HM5316123B Series Preliminary

131,072-word % 16-bit Multiport CMOS Video RAM
E0160H10 (Ver. 1.0)

ELPIDAN 5™

The HM5316123B is-a 2-Mbit multiport video Bidirectional data transfer cycle between RAM
RAM equipped with a 128-kwor# 16-bit dynamic ~ and SAM capability B
RAM and a 256-wordk 16-bit SAM (full-sized * Spit traqsfer cycle capa_b.|l|ty
_ « Block write mode capability
SAM). Its RAM and SAM operate independently. Flash write mode capability

and asynchronously. The HM5316123B has 3 variations of refresh (8 ms/512 cycles)

compatibility with the HM5316123. —RAS-only refresh
—CAS-beforeRAS refresh
Features —Hidden refresh

e TTL compatible

* Multiport organization
Asynchronous and simultaneous operation of

RAM and SAM capability Ordering Information
RAM: 128-kwordx 16-bit )
SAM: 256-wordx 16-bit Type No. Access time Package
* Access time . .
RAM: 70 ns/80 ns/100 ns (max) PIVNgO123BF-7  70ns S4-pin pasic
SAM: 20 ns/23 ns/25 ns (max) HM5316123BF-8 80ns (FP-64DS)
e Cycle time
RAM: 130 ns/150 ns/180 ns (min) HM5316123BF-10 100ns

SAM: 25 ns/28 ns/30 ns (min)
e Low power
Active  RAM: 660 mW/605 mW/550 mW
SAM: 468 mW/413 mW/385 mW
Standby 38.5mW (max)
* Masked-write-transfer cycle capability
e Stopping column feature capability
» Persistent mask capability
« Byte write control capability: WE control
* Fast page mode capability
Cycle time: 45ns/50ns/55ns
Power RAM: 688 mW/660 mW/633 mW
* Mask write mode capability

Preliminary: This document contains information on a new
product. Specifications and information contained herein
are subject to change without notice.

Elpida Memory, Inc. is a joint venture DRAM company of NEC corporation and Hitachi, Ltd.



HM5316123B Series

Pin Arrangement

Pin Description
HM5316123BF Series Symbol Function
_ Vec O1 64[Q SC A0 — A8 Address inputs
DT/DE O 2 630 SE
Vss 03 620 Vss 1/00 — 1/015 RAM port data inputs/outputs
SI/00 04 610 SI/O15
S:;SEL) E g gg g gﬁéill SI/00 - SI/015 SAM port data inputs/outputs
/o107 58 O 1/014
Vce 08 5710 Vcc RAS Row address strobe
SI/02 9 56 0 SI/013
/02 O 10 550 1/013 CAS
S/03 d11 515 sSI012 CAS Column address strobe
/03 012 530 1/012 — ]
Vss 013 520 Vss WEU Upper byte write enable
SI/04 O 14 510 SI/O11
1104 015 500 1/011 WEL Lower byte write enable
SI/O5 016 490 SI/010
I/05 O 17 48 1 1/010 STAE
Vee 018 4711 Ve DT/OE Date transfer/output enable
SI/06 019 46 0 SI/09 i
1/06 020 450 1/09 SC Serial clock
SI/07 021 441 SI/08 2—
/07 T} 22 430 1/08 SE SAM port enable
Vss 023 42 O Vss
7\\,/VVEEL|] E gg j(l) g Bg% DSF1, DSF2 Special function input flag
RAS O 26 390 CAS
A8 027 380 QSF QSF Special function output flag
A7 028 370 A0
A6 []29 36 0 Al v Power Suppl
A5 {30 350 A2 cc owersupply
A4 0031 343 A3
Vee 032 330 Vsg Vss Ground
(Top View)

Preliminary Data Sheet E0160H10 ELPIDA



HM5316123B Series

Block Diagram
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HM5316123B Series

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 oRAS. The input level of these
signals determine the operation cycle of the

HM5316123B.
Table 1. Operation Cycles of the HM5316123B
RAS CAS Address I/0On Input
Mnemonic — —
Code CAS DT/OE WE DSF1 DSF2 DSF1 DSF2 RAS CAS RAS CAS/WE
CBRS 0 0 1 0 — Stop — — —
CBRR 0 1 0 0 — — — — —
CBRN 0 1 1 0 — — — — —
MWT 1 0 0 0 — Row TAP WN —
MSWT 1 0 1 0 — Row TAP WM —
RT 1 1 0 0 — Row TAP — —
SRT 1 1 1 0 — Row TAP — —
RWM 1 0 O 0 0 Row Column WM Input data
Register

Mnemonic Write Pers ——  No.of
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 — — Mask 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 — — Road/write (new/old mask)

Yes Use

Preliminary Data Sheet E0160H10 ELPIDA



HM5316123B Series

Mnemonic RAS

Table 1. Operation Cycles of the HM5316123B (cont)

CAS

Address 1/0n Input

Code CAS DT/OE WE DSF1 DSF2 DSF1 DSF2 RAS CAS RAS CAS/WE

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 —

LMRand 1 1 1 1 0 0 0 (Row) — — Mask

Old Mask Set Data

LCR 1 1 1 1 0 1 0 (Row) — — Color

Option 0 0 0 0 0 — 0 Mode — Data —

Register

Mnemonic Write Pers _ No.of

Code Mask W.M. WM Color Bndry Function

BWM Yes No Load/use Block write (new/old mask)

Yes Use Use —4

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. DSF2 is fixed low in all operation. (for the addition of operation mode|in future)

Preliminary Data Sheet E0160H10 ELPIDA



HM5316123B Series

CAS (input pin): Column address and DSF1 DT/OE (input pin): DT/OE pin functions aDT
signals are fetched into chip at the falling edge ofdata transfer) pin at the falling edgeRAS and
CAS, which determines.the operation mode of theasOE (output enable) pin after that. WhBT is
HM5316123B.CAS controls output impedance of low at the falling edge dRAS, this cycle becomes
I/O in RAM. a transfer cycle. WheDT is high at the falling

edge of RAS, RAM and SAM operate
A0 — A8 (input pins): Row address (AX0 — AX8) independently.
is determined by AO — A8 level at the falling edge
of RAS. Column address (AYO — AY7) is SC (input pin): SC is a basic SAM clock. In a
determined by AO — A7 level-at the falling edge of serial read cycle, data outputs from an SI/O pin
CAS. In transfer cycles, row address is the addressynchronously with the rising edge of SC. In a
on the word line which transfers data with SAM serial write cycle, data on an SI/O pin at the rising
data register, and column address is the SAM stagdge of SC is fetched into the SAM data register.
address after transfer. _ . .

SE (input pin):SE pin activates SAM. WheSE is
WEU andWEL (Input pins):WEU andWEL pins.  high, SI/O is in the high impedance state in serial
have two functions at the falling edgeRAS@and . read cycle and data on SI/O is not fetched into the
after. When eitheWEU or WEL is low at the SAM data register in serial write cycl8E can be
falling edge ofRAS, the HM5316123B turns to. used as a mask for serial write because the internal
mask write mode. According tothe I/O level at thepointer is incremented at the rising edge of SC.
time, write on each I/O can be maskeWEU and
WEL levels at the falling edge &AS is don't SI/O0 — SI/O15 (input/output pins): SI/Os are
care in read cycle.) When boWEU and WEL _<input/output pins in SAM. Direction of
are high at the falling edge ®AS, a no mask input/output is determined by the previous transfer
write cycle is executed. After thaWEU and cycle. When it was a read transfer cycle, SI/O
WEL switch read/write cycles. BotWEU and  outputs data. When it was a masked write transfer
WEL must be held high in a read cycle. In acycle, SI/O inputs data.
transfer cycle, the direction of transfer fis . . , i ,
determined byWEU andWEL levels at the falling PSFl (mpu_t pln):_DSFl IS a special func_tlon data
edge ofRAS. When eitheWEU or WEL is low, input flag pin. It is set Fo high at the falling e_dge
data is transferred from SAM to RAM (data is of RAS when new functions such as color register
written into RAM), and when bofWEU andWEL and ma_sk register read/write, split transfer, and
are high, data is transferred from RAM to SAM flash write, are used.
(data is read from RAM).

DSF2 (input pin): DSF2 is also a special function
/00 — 1/015 (input/output pins): /O pins function data inpuf[ flag pin. This pin is fixed to low level in
as mask data at the falling edgeRoAS (in mask 2l operations of the:HM5316123B.

write mode). Data is written only to high 1/O pins. oy
Data on low I/O pins are masked and internal date(@SF (output pin)- QSF outputs data of address A7

are retained. After that, they function as" SAM‘ QSN SW'tCh.Qd om low to h|gh by
. . accessing address 127 in SAM and from high to
inut/output pins as those of a standard DRAM. In : .
. . low by accessing address255 in.SAM.
block write cycle, they function as column mask
data at the falling edges @fAS, andWEU or
WEL.
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HM5316123B Series

Operation of HM5316123B cycle. In this cycle also, to avoid I/O contention,
. data should be input after reading data and driving
RAM Port Operation OE high.

RAM Read Cycle (DT/OE high, CAS high and « Mask Write Mode WEU or WEL low at the
DSF1 low at the falling edge ®AS, DSF1 low at  falling edge ofRAS)
the falling edge o€AS) -

N If WEU or WEL is set low at the falling edge of
Row address is entered at fas falling edge and RAS, two modes of mask write cycle are capable.
column address at th€AS falling edge to the 1. In new mask mode, mask data is loaded from
device as in standard DRAM. Then, whaEU  1/O pin and used. Whether or not an I/O is written
or WEL is high andDT/OE is low while CAS is  depends on 1/O level at the falling edgeRAS.
low, the selected address data outputs through I/@he data is written in high level I/Os, and the data
pin. At the falling edge oRAS, DT/OE andCAS  is masked and retained in low level I/Os. This
become high to distinguish RAM read cycle from mask data is effective during tlRAS cycle. So,
transfer cycle and CBR refresh cycle. Addressn page mode cycles the mask data is retained
access time f{a) andRAS to column address during the page access.
delay time (kap) specifications arecadded to 2. If a load mask register cycle (LMR) has been
enable fast page mode. performed, the mask data is not loaded from I/O

pins and the mask data stored in mask registers

RAM Write Cycle (Eraly Write, Delayed Write; ~  persistently are used. This operation is known as

Read-Modify-Write) persistent write mask, set by LMR cycle and reset
(DT/OE high, CAS high and DSF1 low at the gy CBRR cycle.

falling edge ofRAS, DSF1 low at the falling edge L
of CAS) Fast Page Mode CyclgdDT/OE high, CAS high
and DSF1 low at the falling edge RAS)

+ No Mask Write Cycle WEU and WEL high at

the falling edge oRAS) High-speed page mode cycle reads/writes the data
_ - of the same row address at high speed by toggling

WhenCAS is set low and eitheWEU or WEL is | CAS while RAS is low. Its cycle time is one third

set low afteRAS low, a write cycle is executed. " of the random read/write cycle. In this cycle, read,

If either WEU or WEL is set low before th€AS  \yrite, and block write cycles can be mixed. Note
falling edge, this cycle becomes an early writethat address access tima (), RAS to column
cycle and all 1/O become in high impedance. Alladdress delay timegip), and access time from

16 data are latched on the falllng edg@AfS_h‘ m precharge ﬁcp) are added. In Onm

only one of WEU and WEL is low whenCAS  cycle, 256-word memory cells of the same row
falls, the write will affect only those corresponding address can be accessed. It is necessary to specify

8 b|tS If the Other OWEU and WEL fa”S at the access frequency WIthIﬁASPmaX (100 H.S)
same time in the cycle, the write will then occur

for those 8 bits, with the latched data.

If both WEU and WEL are set low after th€AS
falling edge, this cycle becomes a delayed write
cycle and all 16 data are latched on the falling edge
of WEU or WEL. Byte write occures if only one

of WEU or WEL falls during the cycle. 1/O does
not become high impedance in this cycle, so data
should be entered witiE in high.

If both WEU and WEL are set low afterdyp
(min) and gyp (min) after theCAS falling edge,
this cycle becomes a read-modify-write cycle and
enables read/write at the same address in one

Preliminary Data Sheet E0160H10 ELPIDA



HM5316123B Series

Color Register Set/Read CyclgCAS high, so once it is set, it retains the data until reset.

DT/OE high, WEU andWEL high and DSF1 high Since mask register set cycle is just as same as the

at the falling edge dRAS) usual read and write cycle, so read, early and
delayed write cycles can be executed.

In color register set cycle, color data is set to the _ __ _

internal color register used in flash write cycle orFlash Write Cycle (CAS high, DT/OE high, WEU

block write eycle. 16 bits of internal color register or WEL low, and DSF1 high at the falling edge of

are provided.at each'l1/O. This register iSRAS)

composed of static circuits, so-0nce it is set, it )

retains the data until reset. _Since color register séf! @ flash write cycle, a row of data (256 word x 16

cycle is just as same as'the usual write cycle, sBit) is cleared to Oorlat egch 110 accordmg to the

read, early write and delayed write cycle can befata of color register mentioned before. It is also

executed. In this cycle, the HM5316123B hecessary to mask /O in this cycle. WHeAS

refreshes the row address fetched at the fallingndDT/OE is set highWEU or WEL is low, and
edge ofRAS. SF1 is high at the falling edge RAS, this cycle

starts. Then, the row address to clear is given to
Mask Register Set/Read CyclgCAS high, . row address. Mask data is as same as that of a
DT/OE high, WEU andWEL high, and DSF1 high 'RAM write cycle.  Cycle time is the same as
at the falling edge dRAS) those of RAM read/write cycles, so all bits can be

cleared in 1/256 of the usual cycle time. (See
In mask register set cycle, mask data is set to thiéigure 1.)

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 atach 1/0O.
This mask register is composed of static circuits,

Color Register Set Cycle Flash Write Cycle

s am a
cas [\ A NRRXXLHARXK/ AKKRKXX
Adaress  (XRouw) QLXK 61 XXX X0
weuwer 7T N 000 | /00000 |_/00000000000
prioe (/| \XXXXXXXKX/ | \XKXXXXKXXAS | \NKXXKXKXXKXK
psF1  {/ N/ RO
o QOO0 Cotor Data) ORI *1  XXXGOOOORKHX 1 )RR

Flash Write Cycle |

Set color register Execute flash write into each | Execute flash write into
I/O on row address Xi using each 1/0 on row address
color register. Xj using color register:

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

Figure 1 Use of Flash Write
Preliminary Data Sheet E0160H10 ELPIDA



HM5316123B Series

Block Write Cycle (CAS high, DT/OE high and
DSFL1 low at the falling edge &®&AS, DSF1 high
andWEU or WEL low-at the falling edge afAS)

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
addresses can be determined independently. 1/0
level at the falling edge 'ofAS 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 CycléeMEU and
WEL high at the falling edge &AS)

The data on 16 I/Os are all cleared wiWéBU and
WEL are high at the falling edge RfAS.

* Mask Block Write Cycle WEU or WEL low at
the falling edge oRAS)

When eitherWEU or WEL is low at the falling
edge ofRAS, the HM5316123B 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 I/O is not cleared
and the internal data is retained. In new mask
mode, the mask data is available in R¥&S cycle.

In persistent mask mode, I/O don't care about mask
mode.

e Column Mask WEU or WEL low at the falling
edge 0iCAS)

Column mask data is determined by 41/0Os (I/0O0,
1/01, 1/02, 1/03) level alCAS low and WEU or
WEL low edge. When upper byte column mask is
performed byWEL high andWEU low, column
mask data are determined by 41/0Os (1/00, 1/01,
I/102, 1/03) and other 1/Os (/04 to 1/015) don't
care.

Preliminary Data Sheet E0160H10
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HM5316123B Series

(Eolor Register Set Cy?le | Block Write Cycle Block Write Cycle
ras T ) H }
CAS \ / _ / ~
address  OXRoWX QOO RawX XX column A2-AX XXX Row XXX column A2-a7X XXX
weu, wer {7 N /00 000 A0 XXX\ /AXXXX
omoe ¢ NROXXXOOXX/ NN \XXXXXXXXKXX)
DSF1 J O X/ XA\ /XS XX
o XXXXKX)Color DaimX XK1 Y Comn naseX XXX 1 XX Caumm s (X0

*1
WEU, WEL Mode /O data/RAS
Either Low New mask mode ™ Mask
Persistent Hor L
mask mode (mask register used)
Both High No mask HorlL

I/0O Mask Data (In new mask mode)
Low: Mask
High: Non Mask
In persistent mask mode, 1/0 don't care
Column Mask Data
/00 | ColumnO (AO =0, Al = 0) Mask Data
I/01 | Columnl (A0 =1, Al = 0) Mask Data/ | Low: Mask
/02 | Column2 (A0 =0, Al = 1) Mask Data
I/03 | Column3 (A0 = 1, Al = 1) Mask Data" | High: Non Mask

Figure 2 Use of Block Write
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HM5316123B Series

Transfer Operation columns, but any boundaries cannot be set as the
start address.

The HM5316123B provides the read transfer(5) Load/use mask data in masked write transfer

cycle, split read transfer cycle, masked writecycle and masked split write transfer cycle.

transfer cycle and masked split write transfer cycle

as data transfer cycles. Theses transfer cycles aRead Transfer Cycle (CAS high, DT/OE low,

set by drivingCAS high andDT/OE low at the WEU and WEL high and DSF1 low at the falling

falling edge ofRAS. They have following edge ofRAS)

functions:

(1) Transfer data between row address and SAM his cycle becomes read transfer cycle by driving
data register DT/OE low, WEU andWEL high and DSF1 low at
Read transfer cycle-and split read transfer cyclethe falling edge oRAS. The row address data
RAM to SAM (256 x 16 bits) determined by this cycle is
Masked write transfer cycle and masked split writetransferred to SAM data register synchronously at
transfer cycle: SAM to RAM the rising edge dDT/OE. After the rising edge of

(2) Determine SI/O state (except for split readDT/OE, the new address data outputs from SAM
transfer cycle and masked split write transferstart address determined by column address. In

cycle) read transfer cycleDT/OE must be risen to
Read transfer cycle: SI/O output transfer data from RAM to SAM.
Masked write transfer cycle: SI/O input This cycle can access SAM even during transfer

(3) Determine first SAM address to access aftefreal time read transfer). In this case, the timing
transferring at column address (SAM starttspp (min) specified between the last SAM access
address). before transfer an®T/OE rising edge andgpy
SAM start address must be determined by readmin) specified between the first SAM access and
transfer cycle or masked write transfer cycle (splitDT/OE rising edge must be satisfied. (See figure
transfer cycle isn’t available)before SAM access,3.)

after power on, and determined for each transfelVhen read transfer cycle is executed, SI1/0
cycle. becomes output state by first SAM access. Input
(4) Use the stopping columns (boundaries) in themust be set high impedance befoggd (min) of
serial shift register. If the stopping columns havethe first SAM access to avoid data contention.
been set, split transfer cycles use the stopping

RAS /
cAS \ /
Address X Xi X Yj X

oo\t i
DSF1 _\_J tspp ﬂ
AT TATRSRS Y

SAM Data before Transfer SAM Data after Transfer

Figure 3 Real Time Read Transfer

Preliminary Data Sheet E0160H10 ELPIDA "



HM5316123B Series

Masked Write Transfer cycle (CAS high, DT/OE ~ address A7 is 0) automatically. After data are read
low, WEU or WEL low, and DSF1 low at the from data register DR1, data start to be read from
falling edge oRAS) SAM start addresses of data register DRO. If the
Masked write-transfer cycle can transfer onlynext split read transfer isn’t executed while data
selected I/O'data in a row of data input by serialare read from data register DRO, data start to be
write cycle to RAM. Whether one 1/O data is read from SAM start address O of DR1 after data
transferred or not depends on the correspondingre read from data register DRO. If split read
I/0 level (mask data) at'the falling edgeRAS.  transfer is executed setting row address AX8 to 1
This mask transfer operation is the same as a maskid SAM start addresses AO to A6 while data are
write operation in RAM cycles, so the persistentread from data register DR1, 128-word x 16-bit
mode can be supported: The row address of da@ata are transferred to data register DR2. After
transferred into RAM is determined by the addresglata are read from data register DR1, data start to
at the falling edge oRAS. The column address is be read from SAM start addresses of data register
specified as the first address for serial write afteDR2. If the next split read transfer isn’t executed
terminating this cycle. "Also in this cycle, SAM while data is read from data register DR2, data
access becomes enabled aftggb (min) after. start to be read from SAM start address 0 of data
RAS becomes high. SAM access is.inhibitedregister DR1 after data are read from data register
during RAS low. In this period, SC.must bot be DR2. In split read data transfer, the SAM start
risen. Data transferred to SAM by read transferaddress A7 is automatically set in the data register,
cycle or split read transfer cycle can be written towhich isn’t used.
other addreses of RAM by write transfer cycle.The data on SAM address A7, which will be
However, the adddress to write data must be th@ccessed next, outputs to QSF, QSF is switched
same as that of the read transfer cycle or thesplftom low to high by accessing SAM last address
read transfer cycle (row address AX8) 127 and from high to low by accessing address
255.
Split Read Transfer Cycle (CAS high, DT/OE low, ~ Splitzread transfer cycle is set wheaS is high,
WEU andWEL high and DSF1 high at the falling edge of DT/OE is low, WEU andWEL is high and DSF1 is
RAS) high at the falling edge &AS. The cycle can be
executed asyncronously with SC. However,
To execute a continuous serial read by real timedM5316123B must be satisfied tSTS (min) timing
read transfer, the HM5316123B must satisfy SCspecified between SC rising (Boundary address)
andDT/OE timings and requires an external circuit and RAS falling.. In split transfer cycle, the
to detect SAM last address. Split read transfeHM5316123B must satisfyzts T (min), tcgT (min)
cycle makes it possible to execute a continuousnd gt (Min).timings specified betwedRAS or
serial read without the above timing limitation. CAS falling and column address. (See figure 5.)
The HM5316123B supports two types of splitIn split read transfer; SI/O isn’t switched to output
register operation. One is the normal split registestate. Therefore, read transfer must be executed to
operation to split the data register into two halvesswitch SI1/O to output state when the previous
The other is the boundary split register operatiortransfer cycle is masked write transfer cycle or
using stopping columns described later. masked split write transfer cycle. SAM start
Figure 4 shows the block diagram for the normaladdress must be set in_every split read transfer
split register operation. SAM data register (DR)cycle.
consists of 2 split buffers, whose organizations are
128-word x 16-bit each. Let us suppose that data
is read from upper data reagister DR1 (The row
address AX8 is 0 and SAM address A7 is 1.).
When split read transfer is executed setting row
address AX8 to 0 and SAM start addresses AO to
A6, 128-word x 16-bit data are transferred from
RAM to the lower data register DRO (SAM

12 Preliminary Data Sheet E0160H10 ELPIDA



HM5316123B Series

DR1
DR3

Memory
Array

Memaory
Array

AX8 =0 AX8=1

DR2

DRO
SAM I/O Bus
SAM Column Decoder
SAM 1/O Bus

SAM 1/O Buffer

g

SI/O

Figure 4 Block Diagram for Split Transfer

RAS /
tsTs (min) trsy (Min)
|

CAS /
test(min)

Address >< Xi ><:>§§ Yj ><

tasT(min)
N
DT/OE \ / N

DSF1

N
sc _/ B Ym  ABi-1 7B /v

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

Figure 5 Limitation in Split Transfer
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HM5316123B Series

Masked Split. Write Transfer Cycle (CAS high,  Stopping Column in Split Transfer Cycle

DT/OE low, WEU or WEL low and DSF1 high at
the falling edge oRAS) The HM5316123B has the boundary split register

operation using stopping columns. If a CBRS
A continuous serial write cannot be executedcycle has been performed, split transfer cycle
because accessing SAM is inhibited durkyS  performs the boundary operation. Figure 6 shows
low in write transfer. Masked split write transfer an example of boundary split register. (Boundary
cycle makes it possible.<In this cyclgrt (min),  code is B6.)
trsT (MiN), tosT (Mif) and hs7-(Min) timings  First of all a read data transfer cycle is executed,
must be satisfied like split read transfer cycle. Andand SAM start addresses AQO to A7 are set. The
it is impossible to switch-SI/O to input state in this RAM data are transferred to the SAM, and SAM
cycle. If SI/O is in‘output state, masked write serial read starts from the start address (Y1) on the
transfer cycle should be executed to switch Sl/Aower SAM. After that, a split read transfer cycle
into input state. Data transferred to SAM by readis executed, and the next start address (Y2) is set.
transfer cycle or split read transfer cycle can belflhe RAM data are transferred to the upper SAM.
written to other addresses of RAM by masked-splitvhen the serial read arrive at the first boundary
write transfer cycle. However, masked write after the split read transfer cycle, the next read
transfer cycle must be executed before split writgumps to the start address (Y2) on the upper SAM
transfer cycle. And in this masked split write (jump 1) and continues. Then the second split read
transfer cycle, the MSB of row address (AX8) totransfer cycle is executed, and another start address
write data must be the same as that of the rea((3) is set. The RAM data are transferred to the
transfer cycle or the split read transfer cycle. 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.

Column size

« 64 bit > Boundaries (B6)

v v v v

(Y1) (Y3) (Y2)

O ) G

Start Jump 1 Jump 2
Lower SAM o Upper SAM
D 128 bits o 128 bits

Figure 6 Example of Boundary Split Register
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HM5316123B Series

Stopping Column Boundary Table

Stop  Address

Boundary code Column size A2 A3 A4 A5 A6

B2 4 0 * * * *
B3 8 1 0 * * *
B4 16 1 1 0 * *
B5 32 1 1 1 0 *
B6 64 1 1 1 1 0
B7 128 1 1 1 1 1

Notes: 1. A0, Al, and A7: don't care
2. *. don't care

Stopping Column Set Cycle (CBRS) No Reset CBR Cycle (CBRN)

This cycle becomes stopping column set cycle byThis cycle becomes no reset CBR cycle (CBRN)
driving CAS low, WEU or WEL low, DSF1 high-at by.driving CAS low, WE high and DSF1 high at

the falling edge oRAS. Stopping columin data the falling edge oRAS. The CBRN can only

(boundaries) are latched from address inputs on th%XeCUte the refresh operation.

falling edge ofRAS. To determine the boundary;’ Byte Control (WEU, WEL)

A2 to A6 can be used and don't care AO, Al, and _ _

A7. In the HM5316123B, 6 types of boundary (B2 In a write cycle, wheWEL set low andWEU set

to B7) can be set including the default case. (Se8igh, I/O0 to I/O7 become write mode and /08 to

stopping column boundary table.) If A2 to A5 arel/O15 become no write mode, and wHaiEL set

set to high and A6 is set to low, the boundarieshigh andWEU set low,1/O0 to /07 become no

(B6) are selected. Figure 6 shows the exampleyrite mode and I/O8 to I/O15 become write mode.

The stop address that is set by the CBRS is usetihe write cycle that byte control is capable are

from next split transfer cycle. Once a CBRS isRAM write cycle, block write cycle, load write

executed, the stopping column operation modenask register cycle and load color register cycle.

continues until CBRR. The byte control write cycle is capable to execute

Register Reset Cycle (CBRR) early write, delay write, read-modify-write and
page mode. ‘But write'mask in new mask mode,

This cycle becomes register reset cycle (CBRR) bylash write, transfer and refresh cycle can not

driving CAS low, WEU and WEL high, and DSF1 execute byte control.

low at the falling edge d@AS. A CBRR can reset

the persistent mask operation and stopping column

operation, so the HM5316123B becomes the new

mask operation and boundary code B7. When a

CBRR is executed for stopping column operation

reset and split transfer operation, it need to satisfy

tgTs (min) and Rt (Min) betweerRAS falling

and SC rising for correct SAM read/write

operation.
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HM5316123B Series

SAM Port Operation Refresh
Serial Read Cycle RAM Refresh

SAM port isdn read mode when the previous dataRAM, which is composed of dynamic circuits,
transfer cycle is a read transfer cycle. Access isequires refresh cycle to retain data. Refresh is
synchronized with SC rising, and SAM data is executed by accessing all 512 row addresses within
output from SI/O. WhemSE is set high, SI/O 8 ms. There are three refresh cyclesRAp-only
becomes high impedance, and the internal pointerefresh cycle, (2CAS-beforeRAS (CBRN,

is incremented by the SC rising. After indicating CBRS, and CBRR) refresh cycle, and (3) Hidden
the last address (address 255), the internal pointeefresh cycle. Besides them, the cycles which

indicates address 0_at the next access. activateRAS, such as read/write cycles or transfer
cycles, can also refresh the row address.
Serial Write Cycle Therefore, no refresh cycle is required when all

row addresses are accessed within 8 ms.

If previous data transfer cycle is masked write

transfer cycle, SAM port goes into write mode. In(1) RAS-Only Refresh CycleRAS-only refresh

this cycle SI/O data is fetched into data register aéyde is executed by acti\/ating on|y tRAS Cyc|e

the SC rising edge like in the serial read cycle." lfwjth CAS fixed to high after inputting the row

SE is high, SI/O data isn't fetched into data address (= refresh address) from external circuits.

register. The internal pointer is incremented by thero distinguish this cycle from a data transfer cycle,

SC rising, S®E high can be used as mask data forDT/OE must be high at the falling edgeRAS.

SAM. After indicating the last address (address

255), the internal pointer indicates address O-at the2).CBR Refresh Cycle: CBR refresh cycle

next access. (CBRN, CBRS and CBRR) are set by activating
CAS.beforeRAS. 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 in high impedance
and-power dissipation is lowered becaseS
circuits don’t-operate.

(3) Hidden Refresh-Cycle: Hidden refresh cycle
executes CBR/refresh with the data output by
reactivatingRAS whenDT/OE andCAS keep low

in normal RAM read.cycles.

SAM Refresh

SAM parts (datasregister, shift resister and
selector), organized as fully_static circuitry, require
no refresh.
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HM5316123B Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg VT -1.0t0 +7.0 \
Supply voltage relative to Vgg Vee -0.5t0+7.0 \
Short circuit output current lout 50 mA
Power dissipation Pr 1.0 W
Operating temperature Topr 0to +70 °C
Storage temperature Tstg —55 to +125 °C

Recommended DC Operating ConditiongTa = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vee 4.5 5.0 55 \% 1
Input high voltage ViH 2.4 — 6.5 Y, 1
Input low voltage VL -052 — 0.8 v 1

Notes: 1. All voltage referred to Vgg
2. -3.0V for pulse width <10 ns.
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HM5316123B Series

DC Characteristics(Ta = 0 to +70°C, ¥c=5V £ 10%, \5g=0 V)

HM5316123B
-7 -8 -10
Parameter Symbol Min  Max Min Max Min Max Unit Test conditions
Operating current. lcc; «<— 120 — 110 — 100 mA RAS,CAS SC=V,,SE=V|4
cycling —
lcc; — 195 — 175 — 160 mA tgc=min SE =V, SC cycling
tSCC =min
Block write current lccigwy — 125 — 115 — 100 mA RAS,CAS SC=V,,SE=V|y
cycling —
ICC7BW — 200 — 180 — 160 mA trc = min SE = V||_, SC cycling
tSCC =min
Standby current lccpo — 7 — @ — .7 mA RAS,CAS SC=V|,SE=V
=ViH —
lccg — 8« — 75 — 70 mA SE =V, SC cycling
tSCC =min
RAS-only refresh lccg — 115 — 105 — 90 mA RAScycling SC=V,, SE =V|y
current CAS=V|y —
lccg — 18 — 165.— 150 mA tgc=min SE =V, SC cycling
tSCC =min
Fast page mode lccqy — 125 — 120 — 115 mA CAScycling SC=V,, SE =V|y
current *3 RAS=V| —
lccro — 200 — 185 — 175 mA tpc=min  SE =V, SC cycling
tSCC =min
Fast page mode lccagw — 145 — 135 — 180 mA _CAS cycling SC=V,, SE = V|y
block write RAS=V| —
current *3 lccioew— 220 — 205 — 195 /mA  tpc =min. SE =V, SC cycling
tSCC =min
CAS-beforeRAS Icc5 — 8 — 75 — 65 mA RAScycling. SC=V,SE=V|y
refresh current trc=min  —
lccn — 155 — 140 — 125 mA SE =V, SC cycling
tSCC =min
Data transfer lcce — 130 — 120 — 110 mA RAS,CAS SC=V,,SE=V4
current cycling —
lcci2 — 205 — 185 — 165 mA tgc=min SE =V, SC cycling
tSCC =min
Input leakage current 1 | -10 10 -10 10 -10 10 pA
Output leakage current I o -10 10 -10 10 -10 10 pA
Output high voltage Voy 24 — 24 — 24 — V loH=-1mA
Output low voltage Vo, — 04 — 04 — 04 V loL=2.1mA

18
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HM5316123B Series

Notes: 1. Icc depends on output load condition when the device is selected. Icc 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, \ec=5V £ 10 %, f = 1 MHz, Bias: Clock, I/0 =, address = ¥9

Parameter Symbol Typ Max Unit Note
Input capacitance (Address) Ci1 — 5 pF 1
Input capacitance (Clocks) Cio — 5 pF 1
Output capacitance (I/O, SI/Q, QSF) Cio — 7 pF 1

Notes: 1. This parameter is sampledand not 100% tested.
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HM5316123B Series

AC Characteristics (Ta = 0 to +70°C, ¥c =5V £ 10%, \kg= 0 V) 1, *16
Test Conditions

— Input rise and fall times: 5ns
— Input pulse levels: ¥gto 3.0 V
— Input timing reference levels: 0.8V, 2.4 V
— Output timing.reference levels: 0.8 V, 2.0 V
— Output load: RAM 1TTL+CL(50PF)
SAM, QSF 1TTL+CL(30PF)
(Including.scope and jig)

Common Parameter

HM5316123B

= -8 -10
Parameter Symbol Min Max. Min Max Min Max Unit Notes
Random read or write cycle time  tgrc 130 — 150 — 180 — ns
RAS precharge time trp 50 — 60 — 70 — ns
RAS pulse width tRAS 70 1000080 10000 100 10000 ns
CAS pulse width tcas 20 — 20 — 25 — ns
Row address setup time tASR 0 — 0o — 0 — ns
Row address hold time tRAH 10 — 10 — 10 — ns
Column address setup time tasc 0o — 0 — 0 — 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  trgy 20 — 20 — 25 — ns
CAS hold time referenced to RAS  tcgy 70 — 80 — | 100 — ns
CAS to RAS precharge time tcrp 10 — 10 — 10 — ns
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HM5316123B Series

Common Parameter (cont)

HM5316123B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Transition time (rise to fall) tr 3 50 3 50 3 50 ns 3
Refresh period tREE — 8 — 8 — 8 ms
DT to RAS setup time toTs 0o — 0O — 0 — ns
DT to RAS hold time toTH 10 — 100 — 10 — ns
DSF1 to RAS setup time trsr 0o . — 0O — 0 — ns
DSF1 to RAS hold time tREH 10 — 10 — 10 — ns
DSF1 to CAS setup time trsc 0o — 0 — 0 — ns
DSF1 to CAS hold time tcen 12 — 15 — 15 — s
Data-in to CAS delay time tpzc 0 = o — 0 — ns 4
Data-in to OE delay time tpzo 0 — 06 — 0 — ns 4
Output buffer turn-off delay torr1 — 15 — .20 — 20 ns 5
referenced to CAS
Output buffer turn-off delay torF2 — 15 — 20 — 20 ns 5

referenced to OE
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HM5316123B Series

Read Cycle (RAM), Page Mode Read Cycle

HM5316123B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS traC — 70 — 8 — 100 ns 6,7
Access time from CAS tcac — 20 — 200 — 25 ns 7,8
Access time from OE toac — 200 — 20 — 25 ns 7
Address access time taAn — 35 — 40 — 45 ns 7,9
Read command setup time trRcs 0o . — 0o — 0 — ns
Read command hold time tRCH 0o — 0o — 0 — ns 10
Read command hold time tRRH 0o — 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| 3B — 40 — 45 — ns
Column address to CAS lead time  tcal 3B — 40 — 45 — ns
Page mode cycle time tpc 45 — 50" — 5 — ns
CAS precharge time tcp 7 = 100 — 10 — ns
Access time from CAS precharge tacp — 40 — 45 — 50 ns
Page mode RAS pulse width tRASP 70 100000 80 100000 100100000 ns
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HM5316123B Series

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

HM5316123B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time twes 0o — 0o — 0o — ns 11
Write command hold time twcH 12 — 15 — 15 — ns
Write command pulse width twp 12 — 5 — 15 — ns
Write command to RAS lead time  tpyi 20 — 20 — 20 — ns
Write command to CAS lead time  toyy 20 — 20 — 20 — ns
Data-in setup time tps 0 — 0o — 0 — ns 12
Data-in hold time tpH 12 — 15 — 15 — ns 12
WE to RAS setup time tws o — 0 — 0 — ns
WE to RAS hold time twH 10~ 10 — 10 — ns
Mask data to RAS setup time tvms o — 0 — 0 — ns
Mask data to RAS hold time tvH 10 — 10 — 10 — ns
OE hold time referenced to WE  topn 15 — 20/ — 20 — ns
Page mode cycle time tpc 45 — 50 — 55 — ns
CAS precharge time tep 7 — 10 — 10 — ns
CAS to data-in delay time tcpp %5 — 20 — 20 — ns 13
Page mode RAS pulse width trasP 70 100000 80 100000 100_100000 ns
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HM5316123B Series

Read-Modify-Write Cycle

HM5316123B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write.cycle time trwe 180 — 200 — 230 — ns
RAS pulse width (read-modify-write cycle) trws 120 10000 130 10000 150 10000 ns
CAS to WE delay time tewp 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 trace — 70 — 80 — 100 ns 6,7
Access time from CAS teAc — 200 — 20 — 25 ns 7,8
Access time from OE toc — 20 — 20 — 25 ns 7
Address access time tan — 35 — 40 — 45 ns 7,9
RAS to column address delay time trap© 15 35 15 40 15 55 ns
Read command setup time trRecs O — 0o — 0o — ns
Write command to RAS lead time trRwe 20 — 20 | — 20 — ns
Write command to CAS lead time tewe 20 — 20 — 20 — ns
Write command pulse width twp 12 — 15 — 15 — ns
Data-in setup time tps 0o — 0o — 0o — ns 12
Data-in hold time tpH 12 — 15 “— 15 — ns 12
OE hold time referenced to WE toey 15 — 20 — 20 — s
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HM5316123B Series

Refresh Cycle

HM5316123B

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

HM5316123B

-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 topp 157 — 20 — 20 — ns 13
CBR Refresh with Register Reset

HM5316123B

-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 to RAS  tggT 70 — 80 — 100 — ns
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HM5316123B Series

Read Transfer Cycle

HM5316123B
-7 -8 -10

Parameter Symbol Min Max Min Max Min Max Unit Notes
DT hold time referenced to RAS trpq 60 10000 65 10000 80 10000 ns

DT hold time referenced to CAS tcp4 20 — 20 — 25 — ns

DT hold time referenced to column address tapy 25 — 30 — 30 — ns

DT precharge time torp 20 — 20 — 30 — ns

DT to RAS delay time toRp 60 — 70 — 80 — ns

SC to RAS setup time tspgs 15— 20 — 30 — ns

1st SC to RAS hold time tsRy 70 — 80 — 100 — ns

1st SC to CAS hold time tscH 25 — 25 — 25 — ns

1st SC to column address hold time  tgay 40 — 45 — 50 — ns

Last SC to DT delay time tstop 5 — .5 — 5 — ns

1st SC to DT hold time tspy 210 — 13 — 15 — ns

DT to QSF delay time toop — 30 .= 3 — 35 ns 15
QSF hold time referenced to DT tbgHn 5 [— 5 ¥— 5 — ns
Serial data-in to 1st SC delay time tszs 0 — 0« — 0o — ns
Serial clock cycle time tscce 25 — 28 — 30 — ns

SC pulse width tsc 5 — 10 — 10 — ns

SC precharge time tscp 10 — 10 — 100 — ns

SC access time tsca — 20 — 23 — 25 ns 15
Serial data-out hold time tsoH 5 — 5 — By — ns
Serial data-in setup time tgis o — 0o — 0o — ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns

RAS to column address delay time tRAD 15 35 15 40 15 55 ns

Column address to RAS lead time tRAL 35 — 40 — 45 — ns
RAS to QSF delay time trRopp — 70 — 75 — 85 ns 15
CAS to QSF delay time tcop — 35 — 35 — 35 ns 15
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HM5316123B Series

Read Transfer Cycle (cont)

HM5316123B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
QSF hold time referenced toRAS tRQH 20 — 20 — 25 — ns
QSF hold time referenced to CAS tcoH 5 — 5 — 5 — ns
Masked Write Transfer Cycle

HM5316123B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
SC setup time referenced to RAS  tgrs 15 — 20 — 30 — ns
RAS to SC delay time tsrD 20— 25 — 25 — ns
Serial output buffer turn-off time ~ tgrz 100 30 10 35 10 50 ns
referenced to RAS
RAS to serial data-in delay time  tgp 30 — 35 — 50 — ns
RAS to QSF delay time tRQD — 7. — 75 — 8 ns 15
CAS to QSF delay time tcop — 35 — B8 =— 35 ns 15
QSF hold time referenced to RAS tRQH 20 — 20 — 25 — ns
QSF hold time referenced to CAS tcoH 5 — 5 " — 5 — ns
Serial clock cycle time tscc 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge time tscp 10 — 100 — 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 tgis 0o — 0o — 0 — ns
Serial data-in hold time tgiH 15 — 15 — 15 — ns
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Split Read Transfer Cycle, Masked Split Write Transfer Cycle

HM5316123B

-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 0 RAS  trgT 70 — 80 — 100 — ns
Split transfer hold time referenced to CAS  tcst 20 — 20 — 25 — ns
Split transfer hold time referenced tasT 35 — 40 — 45 — ns
to column address
SC to QSF delay time tsop — 30 — 30 — 30 ns 15
QSF hold time referenced to SC tsQH 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 — 23 — 25 ns 15
Serial data-out hold time tsoH 5 [— 5 — 5 — ns
Serial data-in setup time tgis 0 — 0 — 0o — ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns

RAS to column address delay time  tgrap 15 35 15 40 15 55 ns

Column address to RAS lead time tRAL 3B — 40— 45 — ns
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HM5316123B Series

Serial Read Cycle, Serial Write Cycle

HM5316123B

-7 -8 -10
Parameter Symbol Min Max Min Max Min Max Unit Notes
Serial clock cycle time tscc 25 — 28 — 30 — ns
SC pulse width tsc 5 — 10 — 10 — ns
SC precharge width tscp 10 — 10 — 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 tsog 5  — 5 — 5 — ns
Serial output buffer turn-off time tgpz — 15 — 20 — 20 ns 5,17
referenced to SE
SE to serial output in low-Z tg 7z 0 — 0o — 0o — ns 5,17
Serial data-in setup time tgis 0o — 0o — 0o — ns
Serial data-in hold time tsiH 15 — 15 — 15 — ns
Serial write enable setup time tsws O /— 0o — 0o — ns
Serial wrtie enable hold time tswH 15 — 1588 15 — ns
Serial write disable setup time tswis 0 — 0 — 0 — ns
Serial write disable hold time tswiH 15 — 15 — 15 — ns
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Notes:

30

1.
2.
3.

12.
13.

14.

15.
16.

17.

18.

19.
20.

AC measurements assume tt = 5 ns.

When tgcp > trep (Max) and tgap > trap (Max), access time is specified by tcac or taa.

Viy (min)-and.V, (max) are reference levels for measuring timing of input signals. Transition
time 'ty is measured between V| and V.

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 (mMin) must be satisfied.

topr1 (Max), togpa (Max), tgyz (Mmax) and tg 7 (min) are defined as the time at which the
output acheives the open circuit condition (Vo — 100 mV, Vo + 100 mV). This parameter is
sampled and not 100%.tested.

Assume that tgcp < trep (Max) and trap < trap (Max). If tgep Or trap IS greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

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

When tgep 2 trep (Max) and tgap < trap (Max), access time is specified by tcac.

When tgep S trep (Max) and tgap > trap (Max), access time is specified by taa.

. If either tgcy Or trry is satisfied, operation is guaranteed.
. When tycs > twcs (min), the cycle<s .an early write cycle, and I/O pins remain in an open

circuit (high impedance) condition:

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

Either tcpp (min) or tgpp (Min) must be satisfied because output buffer must be turned off by
CAS or OE prior to applying data to the.device when output buffer is on.

When tawp = tawp (Min) and toywp = tewp (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. topp
(min) must be satisfied because output buffer must be turned off by OE prior to applying data to
the device.

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

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 the CBRR for internal register reset. This CBRR need not tgTg and trgT.
When tgz and tg) 7 are measured in the same Vcg'and Ta condition and tr and tf of SE are
less than 5 ns, tgyz <tg 7 +5 ns. This parameter is sampled and not 100% tested.

When both WEU and WEL go low at the same time, all16-bits data are written into the device,
WEU and WEL cannot be staggered within the same write cycles.

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

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*21

Read Cycle
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Fast page Mode Read Cycle
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Write Cycle

The write cycle state table as shown below is
applied to early write, delayed write, page mode
write, and read-modify write.

Write Cycle State Table

RAS CAS RAS RAS CAS
DSF1 DSF1 WEU, WEL 1/O /0
MNEU 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 Hor L1 Valid data
BW Block write (no mask) 0 1 1 H or L*2 Column mask™
LMR*4 Load write mask resister 1 0 1 HorlL Write mask data”™3
LCR* Load color resister 1 1 1 HorlL Color data
Notes: 1.
WEU, WEL Mode I/O data/RAS
Either Low New mask mode Mask
Persistent HorlL
mask mode (mask register used)
Both High No mask HorlL

I/O Mask Data (In new mask mode)
Low: Mask
High: Non Mask
In persistent mask mode, I/O don't care
2. Reference Figure 2 Use of Block Write.
3. 1/0O Write Mask Data
Low: Mask
High: Non Mask
4. Column Address: Hor L
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HM5316123B Series

Early Write Cycle
trc
traAS } trp
N~ \
RAS N\ /
tesh \ terp

treD tRsH
__ X tcas
CAS X
(CASU/CASL) |_tAsR || tRAH tAsc toan

N s
acress TOX_ron o XOUOCO0 XX

7
t
tws [ tWH: twes | | twen
WEL XX)JQ ws XX\

-

XN // XRRXXKXXX XXXX

High-Z

|_tps _||IDH_,

XL ws _ KXOOOC0000CO0OOCK

I/0 0to 1/107
(Output) | tus tmH
/IO0tol/O7 @i‘
(Input) wa
tws ‘ ! twH
s
v O w
1/0 8to I/0 15
(Output) tus tvH
/0810 1/0 15 Wa
(Input)
| IoTs || IDTH
DT/OE ]
| IFSR | | tRFH

XXX XXXX

DSF1 XXX‘ W1

trsc H tCFH
:@ﬁzm RRCXXKKX

W1 to W5: See write cycle state table for the logic states.
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HM5316123B Series

Delayed Write Cycle

tre
tras trp
— , \
RAS N / \
tesh . fcrRP |
trep tRsH
_\ \ tcas
CAS t t N\ 1
(CASU, CASL) _ASR || "RAH tasc itean
Address Row :)<X>§: Column ;LP<>< ><><
‘ tws || twh tRwL tow
__ \ t
WEL KXX’ w3 ,KX/ \«L%/X
/100t /O 7 :
(Output) twis (|t toze tps DH
100t /07 KXX 3 {
(Input) w4 7@ b W5
‘ tWS tWH tRWL CwL
— \ 3 t
e OO ws X/ Tt
1/0 81t0 1/0 15 N
(Output) s t torc J tps DH
(Input) W4 7@ h )V/o
¢ ‘ torF2 ¢
oTs || toTH t ; OEH
i : obD -2
oo X/ NOXK/ X
tesr | | tRFH Trsc | |tcen
N\
psr1 0 wi XX w2
W1 to W5: See write cycle state table for the logic states

Preliminary Data Sheet E0160H10 ELPIDA .



HM5316123B Series

Fast page Mode Write Cycle (Early Write)

tre

trASP

trp

tcsH

tpc

trcD tcp

tcas

Address

t
R || IRAH tasc

tcan tasc .,

tcp

———=| - lcas ‘,
tcan  tasc

-

Column

Column

KOO

Column

twH twes) | twen twes | twey twes| | tweH
WEU, WEL / / J
o) ‘ High-Z
(Output) tms | [tvMH . DS |[tpy toH {DH
[ - tDs (== f— tDs [~
110 f 4 p!
tnpuy 00X w&@{ ws $< Aows KOO0 ws J00COOQCOOOCNXX
tDTST o toTH | I H
DT/OE XX/ tRER
tFSR [+ =] tpsc«l =/ tCFH trsc = ~={torH trscp==l [~ tcrH
ose1 0w 0w Y0000 o X

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

Fast page Mode Write Cycle (Delayed Write)

trRC
tRASP | trP
RAS N 7 -
tesh tpc top tRSH t
trc tcp t t CRP
oxs N tcas . ' cAs 777 \ CAS
(CASU, CASL) 'AsR| | tran tasc +ICAH tasc tCAH tasc | tcan ]
-] —] - -
Address ) G Coturnn X OQOOK Coturmn Q00000
. . tcwL ‘ tewL ‘ M»‘ tewl
ws | |twH
omy «|twp -~ twp eny twP
WEU, WEL wa X X/ T T ‘F\_J/
‘ High-Z
110
(Output) tms | |tMH tps| |tpH tos||tpH tDH
/o ‘ YOO % ROUOORROONAX
(Input) XXX 4 $< W5 % >§ $< s
tbrs |, | lolg ‘
1’4 XX X XXX XXX )
DT/OE
§X/ tRFH trsc|| tcFH trsc || teFH tesc | |tcrH w
FSR || || [ o [~
I 4 y
osr1 0w X K v N L RN

W1 to W5: See write cycle state table for the logic states
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HM5316123B Series

Read Modify Write Cycle

trwe
RAS trws trp
N \_
trcD tcrp
CAS L
(CASU, CASL) trRAD N
|JASR || tRAH tasc_||lcAH,
address YUK Row WX _column X \
tawp tRWL
‘ Iws, || Jw tRCS tcwp towL
WEL w3 X toac % twp W
tAA
trAC
'/O(SJ%'JS’ ! {Valid Dout])
|tms || tMH tozc toac tbs || toH
/0 0to /07 VAT :Xﬂ: \
Sy XX e YR  DXCws X0
t tRwL
‘ tws | | twH trCS tewd oDD towl
WEU w3 :§< ‘ t(t:Ac a&( twp m
AA
‘ tRac
/0 8to1/0O 15 - X\
(Output) (Valid Dout)) t
| tms || tMH tpze toac tps || toH
/0 8to1/O 15 —
s, DX _wa_ XD O ws XY
tbzo
itDTs tbTH *’} tobd toEH
DT/OE &X f OO\ / X
_trsr | |_tRFH trsc HtcpH

DSF1 XX‘ Wi ‘§<X>§‘ W2

W1 to W5: See write cycle state table for the logic states
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HM5316123B Series

RAS-Only Refresh Cycle

tras

Pzl

RAS

|
A

oas X0

LASR || traH
O ]

N

torF1
110 N
(Output) £
tcop
|
110 LOFF2 [wm
(Input) (G

1
t t
DTS DTH ‘

%WXWXWXWXWXWXWXW

tesr || TRFH
<RFH,

WE: HorL

CAS-Before-RAS refresh Cycle

SC:HorlL

trc
{RP trRAS . trRP _

RAS tRPC T —t

tcp tcsr tCHR tRPCM CSR
CAS X /XX inhibit Falling Transiton XX\
Address

‘ | tws |_twH
weu, e QOO0 ROOOUICIOUOUUIUNN
Vo SRR RIIZRTRKAIN
(Output) SRR
DT/OE
DSF1

Preliminary Data Sheet E0160H10 ELPIDA
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HM5316123B Series

Hidden Refresh Cycle

trc trc
trAs trp tRas |._tRP
—\ Yy \ R
RAS N / X \—
trcD tRsH tcHRr ferr |
CAS tRAD tRALi‘ d
tasr tRAH tascl | tcan
Address >Q<><>J; Row%i Column jF< ><><>< ><><>< ><
‘ ‘ | IRrCs tRRHL»\ (WS el |+ WH | ‘
WEU, WEL W tcac | N\><><><>OO<>< ><
::’:C toFF1,
/0 i —
(Output) tbzc j%g e toFF2
I(ingt) ><><><>< ><$ tbzo
tpTs tDTH
4 N X X X X X
DT/OE >_< X X / 3 /
trsr || TRFH trsc H tCT:H LtFsR tRFH, |
oser QOQ\ LR LIS NOUXX XXX

Preliminary Data Sheet E0160H10 ELPIDA
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HM5316123B Series

CAS-Before-RAS Set Cycle (CBRS)

trc
trRp trAs | trRp
RAS / \ Jf -
trPC tcsr tcHrR ‘<tci>
CAS \ / X)X xInhibit falling transition (\\)(\( f
tAsr|| tRAH
oy XXX _stop address_X)OXOCOQOQOOUOCOUOOOOCOCOOOOCOCOUNN
tws|| twH
WEU, WEL QX ‘ / XROUOOOOOOCOOOOOOOUXXX
High-Z
110
(Output)
o LERARRAN
(Input)

]
DTioE XA UOOQQG N OOOONAKKXXXOOONKKAKXXNOON

trsr \<—>\ \<—>\ tRFH

DsFL JOOOUUCKOOO000! NCOOOQQOKKIKXXOOOOQOUKKIHNOOOON

A0, Al, A7 : Don't care
SC: Dont care

CAS-BeforeRAS Reset Cycle (CBRR)

trc
trp trAs | trp
RAS f \ / N
trpc | tcsr tcHR | tcrp
CAS H J/><><><>< Inhibit falling transition ")\
Address  JO0000COUNX XRROCOQRKOOOOUNNX
tws| | twH
WEU, WEL JO00000000000/ AV XK
/0 High-Z
(Output)
1/0
(Input) H
DT/OE
tFsr tRFH
psF1 QOQUOOQQUUON £ KKK XQUONKX
 tsts trsT ‘

sC M”_/Bjj\ / Bj-1\ / Bi*1\

Note: 1. Bi, Bj initiate the boundary addresses.
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HM5316123B Series

Flash Write Cycle

trRc -
trAS trp
RAS /
tcrp trcD
CAS / \
S tAsr tRAH \
Address :C Row % X
‘ tws twH
WEU, WEL XXX XX £ XXRORRXXIXXOXOHXX
tepp
o toFF1 E High-Z
(Output) gy
topbp Ims tMH_ |
o (D a0 KRR
tpTs tpTH |
DT/OE f tFsr tREH
‘4——
DSF1 DO AKQXOOOXOKOOXUXXXHXX
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HM5316123B Series

Register Read Cycle (Mask data, Color data)

tre
trAS trp
RAS N\ / N
t sy | tcrp
trcD . tRsH
CAS \ CAS
tasrl| trRAH
Address QOO Row __ X)O0000COOO0Q0QOCOGOOQOQOCOGROOOOOCCUX
tws|| twH  trcs \ktRRHat
| | | RCH
weu, wer Q000 fnc fo)
traC torF1
'(/gutput) { Valid Out )
tpzc toac toFr2 toon
/0
(|nput) >< >< ><><;E tDZO XXXXXXE
tors t
|~ [~—DTH—
DT/OE MtFSR tren thc\W \t QOUOOOQCNX
| {tcrH
DsF1 QOO K- XOOOCOCOOOOOOXOOOOUAKIARNX
Note: 1. State of DSF1 at falling edge of CAS
State 0 1
Accessed | Mask data | Color data
data (LMR) (LCR)
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HM5316123B Series

Read Transfer Cycle-1

DSF1

SI/O
(Output)

SI/o
(Input)

QSF

trRC
tRAS trp
—
X / |
tcsH tcrp
trRcD tRSH ‘
;\ tcas }
N
trAD trRAL
tASR | | trAH tascl| | tcaH
m Row 7§<X>S Address
tws | twH
|
X )
High-Z
tcon tbRD
tpTs tADH tpTP
tRDH ‘
/ TR
_tFsR || tRFH
XN 7
tscc tscc tscc tscc |
| tsbp tSDH_| : tSCJR tscp | \
tsca tsca “———/ | _tsca tsca k- -
| tsoH
tsoH tsoH tsoH tsoH -]
- 3 — - 3 — -
Valid Sout ] TValld Sout Valid Sout ‘Valld Sout Valid Sout
Previous Row —— ~— New Row
High-Z
tpobp
{DQHI e

SAM Address MSB

Preliminary Data Sheet E0160H10 ELPIDA
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HM5316123B Series

Read Transfer Cycle-2

trRc
trRAS trp
RA \ 8
tcsH tcrpP
trRcD tRSH
=AE h tcas
CAS \; j‘
tRAD tRAL
tasr_| | tRAH tasc || tcaH
address OO0 Row XX Sa Sa 30000000000000RGOCO00000GK
ow 7 __Address
tws twH
‘4—— 4—»‘
weu, wer Q000 NOXXXX
10 High-Z
t
(Output) tors || to ‘ - DRD
N 7
otioE OO0\ / / ROOOUOOOUOOUK
trsr | |IRFH
psr1 OO0\ ;
{SRs
o tspH
tsc .
scp
sc g ; Inhibit Rising Transition )\~ =/
tscH
tSRH
SI/0 T :
©utpuy S5, L3 tszs
(Input) er Sin_4 ‘ A
t
trRQD | cQp
tcQH
tROH
tDQH |~
N\ oA
QSF SAM Address MSB KX

a4 Preliminary Data Sheet E0160H10 ELPIDA




HM5316123B Series

Masked Write Transfer Cycle

tre
trAs trp
R -\ —
RAS ‘ / ¢ _—
tcsH CRP
trcD toas tRsH
—_ \
CAS s /
tasr|| tRAH  tasc||tcan
adress  YTON_Row YO e
tws| | twH
WEU, WEL J000C\ /X XXX XXX
/0 High-Z
(Output) tprs|| tbTH
DTioE OO0\ LRRXX XOQOUOXAXX
trsr|| tRFH
psF1 )OO0\ { XRXXRXIRXX OO URCXXIOHKIXNN
tsrs ‘tSRD tscc
tsc tscp tsci tscp
sc N Inhibit Rising Transition )OO0\ 1\ /
tsip 7~
-t -
SI/0 {scy ohe i
(Output) Vahd‘ @ valid ) tsis||tsn tsis||tsH
sI/o tsoh High-Z >{_> = ———
(Input) N th|}> <><>O<>Q<><><><><><>< >< Valid Sln)KXX:X Valid S|n1><
tROD tcoH
tRQH
QSF SAM Address MSB XX
tms ‘ ‘ tMH
/0 —
tnpuyy QOO0 o wask b YOCOOOCOOOOOOOORRACOOOCOOCNXX
Note: 1. I/O mask data (In new mask mode)
Low: Mask
High: Non mask
1/0: Don't care in persistent mask mode.
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HM5316123B Series

Split Read Transfer Cycle

Address

110
(Output)

DSF1

SC

SI/O
(Output)

SI/0
(Input)

QSF

tRC
tRAS | tRP
q *—\
N 7 tcsH
tCrRP tRCD | tRSH teRP
. N tcas }
/ tRAD S
tASR|| tRAH {RAL
-~ tasc tCAH‘
SAM Start "3
XOOUQQOOCN_row X)X RS XX XXOOAN
tws | |twH
e [~
wer wer (00000000
tOFF1
.|
High-Z
(XX EILIILRS
SRRHIKLERKKE,
tDTS |{tDTH

tFSR

tRFH

tsTs

XOOOOXKXX

test

tAST

tRST

-~
EANAT \4

/Bj-1\

/| Bj Yi
tsca
tSOH tSOH, ((
; ‘ Y Valid Valid Valid 7] Valid Valid >@<
: Vali i i
Valid Sout }@ Sout Sout Sout Sout
High-Z

tsQD
ISQH, |

tsQD

SAM Address MSB

SQH

&

Notes: 1. Ym is the SAM start address in before SRT.
2. Bi, Bj initiate the boundary address.
3.A7:HorL

SAM start address can't set on the boundary address.
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HM5316123B Series

Masked Split Write Transfer Cycle

trRc
trAS | trRp

tcsH n
trcD RSH

X tcas
o5 R /

tasr||traH  tasc||tcaH

ot | fe—e |

Address ><><><><><><><><><>§ Row XXX Ridress vi AX><><><><><><><><><><><><><><><><>< ><

tws||twH
WEU, WEL WW\L XOOOCCOCOOOOUOCCOOOOOUAXX
toFr1
/0 | High-Z
(Output) f
tors{(toTH

stoE ORIl YA XXX KRR XA

tEsr| | tRFH

DSF1 QUOOCQOONS Vi X X

test
tasT
trsT
tscc
tsTs tsc tscp
sc _ e\ Avma\ L ymi\ AvmeA o/ Bj2 Bj-1\__/ Bj2\__/ i
SI/O
(Output)
tsiH tsis||tsiH tsis|| tsi
SI/O - s - : : -
o O EDOCEOLDOCEIO 0T
tsop
tsoH
QSF SAM Address MSB XX

tms || tmH
110

(Input) 4@ 1/0 Mask Daté?’ ><>< ><><><><><><><><><><

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

2. Bi, Bj initiate the boundary address.

3. 1/0 Mask data (In new mask mode)
Low: Mask
High: Non mask
I/O: Don't care in persistent mask mode.

4. A7:HorlL
SAM start address can't set on the boundary address.
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HMS5316123B

Series

Serial Read Cycle

SE
tscc
||| tsc | tscp
SC /
tsoH &L
SIio ; A}@g : / : Valid
(Output) Valid Sout ] Valid Sout LN valid Sout | valic
Sereal Write Cycle
tswH | tswis, | fswiH tsws
|
SE J/ XX/ ool
tscc tscc tscc .
tsc . tscp tsc ., tscp tsc tscp tsc |
c O A U
Isis_|| tsiH , Isis fItsiH tsis | |tsiH
SI/O e ) o a 3
510, Y vt s YSOOC0UOC00CGX s 30 v s YSOO000000
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HM5316123B Series

Package Dimensions

HM5316123BF Series (FP-64DS) Unit: mm

26.2
27.0 Max
64

33
8 O M N e MR MM A

11.60

O

[oooonoorgoooooooooooooooooooonn
1 32

ﬁ 1.10 Max

L
Mi«m

3.0 Max

0-10°

0.1
m

0.05 Min
0.20 Max
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HM5316123B Series

Cautions

1.

oo

Elpida Memory, Inc. neither warrants nor grants licenses of any rights of Elpida Memory, Inc.’s
third party’s patent, copyright, trademark, or other intellectual property rights for information
contained in this document. Elpida Memory, Inc. bears no responsibility for problems that may
with third party’s rights, including intellectual property rights, in connection with use of the
information.contained in this document.

or any

arise

Products and product specifications may be subject to change without notice. Confirm that you have

received the latest product standards or specifications before final design, purchase or use.

Elpida Memory, Inc:'makes every attempt to ensure that its products are of high quality and re
However, contact Elpida Memory, Inc. before using the product in an application that demands
especially high quality and reliability or where its failure or malfunction may directly threaten ht
life or cause risk of badily injury, such as aerospace, aeronautics, nuclear power, combustion ¢
transportation, traffic, safety equipment or medical equipment for life support.
Design your application so that the product.is used within the ranges guaranteed by Elpida Me
Inc. particularly for maximum rating,-operating supply voltage range, heat radiation characteris
installation conditions and other-characteristics. Elpida Memory, Inc. bears no responsibility fg
failure or damage when used beyond the guaranteed ranges. Even within the guaranteed ran
consider normally foreseeable failure rates-or failure modes in semiconductor devices and em

systemic measures such as fail-safes, so that the equipment incorporating Elpida Memory, Inc.

product does not cause bodily injury, fire or other consequential damage due to operation of th
Elpida Memory, Inc. product.

This product is not designed to be radiation resistant.

No one is permitted to reproduce or duplicate, in"any form, the whole or part of this document
written approval from Elpida Memory, Inc..

Contact Elpida Memory, Inc. for any questions regarding this document or Elpida Memory, Inc

semiconductor products.
© Elpida Memory, Inc. 2001
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