HM538123A Series

131,072-Word x 8-Bit Multiport CMOS Video RAM

B DESCRIPTION

The HMS538123A is a 1-Mbit multiport video RAM
equipped with a 128k-word x 8-bit dynamic RAM and a
256-word x 8-bit SAM (serial access memory). Its RAM and
SAM operate independently and asynchronously. It can
transfer data between RAM and SAM and has a logic opera-
tion 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 8-bit and the data of one row (256-word x 8-bit)
respectively in one cycle of RAM. And the HM538123A
makes split transfer cycle possible by dividing SAM into two
split buffers equipped with 128-word x 8-bit each. This cycle
can transfer data to SAM which is not active, and enables a
continuous serial access.

B FEATURES

¢ Multiport Organization
Asynchronous and Simultaneous Operation of RAM
and SAM Capability
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit

Preliminary

HM538123AJ Series

30CP40D

(CP-40D)
HMS538123AZ Series

e Access Time RAM ................ 80 ns/100 ns (max)
SAM.......... ... 25 ns/25 ns (max)
¢ Cycle Time RAM................ 150 ns/190 ns (min}
SAM . ...l 30 ns/30 ns (min) 3bzP4a
¢ Low Power
Active RAM..................... 360 mW (max)
SAM ..., 280 mW (max) 8 PIN OUT
Standby...........coiiiiiiii 38.5 mW (max) : .
« High-Speed Page Mode Capability HMS538123AJ Series HMS538123AZ Series
¢ Logic Operation Mode Capability .
* Mask Write Mode Capability x g1 o0 vs 2‘1 3 106
« Bidirectional Data Transfer Cycle between RAM and S:g? g § 33: ;‘ :g . 5 &
SAM Capability sz ot 7 b swos 8 7o
¢ Split Transfer Cycle Capability SK38 d s % [ sio4 lg " s
* Block Write Mode Capability %ro@ g s z g %7 2 13 SIoY
« Flash Write Mode Capability w1 ds o b wos " o
« 3 Variations of Refresh (8 ms/512 cycles) w2 g9 k-Bulied ]‘: 19 o2
RAS Only Refresh \"/‘: E I - ﬁ > 21 v
CAS Before RAS Refresh W g2 2§ OSF 2 g ch
Hidden Refresh ;fm' g g il g:;s_ : 7%
. d 1
¢ TTL Compatible ANE g :: : f 2 3;:; :;
B PIN DESCRIPTION e dv bl s by z
Pin Name Function : E :g g z : Z ?g
Ag-Ag Address Input Ve g2 2 p A7 “
1/0g-1/07 RAM Port Data Inputs/Outputs 00891
S1/0p-81/07 SAM Port Data Inputs/Outputs . . 0089-2
A Row Addres Strobe (Top View) (Bottom View)
CAS Column Address Strobe B ORDERING INFORMATION
WE Write Enable Part N a T Facka
— . ac.
DT/OE Data Transfer/Output Enable ant Yo ceess “ime - ge -
- HMS538123AJ-8 80 ns 400 mil 28-pin
5C Serial Clock HM538123AJ-10 100 ns Plastic SOJ
SE SAM Port Enable (CP-28D)
DSF Special Function Input Flag HMS538123AZ-8 80 ns 475 mil 28-pin
QSF Special Function Output Flag HM538123AZ-10 100 ns :’Z'*;E%)ZIP
Ve Power Supply
Vss Ground
NC No Connection
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HM538123A Series
B BLOCK DIAGRAM
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H 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 HM538123A.

CAS (input pin): Column address and DSF signal are fetched
into chip at the falling edge of CAS, which determines the
operation mode of HM538123A. CAS controls output imped-
ance of 1/0 in RAM.

Ap—Ag (input pins): Row address (AXp—AXg) is determined
by Ap—Ag level at the falling edge of RAS. Column address
(AYg-AY7) is determined by Ag-Az7 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 HM538123A turns to mask write mode. According
to the 1/0 levet 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 AAM).

1/09-1/07 (input/output pins): 1/0 pins function as mask
data at the falling edge of RAS (in mask write mode}. Data
is written only to high 1/0 pins. Data on low I/O 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 HM538123A

HM538123A Series

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/0
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/0
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.

S1/0g-S1/07 (input/output pins): S/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 falling 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 A7 in SAM.
QSF is switched from low to high by accessing address 127
in SAM and from high to low by accessing 255 address in
SAM.

Input Level at the Falling Edge of RAS

DSF at the Falling

DT/0E WE

)
[eai

DSF

Edge of CAS Operation Mode

X

Logic Operation Set/Reset

J

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
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Color Register Read/Write

Note: X: Don't care.
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HM538123A Series

H OPERATION OF HM538123A

* 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 CAS 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-
ed to enable high-speed page mods.

* RAM Write Cycle (Early Write, Delayed Write,
Read-Modity-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 8 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 the CAS falling edge, this cycle
becomes an early write cycle and 1/0 becomes in high im-
pedance. Data is entered at the TAS falling edge.

If WE is set low after the TAS talling edge, this cycle be-
comes a delayed write cycle. Data is input at the WE falling.
170 does not become high impedance in this cycle, so data
should be entered with OFE in high.

If WE is set low after towp (min) and tawp (min) after the
CAS falling edge, this cycle becomes a read-modify-write 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)

It WE is set fow 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 written in
high 1/O pins and masked in low ones and internal data is
retained. This mask data is effective during the RAS cycle.
So, in high-speed page mode, the mask data is retained dur-
ing the page access.

* High-Speed Page Mode Cycle (DT/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 CTAS 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, 256-word
memory cells of the same row address can be accessed. It
is necessary to specify access frequency within tgagp max
(100 ps).

* Color Register Set/Read Cycle (CAS high, DT/OE
high, WE high and DSF high at the falling edge of AAS)

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 1/0. This
register is composed of static circuits, 30 once it is set, it
retains the data until reset. Color register set cycle is just
the 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,
HM538123A refreshes the row address fetched at the falling
edge of RAS.

Color Register Set Cycle

N|

Flasn Write Cycle

Flash Write Cycle

N|

Color Data

Set color register

*1 I/O Mask Data
Low: Mask
High: Non Mask

- _\: I ] + ’

Execute flash write wnto each
1/0 on row address Xi using

color register.

Execute flash wraite nto

each I/0 on row address

X) using color register.

00BB-4

Figure 1. Use of Flash Write
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* 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 (256-word x B-bit) is
cleared to 0 or 1 at each 170 according to the data of color
register mentioned before. It is also necessary to mask /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 1/0. 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. 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.) If
this cycle is executed in logic operation mode described lat-
er, the logic operation mode is reset only in the cycle and
masked data in this cycle is written.

* Block Write Cycle (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 8-bit)
is cleared to O or 1 at each I/0 according to the data of

HM538123A Series

color register. Column addresses AO and A1 are disregard-
ed. The data on I/Os and addresses can be masked. I/0
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 operation 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 8 1/0s are all cleared when WE is high at
the falling edge of RAS.

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

When WE is low at the falling edge of RAS, HM538123A
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 170 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.

|, Coior Register Set Cycle 1

Block Write Cycle N L,

Block Write Cycle |

¥ + —|

{:,2.5}'

Caolor Data

1 @Mdrus Mask

M /@Qddreu Mask@

0089-5

Note *1
WE /0 Mode
Low [/0 Mask Data Mask
High Don’t Care Non Mask
I/0 Mask Data
Low: Mask
High: Non Mask
Address Mask Data
Oy Column0 =0,Ay=0) Mask Data
1I/0g olumn0 (Ag 1 ) a a Low: Mask
/0, Columnl (Ag=1A;,=0) Mask Data
(o] Column2 =0,A1=1) MaskData
102 olumn2_(Ag 12D Mas High: Non Mask
1/03 Columnl (Ag=1A;=1) Mask Data

Figure 2. Use of Block Write
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HM538123A Series

¢ Transfer Operation

The HM538123A 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/O state (except for split read transfer cycle
and split write transfer cycle).

2

-~

Read transfer cycle: SI/O output

Pseudo transfer cycle and write transfer cycle: SI/O
input

3

-~

Determine first SAM address to access after transferring
at column address (SAM start address).

SAM start address must be determined by read 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 (256 x 8-bit) determined by this cycle is
transferred to SAM data register synchronously at the rising
edge of DT/OE. After the rising edge of DT/OE, the new
address data outputs from SAM start address determined by
column address. In read transfer cycle, DT/OE must be ris-
en to transfer data from RAM to SAM.

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

When read transfer cycle is executed, SI/O 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/0OE low, WE low,
8E high and DSF low at the falling edge of RAS)

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

This cycle starts when CAS is high, DT/OE low, WE low,
SE high and DSF low at the falling edge of RAS. Data
should be input to Si/O later than tgp (min) after RAS be-
comes low to avoid data contention. SAM access becomes
enabled after tgrp (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 (TAS high, DT/OE low, WE low, SE
low and DSF low at the falling edge of FAS)

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 tsgp (min)
after AAS 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 AXg).

RAS /
s \ /
Address X Xi X Y X
DT/0E \L b
DSF _\—J tsoo Lsou
4 [¢ |
sC SO NN \ AN\EVAN\—e
by Ry RS 3 LY
S1/0 X X X X Yj X Yj+
SAM Data before Transfer | SAM Data after Transfer
Ht
0089-6

Figure 3. Real Time Read Transfer

@ HITACHI

1226

Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 ¢ (415) 589-8300




HM538123A Serles

Split Read Transfer Cycle (TAS 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, HM538123A must satisfy SC and DT/OE timings
and requires an external circuit to detect SAM last address.
Split read transfer cycie 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 128-word x 8-bit each. Let us suppose that data is read
from upper data register DR1 (the row address AXg is 0 and
SAM address A7 is 1). When split read transfer is executed
setting row address AXg 0 and SAM start addresses Ag to
Ag, 128-word x 8-bit data are transferred from RAM to the
lower data register DRO (SAM address A7 is 0) automatical-
ly. 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
AXg 1 and SAM start addresses Ag to Ag while data are
read from data register DR1, 128-word x B-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 white data is 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 fransferred to data register DR3
finatly while row address AXg 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 on SAM address Az, which will be accessed
next, outputs to QSF, QSF is switched 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 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, HM538123A must be satisfied tgrs (min) timing
specified between SC rising and RAS falling. SAM start ad-
dress must be accessed, satisfying tast (min), tcgy (min)
and tasT (Min) timings specified between RAS or CAS falling
and column address. (See figure 5.)

In split read transfer, SI/0 isn’'t switched to output state.
Therefore, read transfer must be executed to switch SI/0 to
output state when the previous transfer cycle is pseudo
transfer or write transter cycle.

Split Write Transfer Cycie (TAS 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,
tsts (min), tgsT (Min), tcgt (Min) and tagr (min) timings
must be satisfied like split read transfer cycle. And it is im-
possible to switch SI/0 to input state in this cycle. If SI/0 is
in output state, pseudo transfer cycle should be executed to
switch SI/0 into input state. Data transferred to SAM by
read transfer 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 (AXg)
to write data must be the same as that of the read transfer
cycle or the split read transfer cycle.

Memory = — g - = Memory
Amay E § 5 Armay
AX8=0 2 = 2 AX8=
4 3 S
5 =
B 15| |8
K= 21817 =
SAM 1O Buffer
SIo
0089-7
Figure 4. Block Diagram for Split Transfer
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RAS IL A
I[*—'Lsrs(ﬂﬂ'n) ————1trst(min)——yp
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Address X xi Xk vi X
tast{min)|¢ »
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osF |/ N\
~N
S N A 1
00ss-8

Figure 5. Limitation in Split Transfer

e 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 255), 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 256), 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) RAS only refresh cycle, (2) CAS before RAS (CBR)
refresh cycle, and (3) Hidden refresh cycle. Besides them,
the cycles which activate RAS such as read/write cycles or
transfer cycles can refresh the row address. Therefore, no
refresh cycle is required when all row addresses are 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 external circuits. To distinguish this cycle from data
transfer cycle, DT/OE must be high at the falling edge of
RAS.

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

put through an internal refresh counter. In this cycle, out-
put is in high impedance and power dissipation is low-
ered because CAS circuits don't operate.

To distinguish this cycle from logic operation set/reset
cycle, 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 cy-
cles.

SAM Refresh

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

* Logic Operation Mode

The HM538123A 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 I/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
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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”.

s Selaction 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 Ag-Ag levels
at the falling edge of RAS. (A4-Ag are Don't care.) Logic
operation codes (A3,Az,A1,Ap)=(0,1,0,1)(THROUGH) resets

HM538123A Serles

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. 1/0 must be at high level at the
talling edge of RAS in logic operation set/reset cycle when
mask data is not used.

* Mask Data Programming

High/low level of 170 at the falling edge of RAS functions
as mask data. When /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

RAS /
CAS —\ L /—
I -
40-A3 K Logic Code x B .
WE —\ L /_
1700-1/07 X Mask Data X
0089-9
Figure 6. Logic Operation Set/Reset
¢ Table 2. Logic Code
Logic Code .
Symbol Write Data Note
A3 Az Ay Ag
0 0 0 0 ZERO 0
0 0 0 1 ANDI DieMi
0 0 1 0 AND2 DieMi Logic Operation Mode Set
0 0 1 1 — Mi
0 1 0 0 AND3 DieMi
0 1 0 1 THROUGH Di Logic Operation Mode Reset
0 1 1 0 EOR Di-Mi + Di-Mi
0 1 1 1 ORI Di + Mi
1 0 0 0 NOR Di-Mi
1 0 0 1 ENOR DieMi + DieMi
t 0 1 0 INV1 Di Logic Operation Mode Set
— Tat10N ¢
1 0 1 1 OR2 Di + Mi g perah
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
Note: Di: External Data-in.
Mi: The data of the memory cell.
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HM538123A Series

this cycle, is available until reprogrammed. It is advanta-
geous when the same mask data continues.

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

Logic operation is reset during temporary mask write cy-
cle. It means that external input data is written into 170
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-

available only for one cycle.

ic operation codes and mask them.

Logic operation
set/reset cycle Write cycle Write cycle Write cycle Write cycle
RAS i iL ) \ \
i
m | e SR SRR
- [
1/00 H\ "0"Write Masked / "L"Write \ r"owrite
1701 "t Masked “1"Write Masked Masked
1702 "Ln Masked / \ "o*write Masked / Maskad
1/03 “H" "lWeite Masked "0"Write [ "1rwerte
Logic — AND1 THROUGH AND1 AND1
Mask data are Temporary
set to 1/01 and mask data is set,
Remarks 17102, and valid only
Logic code in this cycle.
"AND1" is set. (/00 and /03
are masked.)

0088-10

1230

Figure 7. 2 Types of Mask Write Function and Logic Operation Function
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Logic Operation Mode Write Cycle (Early Write, 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 1/0 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 !
i

[ Read 1-word destnation data }

L.

Execute logic operation between
source data and destination data

Write the result of operation into
the destination address

I

‘ Execute logic operaton set/reset cycle

[ S

; ]7 Read 1-word source data

i
]
!
I
|
i

Write the read data into the J
destination address

0089-11 0089-12
(a) Normal Mode (b) Logic Operation Mode
Figure 8. Sequence of Raster Operation
W ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit Note
Terminal Voltage Vr —1.0t0 +7.0 v 1
Power Supply Voltage Vee —05t0 +7.0 A4 1
Power Dissipation Pt 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tsig —55t0 +125 °C
Note: 1. Relative to Vgg.
W ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (To = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Note
Supply Voltage Yce 45 5.0 5.5 v i
Input High Voltage ViH 24 — 6.5 v 1
Input Low Voltage Yo -05 — 0.8 v 1,2

Notes: 1. All voltages referenced to Vgs.
2. — 3.0V for pulse width < 10 ns.
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* DC Electrical Characteristics (T4 = 0 to +70°C, Vog = 5V £10%, Vgg = 0V)

HM538123A-8 HMS538123A-10 . Test Conditions
Parameter Symbol - - Unit Note
Min Max Min Max RAM Port SAM Port
. Icci - 65 — 50 mA | RAS, CAS SC = V1, SE = vy
Operating Cycling SE = Vyr, SC Cycli
Current — — . 1L cling
Ieer 115 100 mA trc = Min tscc = Min
Ioc2 — 7 — 7 mA SC = Vi, SE = vy
Standby RAS, CAS = VIH [SE=V SC Cyclin
Current — —_ ' = YL cling
Iccs 50 50 mA tscc = Min
RAS Only Iccy - 65 - 50 | mA | RASCycling SC = Vi, §E = Viy
Refresh CAS = Vi SE = vy, SC Cyelin
Current Iccy h 115 - 100 mA | tpc = Min tscc = I)l,'ﬁn ¢
I — 70 — 65 mA | TAS Cycli SC = V,SE=V
Page Mode ces %iyc:}:i SE VIL SC “;H
-
Current Iccio — 120 — 115 mA tpc = Min tscc ™ Ihlzin Cycling
L — 55 — 40 mA | SC = Vi, SE = V,
RASReah [ RASCHIS [ F vy sc el
Current Icecn | — los - % | mA | tRc =M tscc = Min
Data Icce — 75 — 60 mA | RAS, CAS SC = Vi, SE = Vi
Transfer Cycling SE = Vj, SC Cyclin,
Current Icct2 - 125 - 110 mA | 1gc = Min tscc = Il\Ldin s
Input Leakage _ _
P 1 10 10 10 10 nA
Output Leakage _ _
P Io 10 10 10 10 pA
Output High = —
Voinge Vou 24 - 24 — vV | log = -2mA
Output Low -
Voltngs VoL - 04 - 04 V | loL=42ma

Note: 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition.
* Capacitance (T = 25°C, Vgc = 5V, f = 1 MHz, Bias: Clock, 170 = Vg, Address = Vgg)

Parameter Symbol Min Typ Max Unit
Address Cn — — 5 pF
Clock Cia - - 5 pF
1/0, S1/0, QSF Cro — — 7 pF

@ HITACHI
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HM538123A Serles

e AC Characteristics (T = 0to +70°C, Vo = 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)
Igy=—2mA +5V Ign=—2mA +5V
Ig=4.2mA, Ig=4.2mA
1/0 . SI/ O-*——__
J~100pF'1 J—50pF'1
'/;/, s
0089-13 0089-14
Note: *1. Including scope and jig.
Common Parameter
HM538123A-8 HM538123A-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
Random Read or Write Cycle Time tRC 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 ICAH 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 DTS 1] —_ 0 — ns
DT to RAS Hold Time IDTH 10 — 15 — ns
DSF to RAS Setup Time tFSR (] — 0 — ns
DSF to RAS Hold Time tRFH 10 — 15 — ns
DSF to CAS Setup Time tFSC 0 — 0 — ns
DSF to CAS Hold Time CFH 15 — 20 — ns
Data-in to CAS Delay Time tpzc 0 — 0 — ns 4
Data-in to OE Delay Time tpzo 0 — 0 — ns
Qupubalapal®y | o | = | m | - | m | w |
bl | o | = | @ | = | | W |
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Read Cycle (RAM), Page Mode Read Cycle

HM538123A-8 HM538123A-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
Access Time from RAS tRAC — 80 — 100 ns 67
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
Read Command Setup Time tRCS 0 — 0 — ns
Read Command Hold Time tRCH 0 — 0 — ns 10
Rt oo e T wa | 0 | = e |~ [ w |
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

HM538123A-8 HM538123A-10 .
Parameter Symbol . - Unit Note
Min Max Min Max
Write Command Setup Time twces 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 towL 20 — 25 — ns
Data-in Setup Time tps 0 — 0 — ns 12
Daja-in Hold Time tDH 15 - 20 — ns 12
WE to RAS Setup Time tws 0 — 0 — ns
WE to RAS Hold Time IWH 10 — 15 — s
Mask Data to RAS Setup Time tMs ] - 0 — ns
Mask Data to RAS Hold Time tMH 10 — 15 — ns
OE 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 to Data-in Delay Time tcDD 20 — 25 — ns 13
Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns
Read-Modify-Write Cycle
Parameter Symbol HMS538123A-8 HMS538123A-10 Unit Note
Min Max Min Max
Read-Modify-Write Cycle Time tRwC 200 — 250 — ns
(';3‘: d‘_’;’d‘z}'}’y‘%‘ﬁ e Cycle) tRWS 130 10000 160 10000 ns
CAS to WE Delay Time tcwp 45 — 55 - ns 14
Column Address to WE Delay Time tAwWD 65 — 75 — ns 14
OE to Data-in Delay Time toDD 20 — 25 - ns 12
G HITACHI
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Read-Modify-Write Cycle (continued)

HM538123A-8 HM538123A-10
Parameter Symbol - - Unit Note
Min Max Min Max
Access Time from RAS tRAC — 80 - 100 ns 6,7
Access Time from CAS tcAC — 20 — 25 s 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 trRCs 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 1OEH 20 — 25 — ns
Refresh Cycle
HMS538123A-8 HMS538123A-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
(CAS betore RAS Relrest) lcsk 10 - 10 — s
%ﬂﬂ% Refresh) ICHR 15 - 2 - ns
RAS Precharge to CAS Hold Time tRPC 10 — 10 — ns
Flash Write Cycle, Block Write Cycle
HM538123A-8 HM538123A-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
CAS to Data-in Delay Time DD 20 — 25 — ns 13
OE to Data-in Delay Time topb 20 — 25 — ns 13
Read Transfer Cycle
HM538123A-8 HMS538123A-10
Parameter Symbol - - Unit Note
Min Max Min Max
DT Hold Time Referenced to RAS tRDH 70 10000 90 10000 ns
DT Hold Time Referenced to CAS tCDH 20 — 25 — ns
DT Hold Time Referenced to Column Address tADH 30 —_ 35 - ns
DT Precharge Time tpTP 40 - 45 — ns
DT to RAS Delay Time {DRD 70 — %0 — ns
SC to RAS Setup Time tSRS 30 — 30 — ns
1st SC to RAS Hold Time tSRH 85 — 105 — ns
15t SC to CAS Hold Time tSCH 30 — 35 — ns
1st SC to Column Address Hold Time tSAH 50 — 55 — ns
Last SC to DT Delay Time tsDD 5 — 5 — ns
15t SC to DT Hold Time ISDH 15 — 15 — ns
® HITACHI
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Read Transfer Cycle (continued)

HM538123A-8 HM538123A-10
Parameter Symbol - - Unit Note
Min Max Min Max
RAS to QSF Delay Time IRQD — 95 —_ 115 ns 15
CAS to QSF Delay Time tcQD — 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 tCQH 5 — 5 — ns
QSF Hold Time Referenced to DT IDQH 5 — 5 — ns
Sertal Data-in to 1st SC Delay Time tszs 0 — 0 — 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 ns 15
Serial Data-out Hold Time tsol — — 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
RAS Precharge to DT High Hold Time tDTHH 25 — 30 — ns
Pseudo Transfer Cycle, Write Transfer Cycle
Parameter Symbol _HM538 12348 _HM538 123A-10 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 — 10 — ns
RAS to SC Delay Time tSRD 25 — 25 — 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 toQD — 35 — 40 ns 15
QSF Hold Time Referenced to RAS tRQH 20 — 25 — ns
QSF Hold Time Referenced to CAS tcQH 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 ns 15
SE Access Time ISEA - 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 ts1s 0 — 0 — ns
Serial Data-in Hold Time tsIy 15 — 20 — ns
@ HITACHI
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Split Read Transfer Cycle, Split Write Transter Cycle

HM538123A Serles

HMS538123A-8 HMS38123A-10
Parameter Symbol - - Unit Note
Min Max Min Max
Split Transfer Setup Time tsTS 20 — 25 — ns
Refeenced o RAS test B - 100 - ns
;ﬁ;’:‘;ﬁfz }ézll:::l:ddrss tast 0 - 45 - ns
SC to QSF Delay Time tsQD — 25 — 30 ns 15
QSF Hold Time Referenced to SC SQH 5 — 5 — ns
Serial Clock Cycle Time tsce 30 — 30 — ns
SC Pulse Width tsc 10 — 10 — ns
SC Precharge Time tscp o — 10 — ns
SC Access Time tsCA — 15 — 25 ns 15
Serial Data-out Hold Time tSOH 5 - 5 — ns
Serial Data-in 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
Serlal Read Cycle, Serial Write Cycle
HM538123A-8 HMS538123A-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
Serial Clock Cycle Time tsce 30 — 30 — ns
SC Pulse Width tsc 10 — 10 — ns
SC Precharge Width tscp 10 — 10 — ns
Access Time from SC 1SCA — 25 — 25 ns 15
Access Time from SE tSEA — 25 — 25 ns 15
Serial Data-out Hold Time tsOH 5 — 5 — us
Serial Data-in Setup Time tsis 0 — 0 — ns
Serial Data-in Hold time tSIH 15 — 20 — ns
Serial Write Enable Setup Time ISWs 5 — 5 — ns
Serial Write Enable Hold Time tSWH 15 — 20 — ns
Serial Write Disable Setup Time tsSwis 5 — 5 — ns
Serial Write Disable Hold Time ISWIH 15 — 20 - ns
Logic Operation Mode
HM538123A-8 HM538123A-10 .
Parameter Symbol - - Unit Note
Min Max Min Max
g | o | 0 | - | » | - [ =
(cé%xgg l‘g—f@ tCHR 15 - 20 - ns
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Logic Operation Mode (continued)

Parameter Symbol HM538123A-8 HMS538123A-10 Unit Note
Min Max Min Max
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 trcs 40 — 50 — ns
RAS Hold Time Referenced to CAS {FRSH 40 — 50 — ns
CAS Hold Time Referenced to RAS tECSH 100 — 125 — ns
Column Address to RAS Lead Time tERA 60 — 70 — ns
Column Address to CAS Lead Time tRCA 60 — 70 — ns
RAS to Column Address Delay Time IRAD 15 40 20 55 ns
Write Command Setup Time twcs 0 — 0 — ns
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 — 4] - ns 12
Data-in Hold Time tpy 15 — 20 — ns 12
WE to RAS Setup Time tws 0 — 0 — s
WE to RAS Hold Time twH 10 — 15 — ns
Mask Data to RAS Setup Time ™S 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 tcp 10 - 10 - ns
Notes: 1. AC measurements assume tt = 5 ns.
2. When tpcp > trRep (max) or trap > tRAD (max), access time is specified by tcac or taa.
3. Vi (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition time ty is measured between

1238

Viy and Vyr.

. 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 tpzo (min) must be satisfied.

. torF) (max), toFr2 (max) and tggz (max) are defined as the time at which the output achieves the open circuit condition

(Vou —200mV, Vo + 200 mV).

. Assume that tgcp S trep (max) and tRap S trap (max). If trep or trap is greater than the maximum recommended

value shown in this table, trac exceeds the value shown.

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

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

. When trep S trep (max) and tRap 2 tRaD (max), access time is specified by taa.

. If either trcy or tRRH is satisfied, operation is guaranteed.

. When twcs 2 twes (min), the cycle is an early write cycle, and 1/0 pins remain in an open circuit (high impedance)

condition.

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

. When tawp 2 tawp (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.

. Measured with a load circuit equivalent to 2 TTL loads and 50 pF.
. After power-up, pause for 100 s or more and execute at least 8 initialization cycles (normal memory cycle or refresh cycle),

then start operation.

G HITACHI
Hitachi America, Ltd. « Hitachi Plaza ¢ 2000 Sierra. Point Pkwy. » Brisbane, CA 94005-1819 ¢ (415) 589-8300




HM538123A Series

M TIMING WAVEFORMS
¢ Read Cycle

tRe
+ tRAS + tap
RAS | S
" LesH H H——tcrRr —
+ RCD
CAS
tasR tRAD
tasd 1
Address m oW ;@{_
WE
H——tcac—
I+ taA—— p—"tcoo—|
+ LRAC —F| TOFF) [
1/Q :
(Output) valid Dout
tozc—> tpAC —
i/0 0FF2 O

Don't care
008815
¢ Early Write Cycle
1 .Rc » W T 4
RAS Al RP
RAS 1 }
: tRCO R CSH RsH N ¥ P—‘ERF—'
+ teas M
CAS thsa
[FtRak  Ptasc
Address DT Row MM Colu
tus twH tugsH
WE *1
[/0 High-Z
(Output)
1/0 [Hims S| [ tuH—,  -tos—b|[tond
(input) BB{ HaskData }@{ variavin A
tors H——H [+ 10TH|

DT/0E

trsR-
JSF

0089-16

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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* Delayed Write Cycle

TAS

WE

1/0
(Output)

1/0

Address @i Row
s oo
B

TASR

P—P

[FERANH  Htasc-H

}@{ Colu

s

[Etus—d  -toze-H
(Input) @{ Mask Data

toTS

[-toTH-

o

=
1

DSF

@H;sw

HEFH@“FSH ¢

%:Don't care

0089-17

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

¢ Read-Modify-Write Cycle

RAS

LRWC

CAS

——taap tAsC
| [ tran| H—

Address SEBY  Row

}@{ Column

o “*‘“"-’1 tln‘csr—*

WE
H———tcac—H
¢ - A Rac—>
é(l)gtput) valid Dout
1/0 . ptHs+ -f—mu—q‘mr—lnzc—» [+—Loac —H
(IHPUt) @ !MaSk Data % tnzo Qe
|¢is+ 4—lnm~——-:' topD—
oE B
trga [tRFH  jeLrsc le—tcrm
OSF g k\i %

@ ‘Don't care

0085-18

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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HM538123A Series

¢ Page Mode Read Cycle

+ “c
RAS H f———trp
RAS —
[———teSH tag M=tRSH—N
M=tACO—HttCAS—H ptecp—3 H-tcas— tCp —p H———1Ca5—1 tCRP——b
CAS
tRAD t
R0, caL ¢ teaL—H H—H-taaL——
tasa |[tran  |tasqd[tca eaL oL _!
| = 4—01 tASC [—H H—Htcan [tasc [ tcan |
iddress Aow Column Column Column 2
TRy tRCH |tRCS tRCH |tRCS taRH
. A 4-4: b tRCH
WE
3 N tofFL
+ RAC t taa—
Il¢_t“ ‘lAc, > CP—H
HLCACH HLeac ¥ rﬂcAcb [Htorsy
Vahd Validﬂoua

Oon't care

0088-19
¢ Page Mode Write Cycle (Early Write)
tac
— tans —H trp —H
RAS
+ CSH M v | —
K-tRco——H4-teas— Etcpib H-teas— H—tcr— FI:C“::_’ 1CRP—J
CAS J{:——
tAAH  tasC
[{—Htcan
Address b
WE
G-
utput
[+LOK ¥ lﬁ_s’ h—
(o0ut) vava o VST oo Y
oT/TE
0SF
Don't care
0088-20

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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¢ Page Mode Write Cycle (Delayed Write)

f——1CSH
ftRCO—H—tCAs

tRaH  tASC -~
i =

Htcan [ [ can
; Column ¥

L—trsH—

4—‘CAS—1_.] ﬁ‘CRP—-ﬁ

tasc

[ tean

[towL -+

M=t
twp 1 AL

LRFH

tFsc

0SF
Don't care
_ . 0089-21
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
tae H
+ tras H tRP
RAS } 3
Jtcrr—H|
[4-tRaNH |
0089-22

1242

@ HITACHI
Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300




HM538123A Series

* CAS Before RAS Refresh Cycle

:Don't care
0089-23
¢ Hidden Refresh Cycle
RC » tac
tRAS 3 tRp ——H —————tRAS ————}| r:tap—v-
RAS i A
H——tR( 0 ——+¢—lASH— 4—-tcnn———1h—tcaa—'
CAS ¢ H
tash [[+ RAD I taaL-
Y T
Address %{ Row :{@f Column
tRCS M
WE 7
M—tgag = |
taa— tOFF 1L
+ 1RAC 4
Vatlid Dout
toac
—-
TOFF2
tFSC 'L"-CFK-’
0SF i SR
.Don't care
0089-24
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HM538123A Series
« Color Register Set Cycle (Early Write)

RC —
RAS ri + rp —]

RAS _ 4
LesH :l 4——tcav——"\—

Cas ﬁ]
i

F)
Il
o
-
v
E

Address

WE

High-Z

1/0
(Output)

10 tos| M ton
(Tnput) Colar Data

DT/0E

DSF

:0on't care

0089-25

tasr

+tnAH+|
Row %

0 High-Z
u

tos [ H—H tos

TQ—)'KOEH

oT/0 3 L
sk
l{——t LRFHA|

0089-26

O HITACHI
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HM538123A Series
¢ Color Register Read Cycle

H—— (AL —H H—tepo——3
I/O + tRAC H ‘OFFI“‘—ﬂ
(Output) Valig Out J}——
tOFF2
1/0
(Input)
OT/0E
0SF
Don't care
0089-27
* Flash Write Cycle
t TRAS e Mt RP i
RAS u =,
. a— H—trco—¥ p—
*'u59| h—lun—ﬂ
WE
0 High-Z
(Output)
tOFF2
[-to0o——H  [tusH [tun—H
0
{1nput) Mask Data
+ DTS M [toTH
OT/0E
OSF
Don't care
0089-28
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HM538123A Series

« Block Write Cycle

e
H——tRc0———H———tRsu——]

tasc

+KAAN-b[ }i———o +lcau-§|

}@Column A2-AB

[¢tus )

[ tmH ¥ [tos3

170 Ha

LFSR

fon't care

0089-2¢

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

tac

RAS -‘h—:nv—:
RAS }:—1\_
N SH | 4 { —— task— l
r(—taco———H—zc,xs—y| [-tcp —H [+teas—| |4—tf,;——&lk-=c.\s-n ———icRP
Cas f B i
S {
Address
10
(Cutput) s || i tos l tox 25 ||com tos |[cop
C — = =l
— DA A R
- gore: ddress : Adnaar:kss

Don't care

0089-30

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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HM538123A Series

¢ Read Transfer Cycle (1)

+ LRAS | H (3 H] L
PA —
" tesH NS terp N
+ tRSH ” +
tRCD g A teas 4
CAS” 1 £
[——tRaD ¢ tRAL
“aSR || tRAH tase
——| 4—»i |

Address Row

trSR
DSF 2 S % SRR
tsce H¢ tsce ¢ tseg ¢ tsce H
[4=500 —>| [ tSOH—P| | ¢tsC H uscp
e N B i
4 tsca- 4 tsca— ': tsca~ A
$1/0 tsoHd) Htsonp| 4tsoud
(([Jétput) valid Sout M va s sout § $ v-haSauz}f
Previous Row—H le—New Row
SI/0
{Input)
1 LI0H
QSF*! SAM Address #SB
a0 [F——tcon—>
[——tcon
+ LRQH M
QSF*? SAM Address MSB

:Don't care

0089-231
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).

G HITACHI
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HM538123A Series
e Read Transfer Cycle (2)

Af 5AM Start

tRC - +

L34S + F trp 1
SH——— ter?

| . sk .

! 2o N tLAs

j 3

H——tRAD M4 tRAL

Tasa || tRaw LASC || tean

1248

sI/0 o
(Output) tsis @ Valid Sout
{Input) "m’&;ﬁ $
‘ tagn :.c"
QsF SAM Address MS8
0089-32
@ HITACHI
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HM538123A Series

¢ Pseudo Transfer Cycle

tre I
tRAS — I iRp "]
- M ——
RAS 1 —_
+ tesn : H4—l:a:—->1
+ tRSH 3| !
[{——tacpo—H+————1tcas e rm————— |
o . I —
tASA || tRAH CASC [|tCaH

IR SAM Start
&7

Addresy

1/0
{Output) wis || tarw
e mml |k e 7
LFSR tRFR
f 13
feresafeten sy 3w
SE @ 2 & o0 T
H-tsrs~— |-:5—ﬂvc [e—t5cq ]
——tsc¥ LSCPH =sc+l SCH[
f % 25 Inhidit Rising Transition &

sC

!st;[i‘) E“| H——tsar—H ‘
%(I]t/.v?put)vsan]u‘!d;@ { valid Sout ; ms”:-ﬂ' tsys)|tst
. [l
: 55

1/0 tsio | s +——¢1
Y T .
Input) AR SRR vatia Sin Valid $in ‘g
K—tcgo—
£ T “:QH | 3
|y —
QsF SAM Address MSB 5
24 :Don't care
0089-33
G HITACHI
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HM538123A Series

¢ Write Transfer Cycle

sC

QsfF

.
tRAs I B :’]
X
[ —
+ TCSH + —iTRp—!
RSH —}
H——trcp ¢ CAS }

—
[+-tsc
Inhi

SE/0

tFSR || tAasH
A—

TES—H (——H

SRS
Lsw!

tscPH
bit Rising Transition

LSRD

H—teC( ——|

-usc‘lIﬂsw—r

| —
A

{Qutput)

LSIS [|tSIH

SIS

il

tSIH LSiS|{tSIK

S1/0
(Input)

Vabd Sin

| o

2 v.égi{@ %

= O ot
RS

'-CqD—)

tRQO

'
H—tRQH —————————3|

a1 Vala Sin F‘-t’

[
<] vatd Sin i{

SAM Address MSB

% Don't care

0089-34
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HM538123A Series
* Split Read Transfer Cycle

tag |

RAS tap >

7AS {

e — S

H— - —————1tcsH

i + ASH —| |
Y——trap—w H——1irlD t tcas ﬁtlcn-—»

. 3 B
7

#

—LRAD |4 LRAL +
LRA tASC | tCaH
A

W SAM Start g ¥
Address Yu 2

H——tsTs——

5
il 7 AN TN v 25

[—tSCA—?|

1504 l

{6 put) s MBS
SI/0
(In

Input) H—~tsqo—
tSQH |
QSF WP SAM Address MsA

5388 - Don't care
0089-35
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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HM538123A Series

e Split Write Transfer Cycle

>+

+ tRST
Low

ts1s ’~SD1

valid
& Sia

QsF i SAM Address MSB

:Don't care

00B9-36

@ HITACHI
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HM538123A Series

® Serial Read Cycle

53 Y
——tscc T+ tsce ——tscc +
M—lscr——r tse——H H—-tscp—H{ -tsc tsCP H—3is5¢—>
SC —
f———tsca tsea— H——rtsca
. —tsoh—H H—tsez— H———1lS(A——H  “—tsom
féégjut)vﬂid Sout JBL valid Sout } [ Variu font JERI VLIS
% :Don't care
0089-37
* Serial Write Cycle
tSwH LSWIS ESWIN JH
a—
St
H——tsc + tsC + SC
-&—tscﬂrrlscp—r @tscp—v 4—=sc—ﬁ‘r—tscp-—+ H—tsc—
s 4 A\
tSIH tSIS|{tSIH tsIs[{tsin
S1/0 ;
{Input) Valid Sin
Don't care
00B9-38
¢ Logic Operation Set/Reset Cycle
‘ 1 ——— ;
RAS Jt A
l——trpc —3 H—tcsR—{ H—teHR— f—tcre—
CAS Inhibit Falling Transition z‘@
TASR || tRAH
Address LoinO:_AE:ad'
tws twH
:Don't care
0089-39
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HM538123A Series

o Logic Operation Mode Early Write Cycle

Note:

- tFRC . : Y
4 FRS H (¢ R? ]
— I
PAS [
” tFCSH ) Lcap—
+ taco ¢ tFRsH N
W T
task m;un-—){t‘ .
| [ ltasc]
Address '@q Colul
M- twC s~
Wt
1/0
{Qutput) [FIHSH [ty Le-tps—| LD+
‘I: {gput) @Tgmpoury Mask I\@f ValidDin
1oTs H——} |[+— to1n
OT/0E  § 3 X

0089-40

*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

Note:

tFRC - ti

+ trRsg N e H
— _
RAS

" trcsH

+ RCD M¢ trRsH

LFC
AS
" —
wse|[Tran 20

F—  letascd

address 2 Row B o

|

N

HiMsH

4—lMH—+]

gput) @ﬁ‘"“’"

rary Mask

'-Ul'SIi——)

E&"y’"

+FSR-H
0SF E_\l

4—tnrn—1 I—lrsc—»

*1. When WE is high, this cycle enters a logic operation

temporary mask write cycle starts.

Don't cere
0039-41

mode. When WE is low, logic operation mode is reset, and a

1254
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HM538123A Series
* Logic Operation Mode Page Mode Write Cycle (Early Write)

FRC H
+ ERS: H tRp—H
RAS N
[——LFCSH > 449 H [tmasn-——»
HTRCO—H-TFCs—H [f1CP lrcs—O“f—tcv—i TECS terp—H
CAS . ‘f
RAD
+ i\ tFCA t ICA—D‘I FCA
tASRI|tRAH  [tAsC]|tCAH _J LCAN * FRA~—H
I H—H -(-—»I tasc t AP
Address Row Columa % Coruan ;
tus ||ty twcs E twry ity
WE [

M Vahd Oin | Valid Din

0089-42
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 Page Mode Write Cycle (Delayed Write)

tFRC
+ tFRS ¥ tRp ——

-
LFPC {

+ LrRsH—]
*_“cs_'ﬁr"rcs—' tep t:-——trcs—-——ﬁlr:!cnp—v

LFCA trca

[€ tcan tasc lﬁ-—)]lcm g

{ Column

Bon't care

0089-43
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.
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HM538123A Series
¢ Logic Operation Mode Read-Modify-Write Cycle

LFRS ‘ ,i tRP
RAS
: RCD it FASH trose ,= MLl
o +
TASR{ H——TRAD
[tRan¥ j«-usc-&

Address @f Row }@t Colu
— L
htvleo-tuu-)j A
.

WE

——ttac—H
AL —
tRAC

r—tonc—»

f————
ValigDout

0089-44

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.
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