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Description

The HM538253B/HM538254B is a 2-Mbit multiport video RAM equipped with a 256-kword X 8-bit dynamic
RAM and a 512-word X 8-bit SAM (full-sized SAM). Its RAM and SAM operate independently and
asynchronously. The HM538253B/HM538254B is upwardly compatible with the HM534253B/HM538123B
except that the pseudo-write-transfer cycle is replaced with masked-write-transfer cycle, which has been
approved by JEDEC. Furthermore, several new features have been added to the HM538253B/HM538254B
which do not conflict with the conventional features. The stopping column feature realizes allows greater
flexibility for split SAM register lengths. Persistent mask is also installed according to the TMS34020
features. The HM538254B has Hyper page mode which enables fast page cycle.

Features

¢ Multiport organization:RAM and SAM can operate asynchronously and simultaneously:
— RAM: 256-kword x 8-bit
— SAM: 512-word X 8-bit
« Access time
— RAM: 70 ns/80 ns/100 ns max
— SAM: 20 ns/23 ns/25 ns max
«  Cycle time
— RAM: 130 ns/150 ns/180 ns min
— SAM: 25 ns/28 ns/30 ns min
« Low power
— Active RAM: 605 mW/550 mW/495 mW
SAM: 358 mW/330 mW/303 mW
— Standby 38.5 mW max
¢ Masked-write-transfer cycle capability
« Stopping column feature capability
« Persistent mask capability
< Fast page mode capability (HM538253B)
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Features (cont)

— Cycle time: 45 ns/50 ns/55 ns

— Power RAM: 605 mW/578 mW/550 mW
Hyper page mode capability (HM538254B)

— Cycle time: 35 ns/40 ns/45 ns

— Power RAM: 715 mW/660 mW/605 mW

Mask write mode capability

Bidirectional data transfer cycle between RAM and SAM capability
Split transfer cycle capability

Block write mode capability

Flash write mode capability

3 variations of refresh (8 ms/512 cycles)

— RAS-only refresh

— CAS-before-RAS refresh

— Hidden refresh

TTL compatible

Ordering Information

Type No. Access Time Package

HM538253BJ-7 70 ns 400-mil, 40-pin plastic SOJ (CP-40D)
HM538253BJ-8 80 ns

HM538253BJ-10 100 ns

HM538254BJ-7 70 ns

HM538254BJ-8 80 ns

HM538254BJ-10 100 ns

HM538253BTT-7 70 ns 44-pin thin small outline package (TTP-44/40DA)
HM538253BTT-8 80 ns

HM538253BTT-10 100 ns

HM538254BTT-7 70 ns

HM538254BTT-8 80 ns

HM538254BTT-10 100 ns
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Pin Arrangement

HM538253BJ Series
HM538254BJ Series

Vee O 1 40 [1 Vss
scl2 39 [] SI/o7
siool 3 38 [] SI/O6
sio1 4 37 [ SI/05
siro2[] 5 36 [ SI/O4
siosl] 6 35 []SE
DT/OEL 7 34 [1 VO7
yool 8 33 [] /06
vo1Qd 9 32 [] /05
vo2 010 31 [ 1104
o3[ 11 30 [] Vss
Vss Q12 29 [] DSF1
wE[]13 28 [1NC
RAS [ 14 27 [1 CAS
Ag8[]15 26 [] QSF
A7 16 25[] A0
Ae 17 24 [1 A1
A5[]18 23 [] A2
A4 019 22 [1A3
Vee 020 21 [] Vss
(Top view)

HM538253BTT Series
HM538254BTT Series
Vee [ 1 44 1 Vss
scl 2 43 [1 SI/107
si/ool 3 42 [1 SI/06
sio1 4 41 [1 SI/O5
sio20 5 40 [] SI/04
syo3l 6 39 [1 SE
DT/OEL 7 38 [J /07
oo 8 37 [1 /06
vo1ld 9 36 [] /05
oz [ 10 35 [ 1104
NL |11 34| NL
NL |12 33| NL
/03] 13 321 Vss
Vg 0 14 31 [1 DSF1
WE [] 15 30 [1 NC
RAS[]16 29 [] CAS
As[]17 28 [1 QSF
A7 18 27 0 A0
As[]19 26 [1 A1
A5 []20 25 [] A2
A4 |21 24| A3
Vee 022 23 [1 Vss

(Top view)
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Pin Description

Pin Name Function

AOD-A8 Address inputs

I/00-1/107 RAM port data inputs/outputs
S1/00-S1/107 SAM port data inputs/outputs
RAS Row address strobe

CAS Column address strobe

WE Write enable

DT/OE Data transfer/output enable
SC Serial clock

SE SAM port enable

DSF1 Special function input flag
QSF Special function output flag
Ve Power supply

Vs Ground

NL No lead

NC No connection
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Block Diagram
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Pin Functions

RAS (input pin): RAS is a basic RAM signal. It is active in low level and standby in high level. Row address
and signals as shown in table 1 are input at the falling edge of RAS. The input level of these signals
determines the operation cycle of the HM538253B/HM538254B.

CAS (input pin): Column address and DSF1 signals are fetched into the chip at the falling edge of CAS,
which determines the operation mode of the HM538253B/HM538254B.

A0-AS (input pins): Row address (AX0-AX8) is determined by AO—AS level at the falling edge of RAS.
Column address (AYO-AY8) is determined by AO—AS level at the falling edge of CAS. In transfer cycles,
row address is the address on the word line which transfers data with the SAM data register, and column
address is the SAM start address after transfer.

WE: The WE pin has two functions at the falling edge of RAS and after. When WE is low at the falling edge
of m, the HM538253B/ HM538254B turns to mask write mode. According to the I/O level at the time,
write on each I/O can be masked. (WE level at the falling edge of RAS is don’t care in read cycle.) When
WE is high at the falling edge of RAS, a no mask write cycle is executed. After that, WE switches to
read/write cycles. In a transfer cycle, the direction of transfer is determined by WE level at the falling edge of
RAS. When WE is low, data is transferred from SAM to RAM (data is written into RAM), and when WE is
high, data is transferred from RAM to SAM (data is read from RAM).

1/00-I/O7 (input/output pins): I/O pins function as mask data at the falling edge of RAS (in mask write
mode). Data is written only to high 1/O pins. Data on low I/O pins is masked and internal data is retained.
After that, they function as input/output pins as those of a standard DRAM. In block write cycle, the data
functions as column mask data at the falling edges of CAS and WE.

DT/OE (input pin): The DT/OE pin functions as a DT (data transfer) pin at the falling edge of RAS and as
an OE (output enable) pin after that. When DT is low at the falling edge of RAS, this cycle becomes a transfer
cycle. When DT is high at the falling edge of RAS, RAM and SAM operate independently.

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

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

SI/00-SI/O7 (input/output pins): SI/Os are SAM input/output pins. I/O direction is determined by the
previous transfer cycle. If it was a read transfer cycle, SI/O outputs data. If it was a masked write transfer
cycle, SI/O inputs data.

DSF1 (input pin): DSF1 is a special function data input flag pin. It is set to high at the falling edge of RAS
when new functions such as color register and mask register read/write, split transfer, and flash write, are
used.

DSF2 (input pin): DSF2 is also a special function data input flag pin. This pin is fixed to low level in all
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operations of the HM538253B/HM538254B.

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 address 511 in SAM.

Table 1 Operation Cycles of the HM538253B/HM538254B

RAS CAS Address 1/On Input
Mnemonic L
Code CAS DT/OE WE DSF1 DSF2 DSF1 DSF2 RAS CAS RAS CAS/WE
CBRS 0 — 0 1 0 — 0 Stop — — —
CBRR 0 — 1 0 0 — 0 — — — —
CBRN 0 — 1 1 0 — 0 — — — —
MWT 1 0 0 O 0 — 0 Row TAP WM —
MSWT 1 0 0 1 0 — 0 Row TAP WM —
RT 1 0 1 0 0 — 0 Row TAP — —
SRT 1 0 1 1 0 — 0 Row TAP — —
RWM 1 1 0 0 0 0 0 Row Column WM Input data
BWM 1 1 0 0 0 1 0 Row Column WM Column Mask
RW (No) 1 1 1 0 0 0 0 Row Column — Input Data
BW (No) 1 1 1 0 0 1 0 Row Column — Column Mask
FWM 1 1 0 1 0 — 0 Row — WM —
LMR and 1 1 1 1 0 0 0 (Row) — — Mask Data
Old Mask Set
LCR 1 1 1 1 0 1 0 (Row) — — Color
Option 0 0 0 0 0 — 0 Mode — Data —
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Table 1 Operation Cycles of the HM538253B/HM538254B (cont)

Register
Mnemonic Write  Pers No. Of
Code Mask W.M. WM Color Bndry Function
CBRS — — — — Set CBR refresh with stop register set
CBRR — Reset Reset — Reset  CBR refresh with register reset
CBRN — — — — — CBR refresh (no reset)
MWT Yes No Load/use — — Masked write transfer (new/old mask)
Yes Use
MSWT Yes No Load/use — Use Masked split write transfer (new/old mask)
Yes Use
RT — — — — — Read transfer
SRT — — — — Use Split read transfer
RWM Yes No Load/use — — Read/write (new/old mask)
Yes Use
BWM Yes No Load/use — Block write (new/old mask)
Yes Use
RW (no) No No — — — Read/write (no mask)
BW (no) No No — Use — Block write (no mask)
FWM Yes No Load/use Use — Masked flash write (new/old mask)
Yes Use
LMR and — Set Load — — Load mask register and old mask set
Old Mask Set
LCR — — — Load — Load color resister set
Option — — — — —

Notes: 1. With CBRS, all SAM operations use stop register.
2. After LMR, RWM, BWM, FWM, MWT, and MSWT, use old mask which can be reset by CBRR
3. DSF2 is fixed low in all operation (for the addition of operation modes in future).

Operation of HM538253B/HM538254B

RAM Port Operation

RAM Read Cycle (DT/OE high, CAS high and DSF1 low at the falling edge of RAS, DSF1 low at the falling
edge of CAS: Mnemonic Code; R) Row address is entered at the RAS falling edge and column address at the
CAS falling edge to the device as in standard DRAM operation. Then, when WE is high and DT/OE is low
while CAS is low, the selected address data outputs through the I/O pin. At the falling edge of RAS, DT/OE
and CAS become high to distinguish RAM read cycle from transfer cycle and CBR refresh cycle. Address
access time (t,,) and RAS to column address delay time (tg,,,) specifications are added to enable fast page
mode/hyper page mode.
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RAM Write Cycle (Early Write, Delayed Write, Read-Modify-Write)(DT/OE high, CAS high and DSF1
are low at the falling edge of RAS, and DSF1 is low at the falling edge of CAS): Mnemonic Code; W

No Mask Write Cycle (WE high at the falling edge of RAS): When CAS is set low and WE is set low after
RAS low, a write cycle is executed. If WE is set low before the CAS falling edge, this cycle becomes an early
write cycle and all I/O become in high impedance. If WE is set low after the CAS falling edge, this cycle
becomes a delayed write cycle. 1/O does not become high impedance in this cycle, so data should be entered
with OE in high. If WE is set low after toyp (min) and t,yp (min) after the CAS falling edge, this cycle
becomes a read-modify-write cycle and enables read/write at the same address in one cycle. In this cycle also,
to avoid I/O contention, data should be input after reading data and driving OE high.

Mask Write Mode (WE low at the falling edge of RAS):If WE is set low at the falling edge of RAS, two
modes of mask write cycle are possible.

In new mask mode, mask data is loaded from I/O pin and used. Whether or not an I/O is written depends on
1/O level at the falling edge of RAS. The data is written in high level 1/Os, and the data is masked and retained
in low level I/Os. This mask data is effective during the RAS cycle. So, in page mode cycles the mask data is
retained during the page access.

If a load mask register cycle (LMR) has been performed, Mask write cycle (RAM write cycle, flash write
cycle, block write cycle, masked write transfer cycle and masked sprit write transfer cycle) becomes all
persistent mask mode. The mask data is not loaded from I/O pins and the mask data stored in mask registers
persistently are used. This operation known as persistent write mask is reset by CBRR cycle, and become a
new mask.

Fast Page Mode Cycle (HM538253B) (DT/OE high, CAS high and DSF1 low at the falling edge of RAS):
Fast 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 (t,,), RAS to column address delay time (tp,,), and
access time from CAS precharge (t,,) are added. In one RAS cycle, 512-word memory cells of the same row
address can be accessed. It is necessary to specify access frequency within tg,g, max (100 ps).

Hyper Page Mode Cycle (HM538254B) (DT/OE high, CAS high and DSF1 low at the falling edge of RAS):
Hyper 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 forth of the random read/write cycle. In this cycle, read, write, and block
write cycles can be mixed. Note that address access time (t,,), RAS to column address delay time (tp,p), and
access time from CAS precharge (t ,p) are added. column address is latched by CAS low edge triger, access
time from CAS is determined by t.,c (t,, from column address, t,, from CAS high edge). Dout data is held
during CAS high and is sustained until next Dout. Data output enable/disable is controlled by DT/OE and
when both RAS and CAS become high, Data output become High-Z. In one RAS cycle, 512-word memory
cells of the same row address can be accessed. It is necessary to specify access frequency within t,gp max
(100 us).

Color Register Set/Read Cycle (CAS high, DT/OE high, WE high and DSF1 high at the falling edge of
RAS: Mnemonic Code; LCR) 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/O. This register is
composed of static circuits, so once it is set, it retains the data until reset. Since color register set cycle is the
same as the usual read and write cycle, so read, early write, and delayed write cycle can be executed. In this
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cycle, the HM538253B/ HM538254B refreshes the row address fetched at the falling edge of RAS.

Mask Register Set/Read Cycle (CAS high, DT/OE high, WE high, and DSF1 low at the falling edge of RAS:
Mnemonic Code; LMR) In this cycle, mask data is set to the internal mask register persistently used in mask
write cycle, block write cycle, flash write cycle, masked write transfer, and masked split write transfer. 8 bits
of internal mask register are provided at each I/O. This mask register is composed of static circuits. So once it
is reset by CBRR cycle, it retains the data until reset or reselect. Once LMR is set, mask write cycle data is
written by persistent mask data. Since mask register set cycle is just the same as the usual read and write
cycle, so read, early write, and delayed write cycle can be executed.

Flash Write Cycle (CAS high, D T/OE high, WE low, and DSF1 high at the falling edge of RAS:
Mnemonic; FW) In a flash write cycle, a row of data (512 word X 8 bit) is cleared to 0 or 1 at each 1/O
according to the data in the color register mentioned before. It is also necessary to mask I/O in this cycle.
When CAS and DT/OE is set high, WE is low, and DSF1 is high at the falling edge of RAS, this cycle starts.
Then, the row address to clear is given to row address. Mask data is the same as that of a RAM write cycle.
Cycle time is the same as those of RAM read/write cycles, so all bits can be cleared in 1/512 of the usual
cycle time. (See figure 1.)

Block Write Cycle (CAS high, DT/OE high and DSF1 low at the falling edge of RAS, DSF1 high and WE
low at the falling edge of CAS: Mnemonic; BW) In a block write cycle, 4 columns of data (4 column X 8 bit)
are cleared to 0 or 1 at each I/O according to the data of color register. Column addresses A0 and Al are

disregarded. The mask data on I/Os and the mask data on column address can be determined independently.
1/O level at the falling edge of CAS determines the address to be cleared. (See figure 2.) The block write cycle
is as the same as the usual write cycle, so early and delayed write, read-modify-write, and page mode write
cycle can be executed.

No Mask Mode Block Write Cycle (WE high at the falling edge of RAS): The data on 8 1/Os are all cleared
when WE is high at the falling edge of RAS.

Mask Block Write Cycle (WE low at the falling edge of RAS):When WE is low at the falling edge of RAS,
the HM538253B/HM538254B starts mask block write cycle to clear the data on an optional 1/O. The mask
data is the same as that of a RAM write cycle. High I/O is cleared, low 1/O is not cleared and the internal data
is retained. In new mask mode, the mask data is available in the RAS cycle. In persistent mask mode, /0
don’t care about mask mode.
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Figure 1 Use of Flash Write
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CPoIor Register Set Cycle | Block Write Cycle ‘ Block Write Cycle ‘
|

ras T\ 7\ / * /
cas T N\ / /7
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WE Mode /O data/RAS
Low New mask mode Mask
Persistent HorlL
mask mode (mask register used)
High No mask HorlL

I/O Mask Data (In new mask mode)
Low: Mask
High: Non Mask
In persistent mask mode, /O H or L
Column Mask Data

I/00 | ColumnO (A0 = 0, A1 = 0) Mask Data

I/01 | Column1 (A0 =1, A1 = 0) Mask Data |Low: Mask

/02 | Column2 (A0 = 0, A1 = 1) Mask Data

/03 | Column3 (A0 = 1, A1 = 1) Mask Data | High: Non Mask

Figure 2 Use of Block Write

Transfer Operation

The HM538253B/HM538254B provides the read transfer cycle, split read transfer cycle, masked write
transfer cycle and masked 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:

¢ Transfer data between row address and SAM data register
— Read transfer cycle and split read transfer cycle: RAM to SAM
— Masked write transfer cycle and masked split write transfer cycle: SAM to RAM
« Determine SI/O state (except for split read transfer and masked split write transfer cycle)
— Read transfer cycle: SI/O output
— Masked write transfer cycle: SI/O input
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« Determine first SAM address to access after transferring at column address (SAM start address).

— SAM start address must be determined by read transfer cycle or masked write transfer cycle (split
transfer cycle isn’'t available) before SAM access, after power on, and determined for each transfer
cycle.

« Use the stopping columns (boundaries) in the serial shift register. If the stopping columns have been set,
split transfer cycles use the stopping columns, but any boundaries cannot be set as the start address.

» Load/use mask data in masked write transfer cycle and masked split write transfer cycle.

Read Transfer Cycle (CAS high, D T/OE low, WE high and DSF1 low at the falling edge of RAS):
Mnemonic; RT

This cycle becomes read transfer cycle by driving DT/OE low, WE high and DSF1 low at the falling edge of
RAS. The row address data (512 x 8 bits) 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 rise to transfer
data from RAM to SAM.

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

RAS /

CAS \ /
Address X X XY X
oo\ f
DSF1 _\_J
sc /N /.
SIo X X X X T T &7

SAM Data before Transfer SAM Data after Transfer

tspp|| tspH

Figure 3 Real Time Read Transfer

When read transfer cycle is executed, SI/O becomes output state by first SAM access. Input must be set high
impedance before tg,5 (min) of the first SAM access to avoid data contention.

Masked Write Transfer cycle (CAS high, DT/OE low, WE low, and DSF1 low at the falling edge of RAS):
Masked write transfer cycle can transfer only selected I/O data in a row of data input by serial write cycle to
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RAM. Whether I/O data is transferred or not depends on the corresponding I/O level (mask data) at the falling
edge of RAS. This mask transfer operation is the same as a mask write operation in RAM cycles, so the
persistent mode can be supported.

The row address of data transferred into RAM is determined by the address at the falling edge of RAS. The
column address is specified as the first address for serial write after terminating this cycle. Also in this cycle,
SAM access becomes enabled after t g, (min) after RAS becomes high. SAM access is inhibited during RAS
low. In this period, SC must not be risen.

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

(Row address) SAM (Row address) e —— S AN

........ .....]1 Possible
RAM : RAM
111111 H H Impossible
000000 v P
RAM BN BN BB E| RAM
111111
| | sam [ | sam
(Read transfer cycle) (Write transfer cycle)

Figure 4 Example of Row Bit Data Transfer

Split Read Transfer Cycle (CAS high, DT/OE low, WE high and DSF1 high at the falling edge of RAS): To
execute a continuous serial read by real-time read transfer, the HM538253B/HM538254B 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 continuous serial read without the above timing limitation.

The HM538253B/HMS538254B supports two types of split register operation. One is the normal split register
operation to split the data register into two halves. The other is the boundary split register operation using
stopping columns described later.

Figure 5 shows the block diagram for the normal split register operation. SAMdata register (DR) consists of 2
split buffers, whose organizations are 256-word X 8-bit each. Suppose that data is read from upper data
register DR1. (The row address AX8 is 0 and SAM address A8 is 1.) When split read transfer is executed
setting row address AX8 to 0 and SAM start addresses AO to A7, 256-word X 8-bit data is transferred from
RAM to the lower data register DRO (SAM address A8 is 0) automatically. After data is read from data
register DR1, data read begins from SAM start addresses of data register DRO. If the next split read transfer
isn’t executed while data is read from data register DRO, data read begins from SAM start address O of DR1
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after data is read from data register DRO. If split read transfer is executed setting row address AX8 to 1 and
SAM start addresses AO to A7 while data is read from data register DR1, 256-word X 8-bit data is transferred
to data register DR2. After data is read from data register DR1, data read begins from the SAM start addresses
of data register DR2. If the next split read transfer isn’t executed while data is read from data register DR2,
data read begins from SAM start address O of data register DR1 after data is read from data register DR2. 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.

- |-

DR1
DR3

Memory
Array

Memory
Array

AX8 =0 AX8 =1

1L
DRO
SAM |/O Bus
SAM Column Decoder
SAM |/O Bus
DR2
10

SAM /O Buffer

JL

SI/0

Figure 5 Split Transfer Block Diagram

Split read transfer cycle is set when CAS is high, DT/OE is low, WE is high and DSF1 is high at the falling
edge of RAS. The cycle can be executed asyncronously with SC. However, HM538253B/ HM538254B must
be satisfied tgrs (min) timing specified between SC rising (boundary address) and RAS falling. In split transfer
cycle, the HM538253B/HM538254B must satisfy tgep (min), tegr (min) and t,cr(min) timings specified
between RAS or CAS falling and column address. (See figure 6.)

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

Masked Split Write Transfer Cycle (CAS high, DT/OE low, WE low and DSF1 high at the falling edge of
RAS): A continuous serial write cannot be executed because accessing SAM is inhibited during RAS low in
write transfer. Masked split write transfer cycle makes it possible. In this cycle, tgq (min), tpep (min), tegr
(min) and t,gp (min) timings must be satisfied like split read transfer cycle. And it is impossible to switch
SI/O to input state in this cycle. If SI/O is in output state, masked write transfer cycle should be executed to

HITACHI
15




HM538253B/HM538254B Series

switch SI/O 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 masked split write transfer cycle. However masked write transfer cycle
must be executed before masked split write transfer cycle. And in this masked split write transfer cycle, 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. In this cycle, the boundary split register operation using stopping columns is possible as with
split read transfer cycle.

RAS /

tsTs (min) trsT (Min)

CAS /

test(min)

Address X Xi X:X Y] X
tasT(min) |« N

DT/OE \ /
DSF1 / \
SC /B Ym  /Bj-1\_/8 \/ V]

Note: Ym is the SAM start address in before SRT. Bi and Bj initiate the boundary address.

Figure 6 Split Transfer Limitation

Table 2 Stopping Column Boundary Table

Stop Address
Boundary Code Column Size A2 A3 A4 A5 A6 A7
B2 4 0 X X X X X
B3 8 1 X X X X
B4 16 1 1 0 X X X
B5 32 1 1 1 0 X X
B6 64 1 1 1 1 0 X
B7 128 1 1 1 1 1 0
B8 256 1 1 1 1 1 1
Notes: 1. A0, A1,and A8: HorL
2. x: HorL

HITACHI
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HM538253B/HM538254B Series

Stopping Column in Split Transfer Cycle: The HM538253B/HM538254B has the boundary split register
operation using stopping columns. If a CBRS cycle has been performed, split transfer cycle performs the
boundary operation. Figure 7 shows an example of boundary split register. (Boundary code is B7.)

First a read data transfer cycle is executed, and SAM start addresses AO to A8 are set. The RAM data is
transferred to the SAM, and SAM serial read starts from the start address (Y1) on the lower SAM. After that,
a split read transfer cycle is executed, and the next start address (Y2) is set. The RAM data is transferred to
the upper SAM. When the serial read arrive at the first boundary after the split read transfer cycle, the next
read jumps to the start address (Y2) on the upper SAM (jump 1) and continues. Then the second split read
transfer cycle is executed, and another start address (Y3) is set. The RAM data is transferred to the lower
SAM. When the serial read arrive at the other boundary again, the next read jumps to the start address (Y3)
on the lower SAM. In stopping column, split transfer is needed for jump operation between lower SAM and
upper SAM.

Stopping Column Set Cycle (CBRS): Start a stopping column set cycle by driving CAS low, WE low, and
DSF1 high at the falling edge of RAS. Stopping column data (boundaries) are latched from address inputs on
the falling edge of RAS. To determine the boundary, A2 to A7 can be used, and A0, Al, and A8 don’t care.
In the HM538253B/HM538254B, 7 types of boundary (B2 to B8) can be set including the default case. (See
stopping column boundary table.) If A2 to A6 are set high and A7 is set low, the boundaries (B7) are
selected. Figure 6 shows the example. Once a CBRS is executed, next sprit transfer cycle data become
stopping columm data. Stopping columm is reset by CBBR.

: Column size:
I‘Tblth Boundaries (B7)

T T T

(Y1)

f—

D:

(Y2)

:—

iStart Jump 1 Jump 2
P Lower SAM _L Upper SAM o
o 256 bit g 256 bit "

Figure 7 Example of Boundary Split Register

Register Reset Cycle (CBRR): Start a register reset cycle (CBRR) by driving CAS low, WE high, and
DSF1 low at the falling edge of RAS. A CBRR can reset the persistent mask operation and stopping column
operation, so the HM538253B/HM538254B becomes the new mask operation and boundary code B8. When
a CBRR is executed for stopping column operation reset and split transfer operation, it needs to satisfy tgg
(min) and tyey (min) between RAS falling and SC rising.

No Reset CBR cycle (CBRN): This cycle becomes no reset CBR cycle (CBRN) by driving CAS low, WE

HITACHI
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HM538253B/HM538254B Series

high and DSF1 high at the falling edge of RAS. The CBRN can only execute the refresh operation.
SAM Port Operation

Serial Read Cycle

SAM port is in read mode when the previous data transfer cycle is a read transfer cycle. Access is
synchronized with SC rising, and SAM data is output from SI/O. When SE is set high, SI/O becomes high
impedance, and the internal pointer is incremented by the SC rising. After indicating the last address (address
511), the internal pointer indicates address O at the next access.

Serial Write Cycle

If the previous data transfer cycle is a masked write transfer cycle, SAM port goes into write mode. In this
cycle, SI/O data is fetched into the data register at the SC rising edge like in the serial read cycle. If SE is
high, SI/O data isn’t fetched into the data register. The internal pointer is incremented by the SC rising, so SE
high can be used as mask data for SAM. After indicating the last address (address 511), the internal pointer
indicates address O at the next access.

Refresh

RAM Refresh

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

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

CBR Refresh Cycle: CBR refresh cycle (CBRN, CBRS and CBRR) are set by activating CAS before RAS.
In this cycle, the refresh address need not be input through external circuits because it is input through an
internal refresh counter. In this cycle, output is high impedance and power dissipation is low because CAS
circuits are not operating.

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 resister and selector), organized as fully static circuitry, require no refresh.

HITACHI
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vg V; —-1.0t0 +7.0 \
Supply voltage relative to Vg Veo -0.510 +7.0 \

Short circuit output current lout 50 mA
Power dissipation P: 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -5510 +125 °C
Recommended DC Operating Conditions (Ta =0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Ve 4.5 5.0 55 \ 1
Input high voltage Vi 2.4 — 6.5 \ 1
Input low voltage vV, -0.5% — 0.8 v 1

Notes: 1.

All voltage referred to Vg

2 -3.0V for pulse width < 10 ns.
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DC Characteristics (Ta=0to +70°C, V..=5V £10%, V(=0 V)

HM538253B/HM538254B
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Operating current  Igg, — 110 — 100 — 90 mA RAS, CAS SC=V,, SE=
cycling Vi,
trc = min
. — 185 — 150 — 140 mA SE=V,,
SC cycling
tscc = Min
Block write current  lgomw — 115 — 105 — 90 mA RAS, CAS sC=V,,SE=
cycling Vv,
the = Min
co7BW — 170 — 155 — 140 mA SE = Vi,
SC cycling
tscc = Min
Standby current . -7 - 7 - 7 mA RAS,CAS=V, SC=V,,SE=
VIH
s — B85 — B0 — 55 mA SE=V,,
SC cycling
tscc = Min
RAS-only refresh ccs — 110 — 100 — 90 mA RAS cycling SC=V,, SE=
current CAS =V, Vv,
trc = min
oco — 165 — 150 — 135 mA SE=V,,
SC cycling
tgcc=Mmin
Fast page mode cos — 110 — 105 — 100 mA CAS cycling sC=V,,SE=
current RAS =V, Vv,
(HM538253B) *° tpe=min
oo — 180 — 155 — 150 mA SE=V,,
SC cycling
tscc = Min
Fast page mode locsw — 180 — 125 — 120 mA CAS cycling sC=V,,SE=
block write current RAS =V, Vi,
tpe=Mmin
ccrosw — 185 — 175 — 165 mA SE=V,,
SC cycling
tscc = Min
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DC Characteristics (Ta =0 to +70°C, V..=5V £10%, V=0 V) (cont)

HM538253B/HM538254B
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Hyper page mode g, — 130 — 120 — 110 mA CAS cycling SC=V,, SE=
current RAS =V, Vv,
(HM538254B) tpe = Min
ccto — 18 — 170 — 160 mA SE=V,,
SC cycling
tscc = Min
Hyper page mode  lggew  — 155 — 140 — 130 mA CAS cycling SC=V,, SE=
block write current mA RAS =V, vV,
tpe = Min
cclosw — 210 — 190 — 175 175 SE=V,,
SC cycling
tgcc=Mmin
CAS-before-RAS  Iggs - 8 — 75 — 85 mA RAScycling sC=V,,SE=
refresh current tre = Min Vi
cott — 140 — 130 — 120 mA SE=V,,
SC cycling
tgcc=Mmin
Data transfer current Igq, — 130 — 115 — 100 mA RAS, CAS sC=V,,SE=
cycling Vi,
trec = min
cor2 — 180 — 165 — 145 mA SE=V,,
SC cycling
tscc = Min
Input leakage U -10 10 -10 10 -10 10 pA
current
Output leakage Lo -10 10 -10 10 -10 10 pA
current
Output high voltage Vg, 24 — 24 — 24 — V loy =—1 mA
Output low voltage V. — 04 — 04 — 04 V loo =2.1 mA

Notes: 1. I depends on output load condition when the device is selected. I, max is specified at the output
open condition.

2. Address can be changed once while RAS is low and CAS is high.
3. Address can be changed once in 1 page cycle (1xc).

HITACHI
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Capacitance (Ta =25°C, V.. =5V 10%, f = 1 MHz, Bias: Clock, I/O = V., Address =

Vss)

Parameter Symbol Typ Max Unit Note
Input capacitance (Address) C, — 5 pF 1
Input capacitance (Clocks) Cp — 5 pF 1
Output capacitance (I/0, SI/O, QSF) Cio — 7 pF 1

Note: 1. This parameter is sampled and not 100% tested.

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

Test Conditions

« Inputrise and fall time: 5 ns
« Input pulse levels: Vg to 3.0 V
« Input timing reference levels: 0.8 V,24 V
« Output timing reference levels: 0.8 V,2.0V
¢ OQutput load: RAM 1TTL + C (50 pF)
SAM, QSF 1 TTL + C; (30 pF) (Including scope and jig)
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Common Parameter

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time tre 130 — 150 — 180 — ns
RAS precharge time te 50 — 60 — 70 — ns
RAS pulse width Tras 70 10000 80 10000 100 10000 ns
CAS pulse width teas 20 — 20 — 25 — ns
Row address setup time Tash 0 — 0 — 0 — ns
Row address hold time Tran 10 — 10 — 10 — ns
Column address setup time Tasc 0 — 0 — 0 — ns
Column address hold time Tean 12 — 15 — 15 — ns
RAS to CAS delay time troo 20 50 20 60 20 75 ns 2
RAS hold time referred to CAS trsH 20 — 20 — 25 — ns
CAS hold time referred to RAS tosn 70 — 80 — 100 — ns
CAS to RAS precharge time tome 10 — 10 — 10 — ns
Transition time (rise to fall) tr 3 50 3 50 3 50 ns 3
Refresh period Trer — 8 — 8 — 8 ms
DT to RAS setup time tors 0o — 0o — 0o — ns
DT to RAS hold time tom 10 — 10 — 10 — ns
DSF1 to RAS setup time trsn 0o — 0o — 0o — ns
DSF1 to RAS hold time tren 10 — 10 — 10 — ns
DSF1 to CAS setup time trsc 0o — 0o — 0o — ns
DSF1 to CAS hold time teen 12 — 15 — 15 — ns
Data-in to CAS delay time tose 0o — 0o — 0o — ns
Data-in to OE delay time tozo 0o — 0o — 0o — ns
Output buffer turn-off delay referred to o — 15 — 20 — 20 ns
CAS
Output buffer turn-off delay referred to  toee, — 15 — 20 — 20 ns 5
OE

HITACHI
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Read Cycle (RAM), Page Mode Read Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS thac — 70 — 80 — 100 ns 6,7
Access time from CAS teac — 20 — 20 — 25 ns 7,8
Access time from OE toac — 20 — 20 — 25 ns 7
Address access time Tan — 35 — 40 — 45 ns 7,9
Read command setup time Trcs 0 — 0 — 0 — ns
Read command hold time tron 0 — 0 — 0 — ns 10
Read command hold time referred to Tran 0 — 5 — 10 — ns 10
RAS
RAS to column address delay time trao 15 35 15 40 15 55 ns 2
Column address to RAS lead time Tra 35 — 40 — 45 — ns
Column address to CAS lead time Tear 3B — 40 — 45 — ns
Page mode cycle time tec 45 — 50 — 55 — ns
CAS precharge time tep 7 — 10 — 10 — ns
Access time from CAS precharge Tace — 40 — 45 — 50 ns
Page mode RAS pulse width Trase 70 100000 80 100000 100 100000 ns
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Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle

HM538253B/HM538254B
-7 -8 -10

Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes 0 — 0 — 0 — ns 11
Write command hold time twen 12 — 15 — 15 — ns

Write command pulse width Twe 12 — 15 — 15 — ns

Write command to RAS lead time Trwe 20 — 20 — 20 — ns

Write command to CAS lead time towe 20 — 20 — 20 — ns
Data-in setup time tos 0 — 0 — 0 — ns 12
Data-in hold time ton 12 — 15 — 15 — ns 12
WE to RAS setup time tws 0o — 0o — 0o — ns
WE to RAS hold time tm 10 — 10 — 10 — ns

Mask data to RAS setup time tus 0 — 0 — 0 — ns

Mask data to RAS hold time ton 10 — 10 — 10 — ns

OE hold time referred to WE toen 15 — 20 — 20 — ns

Page mode cycle time tec 45 — 50 — 55 — ns

CAS precharge time tep 7 — 10 — 10 — ns

CAS to data-in delay time toon 15 — 20 — 20 — ns 13
Page mode RAS pulse width Trase 70 100000 80 100000 100 100000 ns
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Read-Modify-Write Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time tawe 180 — 200 — 230 — ns
RAS pulse width (read-modify-write Trws 120 10000 130 10000 150 10000 ns
cycle)
CAS to WE delay time tows 40 — 45 50 — ns 14
Column address to WE delay time tawo 60 — 65 — 70 — ns 14
OE to data-in delay time toos 15 — 20 — 20 — ns 12
Access time from RAS trac — 70 — 80 — 100 ns 6,7
Access time from CAS teac — 20 — 20 — 25 ns 7,8
Access time from OE toac — 20 — 20 — 25 ns 7
Address access time Tan — 35 — 40 — 45 ns 7,9
RAS to column address delay time trao 15 35 15 40 15 55 ns
Read command setup time Trcs 0 — 0 — 0 — ns
Write command to RAS lead time TawL 20 — 20 — 20 — ns
Write command to CAS lead time towe 20 — 20 — 20 — ns
Write command pulse width twe 12 — 15 — 15 — ns
Data-in setup time tos 0 — 0 — 0 — ns 12
Data-in hold time ton 12 — 15 — 15 — ns 12
OE hold time referred to WE toen 15 — 20 — 20 — ns
Refresh Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CAS-before-RAS tesn 10 — 10 — 10 — ns
refresh)
CAS hold time (CAS-before-RAS toun 10 — 10 — 10 — ns
refresh)
RAS precharge to CAS hold time thec 10 — 10 — 10 — ns
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Flash Write Cycle, Block Write Cycle, and Register Read Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS to data-in delay time teon 15 — 20 — 20 — ns 13
OE to data-in delay time toos 15 — 20 — 20 — ns 13
CBR Refresh with Register Reset

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Split transfer setup time ters 20 — 20 — 25 — ns
Split transfer hold time referred to RAS  tpg; 70 — 80 — 100 — ns
Hyper Page Mode Cycle (HM538254B)

HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Column address to CAS lead time Tear 25 — 30 — 3B — ns
Hyper page mode cycle time tec 3B — 40 — 45 — ns
Hyper page CAS precharge time ter 5 — 10 — 10 — ns
Hyper page data out hold time toon 4 — 5 — 5 — ns
Data-out buffer turn-off time (RAS) thuz — 15 — 20 — 20 ns
Data-out buffer turn-off time (CAS) tonz — 15 — 20 — 20 ns
RAS to data-in delay time tros 20 — 20 — 20 — ns 13
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Read Transfer Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
DT hold time referred to RAS tron 60 10000 65 10000 80 10000 ns
DT hold time referred to CAS teon 20 — 20 — 25 — ns
DT hold time referred to taom 25 30 — 30 — ns
DT precharge time tore 20 — 20 — 30 — ns
DT to RAS delay time toro 60 — 70 — 80 — ns
SC to RAS setup time tens 15 — 20 — 30 — ns
1st SC to RAS hold time tsmm 70 — 80 — 100 — ns
1st SC to CAS hold time tsen 25 — 25 — 25 — ns
1st SC to column address hold time Tsan 40 — 45 — 50 — ns
Last SC to DT delay time tsop 5 — 5 — 5 — ns
1st SC to DT hold time tson 10 — 13 — 15 — ns
DT to QSF delay time toas — 30 — 35 — 35 ns 15
QSF hold time referred to DT toan 5 — 5 — 5 — ns
Serial data-in to 1st SC delay time tezs 0 — 0 — 0 — ns
Serial clock cycle time tsco 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge time tece 10 — 10 — 10 — ns
SC access time tsca — 20 — 28 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — ns
Serial data-in setup time tas 0 — 0 — 0 — ns
Serial data-in hold time tam 15 — 15 — 15 — ns
RAS to column address delay time trao 15 35 15 40 15 55 ns
Column address to RAS lead time Trar 3B — 40 — 45 — ns
RAS to QSF delay time thao — 70 — 75 — 85 ns 15
CAS to QSF delay time teas — 35 — 35 — 35 ns 15
QSF hold time referred to RAS tran 20 — 20 — 25 — ns
QSF hold time referred to CAS toan 5 5 5 ns
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Masked Write Transfer Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
SC setup time referred to RAS tsrs 15 — 20 — 30 — ns
RAS to SC delay time tsmo 20 — 25 — 25 — ns
Serial output buffer turn-off time [ 10 30 10 35 10 50 ns
referenced to RAS
RAS to serial data-in delay time tsio 30 — 3B — 50 — ns
RAS to QSF delay time thas — 70 — 75 — 85 ns 15
CAS to QSF delay time toas — 35 — 35 — 35 ns 15
QSF hold time referred to RAS tran 20 — 20 — 25 — ns
QSF hold time referred to CAS tean 5 — 5 — 5 — ns
Serial clock cycle time tsco 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge time tece 10 — 10 — 10 — ns
SC access time tsca — 20 — 28 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — ns
Serial data-in setup time tas 0 — 0 — 0 — ns
Serial data-in hold time tam 15 — 15 — 15 — ns
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Split Read Transfer Cycle, Masked Split Write Transfer Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Split transfer setup time ters 20 — 20 — 25 — ns
Split transfer hold time referred to RAS  tpg; 70 — 80 — 100 — ns
Split transfer hold time referred to CAS  tq, 20 — 20 — 25 — ns
Split transfer hold time referred to Tast 3B — 40 — 45 — ns
column address
SC to QSF delay time tsao — 30 — 30 — 30 ns 15
QSF hold time referred to SC tsqn 5 — 5 — 5 — ns
Serial clock cycle time tece 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge time tscr 10 — 10 — 10 — ns
SC access time teca — 20 — 28 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — ns
Serial data-in setup time tas 0 — 0 — 0 — ns
Serial data-in hold time tam 15 — 15 — 15 — ns
RAS to column address delay time trao 15 35 15 40 15 55 ns
Column address to RAS lead time Tra 35 — 40 — 45 — ns
Serial Read Cycle, Serial Write Cycle

HM538253B/HM538254B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Serial clock cycle time tece 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge width tece 10 — 10 — 10 — ns
Access time from SC tsca — 20 — 28 — 25 ns 15
Access time from SE toea — 17 — 20 — 25 ns 15
Serial data-out hold time tson 5 — 5 — 5 — ns
Serial output buffer turn-off time referred 1y, — 15 — 20 — 20 ns 517
to SE
SE to serial output in low-Z tez 0 — 0 — 0 — ns 517
Serial data-in setup time tas 0 — 0 — 0 — ns
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Serial Read Cycle, Serial Write Cycle (cont)

HM538253B/HM538254B
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Serial data-in hold time tam 15 — 15 — 15 — ns
Serial write enable setup time tows 0 — 0 — 0 — ns
Serial wrtie enable hold time Town 15 — 15 — 15 — ns
Serial write disable setup time towis 0 — 0 — 0 — ns
Serial write disable hold time | 15 — 15 — 15 — ns

Notes:

1. AC measurements assume t. = 5 ns.

2. When tyq, > the, (Max) and t,,, > thy (Max), access time is specified by t.,. of t,a.

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

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

5. tgyz (Max), toy, (Max), tore (Max), tor, (Max), ts,, (Max) and tg, (Min) are defined as the time at
which the output acheives the open circuit condition (V,,— 100 mV, V, + 100 mV). This parameter
is sampled and not 100% tested.

6. Assume that ty < thgp (Max) and tp,y < trap (Max). If thg, OF 1y, is greater than the maximum
recommended value shown in this table, t,,. exceeds the value shown.

7. Measured with a load circuit equivalentto 1 TTL loads and 50 pF.

8. When tpoy 2 teep (Max) and tg,, < thyp (Max), access time is specified by tg,c.

9. When tgep < trep (Max) and tryy = tray (Max), access time is specified by t,,.

10. If either txey OF tgpy is satisfied, operation is guaranteed. (HM538253)

If both tsc, and tqg, are satisfied, operation is guaranteed, (HM538254)

11. When ty,cs = tycs (Min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high
impedance) condition.

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

13. Either tepp (mMin) or top, (Min) must be satisfied because output buffer must be turned off by CAS or
OE prior to applying data to the device when output buffer is on. (HM538253B)

Either tpp (Min), top (MiN) or tay, (Min) must be satisfied because the output buffer must be turned
off by CAS, OE or RAS prior to applying data to the device when output buffer is on. (HM538254B)

14. When tyup 2t (Min) and toyp = tews (Min) in read-modify-write cycle, the data of the selected
address outputs to an I/O pin and input data is written into the selected address. t,, (min) must be
satisfied because output buffer must be turned off by OE prior to applying data to the device.

15. Measured with a load circuit equivalentto 1 TTL loads and 30 pF.

16. After power-up, pause for 100 ps or more and execute at least 8 initialization cycle (normal memory
cycle or refresh cycle), then start operation. Hitachi recommends that least 8 initialization cycle is
CBRR for internal register reset.

17.When ty,, and t,, are measured in the same V. and Ta condition and tr and tf of SE are less than
5ns, tg,, <tg, + 5 ns.

18. After power-up, QSF output may be High-Z, so 1SC cycle is needed to be Low-Z it.

19. DSF 2 pin is open pin, but Hitachi recommends it is fixed low in all operation for the addition mode
in future.
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HorL(H:V,(min) <V, <V, (max),L:V,_(min) <V, <V, (max)
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Fast Page Mode Read Cycle (HM538253B)
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WE trac tOFElW taa torE
tAn ! tacp ™
tcac || tcac
110 7 Vaid {Vaid
(Output) Dout £ xDout 4
tnzc teop| o tpze {CDD |y
toac |toFFz toac _|toFF2
| [ | p—
1o TS o
(Input) Ao os R
1DTS e
DT/OE . X Joron N
tCFH IFSC e leallCFH
DSF1 \<> \'\7‘ \’\",' \‘\\,H\",’ \x\\\\,\’<"x’ N
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HM538253B/HM538254B Series

Write Cycle

Table 3 below applies to early write, delayed write, page mode write, and read-modify write.

Table 3 Write Cycle State
RAS CAS RAS RAS CAS
DSF1 DSF1 WE /O /0
Menu Cycle w1 w2 w3 w4 w5
RWM  Write mask (new/old) 0 0 0 Write mask’’ Valid data
Write DQs to 1/Os
BWM  Write mask (new/old) 0 1 0 Write mask® Column mask®
Block write
RW Normal write (no mask) 0 0 1 Don’t care™ Valid data
BW Block write (no mask) 0 1 1 Don’t care™ Column mask®
LMR* Load write mask resister 1 0 1 Don’t care Write mask data®
LCR* Load color resister 1 1 1 Don’t care Color data
Notes: 1.
WE Mode I/O data/RAS
Low New mask mode Mask

Persistent mask mode H or L (mask register used)

High No mask HorL
IO Mask data (In new mask mode)
Low: Mask

High:  Non mask
In persistent mask mode, I/O Hor L
Reference Figure 2 use of block write.
I/O write mask data
Low: Mask
High:  Non mask
. Column Address: HorL
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HM538253B/HM538254B Series

Early Write Cycle

RAS

CAS

110
(Output)

110
(Input)

DT/OE

DSF1

WI to W5: See write cycle state table for the logic states.
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HM538253B/HM538254B Series

Delayed Write Cycle

tre
tras | trp
RAS N /
tosH terp
tReD tRsH
— \ tcas s
CAS ; ; . N i
AsR | |TRaH
{ | L AsC toan ’ _ 1 L
Address ¢ g Row 10‘ Column j}( A R AR R R R A X
tws || twn tRwL towL
WE X twe T T
WE 9.4 W3 7U \ ‘\\/ E, 5 E, i, % i, -
110 i
(Output) tus tun toze XS tpg || toH
11O >i‘ YN i ‘ / ‘ / ‘ / ‘
(Input) i w4 7)C R W5 K
; ; torFe fomm
pTs | |toTH T 0
- i nama oDbD ﬂkggaﬁ”
5ToE o F X777 N XL
trsr || tRFH Tese | [torn

DSF1 :X Wi @ w2 KUK KK OO

WI to W5: See write cycle state table for the logic states.

Fast/Hyper

Page Mode Write Cycle (Early Write)

s ) A

tcsH tpc

treD

tRAH tasc
< A5G

CAS

Address

WE

110
(Output)

110
(Input)

DT/OE

DSF1

WI to W5: See write cycle state table for the logic states.
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HM538253B/HM538254B Series

Fast/Hyper Page Mode Write Cycle (Delayed Write)

RAS

CAS

Address ¢

WE

110
(Output)

110
(Input)

DT/OE

tRFH thﬁ teFH trsc || toFH
| 04—-1
w1 X O0X w2 b ;wz}(

WI to W5: See write cycle state table for the logic states.

DSF1

Read-Modify-Write Cycle

trwe

trws L IRP

RAS —\ f_\_

_ tReD m
CAS ] A!__

-

tRAD N
tASR || tRAH t 1
. 3 ‘ ASC_||tcAH ’ ’ _ _ ’
Address ¢ ><1 Row 7@( Column }( A A A T S A ><:
tawp tRWL !
s, || {RCS| tcwbp towL
WE X w3 XK toAC N Wp /T
taA T
tRAC
l(/(())utput) {Valid Dout))
|_tms || tmH tbze toac tps || toH
(Input) - - wa t7)<3'tozo tOFF2 ws X
DTS DTH ™™ tOEH
tobp
DT/OE \ / NN
tFSR tRFH tFsc ||tcFH
o

WI to W5: See write cycle state table for the logic states.
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HM538253B/HM538254B Series

RAS-Only Refresh Cycle (HM538253B)

RAS

CAS

Address \

110
(Output)

110
(Input)

DT/OE

DSF1

the

tras

WE :HorL

CAS-Before-RAS Refresh Cycle (CBRN) (HM538253B)

RAS
CAS
Address
WE

le}
(Output)
DT/OE

DSF1

tRP

tRe

tRAS I tRP

tcsr

Pl

tcHR

/<" Inhibit Falling Transition ¥

i N -
trRPC CSR
N
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HM538253B/HM538254B Series

Hidden Refresh Cycle (HM538253B)

tRre tre
tRAs tRp tRAs L trpP
—_ —
RAS N / N k N__
tReD tRsH tcHR terp
- ,‘ A
CAS t tRAD  tpaL | N /
ASR, || IRaH [T asc] | Toan
Address | Roww, Column i§< o \?‘\"X
\" : R Y
I 180 | trnien
WE | /L tenc CHANHANNX
taa
I trAC tOFF1
o) Fil Vali kY
< alid Dout —
(Output) tpzc toac tOFF;
/o b WO )
(Input) ol i DA 70
tpTH
DT/OE N
tcFH L LFSR tRFH,
DSF1 \ /

CAS-Before-RAS Set Cycle (CBRS)

tRe
trp tRas | trp
RAS / \ / N
tRPc tcsmr tcHR torp
CAS \
tasr|| tRAH
1
Address '~ 7
(A2-A7) . )( Stop Address
tws|| twH
WE
/o High-Z
(Output)
/O
(Input)
DT/OE ),
tFSR = wl = LRFH
DSF1 Y OC

Note: AO, A1, A8: HorL
SC: HorlL
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HM538253B/HM538254B Series

CAS-Before-RAS Reset Cycle (CBRR)

tre
trp tras | trp

RAS / \ / N

tRPc tcsr tcHR

" Inhibit falling transition

CAS \

Address
tws | | twH
WE , y \
/0O ngh-Z
(Output)
|/O VA 7 7 7 7 7 ™ 7 7 7 7 7 WA
(Input) OO0

R R AN N Y N Y N RN RN N N N N N N N R N N N N N N N R N N N N N A R A VA VAV VAV

- Y
DT/OE /,\/\/\/VX/\//\/\//X/\//X/\//\/\//X/\//X/\//\/\//X/\//X/\M%\/\/

trsr tRFH

‘ [

tsTs trsT
SC _/_\ ) Bir1 \__ /Bj-2 \ ) 1\ / Bj*1 \

Notes: 1. Bi, Bj initiate the boundary addresses.
When a CBRR is executed for stopping column operation reset and split transfer
operation, it needs to satisfy tgTg (min) and tgg (Min) between RAS falling and
SC rising.
2. Ym, Yn are the SAM start address in before SRT/MSWT.

DSF1
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HM538253B/HM538254B Series

Flash Write Cycle (HM538253B)

tRC 2
tRAS | trRP
RAS
tcrRP tReD

CAS N

tASR || tRAH |
Address ¥ »)(t Row A

tws twH
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HM538253B/HM538254B Series

Register Read Cycle (Mask data, Color data) (HM538253B)

RAS

CAS

Address

110
(Output)

1’0
(Input)

tre
tRAs trp
-\
/
t
tos CRP
treo RSH
tcas
/
tRAH
(s} ’K>4 x , OO
twH tRes et RRH—~
L tRCH
— T
: ; tcac tcop”
RAC
toFF
{ Valid Out )
t t t
DZC OAC OFF2 [* {20
4
tpzo
tpTs i
jm—| — IDTH —»f
!
tren trsc

A\ 2.V'4
“IK

Note: 1. State of DFS1 at falling edge of CAS

State 0 1
Accessed Mask data Color data
data (LMR) (LCR)
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HM538253B/HM538254B Series

Read Transfer Cycle 1

tRC
tRAS tRP
— —_—\ ————\
RAS \ 7
tesH tcrpP
tReD tRSH ‘
- tcas }
CAS \(
tRAL
tasc| | tcaH
{ SAM Start
Address N Addreoss 7 X
we TR RIC OO RICROOUTOCK
110 High-Z
(Output) tcoH tDRD
1DTS tAaDH tpTp
o tRDOH v
DT/OE \ pi
.. YOO
SC / \ \ / \ / \
| _tsca|F 1 |tsca 4| _tsca — ;
SOH
tsoH | 1SOH - {soH . | {soH ’
SI/O Valid Sout K/ X Valid Sout Xvalid Sout X'/ X Valid Sout J /X Valid Sout
Output TT
(Output) Previous Row% ~—— New Row
Sl/o High-Z
(Input) tpap
{DQH.w——a

——\y

QsF SAM Address MSB }(;);
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HM538253B/HM538254B Series

Read Transfer Cycle 2
tRC
tRAs tRP
—_— —\
RAS X ) -
tcsH tcrp
tReD tRsH

Y tcas {

CAS \ /

Address

WE

110

High-Z

(Output)

VAL NAVAVAVAVAV]
VAV, NAVAVAYAYAY A"
KA A A A AR AR A AN

AN RYAY, YAV VAR

T T T
NAYAYAY:

WAVAVAY Ay

DSF1

tsaH

SC Wi

 Inhibit Rising Transition {

tscH

tsRH

SI/o
(Output)

SI/o M
(Input) :>§

QSF

tcap tpap
traD
tcaH
tRQH
1DQH ||
SAM Address MSB KX,
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HM538253B/HM538254B Series

Masked Write Transfer Cycle

tre
trAs trp
_— ——
RAS \ / ; \
t fosn tRsH o
RCD toas
- X
CAS \ /

tasr|| tRAH  Tasc||tcan

Y SAM Start
Row Address

fwH

Address

WE

110 High-Z
(Output)

tors|| totH

tRFH

tscp tsc  Iscp
scC N Inhibit Rising Transition / /
tscaL | tspz—~ tsip —
=IO Valid XX Vvaid )
(Output) F—’ W ] ;f§|H t_sg E@
sSI/0 tsoH High-Z — —
(Input) - tcap— (X )(/x\ )( Valid Sin K
traD toaH
tRQH

QSF SAM Address MSB

tms || tmH
/0 -
(|nput) 110 Mask Data X

Note: 1. IO mask data (In new mask mode)
Low: Mask
High: Non mask
I/0: H or L in persistent mask mode.
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HM538253B/HM538254B Series

Split Read Transfer Cycle (HM538253B)

RAS

CAS

Address

110
(Output)

DT/OE

DSF1

SC

SI/0
(Output)

SI/0
(Input)

QsF

tRC
tRAS | tRP
N % \,
S
N 7 tCsH
tCRP tRCD tRSH tCRP
r‘d—-
\ tCAS
tRAD ™ -

tASR|| tRAH {RAL
ot tasc| | tCAH

N
\/

01’ Row Z“ |

SAM Start
v Address Yi

tws
VAV AYAVAYAYAVAVAVA
<\ /X\ L /{\\ /V\\\ /X\ i X\\ /X\ i X\ ,/Y\\ /X\f

tOFF1
High-Z

tDTS | |tDTH
VA A AN AV A AY AV AN,
OSSR

tFsR | | tRFH
VAVAVAVAVAYAVAVAYA
LA AN /;\/x\ AXAN

tesT
tAsT
tRST
t
sTS
o “ . — .
8 m o ra BJ -1 F BJ Yi
tscA
tSOH
£ N/ Vaiid ¥ Vaid \/ /) Valid vaid
i LN Vaid VR Vali B o — L
valid Sout >& S sout AR Sou Q yalid @ valid
N
High-Z
tsQb
saH

SAM Address MSB

Notes: 1. Ym is the SAM start address in before SRT.
2. Bi, Bj initiate the boundary address.
3. A8: Hor L, and upper SAM or lower SAM is set automatically by the internal circuit.

SAM start address can't set on

the boundary address.
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HM538253B/HM538254B Series

Masked Split Write Transfer Cycle (HM538253B)

tre
tRAs ‘ thp
RAS \ )—\
teosH

tReD t RsH
N : tcas
CAS N , /—

tasmr||traH  tasc||tcaH

Addrese BT
WE
e T, High-Z

tesT
tasT
tRsT
tscc
tsTs tsc tscp
,
sC _/Bir ALy N\ yma —/Ym+2\4><r/;-2\_/ Bi-1\__/ Br\__/ vi

SI/0

(Output)
tsig) LS tois]|te ERRED

( I
SI/O i ; : - - - -
o0 OO EOCE OO T
tsap
tsqH
QSF SAM Address MSB XX
tms || TmH
l(/lgput) /O Mask Data> 5(\,\,1*&’

Notes: 1. Ym is the SAM start address in before MSWT.

2. Bi, Bj initiate the boundary address.

3. /0 Mask data (In new mask mode)
Low: Mask
High: Non mask
I/0: H or L in persistent mask mode.

4. A8: Hor L, and upper SAM or lower SAM is set automatically by the internal circuit.
SAM start address can’t set on the boundary address.
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HM538253B/HM538254B Series

Serial Read Cycle

SI0 ) _Valid Sout >@ Valid Sout )

(Outpu

tsoH ‘

tscc tscc

tscc

tsc tscp tsc

tsHz

tsca tSOH

tsc || tscp ts./:w\_
tsaﬂﬁ—’/ tsca

tsLz
Dg: Valid Sout

Valid
Sout

Serial Write Cycle

SI/0

(Input) i

tSWH tswis | tswiH tsws
\

+

tscc

tscc

tsc .y tscp

tsc . tscp tsc |

sc I Y e U e
tsis || tsiH  lsis || tsiH tsis ||tsiH
\ 8

; . .
\ Valid Sin

' Al
Valid Sin
" |

P
)J; Valid Sin 3

Read Cycle (HM538254B)

RAS

CAS

Address

110
(Output)

110
(Input)

DT/OE

DSF1

tre
tras trp
————————\
N 7
1 CSH tCRP
tRCD trsH
tcas v
N g
t
tRAD RAL tcAL

tAsR

t t
t AA trrz |LCHZ
RAC
- N
{ Valid Dout >
tpze toac
; ; tRDD
\ DTS DTH \
’v\'\' )"’\ ks \ / W ¥oOW $
tesr_| | tRFH trsg, | tery
N\ [\ /s
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HM538253B/HM538254B Series

Hyper Page Mode Read Cycle (HM538254B)

tre
trasp trp
_ /X |
RAS < 7/ N
tesH trc tRSH
tRcD tcas tcp tcas tep tcas terp
e N I N\ ' p| r
CAS N / ’K_f7 tRAL X /
tRAD | tcAL \ tcaL
tASR | [Ypan Tasc| | toan tas t teal
- [LRAH S05% 1| KA ’\A“g - CAH tA’SC tcaH
Address X Column X mn X
WE 1AA taa
tacp tacp
tcac tcac
le L o/IRHZ
10 {  VaidDout t.( {  vaidDout || X/oX Valid Dout Y
(Output) x *\ \ F
tbze 1 poH {poH
toac ™ T
tROD
o 5
(Input) - -tpz0
DTS |am) IDTH
DT/OE N
DSF1 SN [ ) SN g
‘ 1 ‘ \ \

RAS-Only Refresh Cycle (HM538254B)

RAS

CAS

Address

110
(Output)

110
(Input)

DT/OE

DSF1

WE :HorlL
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HM538253B/HM538254B Series

CAS-Before-RAS Refresh Cycle (CBRN) (HM538254B)

tRC
tRP tRAS I tRP
RAS / trec )St N
tcp tcsh tcHR tRPC tcsr
CAS _/‘ N /% Inhibit Falling Transition )7\

Address

WE

110 "
(Output)

DT/OE

DSF1 X PSS Se N O

SC:HorlL

Hidden Refresh Cycle (HM538254B)

tRre trRe

tRAs tRp tRAs | tRP

Pl

RAS A al "
trep tRSH tCHR tcrp

CAS

N
tRAD  tgal [N
tasR | ™ tran

tasc| | TCAH

: Row, Column 3(
| /L 18CS | tmmplany WS o)l TWH | H

tcac
‘ tan

trac

Address

o { Valid Dout )
(Output) thze toac

11O
(Input)

DT/OE

DSF1

HITACHI
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HM538253B/HM538254B Series

Flash Write Cycle (HM538254B)

tRAS | trRP

RAS / \

tcRP tRCD

CAS

Address < WO )il Row et T s O YX
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HM538253B/HM538254B Series

Register Read Cycle (Mask data, Color data) (HM538254B)

RAS

CAS

Address |

WE

110
(Output)

1’0
(Input)

DT/OE

DSF1

tre

tRAs

trp

tosH

tcrp

treo

tRsH

tcas

tRAH

ow X

twH
|

IRcs
\

=— TRRH—=

ARy

toac :CDD Y

tRAC tatz CHZ
{ Valid Out )

tpze toac tOfFZ

oDD

(\’\\l t
DZO tROD
e L DTH ]
trry  tFsc &

Y NF
X,
X

Note: 1. State of DFS1 at falling edge of CAS

State 0 1
Accessed Mask data Color data
data (LMR) (LCR)
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HM538253B/HM538254B Series

Split Read Transfer Cycle (HM538254B)

tRC
tRAS \ tRP
o X / \
RAS N 7 tCSH —
tCRP tRCD tRSH ,
tCRP
v tcAS

CAS tRAD ™

tASR|| tRAH BaL

-] tasc||_tcaH

R T SAM Start

Address X, Row A” \_Address Yi

tws
— AV AVAYAVAVAVAVAYAYA
WE A\ /\/ VA /\ /Y A /v\\ /K\ /k\
/o High-Z
(Output)

tDTS | [tDTH
[ VA AV AYAVAYAYAYAY,
DTIOE A XA AKX ANFNA)

tFsm || tRFH

AV AYAYAVAVAYAVAYAYA,
DSF1 WA /y\\ /\ /\\ /y\\ A /\ ,/X\
tesT
tAST
tRST
tsTs
8C Bi*z\_/Ym*1 \_—, /Bi—-1\__fBj® vi
tscA

SIo SoH (
O e son X T XOX o XXX (G
n
(SIL/;?ut) High-Z
tsaQD
SQH
QsSF SAM Address MSB j’

Notes: 1. Ym is the SAM start address in before SRT.
2. Bi, Bj initiate the boundary address.
3. A8: Hor L, and upper SAM or lower SAM is set automatically by the internal circuit.
SAM start address can’t on the boundary address.

HITACHI
53




HM538253B/HM538254B Series

Masked Split Write Transfer Cycle (HM538254B)

tre
tras | trp

RAS \ ) \

- tcsH
tReD tRsH
X tcas

CAS \ /

tasr||traH  tasc||tcaH
Address ot XX
WE
110 A High-Z
(Output) Lix iLf
DT/OE
DSFA1

tsce
tsTs tsc tsce
SC _ A Aym N vmedSymiA ./ Bj-2 Bj-1 / Bi2\__/ vi
SI/0
(Output)
t&g»{i§m Eﬂi»igﬁ

SI/0 p - - -
(Input) S QXY XoX e XX e

. tsap

Invalid
Dout tSQH

QSF SAM Address MSB

tms || tmH
/0 —
(Input) /0 Mask Data’

Notes: 1. Ym is the SAM start address in before MSWT.

2. Bi, Bj initiate the boundary address.

3. /0O Mask data (In new mask mode)
Low: Mask
High: Non mask
I/O: H or L in persistent mask mode.

4. A8: H or L, and upper SAM or lower SAM is set automatically by the internal circuit.
SAM start address can’t set or the boundary address.

HITACHI
54




HM538253B/HM538254B Series

Package Dimensions

HM538253BJ/HM538254B] Series (CP-40D) Unit: mm
25.80
26.16 Max
40 21
(o5} (o5}
o| o
+H +H
D o| o
S| =
| N N - - - | N N N S S S ) - - -
1 0.74 20 o
CS <
+ 25
1.30 Max 2 e o
™ +1 ™
) & ———
1 C)I
1| G Jd 1
0.43 + 0.10 H 9.40 + 0.25
T T
A[0.10
HM638253BTT/HM538254BTT Series (TTP-44/40DA) Unit: mm
18.41
18.81 Max
44 35 32 23
NNOOnOnnnn _Annnnnonn
©
S
o
HOOUGmoOm OO
1 10 13 22
0.30 + 0.10
11.76 + 0.20
; J_u.) -
(3] 0
S g g 0.80 -
S + +
— N~ o
sl @ 0.50+0.10] |
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