A must satisfy SC and DT/OE timings
and requires an external circuit to detect SAM last address.
Split read transfer cycle makes it possible to execute a con-
tinuous serial read without the above timing limitation. Figure
4 shows the block diagram for a split transfer. SAM data
register (DR) consists of 2 split buffers, whose organizations
are 256-word x 4-bit each. Let us suppose that data is read
from upper data register DR1 (The row address AX8 is O

RAS

o

s N A

Address X xi X ¥

gy

SAM Data before Transfer

SAM Data after Transfer

X r A G
e

0086-6

Figure 3. Real Time Read Transfer
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HM534253A Series

and SAM address A8 is 1). When split read transfer is exe-
cuted setting row address AX8 0 and SAM start addresses
AO to A7, 256-word x 4-bit data are transferred from RAM to
the lower data register DRO (SAM address AB is 0) automat-
ically. After data are read from data register DR1, data start
to be read from SAM start addresses of data register DRO. If
the next split read transfer isn’t executed while data are
read from data register DRO, data start to be read from SAM
start address 0 of DR1 after data are read from data register
DRO. If split read transfer is executed setting row address
AX8 1 and SAM start addresses A0 to A7 while data are
read from data register DR1, 256-word x 4-bit data are
transferred to data register DR2. After data are read from
data register DR1, data start to be read from SAM start ad-
dresses of data register DR2. If the next split read transfer
isn't executed while data are read from data register DR2,
data start to be read from SAM start address 0 of data reg-
ister 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 A8 is automatically set in the data
register which isn’t used.

The data on SAM address A8, which will be accessed
next, outputs to QSF, QSF is switched from low to high by
accessing SAM last address 255 and from high to low by
accessing address 511.

Split read transfer cycle is set when CAS is high, DT/OE
is low, WE is high and DSF is high at the falling edge of
RAS. The cycle can be executed asynchronously with SC.
However, HM534253A must be satisfied tgrg (min) timing
specified between SC rising and RAS falling. SAM start ad-
dress must be accessed, satisfying trgt (min), togT (Min)
and tagT (min) timings specified between RAS or CAS falling
and column address. (See figure 5.)

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.

Memory K= = Memory
Amay & E 2 Amay
AX8=0 g 1% |8 AX8=1
Q| 218
= |9 |3
2| |3 |2 3
K= A I T —
SAM 1/O Buffer
S10
0086-7
Figure 4. Block Diagram for Split Transfer
. |
RAS /
—tgrs(min ) —H ———Lasr(min)—
TAS X /
Lcsj(m'il")i »
address  X_xi_ Xt vj X
tasr(min) ¢ q
—_— — \‘
DT/0F \ /
osSF | /N
511 n V285 \ / 255+Y]
A (385 (n+285) — (511) Vi)’
0086-8

Figure 5. Limitation in Split Transfer
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Split Write Transfer Cycle (CAS high, DT/OE low, WE low
and DSF high at the falling edge of RAS).

A continuous serial write cannot be executed because ac-
cessing SAM is inhibited during RAS low in write transfer.
Split write transfer cycle makes it possible. In this cycle, tgTs
{min), trsT (Min), tcgT {Min) and tagT (min) timings must be
satisfied like split read transfer cycle. And it is impossible to
switch SI70 to input state in this cycle. If SI/O is in output
state, pseudo transfer cycle should be executed to switch
S1/0 into input state. Data transferred to SAM by read trans-
fer cycle or split read transfer cycle can be written to other
addresses of RAM by split write transfer cycle. However,
pseudo transfer cycle must be executed before split write
transfer cycle. And the MSB of row address (AX8) to write
data must be the same as that of the read transfer cycle or
the split read transfer cycle.

* SAM Port Operation

Serial Read Cycle

SAM port is in read mode when the previous data trans-
fer cycle is read transfer cycle. Access is synchronized with
SC rising, and SAM data is output from SI/0. When SE is
set high, SI/0 becomes high impedance, and the internal
pointer is incremented by the SC rising. After indicating the
last address (address 511), the internal pointer indicates ad-
dress 0 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/0 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 increment-
ed 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 re-
fresh to retain data. Refresh is executed by accessing all
512 row addresses within 8 ms. There are three refresh cy-
cles: (1) AAS 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 ac-
cessed within 8 ms.

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

(2) CBR Refresh Cycle: CBR refresh cycle is set by activat-
ing CAS before RAS. In this cycle, refresh address need not
to be input through external circuits because it is input

HM534253A Series

through an internal refresh counter. In this cycle, output is in
high impedance and power dissipation is lowered because
CAS circuits don’t operate.

To distinguish this cycle from logic operation set/reset cy-
cle, WE must be high at the falling edge of RAS.

(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), or-
ganized as fully static circuitry, require no refresh.

¢ Logic Operation Mode

The HM534253A supports logic operation capability on
RAM port. It executes logic operation between the memory
cell data and external input data in logic operation mode
write cycle, and writes the result into the memory cell (read-
modify-write). This function realizes high speed raster opera-
tions and simplifies peripheral circuits for raster operations.

Logic Operation Set/Reset Cycle (CAS low and WE low
at the falling edge of RAS).

In logic operation set/reset cycle, the following operations
are executed at the same time; 1. Selection of logic opera-
tions and logic operation mode set/reset, 2. Mask data pro-
gramming, 3. CBR refresh.

Figure 6 shows the timing for logic operation set/reset cy-
cle. This cycle starts when CAS and WE are low at the fall-
ing edge of RAS. in this cycle, logic operation codes and
mask data are programmed by row address and 1/O pin re-
spectively at the falling edge of RAS. When write cycle is
executed after this cycle, the logic operation write cycle
starts. In the logic operation mode, the specification of cycle
time is longer than that of normal mode because read-modi-
fy-write cycle, which writes the operation result of external
data and memory cell data into memory cell, is executed in-
ternally. In this cycle, logic operation codes and mask data
programmed are available until reprogrammed. Mask data is
available only for one RAS cycle, in mask write cycle, mask
block write cycle and flash write cycle. Here, the mask data
programmed in mask write cycle, mask block write cycle and
flash write cycle is named as ‘“temporary mask data” and
the one programmed in logic operation set/reset cycle is
named as “mask data”.

« Selection of Logic Operations and Logic Operation Mode
Set/Reset

Table 2 shows the logic operations. One operation is se-
lected among sixteen ones by combinations of AD-A3 levels
at the falling edge of RAS. (A4-A8 are Don't care.) Logic op-
eration codes (A3, A2, A1, A0)=(0,1,0,1)(THROUGH) resets
the logic operation mode. When write cycle is executed after
that, normal write cycle starts. However, even in this case,
mask data is still available. /0O must be at high level at the
falling edge of RAS in logic operation set/reset cycle when
mask data is not used.
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HM534253A Series
» Mask Data Programming

High/low level of 1/0 at the falling edge of RAS functions
as mask data. When 1/0 is high, the data is written in write
cycle. When 1/0 is low, the input data is masked and the
same memory cell data remains. Mask data, programmed in
this cycle, is available until reprogrammed. i is advanta-
geous when the same mask data continues.

Also, temporary mask data can be programmed by falling
WE at the falling edge of FAS in logic operation mode cycle,
after mask data is programmed. The temporary mask data is
available only for one cycle.

Logic operation is reset during temporary mask write cy-
cle. It means that external input data is written into 1/0
whose temporary mask data is 1. (See figure 7.) These func-
tions are useful when RAM port is divided into frame buffer
area and data area, as they save the need to reprogram log-
ic operation codes and mask them.

=
P
W

—

\ L

O
b
n

—

1

AO-A3 ,)( | a1ic Code X

—

|

1/700-1/03

Mask Data X

0086-9
Figure 6. Logic Operation Set/Reset
¢ Table 2. Logic Code
Logic Code X

o) 2 X a0 Symbol Write Data Note

0 0 0 0 ZERO 0

0 [ 0 1 ANDI1 DieMi

0 0 1 0 AND2 Di-Mi Logic Operation Mode Set
0 C 1 1 — Mi

0 ! 0 0 AND3 DieMi

0 1 0 1 THROUGH Di Logic Operation Mode Reset
v 1 1 0 EOR Di-Mi + Di«Mi

0 1 1 1 OR1 Di + Mi

1 0 0 0 NOR DieMi

1 0 0 1 ENOR Di«Mi + DisMi

1 0 1 0 INV1 Di . .

1 0 ] N OR2 St M Logic Operation Mode Set
1 1 0 0 INV2 Mi

1 1 0 1 OR3 Di+Mi

1 1 1 0 NAND Di+ Mi

1 1 1 1 ONE 1

Notes: Di: External Data-in.
Mi: The data of the memory cell.
G HITACH)
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HM534253A Series

Logic operation
set/reset cycle Write cycle Write cycle Write cycle Write cycle

A S
E

3
J
ﬁ

| |
A=
S T ey = N PO W

1/00 “Hm\ "0"Write Masked [ "1 Write \  “0"write

g

O
1%,
"

\]

1/01 Lr Masked “{"Write Masked Masked
1702 “L Masked / \ "0"Write Masked Masked
1/03 "H" "1TWrite \ Masked "0Write “1"Write
Logic — AND1 THROUGH AND1 AND1
Mask data are Temporary
set to 1/01 and mask data is set,
Remarks 1102. and valid only
Logic code in this cycle.
“AND1" is set. (OO0 and /03

are masked.)

0086-10

Figure 7. 2 Types of Mask Write Function and Logic Operation Function
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HM534253A Series

Logic Operation Mode Write Cycle (Early Writs, Delayed
Write and Page Mode)

Write cycle after logic operation set cycle is logic opera-
tion mode write cycle. However, this mode is reset in block
write, mask block write, flash write, and mask write cycle. In
logic operation mode write cycle, the following read-modify-
write operation is executed internally.

(1) Reading memory cell data in given address into internal
bus.

(2) Executing operation between the data given in /O pin
and memory cell data.

(3) Writing the result of (2) into address given by (1).

Figure 8 shows the sequence of raster operation. Raster
operation which needs 3 cycles (destination read, operation
and destination write) in normal mode can be executed in
one write cycle of logic operation mode. It makes raster op-
eration faster and simplifies peripheral hardware for raster
operation.

! Read 1-word source data

N

[ Read 1-word destination data

L

Execute logic operation between
source data and destination data

N7
Write the result of operation into
the destnation address

]

i Execute logic operation setfreset cyclei

! Read 1-word source data

Write the read data into the
destination address

0086-11 0086-12
(a) Normal Mode (b) Logic Operation Mode
Figure 8. Sequence of Raster Operation
H ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit Note
Terminal Voltage Vr —1.0to +7.0 v 1
Power Supply Voltage Vee —05t0 +7.0 v 1
Power Dissipation Pt 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tstg —55t0 + 125 °C
Note: 1. Relative to Vgs.
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (To = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Note
Supply Voltage Vee 4.5 5.0 55 v 1
Input High Voltage Viy 24 — 6.5 v 1
Input Low Voltage viL —0.5 — 0.8 v 1,2

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

@ HITACHI
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HM534253A Series

¢ DC Electrical Characteristics (T = 0to +70°C, Voc = 58V £10%, Vgg = 0OV)

HM534253A-8 HM534253A-10 i Test Conditions
Parameter Symbol - - Unit
Min Max Min Max RAM Port SAM Port
- Icc - 65 — 50 mA | RAS,CAS SC = Vi, SE = Vi
Operating Cycling SE = Vp, SC Cycling
Current — — : = 'IL yeln
en Iccr 115 100 mA | tgc = Min tsoc = Min
I — 7 — 7 mA SC = Vi,.SE = V,
Standby == RAS, CAS 53 Vi CC ing
Current — — =V = YIL yeling
Iccs 50 50 mA H tgoc = Min
KAS Only Iccs - 65 — 50 mA | RAS Cycling SC = Vq1, SE = Vi
Refresh CAS = Vg SE = Vyi, SC Cycling
Current lcco - 113 - 100 mA trc = Min tsoc = Min
I — 70 — 65 mA | TaS cycli SC=VSE=V
Page Mode co %Cj"bﬁ SE VIL SCC I‘IH
B = VIL yeling
Current Iecto —_ 120 — 115 mA tpc = Min tsoc = IMin
CAS I — 55 — 40 mA | ___ SC = v, SE =V,
RASRehon [ s - Yy 5CCysing
Current Iocit bt 105 — 90 mA RC tsoc = Min
Data Iccs — 75 — 60 mA RAS, CAS SC = Vi1, SE = Vg
Transfer Cycling SE = Vy, SC Cycling
Current Iccnz — 125 — 110 mA trc = Min tsoc = Min
Input Leakage _ _
Current Iy 10 10 10 10 pA
Output Leakage _ -
Current ILO 10 10 10 10 p.A
Output High - _
Voltage VoH 24 — 24 — v Iou 2mA
Output Low _
Voltage VoL — 04 — 04 v | Iop=42mA
Note: 1. Ioc depends on output loading conditien when the device is selected, Icc max is specified at the output open condition.
e Capacitance (Tp = 25°C, Ve = 5V, f = 1 MHz, Bias: Clock, I/0 = Vg, Address = Vgg)
Parameter Symbol Min Typ Max Unit
Address Cpy — — 5 pF
Clock Cpz — — 5 pF
1/0, SI/0, QSF Cro — — 7 pF
G HITACHI
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HM534253A Series

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

Input Rise and Fall Time 5ns
Output Load See figures
Input Timing Reference Levels 0.8V, 2.4V
Output Timing Reference Levels 0.4V, 2.4V
Output Load (A) Output Load (B)
IQH=-2mA +5V IOH="ZmA +5V
Io|_=4.2mA IOL=4.2mA
1/0 . S1/0 ,
—L100pF‘1 —LSOpF'l
7 /4
0086-13 0086-14
Note: *1. Including scope and jig.
Common Parameter
HM534253A-8 HMS534253A-10 .
Parameter Symbol Unit Note
Min Max Min Max
Random Read or Write Cycle Time trRC 150 — 190 — ns
RAS Precharge Time tRp 60 — 80 — ns
RAS Pulse Width tRAS 80 10000 100 10000 ns
CAS Pulse Width tCAS 20 — 25 — ns
Row Address Setup Time tASR 0 — 0 — ns
Row Address Hold Time tRAH 10 —_— 15 — ns
Column Address Setup Time tAsC 0 — 0 — ns
Column Address Hold Time tCAH 15 — 20 — ns
RAS to CAS Delay Time tRCD 20 60 25 75 ns 2
RAS Hold Time Referenced to CAS tRSH 20 —_ 25 — ns
CAS Hold Time Referenced to RAS tcsH 80 — 100 — ns
CAS to RAS Precharge Time tCRP 10 — 10 — ns
Transition Time (Rise to Fall) tT 3 50 3 50 ns 3
Refresh Period tREF — 8 — 8 ms
DT to RAS Setup Time tpTs 0 — 0 — ns
DT to RAS Hold Time tbTH 10 — 15 — ns
DSF to RAS Setup Time tFSR 0 — 0 — ns
DSF to RAS Hold Time tRFH 10 —_ 15 — ns
DSF to CAS Setup Time trsC 0 —_ 0 — ns
DSF to CAS Hold Time tCFH 15 — 20 — ns
Data-in to CAS Delay Time tpzc — 0 — ns 4
Data-in to OE Delay Time tpzo o] - 0 — ns 4
abeDeo s | o | = | o | = [ s | e |
ety o | - | w | - s e | s
@ HITACHI
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HM534253A Series
Read Cycle (RAM), Page Mode Read Cycle

Parameter Symbol _HM534253A-8 ?IMSMZS:;A_IO Unit Note
Min Max Min Max

Access Time from RAS tRAC — 80 — 100 s 6,7
Access Time from CAS tcac — 20 — 25 ns 7.8
Access Time from OE tOAC — 20 —_ 25 ns 7
Address Access Time tAA — 40 — 45 ns 7,9
Read Command Setup Time trCs 0 — 0 — ns

Read Command Hold Time tRCH 0 — 0 — ns 10
Read Command Hold Time {RRH 10 — 10 — ns 10
RAS to Column Address Delay Time tRAD 15 40 20 55 ns 2
Column Address to RAS Lead Time tRAL 40 — 45 — ns

Column Address to CAS Lead Time tCAL 40 — 45 — ns

Page Mode Cycle Time tpc 50 — 55 — ns

CAS Precharge Time tcp 10 — 10 — ns

Access Time from CAS Precharge tacp — 45 — 50 ns

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns

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

Parameter Symbol _HM534253A-8 ?IM534253A-10 Unit Note
Min Max Min Max
Write Command Setup Time twes 0 — 0 — ns 11
Write Command Hold Time twcH 15 — 20 — ns
Write Command Pulse Width twp 15 — 20 — ns
Write Command to RAS Lead Time tRWL 20 — 25 — ns
Write Command to CAS Lead Time tcwL 20 — 25 — ns
Data-in Setup Time tps 0 — 0 — ns 12
Data-in Hold Time tbH 15 — 20 — ns 12
WE to RAS Setup Time tws 0 — 0 — ns
WE to RAS Hold Time twH 10 — 15 — ns
Mask Data to RAS Setup Time tMS 0 - 0 — ns
Mask Data to RAS Hold Time tMH 10 — 15 — ns
OF Hold Time Referenced to WE tOEH 20 — 25 — ns
Page Mode Cycle Time tpc 50 — 55 — ns
CAS Precharge Time tcp 10 — 10 — ns
CAS 10 Data-in Delay Time tcDD 20 — 25 — ns 13
Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns
@ HITACHI

Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1818 « (415) 589-8300 1107



HM534253A Series
Read-Modify-Write Cycle

HM534253A-8 HM534253A-10 i
Parameter Symbol - - Unit Note
Min Max Min Max
Read-Modify-Write Cycle Time trRwC 200 — 250 — ns
&A;d?ﬁizxjd\;h rite Cycle) tRWS 130 10000 160 10000 ns
CAS to WE Delay Time tcwD 45 — 55 — ns 14
Column Address to WE Delay Time tAWD 65 — 75 — ns 14
OE to Data-in Delay Time topD 20 — 25 — ns 12
Access Time from RAS tRAC — 80 — 100 ns 6,7
Access Time from CAS tcac — 20 — 25 ns 7.8
Access Time from OF toAC — 20 — 25 ns 7
Address Access Time tAA — 40 — 45 ns 7,9
RAS to Column Address Delay Time tRAD 15 40 20 55 ns
Read Command Setup Time tRCS 0 — 0 — ns
Write Command to RAS Lead Time tRWL 20 — 25 — ns
Write Command to CAS Lead Time tewL 20 — 25 — ns
Write Command Pulse Width twp 15 — 20 — ns
Data-in Setup Time tps 0 — 0 — ns 12
Data-in Hold Time tpH 15 — 20 — ns 12
OE Hold Time Referenced to WE tOEH 20 — 25 — ns
Refresh Cycle
HM534253A-8 HM534253A-10
Parameter Symbol - - Unit Note
Min Max Min Max
?C“\%S;tel;grz% Refresh Cycle) tcsr 10 - 10 - ns
CAS Hold Time _ t 15 — 2 — ns
(CAS Before RAS Refresh Cycle) CHR
RAS Precharge to CAS Hold Time tRPC 10 — 10 — ns
Flash Write Cycle, Block Write Cycle
HM3534253A-8 HMS534253A-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
CAS to Data-in Delay Time tcpD 20 — 25 — ns 13
OE to Data-in Delay Time toDD 20 — 25 — ns 13
Read Transfer Cycle
Parameter Symbol ?MSMZS}A-S %IMSMZS:;A_IO Unit Note
Min Max Min Max
DT Hold Time Referenced to RAS tRDH 70 10000 90 10000 ns
DT Hold Time Referenced to CAS teDH 20 — 25 — ns
DT Hold Time Referenced to Column Address tADH 30 — 35 — ns
DT Precharge Time tDTP 40 — 45 — ns
DT to RAS Delay Time tDRD 70 — 90 — ns
SC to RAS Setup Time SRS 30 — 30 — ns
1st SC to RAS Hold Time tSRH 85 — 105 — ns
1st SC to CAS Hold Time tsCH 30 — 35 — ns
1st SC to Column Address Hold Time tSAH 50 — 55 — ns
@ HITACHI
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Read Transfer Cycle (continued)

HM534253A Series

HMS534253A-8 HM534253A-10
Parameter Symbol - - Unit Note
Min Max Min Max
Last SC to DT Delay Time tsDD 5 — 5 — ns
15t SC to DT Hold Time {SDH 15 — 15 — ns
RAS to QSF Delay Time tRQD — 95 — 115 ns 15
CAS to QSF Delay Time QD — 35 — 40 ns 15
DT to QSF Delay Time tDQD —_ 25 —_ 30 ns 15
QSF Hold Time Referenced to RAS tRQH 20 — 25 — ns
QSF Hold Time Referenced to CAS toQH 5 — 5 — ns
QSF Hold Time Referenced to DT {DQH 5 — — ns
Serial Data-in to 1st SC Delay Time 1§78 0 — 0 — ns
Serial Clock Cycle Time tscc 30 — — ns
SC Pulse Width tsc 10 — 10 — ns
SC Precharge Time tscp 10 — 10 — ns
SC Access Time tsCA — 25 — 25 ns 15
Serial Data-out Hold Time tSOH 5 — — ns
Serial Data-in Setup Time ts1s 0 — 0 — ns
Serial Data-in Hold Time tsIH 15 — 20 — ns
RAS to Column Address Delay Time tRAD 15 40 20 55 ns
Column Address to RAS Lead Time tRAL 40 — 45 — ns
DT High Hold Time to RAS Precharge tDTHH 25 — 30 — ns
Pseudo Transfer Cycle, Write Transfer Cycle
HMS534253A-8 HM534253A-10
Parameter Symbol - - Unit Note
Min Max Min Max
SE Setup Time Referenced to RAS tEs 0 — 0 — ns
SE Hold Time Referenced to RAS tEH 10 — 15 — ns
SC Setup Time Referenced to RAS tSRS 30 — 30 — ns
RAS to SC Delay Time ISRD 25 — 25 — ns
ertal Output Buffer Turn-off Time tsRZ 10 45 10 50 ns
RAS to Serial Data-in Delay Time tsID 45 — 50 — ns
RAS to QSF Delay Time tRQD — 95 — 115 ns 15
CAS to QSF Delay Time icoD — 35 — 40 ns 15
QSF Hold Time Referenced to RAS tRQH 20 — 25 — ns
QSF Hold Time Referenced to CAS toQH 5 — 5 — ns
Serial Clock Cycle Time tsce 30 — 30 — ns
SC Pulse Width tsc 10 — 10 — ns
SC Precharge Time tscp 10 — 10 — ns
SC Access Time tsca — 25 — 25 s 15
SE Access Time tSEA — 25 — 25 ns 15
Serial Data-out Hold Time tSOH 5 — 5 — ns
Serial Write Enable Setup Time tsws 5 — 5 — ns
Serial Data-in Setup Time tsis 0 — 0 — ns
Serial Data-in Hold Time tSIH 15 — 20 — ns
@ HITACHI
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HM534253A Series

Split Read Transfer Cycle, Split Write Transfer Cycle

Parameter Symbol »HM534253A-8 ?—IM534253A-10 Unit Note
Min Max Min Max
Split Transfer Setup Time tSTS 20 — 25 — ns
Referencod o RAS w0 - 100 - |
;pel;:r:;:::fg g:llgr:xlln:ddress tasT 0 - 43 - ns
SC to QSF Delay Time tSQD — 25 — 30 ns 15
QSF Hold Time Referenced to SC tSQH 5 — 5 — ns
Serial Clock Cycle Time tsce 30 - 30 — ns
SC Pulse Width tsc 10 — 10 — ns
SC Precharge Time tscp 10 — i0 — ns
SC Access Time tscA — 25 — 25 ns 15
Serial Data-out Hold Time tSOH — 5 — ns
Serial Data-out Setup Time tsIs 0 — 0 — ns
Serial Data-in Hold Time tSIH 15 — 20 — ns
RAS to Column Address Delay Time tRAD 15 40 20 55 ns
Column Address to RAS Lead Time tRAL 40 — 45 — ns
Serial Read Cycle, Serial Write Cycle
HM534253A-8 HM534253A-10 .
Parameter Symbol - Unit Note
Min Max Min Mazx
Serial Clock Cycle Time tsce 30 — 30 — ns
SC Pulse Width tsc 10 — 10 — s
SC Precharge Width tscp 10 — 10 — ns
Access Time from SC tscA — 25 — 25 ns 15
Access Time from SE tSEA — 25 — 25 ns 15
Serial Data-out Hold Time tSOH 5 — 5 — ns
gwabedinal |y | - | o | = | [ w | s
Serial Data-in Setup Time ts1s 0 — 0 — ns
Serial Data-in Hold Time tSIH 15 — 20 — ns
Serial Write Enable Setup Time tSWs 5 — 5 — ns
Serial Write Enable Hold Time tSWH 15 — 20 — ns
Serial Write Disable Setup Time tswis 5 — 5 — ns
Serial Write Disable Hold Time tSWIH 15 — 20 — ns
A HITACHI
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HM534253A Series

Logic Operation Mode

Parameter Symbol .HM534253A-8 §M534253A-10 Unit Note
Min Max Min Max
e w | o |~ e [ - |
%TSS};Z?;;]%) tCHR 15 — 20 — ns
RAS Precharge to CAS Hold Time tRPC 10 — 10 — ns
Write Cycle Time tFRC 170 — 215 — ns
RAS Pulse Width tFRS 100 10000 125 10000 ns
Page Mode Cycle Time tFpC 70 - 80 — ns
CAS Pulse Width tFcs 40 — 50 — ns
RAS Hold Time Referenced to CAS tFRSH 40 — 50 — ns
CAS Hold Time Referenced to RAS tFCSH 100 — 125 — ns
Column Address to RAS Lead Time tFRA 60 — 70 - ns
Column Address to CAS Lead Time trCA 60 — 70 — ns
RAS to Column Address Delay Time tRAD 15 40 20 55 ns
Write Command Setup Time twes 0 — 0 — ns
Write Command Hold Time twCcH 15 — 20 - ns
Write Command Pulse Width twp 15 — 20 — ns
Write Command to RAS Lead Time tRWL 20 — 25 — ns
Write Command to CAS Lead Time tcwL 20 — 25 — ns
Data-in Setup Time tps 0 — 4] — ns 12
Data-in Hold Time tDH 15 — 20 — ns 12
WE to RAS Setup Time tws 0 — 0 — ns
WE to RAS Hold Time twH 10 — 15 — ns
Mask Data to RAS Setup Time tMs 0 — 0 — ns
Mask Data to RAS Hold Time tMH 10 — 15 — ns
OE Hold Time Referenced to WE tDEH 20 — 25 — ns
CAS Precharge Time tep 10 — 10 — ns

Notes: 1. AC measurements assume ty = 5 ns.

2. When trcp > trep (max) or tpap > trRAp (max), access time is specified by tcac or taa-

3. Vig (min) and Vg (max) are reference levels for measuring timing of input signals. Transition time ty is measured between

Vin and Vyy.

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write

cycle, either tpzc (min) or tpzg (min) must be satisfied.

5. toFF) (max) topp; (max) and sz (max) are defined as the time at which the output achieves the open circuit condition

(Vou —200 mV, Vo1 + 200 mV).

6. Assume that tpcp <tpcp (max) and tRAD StRAD (max). i trep or trap is greater than the maximum recommended

value shown in this table, tp s exceeds the value shown.

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

8. When trcp 2 trep (max) and tRAp <trap (max), access time is specified by tcac.

9. When trcp <trcp (max) and tpap 2tRap (nax), access time is specified by taa.

0. If either tgcy of trry is satisfied, operation is guaranteed.

1. When twcs 2 twcs (min), the cycle is an early write cycle, and 170 pins remain in an open circuit (high impedance) condi-

tron.

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

13. Either tcpp (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.

14. When tawp 2tawp (min) and tcwp 2 tcwp (min) in read-modify-write cycle, the data of the selected address outputs to
an 1/0 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.

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

16. 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.
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HM534253A Series

8 TIMING WAVEFORMS
* Read Cycle

tRe »
¢ tRAS H f———TRP——— |
RAS —
4 TesH | [——1crP —»
¢ tRCO ¢ tasH >
¢ teas —
tase | [4—LRAD—si¢ i
| [ tran A (€LASC N
Row Z  Colu
LACS
[
WE X STSNIANES
it teac—3H
14 Y ¥ —LCDD-—)
+ tRAC—? LOFFL
1/0 -
Valid Dout
(Qutput) f
j¢—tp2c— 4-toAg M| b
I/
(1
[¢toTsH

Note: *1. This cycle becomes a normal mode write

cycle when WE is high and a mask write cycle when WE is low.

BT/0E B
+-LFSRH
OSF
Don't care
0086-15
¢ Early Write Cycle
tac - »
\J LRAS 3 |+ tRp———
RAS (I
¢ tCsH ¥ [¢—tcrr—>
[¢————tRCD i LRSH 14
03 LCAS d
CAS
tAsR
[ [t trand 4 tasc ¥
Address & Row @ Colu
¢ TS H 4= tun | +twes -
WE *1
[/0
(Output)
rHeMsH [4-thit—d, tos—H [etond|
{Toout) BB MaskData HB{ Valid0in WTTmTomE
tors j—| [¢-tDTH | l
trsn-H [e-LRFH 4-tFSCH [e—pjtern
0SF 2 J/@l
:Don't care
0086-16
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HM534253A Series

e Delayed Write Cycle

RC

v
-

tRSH
tCA;

=5
=
A
S
p
%3
“
I
g2
S
@
Ll
o
&
o
E

t
|4A—S"> [trand  [tascH

Address m Row }@i Colu
el
¥

WE B{ 1

1/0
(Output)
IMS B 4 tun {-tozc-H
1/0 [ |
(Input) Y MaskData MEH

toTs
4—‘07}!-}!

e B %

-t F SR H-LRFH +
DSF @

008617
Note: *1. This cycle becomes a2 normal mode write cycle when WE is high and a mask write cycle when WE is low.
* Read-Modify-Write Cycle
LRWC d

¢ tRWS | [4—trp—H

RAS
tcre \—

————tagp ——— ——H

CAS
tASR | [¢——LtAAD—}|
[ [+ trak-H ¢
Address @f Row
|¢tws+J A |

W B WE

A Y

ValidDout —
L= r—tozc—) +—toAC —H [¢t05 ¥ +-ton—3
Data i 2 Valid Din &
toro tarF2
4! ————|
—to1r—> 100D — toen ¥
£0 1
*\':@"‘- 55 f
‘-an-y‘ ILFSC-H 44— teFH
:Don't care
0086-18

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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HM534253A Series

¢ Page Mode Read Cycle

tRC
¢ LRASP ¥| ¢ tRp———p
T
RAS N
—1Csi ¥ [—1tpC 4-LRSH $
- LRCD |- teas | (trep—H| [ teas —¥ [6—tep—H ———tcas | [&——tcnp—
CAS
t
200, 1 teAL— ¥ ¢ teaL—» ¢
LR |U\Sd teap +
Thyen it {tasc [4—H [P toan ftasc [
Row k@{ Cotumn K N3 cotumn JEES Column B3
| tacy tacH [tRCY tRCH [tped
| | © 4] P—N
WE PO 020 ¢
s torn"“' torFi
¢ tRacH M ¢ taa—H | ¢ tAn—|
[e-tan (——tACP ¥ M—tacp ——
LCAC ¥ 4LCAC Y HLCACK toFFl
I/0 vahd valid _fuati b
(Output) gml_w { Dout 1 Yol1dDouey
tCnD

tcoo e M tpac {xcoo
(LOFF2 LOFF2 -~ t—|
+— 4 L(]I\C-" T‘—’ 1‘—" tOAC ¥
7 2

0086-19
¢ Page Mode Write Cycle (Early Write)
tRe »
4 tRASP ¥ tpr
RAS W
——tCsi ¥ [¢——1toc | 4~ tRSH———H!
tRCD——d{=tcAs—¥| [etep—] [&teas—d |f—lcp—9 roas —H f————"cp—H
TS i
tASR||taAH  tasC tASC tasC
& wf‘ [+ € tean = [ tean [ [« rcan
Address $F] Row @i Column joh Columa ?
tws || tw twes || twen twes | tweH SWCH
4] ¢ O le—
HE A KEE
1/0
(OUtDUt) tus || tmypr tps tps|| tou
{9 t’{ L ﬂDH-)' 4+
ngut) S 'gasi} Valid Din Valid Oin
LTS j4| 4| torn
0T/0E T
DSF
% :Don't care
0086-20

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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HM534253A Series

* Page Mode Write Cycle (Delayed Write)

tre

\ LRASP | |e——tap——t
e —_ —
+ tesn 3 [4——tnC | ¢~ tRsH—>
4-tRCD——H4—1cAS—H ﬂcp—{ —toas— [4tep —¥ ——teAs | [&—torp—
AsC :

tASR{|LRAH  tASC

| tenn

Address @ Row }@{ Co]umnﬁg&

tewL oy 4 tewL
tus || twp 4———»1 — ——tqu #

|f+ i twp (] twp twp |6
w OBCF =

1/0
(Output)™ ¢

el |l X
(Input) 255 0ata 4 &IKT Din_Ais: Din

tors [0 l¢toen—|

DT/0E e
tRFH tFSC =
© N
DSF
:Oon't care
_ o D086-21
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
tRC M
+ tras 3 |¢ tpp ————————
. ] l
[-tcre —> —tarc 4|
BT/0E 5 R
4-LRFH
GSF l
:Don't care
0086-22
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HM534253A Series

¢ CAS Before RAS Refresh Cycle

the

¢ tRp

4—tRPC

-
Y

»
tRAS ¥ |(—tnp—»
J’ treC \__.
4LCP P [e——tCsR—H 4—tcuu—>|
2

4—3 [¢—tesa—H
Inhibut Falling Transition 2357

0086--23
¢ Hidden Refresh Cycle
trc H t >
¢ tRAS tRp—| |+ tRAS U tRp ——
RAS N
[¢——tRCD ————LASH—] ¢ LCHR ;i 4—LoRp ——
TS ¢
tasn | [4LRAD B¢ taaL -
|63 [] tran [ tasc ¥ [4tcan 2y
57 0% X L
1@ Column JE2t ’&.g‘)" !. TSR
tRCSIH LARH s 1«) (-—-wn——)[
=Leac
Lan—— tOFFY
¢ tRAC ?
[/0 Vali
alid Dout
(Output) LoAC
+—> ——»
/ LOFF2
[
£
:Don't care
e
00B6-24
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HMS534253A Series

» Color Register Set Cycle (Early Write)

11d »
¢ LRAS. -+ |« LRp———
¢ tesn 3| |4 LCRR i
4 LRCD 3¢ trSi ¥
p " »

{4~ twH |
WE RN EX

4‘w(s‘)

4t0s M [¢ton-H

s Color Data

‘—‘-D”I-)I

Don't care
0086-25
« Color Register Set Cycle (Delayed Write)
t K

4 tRAS it ¥ ¢ tRp —————H|
RAS {l N

¢ tesH —||¢ teap ¥

¢ LrcO ¢ tASH >

¢ tCAS )
CAS
tase
|1——-+ - LRAH |
Address gy Row S e
WE
[/0
{Output)
tos |1—> +—|ton
Mgput) Color Data (5Z
BT/0E 3 %
LFSR
Jj— - LRFH-H
OSF : 8 S
0086-26

G HITACHI
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HM534253A Series
¢ Color Register Read Cycle

the >
+ tRAS H |« tpp P
RAS A
+ tesy 3| ¢ tCRP——
+ tRCD 4 tRsH +
—————CAS—— 4

CAS

[ [ErRAI Y
Address Forasl  Row

=t

4——1CAC —
¢ tRAC 4 toFFy
Valid Out
tOFF2
+—ipzc— €LonC ¥
¢tp20+

Don't care

tRC » ;I

rd
w
3
=z
>
173
R
|
o
b

4——tncu—+|

—
[4~toDD—3  J4tMSH [&-tHuu—

:Don't care
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HM534253A Series

¢ Block Write Cycle

tRC d

tRAS ¥ tRp———
S f L
———tcrp———| [——trco S NI | A
CAS fi:" K ;

tASR tASC
|¢———+ +laAH-)| |<——b teand]

+

Column A2-A8

—*
4-topp—  [€tns) 4—lMH—¢| |€¢tosH [¢-ton—

L/G
({nput) 374170 Mask Osta Mok Bata AE
tots HonH[
3

x
-

LFSR
" »

4

-

kerM!

0086-29
Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low.
¢ Page Mode Block Write Cycle
t tac an—-:

+ RAS M F
RA : 3 \

———1tCSH 3 [&—tpC | ——LRSH——

4 —tpep—|¢-toas —H [¢~tep— ¢~ tCAS —H d—tep—H Q-[CI\S—"l ——tCRp —M
CAS ! 1 |

tAs I LR LASC || tCpH tASC {teaM
"1 P |4—9 4] |(—) Las
Address S0 Row KEX Ty Kot rons K&
WE
1/0
{Output)
[/0
(Input)
OT/OE
psSf
:Don't care
0086-30

Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low.
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HM534253A Series

* Read Transfer Cycle {1)

tae N
¢ tRas | ———trp +
X —
¢ teSH | |+ LCRP———H

i+ - RSH H

4 CAS- — —

Addre

tart
t1]

S1/0 s
(Odtput) Valid Sout validSout
Previous Row— 14— New Row
s1/0
(Input) e
LOQH ,i
QsF*! SAM Address HSB @
[ e——tcgn—
4——tRQ0 H
o8
————— LROH —————)
QsF*? SAM Address NSB

:Don't care

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).
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HM534253A Series

¢ Read Transfer Cycle (2)

tRC N
¢ tRAS ! ¢ trp »
—_— ——— S
RAS A .
¢ tCSH — s teHp———H
e tRSH -t 4
[4—tRCD ¢ tCAS :l _
CAS il '
4——tRAn;4t " tRAL »
tASR || tRAH ASC || teAH
—H [—
SAM Start
N Address

twH

" —————tcoH———H
¢ tROH >
4
trsg || tRFH
DSF
tSRS €—tSOH—H]
—P] ¢ tsaH H ——1tscc
tsc tSCP 9 W
sC ] "@Inhibit Rising fransition
lr‘ﬁ tSCH— [—
N LSRH »
SI/0
(Output) tgrsits tszs
SI/0
(Input) @g
4+toQD
togH
|
QSF SAM Address MSB ;@gi

Don't care

0086-32
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HM534253A Series

¢ Pseudo Transfer Cycle

tac »
o tRAS ¥ |4 LRy 5
RAS \
¢ tCSH » |[¢——tcRP —|
! tagH ————————H
¢ taco ¢ tCAs H
CAS
tASR || tRAH tasC |{tcam
+— [— —H —
Address MROW ) :( *Asaress’
tws twH
+——
WE
[/0
{Output) toTs | totH
| |—|
DT/BE ;4@
LFSR || tREH
|
OSF Z
tsez—¥
€LES D (4LEHH -t SWS |
53 T
tsRQ
-tSRS— = [t sc N
[ —tsc| 4£5CP H jetscH [TscP
SC Inhibit Rising Transition 9 r_
jLﬂ €AY
S1/0 tson +—tSRZ—H
Valid :
E @ Valid Sout
(Qutput)seut ¢ N ! LIS |{tsIy tsis||tst
$1/0 ¢ StD —H [4— | +—q
(Input) Valid Sin @(vwasm}@
4—tcgo—
tCQH
J——trQ0 )
— LRQH~————————}|
QsF SAM Address MSB o

:0on't care

0086-33

1122
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e Write Transfer Cycle

HM534253A Series

tRL 4
¢ tRAS * |€ LRp———¥
4 LCSH | [6——tRP —
¢ tRSH »
+ teas *
e ——

tean
!

R R T

LRFH
—)|
e

LEH

+—H H—tsce
ﬂsc+i t!scp—b

SI/0
(Qutput)
S

(1

I/0
nput)

tSis 1{tSEH tsis
—— 19 [

¥
w5 VR vaasn ¥

LSTH ts1s|itsin

A3 RQU
——tRQH =

QSF

SAM Address MSB

:Don't care

0086-34
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HM534253A Series

¢ Split Read Transfer Cycle

N

tRC

¢ tRAS N ptnp—;
RAS N y N
¢ -tosu —_ —
i tRSH ¥
4——tch—>{1——~—tCAs——-———l——> teRP—H
"
N zj
[{=tRAD tRAL '
LRAH tASC || tCAH
—h Al >

SAM Start
ow Address Yi

twH

High-Z

yYwy

Low tRsT

SE
SC Yi&IZ)SS
SI/0 Valid (1(1 Vaiid Vaiid
0 Sout )1) Sout >@(iout >@(
SI/0
(Input) ~t500— 4-tsq0—»

1 tsqH £son
QSF }@1{ SAM Address MSB }@{

:0on't care
0086-35

Note: *1. If the next transfer cycle after read transfer cycle is split read transfer cycle, one or more access to SC are required
between read transfer cycle and split read transfer cycle.
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HM534253A Series

» Split Write Transfer Cycle

tre

Y

1/0
(Output)

Low

ptkp'——’

Y

SC 4

SI/0
(Output)

SI/0 :
(Input) _fi-

45—1’1

1id . :
in @Va]\d Sin
[4¢-15Q0

o

.

SAM Address MSB

K

:Don't care

0086-36
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HM534253A Series

¢ Serial Read Cycle

N3 N\
——tsce ¢ tsce ——tsce
ftsc—vu(d-—lscv——) ¢-lsc-———»| [—tscP—] - tsC——H [—tsCp —H [e—tsc—
SC —
4 tsCA~——H d———tsEA—d A\ tSCA—b
S1/G —t5on—>| —tsEz—» ——tsca—) —tson—
e yrarre 1o\ STRvrir :
(Oé\éput)"a““ Sout r@ Vaiid Sout Valid Sout Valid
i e R
:Don't care
0D086-37
® Serial Write Cycle
tSWiH tsws
| H—| ——]
_— = rrrn
st REER
tsc + 1sC ¢ tsc H
~tsc .r-tscr——» d-tsc—ﬁ‘ld-lscv—b «lsc—ﬁr—tscp—bi —tsc—
%
sC 1
SI/0
{Input)
:Don‘t care
0086-38
¢ Logic Operation Set/Reset Cycle
¢ tre )
g—————tRp —————P (———tRAS # ¢ [T —————
s , ¥ A
¢——1RPC —| [&—tCSR——P| [¢—Lt(HR— [(-—tcnp—)
AS : Inhibit Falling Transition ,y{%;f
tASR [ tRAH
| =
0086-39

1126
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HM534253A Series

» Logic Operation Mode Early Write Cycle

LFRC ¥
¢ tERS H| [ tRp P
RAS |
¢ LFCSH M [——tcap —H
¢ tRCO e LFRSH >
+ LECS: >
73 ‘I'
tas m;nnn—»i—-—-;‘———tm— —!
ASR
== |eeasc]
Address @i Row LO U

tPUL) et ety jtos—| Jetows

0
u

o L |

0086-40
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a
temporary mask write cycle starts.

* Logic Operation Mode Delayed Write Cycle

tFRC M
4 LFRS -+ tRP w3
RAS
— tFCSH ¥ [&——tcrp—
A tRCO ¢ LERSH- >
CAS

tase||Fran 0
| |

Address {:{&}{ Row

¢ tws ] pe—tun |

w
1

(Output) etus o Jetmiy
I/O Temporary Mask 5
(Input)

toTs [
DT/0E %

¢-LFSRH 4-LRFH -7 SC-H [P
DSF % 3
2 ot

TR ."' R
£ w\%&ﬂ“ﬁ&?

0086-41
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a
temporary mask write cycle starts.

@ HITACHI
Hitachi America, Lid.  Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 1127



HM534253A Series

* Logic Operation Mode Page Mode Write Cycle (Early Write)

Note:

LFRC ¥
¢ LERS L4 F—_—tm’—r
—_— —
RAS L N
4———tFCSH tepg———H 4—tFRSH———P
[4-tacD ——di-LFCS etep—H [¢-tres—H [6—tep—d [ tpes ] ¢ LCRP—
| cs
CAS .
RAD
¢ i LFCA. t—trCa—> S 33
tASR||tRAH  [tasCl|tCAH +
Rl
Address fow Column
tws || tw twes || twen
\ad ) [e—H
WE 1
ths (| tm tps tps|{| ton tps
(Oueput) BN Tl feconsy iy ol lecona
(Input) @f}:":“: Valid Din valid Din Vaiid Din
tots toTH
DT/0E .
RFH
tFSR tFsC d 41 trsc tCFH tFSC 4 tCFH
DSF

Don't care

0086-42

*1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a

temporary mask write cycle starts.

¢ Logic Operation Mode Page Mode Write Cycle (Delayed Write)

It

) F:tnp—;
|

LERC

— LERS
— —
RAS

4———tFCSH—————} [¢—-tF p¢ ———] ¢~ tFRSH—

4 tRCO —H—LF (S —bf [4LLP—P| [E—tFCS—H [4tep— [¢———LFCS]
CA

—_
L tRAD <

| [—tcre—H

‘tnm'
Sl [

Don't care
o 008643
Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a
temporary mask write cycle starts.
G HITACHI
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HM534253A Series

» Logic Operation Mode Read-Modify-Write Cycle

tFRC
tFRS

RAS ] A

LFCSH

'v
¥
18
E
14

x

— “Re0 ' trcs
TAs y d

tash ! le—tino— tCAH
4—| [¢-1haH +tnsc-H [
—
Add W} R
Address § ow oA Column

?
L—‘Vﬂ—q tcu—u ¢

FYS

Y

-

=

i

E:
3+

tewp

|¢!us+
v B

M———tcAC—}
¢ LA ———H
+ tRAC —|
1/0 3
{Output ValidDout
[4LusH [-tun—¥  -tozc—H —toac—| 4t0sH [-toH—
1/0 Temporary Mask { Valid Oin
{Input) 020
0TS
j—H—totH
oT/oe B

:Don't care

-tesr [-tRFH-D|  [HtFSCH
o Bl I
DD86-44

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and 2
temporary mask write cycle starts.
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