HM5316123 Series
HMS5316124 Series

131,072-word x 16-bit Multiport CMOS Video RAM

HITACHI

The HMS5316123/HM5316124 is a 2-Mbit
multiport video RAM equipped with a 128-kword
x 16-bit dynamic RAM and a 256-word x 16-bit
SAM (full-sized SAM). Its RAM and SAM operate
independently and asynchronously. The
HMS5316123/HM5316124 is basically upward-
compatible with the HM534253A/HM538123A.
However, the pseudo-write-transfer cycle is
replaced with masked-write-transfer cycle, which
has been approved by JEDEC.

Furthermore, several new features are added to the
HM5316123/HM5316124 without conflict with
the conventional features. The stopping column
feature adds flexibility to the length of the split
SAM register. The HM5316123/HM5316124 also
has a persistent mask feature, according to the
TMS34020. Byte-write-control is useful for
connecting X 16 organization memory to 8-bit bus
systems. The HM5316124 has Hyper page mode
which enables fast page cycle.

Ordering Information

Type No. Access time Package
HM5316123F-7 70 ns 64-pin plastic
HM5316123F-8 80 ns shrink SOP
HM5316123F-10 100 ns (FP-64DS)
HM5316124F-7 70 ns

HM5316124F-8 80 ns

HM5316124F-10 100 ns

Features

¢ Multiport organization
— Asynchronous and simultaneous operation of
RAM and SAM capability
RAM: 128 kword x 16 bit
SAM: 256 word x 16 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: 660 mW/605 mW/
550 mW
SAM: 468 mW/413 mW/
385 mW

— Standby 38.5 mW max

* Masked-write-transfer cycle capability
* Stopping column feature capability
¢ Persistent mask capability
= Byte write control capability: 2 WE control
¢ Fast page mode capability (HMS5316123)
—Cycletime: 45 ns/50 ns/S5 ns
— Power RAM: 688 mW/660 mW/633 mW
* Hyper page mode capability (HM5316124)
— Cycle time: 35 ns/40 ns/45 ns
— Power RAM: 743 mW/715 mW/688 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
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Pin Arrangement

Ve gt 64p SC
DT/DE g2 63 SE
Vss O3 620 Vsg
SI/SO 04 61 SI/O15
/00 d5 600 1/O15
SI/01 6 590 Sl/O14
01 7 58 11014
Vec 08 570 Vec
S1/02 49 56 0 SI/O13
/02 d 10 550 /013
SI/03 1 54 1 Sl/O12
/03 12 530 /012
Vss J13 52 Vss
SI/04 O 14 51 p SIO1i1
1104 ] 15 500 /011
SI/O5 16 49 SI/010
/05 O 17 48 /010
Vee O 18 470 Vee
SI/06 19 46 D0 SI/0O9
/06 20 45p 1109
SIVO7 021 441 SI/0O8
/07 022 43 1108
Vss 023 42 Vss
WEL 024 41 D DSF1
WEU 025 40 DSF2
RAS 26 39p CAS
A8 027 38 QSF
A7 028 37p A0
A6 ] 29 36 A1
A5 130 350 A2
A4 031 340 A3
Vee 032 330 Vgg
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Pin Description

Pin name Function

AO-A8 Address inputs

1¥O0-1/015 RAM port data inputs/outputs
SI/00-S1/015 SAM port data inputs/outputs
RAS Row address strobe

CAS Column address strobe
WEU, WEL Write enable

DT/OE Data transfer/output enable
SC Serial clock

SE SAM port enable

DSF1, DSF2 Special function input flag
QSF Special function output flag
Vee Power supply

Vss Ground
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Pin Functions

KS(input pin): RAS is a basic RAM signal. It is
active low and high in standby mode. 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
HM5316123/HM5316124.

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 HM5316123/HM5316124.

AO0-AS8 (input pins): Row address (AX0-AXB) is
determined by AO-A8 level at the falling edge of
RAS. Column address (AYO-AY7) is determined
by AO-A7 level at the falling edge of CAS. In
transfer cycles, row address is the address on the

word line that transfers data with SAM data
register. Column address is the SAM start address
after transfer.

WEU and WEL (input pins): WEU and WEL
pins have two functions, at the falling edge of RAS
and after. When either WEU or WEL is low at the
falling edge of RAS, the HM5316123/HM5316124
goes into mask write mode. Depending on the I/O
level at the time, write on each I/O can be masked.
(WEU and WEL levels at the falling edge of RAS
are don’t care in read cycle.) When both WEU and
WEL are high at the falling edge of RAS, a no-
mask write cycle is executed. After that, WEU and
WEL switch read/write cycles. Both WEU and
WEL must be held high in a read cycle. In a

Table 1 Operation Cycles of the HM5316123/HM5316124

Mnemonic PAS CAS Address !On Input
Code CAS DT/OE WE DSF1 DSF2 DSF1 DSF2 RAS CAS RAS CASWE
CBRS 0 - 0 1 0 - 0 Stop - - -
CBRR 0 - 1 0 0 - 0 - - - -
CBRN 0 - 1 1 0 - 0 - - - -
MWT 1 0 0 0 0 - 0 Row TAP WM -
MSWT 1 0 0 1 0 - 0 Row TAP WM -
RT 1 0 1 0 0 - 0 Row TAP - -
SAT 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 Row - wM -
LMRand 1 1 1 1 0 0 (Row) - - Mask
Old Mask Set Data
LCR 1 1 1 1 0 (Row) - - Color
Option 0 o 0 0 - 0 Mode - Data -~
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transfer cycle, the direction of transfer is
determined by WEU and WEL levels at the falling
edge of RAS. When either WEU or WEL is low,
data is transferred from SAM to RAM (data is
written into RAM). When both WEU and WEL are
high, data is transferred from RAM to SAM (data
is read from RAM).

1/00-1/015 (input/output pins): 1/O 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 /O pins are masked and
internal data are retained. After that, they function
as input/output pins as those of a standard DRAM.
In block write cycle, they function as column mask
data at the falling edges of CAS, and WEU or WEL.

DT/OE (input pin): DT/OE functions as DT (data

transfer) at the falling edge of RAS and as OF
{output enable) 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 is output 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 activates SAM. When SE is
high, SI/O is in the high impedance state in serial
read cycle. 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.

Mnemonic Write Pers Register No.ot

Code Mask W.M, WM Color Bndry Function

CBRS - - - - Set CBR refresh with stop resister 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 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

LMRand - 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. DSF2is fixed low in all operations (for the future addition of operation modes)
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S1/00-S1/015 (input/output pins): SI/Os are
input/output pins of the SAM. Direction of
input/output is determined by the previous transfer
cycle. When it was a read transfer cycle, SI/O
outputs data. When it was a masked write transfer
cycle, SI/O inputs data.

DSF1 (input pin): DSFI 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 low in all
operations of the HM5316123/HMS316124.

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.

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): Row address is entered at
the RAS falling edge and column address at the
CAS falling edge to the device as in standard
DRAM. Then, when WEU or WEL is high and
DT/OE is low while CAS is low, the selected
address data outputs through 1/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 (t55)
and RAS to column address delay time (tgap)
specifications are added to enable fast page
mode/hyper page mode.

RAM Write Cycle (Early Write, Delayed Write,
Read-Modify-Write) (DT/OE high, CAS high and
DSF1 low at the falling edge of RAS, DSF! low at
the falling edge of CAS)

No-Mask Write Cycle (WEU and WEL high at the
falling edge of RAS): When CAS is set low and
either WEU or WEL is set low after RAS low, a
write cycle is executed.

If either WEU or WEL is set low before the CAS
falling edge, this cycle becomes an early write
cycle and all I/O become in high impedance. All
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16 data signals are latched on the falling edge of
CAS. If only one of WEU and WEL is low when
CAS falls, the write will affect only those
corresponding 8 bits. If the other of WEU and WEL
falls at the same time in the cycle, those 8 bits will
then be written with the latched data.

If both WEU and WEL are set low after the CAS
falling edge, this cycle becomes a delayed write
cycle and all 16 data bits are latched on the falling
edge of WEU or WEL. Byte write occurs if only
one of WEU or WEL falls during the cycle. /O
does not become high impedance in this cycle, so
data should be entered with OE in high.

If WE is set low after tcwp (min) and tawp (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 /O contention, data should be input after
reading data and driving OE high.

Mask Write Mode (WEU or WEL low at the
falling edge of RAS): If WEU or WEL 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 /O
pin and used. Whether or not an IO is written
depends on the I/O level at the falling edge of
RAS. The data is written to high level 1/Os, and the
data is masked and retained in low level 1/0s. 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) become all persistent mask mode. The
mask data is not loaded from 1/0 pins. The
persistent mask data stored in the mask registers
are used. This operation known as persistent write
mask, is reset by CBRR cycle, and become a new
mask mode.

Fast Page Mode Cycle (HM5316123) (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
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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 (ta ), RAS
to column address delay time (trAp)» and access
time from CAS precharge (tpcp) are added. In one
RAS cycle, 256-word memory cells with the same
row address can be accessed. It is necessary to
specify access frequency within tg pAgp max
(100 ps).

Hyper Page Mode Cycle (HM5316124) (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 (tp ), RAS
to column address delay time (tgAp). and access
time from CAS precharge (tpocp) are added.
Column address is latched by CAS low edge
trigger, access time from CAS is determined by
tcac (taa from Column address, taocp 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 tg A gp max (100 ps).

Color Register Set/Read Cycle (CAS high,
DT/OE high, WEU and WEL high and DSF1 high
at the falling edge of RAS: Mnemonic Code; LCR)
In a color register set cycle, color data is set to the
internal color register used in flash write cycle or
block write cycle. 16 bits of internal color register
are provided at each I/O. This register is composed
of static circuits, so once it is set, it retains the data
until reset. Since a color register set cycle is just as
same as the usual read and write cycle, so read,
early write and delayed write cycles can be
executed. In this cycle, the
HMS5316123/HMS5316124 refreshes the row
address fetched at the falling edge of RAS.

Mask Register Set/Read Cycle (CAS high,
DT/OE high, WEU and WEL high, and DSF1 low
at the falling edge of RAS: Mnemonic Code;
LMR) In this cycle, persistent mask data is set to
the internal mask register used in mask write cycle,

block write cycle, flash write cycle, masked write
transfer, and masked split write transfer. 16 bits of
internal mask register are provided at each I/0.
This mask register is composed of static circuits,
s0 once it is set, it retains the data until reset or
reselect. Since the mask register set cycle is just as
same as the usual read and write cycle, read, so
early and delayed write cycles, and read cycles can
be executed.

Flash Write Cycle (CAS high, DT/OE high, WEU
or WEL low, and DSF1 high at the falling edge of
RAS: Mnemonic Code; FW) In a flash write cycle,
a row of data (256 word x 16 bit) is cleared to 0 or
1 at each /O according to the data of color register
mentioned previously. It is also necessary to mask
/O in this cycle. This cycle starts when CAS and
DT/OE are set high, WEU or WEL is low, and
DSF1 is high at the falling edge of RAS. Then, the
row address to be cleared is set for the row address.
Mask data is as 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 1/256 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 WEU, WEL low at the falling edge of CAS:
Mnemonic Code; BW) In a block write cycle, 4
columns of data (4 column X 16 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. I/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 cycles can be
executed.

No-Mask Mode Block Write Cycle (WEU and
WEL high at the falling edge of RAS): The data
on all 16 I/Os are cleared when WEU and WEL are
high at the falling edge of RAS.

Mask Block Write Cycle (WEU or WEL low at
the falling edge of RAS): When either WEU or
WEL 1s low at the falling edge of RAS, the
HM5316123/HM5316124 starts mask block write
cycle to clear the data on an optional 1/0. The
mask data is the same as that of a RAM write
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cycle. High /O is cleared, low /O is not cleared Inpersistent mask mode, I/O don’t care about mask
and the internal data is retained. In new mask mode.
mode, the mask data is available in the RAS cycle.

Color Register Set Q}'C.'le Flash Write Cycle Flash Write Cycle

ms T\ J/_ j/—\ jf

A v VT ERZRT T TDD
SRR R RRRRARRLRER

(RERITTTK NSRRI RRRIRIRD
LS CIRKXD 20 %% %%
(SRR RRRRERERLEREKY SRR ORRRIERRIER

K F =TTy T E76 0 e A% AV A AY AV AV AV,
WEUWELY | D L2 LRI £GRRIRIIIIKK

XX X4
DsF1 % R | R

- N VA O s
e} m%'or Data)EEEN 1 YERRIZIEEIN 1 R

Set color register Execute flash write into each | Execute flash write into
I/O on row address Xi using | each I/O on row address
color register. i Xj using color register.

|

Note: 1. I/O Mask Data (In new mask mode)
Low: Mask
High: Non Mask
In persistent mask mode, /0 don't care

Figure 1 Use of Flash Write
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Color Register Set Cycle Block Write Cycle Block Write Cycle
o - - {< |- - -
RAS ‘ ‘
CAS
R T IIIRRKKSED Y%
Address SR S

T T (TET?
weuwer Y RA AR O RN R B
T KKK Y ROCLIZIRR R IR R RK
oTIoE ¥ NS eiodetetetatenisesioteiotet FoloTotetetoleletetelotels

R XK
psF1 ¥ X2 R s
Ule] MCOIN Data)@( "1 )@(Column Mask)@( *1 )@@oiumn Mask)@

"1

WEU, WEL Mode I/O data/RAS
Low New mask mode Mask

Persistent Don't care

mask mode (mask register used)
High No mask Don't care

1/0 Mask Data (In new mask mode)
Low: Mask
High: Non Mask
In persistent mask mode, I/O don't care
Column Mask Data
| /00 | ColumnO (A = 0, A1 = 0) Mask Data
| ¥O1 | Column1 (AO = 1, A1 = 0) Mask Data | Low: Mask
/02 | Column2 (AQ =0, A1 = 1) Mask Data
| o3 ‘ Column3 (A0 = 1, A1 = 1) Mask Data | High: Non Mask

L

Figure 2 Use of Block Write
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Transfer Operation

The HM5316123 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

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 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 no boundaries can 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, DT/OE low,
WEU and WEL high and DSF1 low at the falling
edge of RAS: Mnemonic Code; RT) Start read
transfer cycle by driving DT/OE low, WEU and
WEL high and DSF1 low at the falling edge of
RAS. The row address data (256 x 16 bits)
determined by this cycle is transferred to the SAM
data register synchronously at the rising edge of
DT/OE. After the rising edge of DT/OE, the new
address data outputs from the SAM start address
determined by the column address. In a read
transfer cycle, DT/OE must be high to transfer data
from RAM to SAM.

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

When a read transfer cycle is executed, SI/O
reaches output state by first SAM access. Input

RAS

}

CAS \

SAM Data before Transfer

Address X X Xy X
proe \! /
DSF1 _\—J 'spp|| tspH

AR
SCJ\_/\_/\\/F\,!/\/._\/_
svo T\( 3( \X 3( %( Yj 3( Yj+ 1

| SAM Data after Transfer
* J—— JE

Figure 3 Real-Time Read Transfer
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must be set high impedance before tgzg (min) of
the first SAM access to avoid data contention.

Masked Write Transfer Cycle (CAS high, DT/OE
low, WEU or WEL low, and DSF1 low at the falling
edge of RAS: Mnemonic Code; MWT) Masked
write transfer cycle can transfer only selected /O
data in a row of data input by a serial write cycle to
RAM. Whether an I/0 data is transferred or not
depends on the corresponding 1/0 level (mask
data) at the falling edge of RAS. When SI/O
change input mode. Set MWT with masked all /O
to protect RAM data. This mask transfer operation
is the same as the mask write operation in RAM
cycles, so the persistent mode is 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.

In this cycle, SAM access becomes enabled after
tsrp (min) after RAS becomes high. SAM access
is inhibited during RAS low. In this period, SC
must not rise. Data transferred to SAM by read
transfer cycle or split read transfer cycle can be
written to other addreses in RAM by a write
transfer cycle. However, the data write adddress

must be the same as that of the read transfer cycle
or the split read transfer cycle (row address AX8)

Split Read Transfer Cycle (CAS high, DT/OE
low, WEU and WEL high and DSF1 high at the
falling edge of RAS: Mnemonic Code; SRT) To
execute a continuous serial read by real-time read
transfer, the HM5316123/HM5316124 must satisfy
SC and DT/OE timing. It requires an external
circuit to detect the last SAM address. The split
read transfer cycle makes it possible to execute a
continuous serial read without the above timing
limitation.

The HM5316123/HM5316124 supports two types
of split register operation. One is the normal split
register operation, which splits the data register
into two halves. The other is the boundary split
register operation using stopping columns
described later.

Figure 4 shows the block diagram for the normal
split register operation. The SAM data register
(DR) consists of 2 split buffers, whose
organizations are 128 words x 16 bits each.
Suppose that data is read from upper data register
DRI1. (The row address AX8 is 0 and SAM address
A7 is 1.) When a split read transfer is executed

DR1

Memory
Array

AX8=0

DRO
SAM /O Bus
SAM Column Decoder

o |
" P Memory
a Array
Q
s AX8 =1
z o
) o

o

~

SAM 1/O Buffer

S0

Figure 4 Split Transfer Block Diagram
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setting row address AXS8 to 0 and SAM start
addresses AQ to A6, 128-word x 16-bit data are
transferred from RAM to the lower data register
DRO (SAM address A7 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 being read from data register DRO,
data start to be read from SAM start address O of
DRI after data is read from data register DRO.

If split read transfer is executed with row address
AXS set to 1 and SAM start addresses A0 to A6
while data are read from data register DRI, 128-
word x 16-bit data are transferred to data register
DR2. After data are read from data register DRI,
data read begins from 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 0 of data
register DR1 after data are read from data register
DR2. 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 A7, which will be
accessed next, is output to QSF. QSF is switched
from low to high by accessing the last SAM

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, WEU and WEL is high and DSFI is
high at the falling edge of RAS. The cycle can be
executed asyncronously with SC. However,
HM5316123/HM5316124 must satisfy tgtg (min)
timing specified between SC rising (boundary
address) and RAS falling. In split transfer cycle, the
HMS5316123/HM5316124 must satisfy tggr (min),
tcsT (min) and ta gt (min) timings specified
between RAS or CAS falling and column address.
(See figure 5.)

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

Masked Split Write Transfer Cycle (CAS high,
DT/OE low, WEU or WEL low and DSF1 high at
the falling edge of RAS: Mnemonic Code; MSWT)
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, tgg (min),

RAS /
tsts (min) || tasT (Min)
CAS /
tcsT(min) o

Address X xi XX v X

tasT(min) fe \-
oo | N\ /
DSF1 , / \
sc Bi Ym Bj-1 \ / Bj \ / Yi

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

Figure 5 Split Transfer Limitation
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trsT (min), tcgT (min) and tagT (min) timings
must be satisfied as in split read transfer cycle. 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 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 the row address
(AX8) for 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
split read transfer cycle.

Stopping Column in Split Transfer Cycle: The
HM5316123/HM5316124 boundary split register
operation uses stopping columns. If a CBRS cycle
has been performed, split transfer cycle performs
the boundary operation. Figure 6 shows an
example of boundary split register. (Boundary code
is B6.)

First, a read data transfer cycle is executed, and
SAM start addresses AO to A7 are set. The RAM
data are 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 are transferred to the upper SAM. When
the serial read data 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 are 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,
WEU or WEL low, DSF1 high at the falling edge
of RAS. Stopping column data (boundaries) are
latched from address inputs on the falling edge of
RAS. Use A2 to A6 to determine the boundary.
A0, Al, and A7 don’t care. In the HM5316123
/HM5316124, six types of boundary (B2 to B7)
can be set including the default case. (See table 1.)
If A2 to AS are set to high and A6 is set to low, the
boundaries (B6) are selected. Figure 6 shows the
example. Once a CBRS is executed, next sprit
transfer cycle data becomes stopping columm data.
Stopping columm is reset by CBBR.

Register Reset Cycle (CBRR): Start a register

Column size ,
64 bit |
!

Boundaries (B6)

oo

(Y1) L (Y3) L (Y2)
- .
) 1 P4
iStat  Jump 1 H Jun’ip 2
i Lower SAM ; Upper SAM ,
; 128 bits ; 128 bits 5

Figure 6 Boundary Split Register Example
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Table 1 Stopping Column Boundary Table

Boundary Column Stop Address

Code Size A2 A3 A4 A5 Ag
B2 4 0 * * * .
B3 8 1 0 . * *
B4 16 1 1 0 iy *
BS 32 1 1 0 *
B6 64 1 1 1 1 0
B7 128 1 1 1 1 1
Notes: 1. A0, A1, and A7: Don't care

2. *: Don't care

reset cycle (CBRR) by driving CAS low, WEU and
WEL high, and DSF1 low at the falling edge of
RAS. A CBRR can reset the persistent mask
operation and stopping column operation, so the
HM5316123/HM5316124 becomes the new mask
operation and boundary code B8. When a CBRR is
executed for stopping column operation reset and
split transfer operation, it must safisfy tgTg (min)
and tgg (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 high and DSF1 high at the falling
edge of RAS. The CBRN can only execute the
refresh operation.

Byte Control (WEU, WEL): In a write cycle,
when WEL set low and WEU set high, 1/00 to
1707 become write mode and I/O8 to I/O15
become no write mode, and when WEL set high
and WEU set low, /OO0 to I/0O7 become no write
mode and YO8 to I/O15 become write mode. The
write cycle that byte control is capable are RAM
write cycle, block write cycle, load write mask
register cycle and load color register cycle. The
byte control write cycle is capable to execute early
write, delay write, read-modify-write and page
mode. But write mask in new mask mode, flash
write, transfer and refresh cycle can not execute
byte control.

SAM Port Operation

500 Hitachi

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 edge. After
indicating the last address (address 255), 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 data register at
the SC rising edge as 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 edge, so SE high can be used as mask
data for SAM. After indicating the last address
(address 255), the internal pointer indicates address
0 at the next access.

Refresh
RAM Refresh

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

RAS-Only Refresh Cycle: RAS-only refresh cycle
is executed by activating a RAS cycle only with
CAS fixed 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.

CBR Refresh Cycle: CBR refresh cycle (CBRN,
CBRS, and CBRR) are set by activating CAS

Absolute Maximum Ratings

before RAS. In this cycle, the refresh address need
not to 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 don’t
operate.

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), are organized as fully static circuitry,
require no refresh.

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vy -1.010+7.0 v
Supply voltage relative to Vgg Vee —0.510+7.0 v
Short circuit output current lout 50 mA
Power dissipation Py 1.0 w
Operating temperature Topr Oto +70 °C
Storage temperature Tstg -55to +125 °C

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

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Voo 45 5.0 5.5 A 1
Input high voltage ViH 2.4 — 6.5 \ 1
Input low voltage ViL ~05(Note2) — 0.8 v 1
Notes: 1. All voltages referenced to Vgg

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

HM5316123/HM5316124
-7 -8 -10
Parameter Symbol ~Min Max Min Max Min Max Unit Test conditions
Operating  lgc — 120 — 110 — 100 mA RAS,CAS SC=V|,SE=V|
current cycling —
lcc7 — 185 — 175 — 160 mA tgc=min  SE =V, SC cycling
tscc = min
Block write lgcipwy  — 1256 — 115 — 100 mA RAS,CAS SC=V|, SE= VIH
current cycling —
lcccBw — 200 — 180 — 165 mA tgg=min  SE=V|, SC cycling
tscc = min
Standby lccz — 7 — 7 - 7 mA AS,CAS SC=V|, SE-= VIH
current =V|y —
lccs — 8 — 75 — 70 mA SE = V), SC cycling
tsce = min
RAS-only  lccs — 115 — 105 — 90 mA RAScycling SC=V|,SE=V)|y
refresh CAS=Viy —
current lccs — 185 — 165 — 150 mA tggc=min SE=V|, SC cycling
tscc = min
Fastpage Icca — 125 — 120 — 115 mA CAScycling SC =V, SE=Vy
mode current RAS =V, —
(HM5316123) Icc1g — 200 — 185 — 175 mA tpc=min  SE =V, SC cycling
*3 tgce = min
Fastpage lccspw — 145 — 135 — 130 mA CAScycling SC=V|_,SE=V|y
mode block RAS=V|_L —
write current lcciopw — 220 — 205 — 195 mA tpg=min  SE=V), SC cycling
*3 tscc = min
Hyper page lcca — 135 — 130 — 125 mA CAScycling SC=V,SE=Vy
mode current RAS =V _
(HM5316124) Icc 1o — 210 — 200 — 190 mA tpg=min SE =V, SC cycling
*3 tSCC =min
Hyperpage lccasw — 165 — 160 — 150 mA CAScycling SC=V,SE=V|y
mode block RAS=V|L —
write current lcciopgw — 240 — 2256 — 210 mA tggc=min  SE =V, SC cycling
3 tsce = min
CAS- Iccs — 8 — 75 — 65 mA RAScycling SC=V|,SE=Vy
before-RAS trc = min
refresh lcct — 155 — 140 — 125 mA SE = V), SC cycling
current tscc = min
Data lccs — 130 — 120 — 110 mA RAS,CAS SC=V| ,SE=Vy
transfer cycling —
current lcciz2 — 205 — 185 — 165 mA tgg=min SE=V), SCcycling

tscc = min
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DC Characteristics (Ta = 0 to +70°C, Ve =5 V £ 10%, Vgg =0 V) (cont)

HM5316123/HM5316124
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Input I -10 10 -10 10 -10 10 uA
leakage
current
Output Lo -10 10 -10 10 -10 10 pA
leakage
current
Output high Vgy 24 — 24 — 24 — V loH =—1mA
voltage
Outputlow Vg — 04 — 04 — 04 V loL=2.1mA
voltage
Notes: 1. Igc depends on output load condition when the device is selected. lcc 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 (tpc).

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

=Vss)
Parameter Symbol Typ Max Unit Note
Input capacitance (Address) Ch — pF 1
Input capacitance {Clocks) Ciz — pF 1
Output capacitance (//0, SI/O, QSF) Cio — 7 pF 1

Notes: 1.

This parameter is sampled and not 100% tested.
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AC Characteristics (Ta =0 to +70°C, Voc =5V £ 10%, Vgg =0 V) *1, *16

Test Conditions

* Input rise and fall times: 5 ns

* Input pulse levels: Vggto 3.0V

* Input timing reference levels: 0.8 V, 2.4V
* Output timing reference levels: 0.8 V, 2.0V

Common Parameter

* Output load:

—RAM: 1 TTL + C, (50 pF)

—SAM, QSF: 1 TTL + C, (30 pF)

(Including scope and jig)

HM5316123/HM5316124

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Random read or write cycle time  tpe 130 — 150 — 180 — ns
RAS precharge time tpp 50 — 60 — 70 — ns
RAS pulse width tras 70 10000 80 10000 100 10000 ns
CAS pulse width tcAS 20 — 20 — 25 — ns
Row address setup time taASR 0o — 0o — o — ns
Row address hold time tRAH 10 — 10 — 10 — ns
Column address setup time tasc 0o — 0o — 0o — ns
Column address hold time tcaH 12 — 15 — 15 — ns
RAS to CAS delay time trcD 20 50 20 60 20 75 ns 2
RAS hold time referenced to CAS  tpgy 20 — 20 — 25 — ns
CAS hold time referenced to RAS  tcgH 70 — 80 — 100 — ns
CAS to RAS precharge time tcRP 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 tpTs o — o0 — 0 — ns
DT to RAS hold time tDTH 10 — 0 — 10 — ns
DSF1 to RAS setup time FsR 0o — 0 — 0o - ns
DSF1 to RAS hold time RFH 0 — 10 — 10 — ns
DSF1 to CAS setup time Fsc 0o — 0 — 0 - ns
DSF1 to CAS hold time tCFH 12 — 15 — 15 — ns
Data-in to CAS delay time toze o — o0 - — ns 4
Data-in to OE delay time tozo - 0 - — ns
Output buffer turn-off delay torF1 — 15 — 20 — 20 ns
referenced to CAS
Output buffer turn-off delay toFF2 — 15 - 20 — 20 ns 5

referenced to OE
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Read Cycle (RAM), Page Mode Read Cycle

HM5316123/HM5316124

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS tRAC — 70 — 80 — 100 ns 6,7
Access time from CAS tcac — 20 — 20 — 25 ns 7,8
Access time from OE 10AC — 20 — 20 — 25 ns 7
Address access time taa — 35 — 40 — 45 ns 7,9
Read command setup time tacs 0 — 0o - 0 - ns
Read command hold time tRcH 0 — o — 0 — ns 10
Read command hold time tRRH 0 —_ 5 — 10 — ns 10

referenced to RAS
RAS to column address delay time tgap 15 35 15 40 15 55 ns 2

Column address to RAS lead time tga| 35 — 40 — 45 - ns
Column address to CAS lead time tcay a5 — 0 — 45  — ns
Page mode cycle time tpg 45 — 50 — 55 — ns
CAS precharge time tcp 7 - 10 — 10 — ns
Access time from CAS precharge tacp — 40 — 45 — 50 ns
Page mode RAS pulse width tRASP 70 100000 80 100000 100 100000 ns
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Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle

HM5316123/HM5316124

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes 0 — o - 0 — ns 1
Write command hold time tweH 12 — 15 — 15 — ns
Write command pulse width twp 12 — 15 — 5 — ns
Write command to RAS lead time gy 20 — 20 — 20 — ns
Write command to CAS lead time  toyy,. 20 — 20 — 20 — ns
Data-in setup time tps 0 — o — 0 — ns 12
Data-in hold time toH 12 — 15 — 15 — ns 12
WE to RAS setup time tws 0o — 0o — 0 - ns
WE to RAS hold time twH 10 — 10 — 10 — ns
Mask data to RAS setup time vs 0o - a — 0 — ns
Mask data to RAS hoid time tMH 10 — 10 — 10 - ns
OF hold time referenced to WE  tgey 15 — 20 — 20 — ns
Page mode cycle time tpe 45 — 50 — 5 — ns
CAS precharge time tcp 7 - 10 — 10 — ns
CAS to data-in delay time tcop 15 — 20 — 20 - ns 13
Page mode RAS pulse width trasp 70 100000 80 100000 100 100000 ns
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Read-Modify-Write Cycle

HM5316123/HM5316124

7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cyclz time trRwe 180 — 200 — 230 — ns
RAS pulse width thws 120 10000 130 10000 150 10000 ns
(read-modify-write cycle)
CAS to WE delay time towo 40 — 45 — 50 — ns 14
Column address to WE delay time tawp 60 — 65 — 70 — ns 14
OE to data-in delay time toop 15 — 20 — 20 — ns 12
Access time from RAS tRAC — 70 — 80 — 100 ns 6,7
Access time from CAS tcac - 20 — 20 — 25 ns 7,8
Access time from OE toAC — 20 — 20 — 25 ns 7
Address access time taa — 35 — 40 — 45 ns 7,9
RAS to column address defay time trap 15 35 15 40 15 55 ns
Read command setup time trRcs 0 — o — 0 —_ ns
Write command to RAS lead time  tgyy|_ 20 — 20 — 20 — ns
Write command to CAS lead time  toyy 20 — 20 — 20 —_ ns
Write command pulse width twp 12 — 15 — i5 — ns
Data-in setup time tps 0 — 0o — 0 — ns 12
Data-in hold time tDH 12 — 15 — 15 — ns 12
OE hold time referencedto WE  togy 15 — 20 — 20 — ns
Refresh Cycle

HM5316123/HM5316124
7 -8 -10

Parameter Symbol Min Max Min Max Min Max Unit  Notes
CAS setup time tcsr 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
CAS hold time 1CHR 10 — 10 — 10 — ns
(CAS-before-RAS refresh)
RAS precharge to CAS hold time  tgppg 0 — 10 — 10 - ns
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Flash Write Cycle, Block Write Cycle, and Register Read Cycle

HM5316123/HM5316124
-7 -8 <10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
CAS to data-in delay time tcop 15 — 20 — 20 — ns 13
OE to data-in delay time tobp 5 — 20 — 20 — ns 13
CBR Refresh with Register Reset
HM5316123/HM5316124
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Split transfer setup time tsTs 20 — 20 — 25 — ns
Split transfer hold time referenced 1ggy 70 — 80 — 100 — ns
to RAS
Hyper Page Mode Cycle (HM5316124)
HM5316124
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Column address to CAS lead time tca, 25 — 30 — 3B — ns
Hyper page mode cycle time tec B — 40 — 45 — ns
Hyper page CAS precharge time tep — 10 — 10 — ns
Hyper page data out hold time toon 4 — 5 — 5 - ns
Data-out buffer turn-off time (RAS) tguz — 15 — 20 — 20 ns
Data-out buffer turn-off time (CAS) 1)z — 15 — 20 — 20 ns 5
RAS to data-in delay time tRoD 20 — 20 — 20 — ns 13
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Read Transfer Cycle
HM5316123/HM5316124
-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
DT hold time referenced to RAS ~ tgpy 60 10000 65 1000080 10000 ns
DT hold time referenced to CAS ~ tepy 20 — 20 — 258 — ns
DT hold time referenced to tADH 25 — 30 — 30 -— ns
column address
DT precharge time toTp 20 — 20 — 30 — ns
DT to RAS delay time DRD 60 — 70 — 80 — ns
SC to RAS setup time tsRs 15 — 20 — 30 — ns
1st SC to RAS hold time tsRM 7 — 80 — 100 — ns
1st SC to CAS hold time tscH 25 — 25 — 25 — ns
1st SC to column address hold time tgan 40 — 45 — 50 — ns
Last SC to DT delay time tspD 5 — 5 — 5 — ns
1st SC to DT hold time tspH 10 — 13 — 15 — ns
DT to QSF delay time bap — 30 — 3 — 35 ns 15
QSF hold time referenced to DT tbaH — - — ns
Serial data-in to 1st SC delay time  tgzg — — — ns
Serial clock cycle time tsce 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — ns
SC access time tsca — 20 — 23 — 25 ns 15
Serial data-out hold time lsoH 5 — 5 - 5 — ns
Serial data-in setup time tsis 0 — 0 — 0 — ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns
RAS to column address delay time tgap 16 35 15 40 15 55 ns
Column address to RAS lead time  tga 35 — 40 — 45 — ns
RAS to QSF delay time tRaD — 70 — 75 — 85 ns 15
CAS to QSF delay time tcap — 38 — 3 — 35 ns 15
QSF hold time referenced toRAS gy 20 — 20 — 25 — ns
QSF hold time referenced to CAS  tcqy 5 — 5 — 5 — ns
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Masked Write Transfer Cycle

HMS5316123/HM5316124
7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
SC setup time referenced to RAS  tgpg 15 — 20 — 30 — ns
RAS to SC delay time tSRD 20 — 25 — 25 — ns
Serial output buffer turn-off time tspz 10 30 10 35 10 50 ns
referenced to RAS
RAS to serial data-in delay time  tg)p 30 — 38 — 50 — ns
RAS to QSF delay time trap — 70 — 75 — 85 ns 15
CAS to QSF delay time tcap — 3% — 3 — 35 ns 15
QSF hold time referenced to RAS  tgqH 20 — 20 — 25 — ns
QSF hold time referenced to CAS  tcqn 5 — 5 — 5 — ns
Serial clock cycle time tsce 25 — 28 — 30 — ns
SC pulse width tsc 5 - 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — ns
SC access time tsca — 20 — 238 — 25 ns 15
Serial data-out hold time tsoH 5 — 5 - 5§ - ns
Serial data-in setup time tsis o — — — ns
Serial data-in hold time tgiH 15 — 15 — 15 — ns
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Split Read Transfer Cycle, Masked Split Write Transfer Cycle

HM5316123/HM5316124

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Split transfer setup time tsTs 20 — 20 — 25 — ns
Split transfer hold time trsT 70 — 80 — 100 — ns
referenced to RAS
Split transfer hold time tesT 20 — 20 — 25 — ns
referenced to CAS
Split transfer hold time referenced tagT 3B — 40 — 45 — ns
to column address
SC to QSF delay time tsap — 30 — 38 — 30 ns 16
QSF hold time referenced to SC = tgqy 5 — 5§ — § - ns
Serial clock cycle time tsce 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge time tscp 10 — 10 — 10 — ns
SC access time tsca — 20 — 23 — 25 ns 15
Serial data-out hold time tsoH 5 — 5 - 5 — ns
Serial data-in setup time tsis — o - 0 - ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns
RAS to column address delay time tgap 15 35 15 40 15 55 ns
Column address to RAS lead time  tga| 35 — 40 — 45 — ns
Serial Read Cycle, Serial Write Cycle

HM5316123/HM5316124

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Serial clock cycle time tsce 25 — 28 — 30 -— ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge width tscp 10 — 0 — 10 — ns
Access time from SC tsca — 20 — 23 — 25 ns 15
Access time from SE tseA — 17 — 20 — 25 ns 15
Serial data-out hold time tsoH 5 — 5§ — 5 — ns
Serial output buffer turn-off time tsHz — 15 — 20 — 20 ns 5,17
referenced to SE
SE to serial output in low-Z gLz — - 0 — ns 5,17
Serial data-in setup time tsis - — — ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns
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Serial Read Cycle, Serial Write Cycle (cont)

HM5316123/HM5316124
<7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit  Notes
Serial write enable setup time tsws 0 - o — 0 — ns
Serial wriie enable hold time tswH 15 — 15 — 15 — ns
Serial write disable setup time tswis o — o —-— 0o — ns
Serial write disable hold time tswiH 15 — 15 — 15 — ns
Notes: 1. AC measurements assume ty = 5ns.

2. When tgcp > trep (max) and tgap > tRap (Max), access time is specified by toac or 1aA.

3. Vi (min) and V|_ (max) are reference levels for measuring timing of input signals. Transition
time t1 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 tpz¢ (min) or tpzo (min) must be satisfied.

5. tgyz (Max), topz (Max), torry (Max), toprs (Max), tgnz (max) and tg; 7 (min) are defined as the
time at which the output acheives the open circuit condition (Vo — 100 mV, VOL + 100 mV).
This parameter is sampled and not 100% tested.

6. Assume that tgep < tgep (max) and tgap < trap (max). i tgep or trap is greater than the
maximum recommended value shown in this table, Igac exceeds the value shown.

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

8. When tgcp 2 trep (Max) and trap < trap (Max), access time is specified by toac.

9. When tgcp < tgep (Mmax) and igap = trap (Max), access time is specified by toa.

10. If either tgy or tgRy is satisfied, operation is guaranteed. (HM5316123)

If both tgey and tppy are satisfied, operation is guaranteed. (HM5316124)

11. When twcs = twgs (min), the cycle is an early write cycle, and /O pins remain in an open
circuit (high impedance) condition.

12. These parameters are specified by the later falling edge of CAS or WEU and WEL.

13. Either tgpp (min) or topp (Min) must be satisfied because the output buffer must be turned off
by CAS or OE before data is applied to the device when the output buffer is on. (HM5316123)
Either tcpp (i), topp (Min) of tgpp (Min) must be satisfied because the output buffer must be
turn off by CAS, OE or RAS prior {o applying data to the device when output buffer is on.
(HM5316124)

14. When tawp 2 tawp (min) and towp 2 tewp (min) in read-modify-write cycle, the data of the
selected address outputs 1o an /O pin and input data is written into the selected address. topp
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to
the device.

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

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

17 When tgy7 and tg 7 are measured in the same V¢ and Ta conditions and tr and tf of SE are
less than 5 ns, tgz <tg 7 + 5ns.

18. When both WEU and WEL go low at the same time, all 16 bits of data are written into the
device. WEU and WEL cannot be staggered within the same write cycle.

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

20. DSF2 pin is open pin, but Hitachi recommends it is fixed low in all operation for the addition

mode in future.
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Timing Waveforms

Read Cycle (HM5316123)
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Fast page Mode Read Cycle (HMS5316123)

. ) tac
i taasp
RAS |
o tesw .. tRC - .- nsw
1> taco teas [ tee  teas . Ller . teas
‘ ‘ e
! )
CAS \ /| tRaL - -/
|« |ltea
IASE . lcm
address T} Row} "X colamn X X column XT3
A 1
e tRC
' - | Wimcs RO H n
WEU, WEL - b / tRAC_ to;F}\;z tan M
L |t tace | [
1cAG |___ toac, :
Vo = fVa { Vcl'a\,
{Output) '
toze _| 1CoD o tnzc teoplL
) tosc ftorrz | T loncJtorr
\ ! j
Vo — —{ I 1 ; ag\ . F}L .........
(Input) 'L'DZQ RS L4 ol .
(DTS e | LD_W : C
owoe T N e
1FSR o= == tRFH (e ~ollCFH __IFSC o
osk1 N/ O\ TN :
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HMS5316123/HM 5316124 Series

Write Cycle

Table 2, the write cycle state table, applies to early
write, delayed write, page mode write, and read-
modify write.

Table 2 Write Cycle State

RAS CAS RAS RAS CAS
DSF1 DSF1 WEU, WEL VO vo
MNEU Cycle w1 w2 w3 w4 w5
RWM Wirite mask (new/old) 0 0 0 Write mask  Valid data
Write DQs to I/0s (Note 1)
BWM Write mask (new/old) 0 1 0 Write mask  Column mask
Block write (Note 2) (Note 2)
RwW Normal write (no mask) 0 o] 1 Don'tcare  Valid data
(Note 1)
BW Block write (no mask) 0 1 1 Don'tcare  Column mask
(Note 2) (Note 2)
LMR (Note 4) Load write mask resister 1 0 1 Don'tcare  Write mask data
(Note 3)
LCR (Note 4) Load color resister 1 1 1 Don'tcare  Color data
Notes: 1. I/O mask data (in new mask mode)
Low: Masked

High: Non masked
In persistent mask mode, 1/O don't care.

WEU, WEL Mode

VO Data/RAS

Either low New mask mode

Mask

Persistent mask mode

Don't care (mask register used)

Both high No mask

Don't care

2. See figure 2, use of Block Write
3. 1/0O write mask data

Low: Masked

High: Non masked
4. Column address: Don't care
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HMS5316123/HMS5316124 Series

Early Write Cycle

RAS

CAS

Address %)

WEL

/O{0-7
{Output

1o(0-7y o0
(Input)  Lul/

WEU

1/O(B-15)
(Output)

HO(8-15) )
{lnput) L/

DSF1

W1 to W5: See write cycle state table for the logic states.
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Delayed Write Cycle

HMS5316123/HM 5316124 Series

-

[

tras

RAS N
i
i tRep e
CAS ! -
"Asn_l unAH | tasc
Address : Row Column
1 T\ t ‘
s ‘
WS L twn ‘
WEL ws__ X/
1/0(0-7 L
{Output Wh oz | oo los | _tDH o
[, - | - |
VO(0-7) _@E DDA AROROL T
fint wa_ K] . Ws Kool
o ; trwL
WH ‘ e - AW - CWL
208 t ¥ ACEOCTCIRNARS - ASAOBDE
WEU ws X/ W AT ANPNe
1/O(8-15) & i
(Output) ‘1 A 105.{ lon -
:/l%zt—)ﬁ) H W5 X-;:_:j:,_n:.:.:.j.".;:jvj;:,’:,:,;,:.:.:.:.:.:.:.:.
; < orr2 ‘ i
rt_DTs.i ..lDTH" ' tooo ><°EH-1
pTIoE S N T e R
jFSH . _tRFH> uFSC . LCF_H
psF1 X wi w2 X e,
: Don't care

W1 to W5: See write cycle state table for the logic states
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HMS5316123/HM 5316124 Series

Fast/Hyper Page Mode Write Cycle (Early Write)

RAS

CAS
Address
WEU, WEL
o
(Output)
1o

(Input)
DT/OE

DSF1

- tRe
[y tRasP
;_ tesH tec .
t TLtee
: {RCD o_tcas _ E CP Jlcas
.
IRAH tasc| " oan tasc 1CAH _1ASCle ol |, tCAH
AN = x-‘a'\’.\' xynv:,
Column Column 'f.y,z;.XCqumn ST NN

R

8| dwey,

twes

=l

twcei
e j
x) .lx"c" :‘ : ’;"‘.(

{DH
tog e te
I:’.*)( W5

o fOTH

REOGAEAGEES
KIS
o RS o

JJLtRF‘H\

tFsA > trscem =~ icFH

trsC ™ ‘j‘CFH lFscE- ilcm

W1 to W5: See write cycle state table for the logic states

: Don't care

Fast/Hyper Page Mode Write Cycle (Delayed Write)

RAS

CAS

Address

WEU, WEL

1o
(Output)

o
(Input)

OT/OE

DSF1

W1 to WS5:

See write cycle state table for the logic states

: Don't care
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HM5316123/HM 5316124 Series

Read-Modify-Write Cycle

RAS —\

trco

CAS thaD

[

Jasa) i taan tasc_ ||t

Row Colu

T . i
vl | = ey
) w3 R

Address

WEL

o e
:’8&%‘[,71 Valid Dout)

Jtozc . loac t_"?,sf- LioH -
VO(0-7)
{input)

 JoFFa | .]
toDD . IAWL
Nk A

WEU

110(8-15)
(Output)

/alid Dout

1/0O(8-15)
(Input)

DT/OE

DSF1

W1 to W5: See write cycle state table for the logic states
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HMS5316123/HM 5316124 Series

RAS-Only Refresh Cycle (HM5316123)

tac
taas trp *l
- £
RAS . \___
._“ﬁ,_{
CAS X ’\Q X X
Address R ‘;}?; f“x@?wx-:*%(
)
{Output)
Vo Ao R e LT T % T
(Input) i R R R ~&»§<‘?‘xm
DT/OE R TS S S e
o 5 m X ORI .

DSF1 A R K S e R

:Don'tcare

WE: Don't care

CAS-Before-RAS Refresh Cycle (CBRN) (HM5316123)

o — the e
- __tap ol tRas trp
RAS * ) Vi \
tcHR TRPC e—ef tosh
CAS ’,’5 Inhibit Falling Transition ‘2:%
Address R T S
_ L tws I, tw . ]
WEU, WEL -0l RRRRY Koo o A L S R
e High-Z
(Output)
L B sy
tesR tRFH
e T il e
DSF1 SRRy 4 R T e e

: Don't care
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HM5316123/HM5316124 Series

Hidden Refresh Cycle (HM5316123)

thc , tac

RAS V
— } > wu;
“V“ ) ! !
CAS 1 tRAD . tRaL J‘\ } !
tRAH DASQ lCAH»} ' | .
Address Cotumn )T T
= 4RSS thman  twsie ol WM C '
WEU WEL ool Ltoac | Ny [ ANRSRER R RS o
i 1oFF1
/o 1 valid Dout
0 alid Dou i
) \ongf
Vo
(Input)
DT/OE |  RRRRR
L tFSR L tRRH,,
. \‘_.'_.1.:.'» '_."'.:'.':".':‘:':".".".".",".‘:
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HMS5316123/HM 5316124 Series

CAS-Before-RAS Set Cycle (CBRS)

RAS

CAS
Address
(A2-A6)*
WEU, WEL
7o)
(Output)

1710
(Input)

DT/OE
DSF1

Note:

B : o .
" tep ’i;[: tRas - _tep B
_ / -
[_ trec . tcsa L towm | l,fQF!EL
—\r XX Inhibit falling transition 305000

tasn|| tran
Bl b o

L AAAAX AR R XAARKXARARXRXERXAXRXRXAX XX RAARXAN )
Stop Addrass KHCKRRIKIRHIRIRRKIHRRIEKHRIKIRKIIEERIHS

| tws|| twH
LS TWA

Q’Q’.’.’O’.. .’." &

OO X >
SRR

LS 0 O 0 9 0 OO O 00009
LRICRRRIRRRINS

A0, A1, A7: Don't care
SC: Don't care

1O 02020020 _0-.0-0-9-0_0_ 0.0 0 00 0 0.0 0 OO0 00 00 0 0 0 0 ¢ 008 09 8 00 000 900000090004 0
9.9.0,9.0.9.9.0.9 0.0‘:.:’:.:.:.:.:.:.:.:.:.:’:.:.:':’:.:.:.:.:.:‘:.0 9.9.0.9.0.0 0’0.: @ 0.0 0.8 10020200000 %

T T T T T T T T T T T T e eT
R RIS K EERRRILLIIEKARRERRK

tESR j= - ol

0900090000600 9096990999609 9070909 % %%

VYAV Y v v vy
&5 G 0 0700 5500

VD D09 9.9.9.9-9.0.0.0.9.9.0.0.9.9.9.9.9.9.0.0.9.0900009
0.0.9.9.0.9.0.0.0.9 9.9 $0.0.0.0.90.0.9.0.0.0.6.0.0000 <

@ : Don't care
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HM5316123/HM5316124 Series

CAS-Before-RAS Reset Cycle (CBRR)

trp thas \ tpp
= R e tRas

RAS \ / \_

trrc tcsm tcHR tcrp
SERLAL- U ]4 T e »i I|--———-~
CAS SRR Inhibit falling transition X5

Address

o———= twH
WEU, WEL
170
{Output)
110
(Input)
DT/OE
tRFH
DSF1 A R RN LR LR R LR KR IRRRRRITIRIRLR
tsts ||, Jtest
sc _/_\_)‘BT\_;" /82 \ J Bj-1 \ / B\
Note: 1. Bi, Bj initiate the boundary addresses.
) i @ : Don't care
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HM5316123/HM 5316124 Series

Flash Write Cycle (HM5316123)

WEU, WEL -]

o
(Output) |
. <1MS>”-'MH—
=/|0 ) ’E.)’ Mask Data :(?;.:1;;;1-;.;.;.-_:-_'_:;i;:;,:.;.;.j.;.-_.;i:::::'_;;.;.';‘.-.-»‘,;.-_.;,;\;;:*;, ,)(.1‘
A _tors ] tomw
I EORRGTaY AR o¢ T

DT/OE cen k{_lnFH o RS e s

Jeon, |t
DSF1 ‘f "
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HM5316123/HM5316124 Series

Register Read Cycle (Mask Data, Color Data) (HM5316123)

| - - t RC - - . - [
P 1. 7 S i tRe J
RAS \ /| . F
- - oS- 7:|y efjm-.. -CRP
~ —tRCD ——-ep— S tRSH-——-- —-
— e ——— tgaAg — - -~ — -~} -
CAS \
LAsythar
Address W Row
t t t le - tRRH—»
- WEL W, Re LRCH
I )’
WEU, WEL XX & toac tcwm
o IR " -/ YorFt e w1
¥ | n
(Output) { Valid Out }—_
..J bzc | .t L torrz [~ too’o
1o X R
(Input) ) tpzo,
1-7DT§ te-— UDTH- -
oT0E &\ [ teen tese ' BRI
l<—— B TR o CFH

osr1 BT o

m : Don't care

Note: 1. State of DSF1 at falling edge of CAS
[ - e N T
’L State [ 0 1 \
Accessed : Mask data | Color data
data | (LMR) | (LCR)

_

Hitachi 525



HM5316123/HM5316124 Series

Read Transfer Cycle 1

RAS

CAS

Address

/0
(Output)

DT/OE

DSF1

SC

SI/O
(Output)

Siro
(Input)

QSF*

WEU,WEL -/

tws | |twr : ‘
I L

r T ' .T: tsop || tson_| Ltsg tscp j
‘-—m = tsca ! tsca > “ p tsca / \

) - i ' -
«SOH_| BEE ‘ LISOH N LtSOH L )} Ltsouﬁ
Valid Sout valig Soulid Sout Valid Sout Valid sou X
‘ ‘ Previous Row = = New Row

High-Z L
T

. toap

tDOHw . o |

SAM Address MSB

: : Don't care
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HM5316123/HM5316124 Series

Read Transfer Cycle 2

tre
- _ I tRC
. B tRAs _
RAS k
I tos S tcap .
tRCD s
_ tcas LJf
CAS X £
.. tRaD ] tRAL
s, | [trar,  lasg | fea
Address T Row GRS e e e o oK
t
WEU, WEL =70/ T\“.):,. SR S RO B N
:,Ooutput) oap ]
lots | | to iy
DTIOE S &J/ IR KRR
: h
tFsn | tRFH
o T B S R A R S
"isAs ' tsan . tsoW | tscc
tsc - - tscpq tsc tscp
sC i £t Inhibit Rising Transition - ;«._Q: B L / .
— A
‘ I - o o
i tsRH
o S = X Valid Sout
svo tsis || tsiH
(Output) e
sVo N Ve YT
(Input) o A
|l
QSF SAM Address MSB A
I
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HM5316123/HM5316124 Series

Masked Write Transfer Cycle

- tRc

- tRas ol
RAS \ J/

L - o L
CAS |

I\’
‘|traH  tasc!|tcan
,4 —1 = -

Address m Row

% 0a%%%%%

NSNS RSNSOI AN A N MR XX R AR
SRR RRERRHERIKRAARIARK 2,

..
SRRRRRRR

wg] [t
wev, weL B2 | R RTTRR
|
Vo : ! High-Z
(Output) tprs )}DTH i
N -
lrsn;bnrzg l
DSF1 |
tsa ‘ tsnﬂo( tscc  _
tsc tsce || tsg  tscr

/

L'sC,
sc 4 ] LW inhibit Rising Transiti&fm
‘ 1

1ot
tsca. | lsRz = | SiD -‘

SIo . — |
(Output) Valid Valid ) t t t t
SIo tson ~ || HighZ | I tﬁl"ﬁ'ﬁ
(Input) I T X waiia I Vaiid sin ¥
[ ~ lcop » oeassasqaacsna
;}4 thop [CQH- 1 i
ad tRaH ‘
QsF SAM Address MSB XX

tms ”jMH
110 ;
(input) L3N0 wask pata?

Note: 1. /O mask data (In new mask mode)
Low: Mask
High: Non mask
I/O: Don't care in persistent mask mode.

XXX ITIH X ICKITIKH KD

{ XX KX IO IO
1900090009090 %0%6%0%0%0%0%0Y6 20700000 200000090000 6000000004070 % %

2 2

m : Don't care
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HMS5316123/HMS5316124 Series

Split Read Transfer Cycle (HM5316123)

‘_ . ~ {RC _ _ .1
- i tAAS . ol | tRP_ -
RAS B tesH \‘
I | |
. fcAP i tRCD - 'RSH - | tcrp |
o ~ i \r{< {CAS r—
CAS X/ " 1pap i f
j - - . 1RAL !
t 1 ! 4 -
thsh na :,Asef tcan .
LRI R IR REET R l SAM Start *3 Y000 0N R R IR IR
Address OSSOSO ow Address Vi~ R S )
tws ‘ twH
| Al i
WEU, WEL
1OFFt
- -
Vo TR TIITTTT R High-Z
{Output) 090?0?32& %
tnTs
-
— R E R X E TN
DTIOE  SRSRRERKHN
tFsa | | tAFH
- . >1 |
L
R R RIS
DSF1 RIS R RS

SC _/
|

S0
(Output)

SO
(Input)

QsF )@( SAM Address MSB ;@g’

@ : Don't care
Notes: 1. Ym is the SAM start address in before SRT.
2. Bi, Bj initiate the boundary address.
3. A7: Don't care.
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HMS5316123/HM 5316124 Series

Masked Split Write Transfer Cycle (HM5316123)

the
- ) o TF
j tRas
RAS
tosH- - - -
—- - tRg
o tcas ——
CAS
Address  RRRRRREXIRR R RRRRRKS
WEU, WEL
/O XXX R R High-Z
(Output)  KRRXXXXKK
DT/OE
DSF1
sC
SI/o
{Output)
S0
(Input)
QSF
tiaput) T e e s
m : Don't care
Notes: 1. Ym is the SAM start address in before MSWT,
2. Bi, Bj initiate the boundary address.
3. I/O Mask data (In new mask mode)
Low: Mask
High: Non mask
I/0: Don't care in persistent mask mode.
4. A7: Don't care.
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HM5316123/HM5316124 Series

Serial Read Cycle

§C

. lsca
tsoH
- SO

- ; T 1 |
SIo ; " 3 ’@ " P®( Vaid
{Output) Valid Sout ?@( Valid Sout  » \ Valid Sout

: Don't care

" tshHz

-

Serial Write Cycle

- Isce L - ale -]
o 18C o tscP _"

i
_lSIS_} ‘_lsm>

(s"'fg’m) Valid Sin

’—R:'iq 3

tsis | |tsiH
g el

@ : Don't care
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HM5316123/HM 5316124 Series

Read Cycle (HM5316124)
- tRe_ _ . R
. o Yms trp
AAS ¢ X
. tosH I | B terp |
tReo I, L T
- tcas I 7
CAS ; :
\ r‘ tRAD ,}’:,, [ i S ,::'%577 oo lc, J
[ ASR L tRaR o tasGllL  itoan
Address @( Fow Column <
tacs| tRAN fe-
= tack
WEL teac tcon
e 1YY tci
o I tRac tanz =%
1o -7) (= ey Y
Valid Dout Y
(Ouput ] tozc toac
=S - torr2
IO(0 - 7) T
{Input) tpzo tapp toop L}
- 070, e SESEER
‘ t RAH -
| pees Thor]
WEU : T e toop B
| taa t
vO(8 - 15) = S Mk | R Vaid Dout .
(Output) ! tozc toac i
: - -~ toFrF2
1/0(8 - 15)
(Input)
t
o w totg.
DTIOE

Jesm
DSF1
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HM5316123/HM5316124 Series

Hyper Page Mode Read Cycle (HM5316124)

RAS

CAS

tros 1ACH ]

w tRRH
ls o {RCH

taa _‘
tace _|
lcac,

Valid Dout

o
{Output)
[l[e]
(Input)
DTS el
DT/OE Ry
1FSRA |asf
DSF1 J

les tCFH

RAS-Only Refresh Cycle (HM5316124)

tac

CAS

Address

ORI P

Ilo RPN
(Cutput) ottt

_‘con‘ o
Vo 1OFF2 Lenl | i‘: -
(Input) ooo, | M=
|tots || _torn_
oTIoE B89
lFsR |
DSF1

WE: Don't care

: Don't care
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HM5316123/HM 5316124 Series

CAS-Before-RAS Refresh Cycle (CBRN) (HM5316124)

.- B S |- [
- tRp < lras
RAS (e ’1 |
L torm.
CAS -L( Inhibit Faliing Transition - /«; %
\ .
Address
WEU, WEL
1o
{Output)
DUOE ey e s e e o e e S S s

DSF1 e e e e
: Don't care
Hidden Refresh Cycle (HM5316124)

. rc N

trp _[, tRas ol AP
RAS \ R N_

teHR L. tere
CAS 'XZ
Address R EOOIS
tRRHL-{ WS fo o
WEU, WEL el
taa
- _ trac -
vo i
(Gutput) N Valid Dout P
1o i
(Input)
DT/OE
DSF1
: Don't care
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HM5316123/HMS5316124 Series

Flash Write Cycle (HM5316124)

RAS
CcAS
Address

WEU, WEL

— R0
. tmas o e |
torp l._treo ‘
P X
55 A R R PSSR

S SR

L Fareies TR
e NS
D s

R

TR

a0

y.

. r‘{‘y&

S R KR R SRR

High-Z

.....

,420.: Don't care
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HMS5316123/HM 5316124 Series

Register Read Cycle (Mask data, Color data) (HM5316124)

- o the L
- tRAS. . ,q
S — |
RAS \ / \ ’\
- .- - tesH - J e . -CRE |
= -~ 1RCD- - == - o tRsH- -
N fo———— tCAG -+ — - e e
CAS i \
LASR|| TRAH_
Address XX Row )
tws ‘_ twi  tros B R
. it S i —F < ltacy
WEULWELRRRY || X teac  topp REEICXE
. tmac/ tanz lcHz
1o ) e
(Output) ! Valid Out
| tozc Jtoag torry]
110
(Input) ‘ tozo . too
oz
=P8l o |l bob trop |
DTOE &\ trey trsc SRR A
[l - el ~tcrH
DSF1 X80 XX R R R

@ : Don't care

Note: 1. State of DSF1 at falling edge of CAS

r

State ! 0 | 1
| Accessed | Mask data | Color data
| data (LMR) | (LCR) |
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HMS5316123/HM5316124 Series

Split Read Transfer Cycle (HM5316124)

tRC _ _

RAS R

_,,,J,C,“L,,,,,. - tACD 1RSH

CAS

.""' v.-.'."‘ .v S 'V.'."'. .."'.'.'.'.""."'."'.".'.V "
dd 0000 030300959%% 2020 1039390209520 00.0.8.%62 262650, 0,8, %62 30508
Address RIS ot R RIS

WEU, WEL

o
(Output)

DT/OE

DSF1

SC

sKo
{Output)

Syo
(input)

IS0, is0
OsF @ SAM Address MSB S@(

Notes: 1. Ym is the SAM start address in before SRT.
2. Bi, Bj initiate the boundary address.
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HM5316123/HM 5316124 Series

Masked Split Write Transfer Cycle (HM5316124)

- tre
- tRas - AP
RAS
r~ tcsH ! -
trRcD tAsH - ;
- tcas -
CAS ‘g |
tashi|tRaH tAS(EJ 'tcaH
h -l - - -
AT S VAV AV Y YV VAV AV VAV L Y VLV,
Address Adrasa Y1 KSR SRR
— - L/ ..'.'."""'.""'..""'""'.'."'.'.'.'.."
WEU, WEL R R R R R RARRHARHAKARAK,
I'e} High-Z
{Output)
DT/OE :
{ tesm i tRFH
| - - . D‘
DSF1
SC
SI/0
(Output)
SI/10
(Input)
QsF SAM Address MSB X
t t ( \ t
o goo tms_ tme
e, LXK XX K I I IR XK IR K X IR X IOCTIOR I OCTHKIIOR
(Input) KLY VO Mask Data™ REKXXHIK X XK KK ALK,

@ : Don't care

Notes: 1. Ym is the SAM start address in before MSWT.
2. Bi, Bj initiate the boundary address.
3. I/0 Mask data (In new mask mode)
Low: Mask
High: Non mask
I/0: Don't care in persistent mask mode.
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