Technical Information

OKI Semiconductor
MSM541 6256/MSM54V1 6256

{Standard-version)
262,144 Words x 16 Bits GRAPHICS BURST ACCESS MEMORY

GENERAL DESCRIPTION

The MSM5416256 is a high speed 256KX16 configuration burst access memory for high performance
graphics applications. In addition to the burst mode, the MSM54(V)16256 has conventional DRAM
mode which is selectable by a timing setting when RAS falls. The MSM5416256 has conventional two
CAS type 256KX16 DRAM compatible pinout .

FEATURES

Selectable function mode; Burst mode and DRAM mode

Hyper page mode

Byte wide control: 2 CAS control

Write-per-bit ( not persistent write-per-bit )

262,144 words by 16 bits organization

Pin compatible with 2 CAS type 256KX16 DRAM

Single +5V Supply, +10% tolerance (Standard- version)

Single +3.3V Supply, +10% tolerance (V- version)

Qutput : CMOS compatible, Non-TTL, 50pF load

» CASbefore RAS, Hidden, RAS only refresh capability (Standard- version)
CAS before RAS self-refresh (V- version)

» Refresh: 512 cycles/8ms (Standard- version)
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FAMILY ORGANIZATION (TARGET SPEC)

Access Time (Max.) Cycle Time (Min.)
Family — Power Dissipation
trRaC “taa  tBac | trc  tupc tsPC
MSM5416256-10 | 45ns |*20ns | 10ns | 90ns | 22ns | 10ms 1000mW
MSM5416256-12 | 47ns 22ns 12ns 100ns | 24ns 12ns 900mW
MSM5416256-15 | 50ns 25ns 15ns | 110ns | 27ns | 15ns 800mwW
MSMS5416256-20 60ns 30ns 20ns 120ns 32ns 20ns 700mwW

PIN CONFIGURATION (TOP VIEW)

D‘S(C)E 1 40 ; Pin Names Function
2 39 L
pQ1l]3 38 [ A0-A8 Address Input
gggE ; iz = RAS Row_Address Strobe
veells 15 : LCAS UCAS | Column Address Strobe
DQ4E 7 34 [ DQO-15 Data-Input/ Data-Output
DQ5 || —=
DSGE g gg _:_ WE Write Enable
DSZE itl) g; = BE/ OE Burst Enable/ Qutput Enable
NCO 12 29 [ vee (j’wé'&a?rveésﬁ?aplvusw
RHAESE 13 23 L vCC “Power Supply (+3.3V)
Ncll s 26 ] VSS Ground (0V)
AOE 16 25 L] NC No Connection
A1 17 24 [
A2l 18 23 [
A3l ] 19 2]
veel] 20 21 [
40Pin 400mil SOJ 40Pin 475mil ZIP
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FUNCTION BLOCK DIAGRAM

BE/OE o— 1 VyTE
—_— Timing
RAS Generater
_ b > 0
LCAS® Controller
ucase Vo
= »|Controller ré) Outputl—
Address | Butter
Counter ——%
| L Input
Column Bufferd
9 | Address 9> Column Decoders 3
Buffer I
y " 70
Internal Sence amplifier <1:6 Q}E
A0~ABE Address —] o NOTeh ’ ;>3ﬁ'°°‘°f
Counter ontrol Cloc 1 I_
How Row N 5] Input
g_| Address §> Deco- Word Memory [ |Buffers
Buffer | ders Drivers cells —+4
‘ —H §> Output
o Buffers|
Ve © >
On Chip
Ves Generater
Vss © >
FUNCTION TABLE
Input Pin DQPin .
— — Functinal Mode
RAS LCAS UCAS UWE BE/OE |DQO~DQ7 |DQ8~DQ15
H . . . . High-Z High-Z Standby
L H H * . High-Z High-Z Refresh
L L H H L Dout High-Z  |Lower Byte Read
L H L H L High-Z Dout Upper Byte Read
L L L H L Dout Dour Word Read
L L H L H DiN Dont Care |Lower Byte Write
L H L L H Don't Care Din Upper Byte Write
L L L L H Din Din Word Write
L L L H H High-Z High-Z —
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Rating Symbol Conditions Value Unit
Voltage on any pin relative 10 Vss vt Ta=25C -1.0~47.0 v
Short circuit output current los Ta=25C 50 mA
Power dissipation Po Ta=25C 1 w
Operrating temperrature Topr - 0~+70 ‘c
Storage temperature Tstg - -55~+150 ‘C
Recommended Operating Conditions
Parameter | Symbol Conditions Min. | Typ. | Max. Unit
Supply voltage Vee — 4.5 50 | 55 \
Vss - 0 0 0 Y
Input high voltage Vi - 2.4 - 6.5 Vv
Input low voltage ViL - 1.0 | - 0.8 \Y
Capacitance
Parameter Symbol Conditions | Typ. | Max.| ynit
Input capacitance (A0~A8) Cing - - 7 pf
Input capacitance (RAS,CAS,LWE,UWE,OE) Cine - — 7 pt
Input capacitance (DQO~DQ15) Cwo - - 10 pf
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DC CHARACTERISTICS
(Vec=5V+10% , Ta=0 to 70°C)

MSM5416256MSM5416256|MSM5416256] MSM5416256
Parameter Symbol| Condition 10 12 19 20 lunit| Note
Min. | Max. | Min. { Max.| Min. | Max. | Min. | Max.
Output High Voltage VoH lon= - 1.0mA 24 | V| 24| Vee| 24 | Vee| 24| Vee | V
Output Low Voltage Vou lo.= 2.0mA 0 04] 0]|04]) 0 |04 0 |o4 |V
oVEVIS6.5Y;
Input Leakage Current Iu Allotherpinsnot § -10 | 10 | -10 | 10 | -10 | 10 | -10] 10 | A
under test=0V
DQi Disable
Output Leakage Current - - - -
p ge Cu Lo OVSVo<5.5V 10 { 10 10 { 10 10| 10 10 | 10 KA
Average Power RAS,CAS Cycling
Supply Current lect trc=Min — |200] — |200) — (180 ]| — {180 |MmA ] 1.2
(Operating) o
RASCAS=VH | — | 3 -] 3]—-13 -] 3
Power Supply | A 1
Current (Standby) cr |BASTAS= | _ |l _ |- (T
Vecec — 0.2V %
Average Power RAS=Cycling
Supply Current . lccs CAS=Viu — 200} — |200] — |180| — | 180 |[MA | 1,2
(RAS only Refresh) tre=Min.
Power Supply RAS=Vix _ _ _ _ mAl 1
Curment (Standby) lecs | CAS=VuL 5 > S 5
Dout=Enable
Average Power
Supply Current loce AS=Cycling - - S - mA | 12
(CAS Before RAS TAS Bofor BAS 200 200 80 180 ,
Refresh)
Average Power RAS=ViL
Supply Current lce7 | CAS Cycling - | 170} — [ 170 — | 150 — | 150 |mA| 13
(Fast Page Mode) trc=Min.
Average Power Supply —
Current (CAS Befor RAY| lccs | HASS0.2V - |500] — |s00(~ |s00| = |500]|.Al| 1
Selt-Refresh) AS=0.2v

Notes: 1. Specified valuues are obtained with output open.
2. Address can be changed once or less while RAS=Vi.
3. Address can be changed once or less while CAS=V.
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AC CHARACTERISTICS (1/2)

(Vee =5V + 10%, Ta = 0~70C)

MSM5416256|MSM5416256[MSM5416256MSM5416256
Parameter Symbol =10 =12 -15 -20 Unit|Note
MIN | MAX] MIN | MAX | MIN [ MAX | MIN | MAX

Random read or write cycle time {Re 90 — 100 | — 110 — | 1201 — |ns
Read/Write cycle time tRMW 140 - 140 | — 150 — 160 | — |ns
Hyper page mode cycle time tHpc 22 — 24 - 27 — 32 — J|ns
Fast page mode read/write cycle time | trawc 71 - 73 - 75 — 80 — |ns
Access time from RAS tRac - | 45| — | 47| — | 50| — | 60 |nms
Access time from CAS tcac -1 13 —| 14| = 15| — | 15 |ns
Access time from column address taa - 20 - 22 - 25 - 30 |ns
Access time from OE toEA -] 13} =] 14 =] 5] =] 15 |ns
Access time from CAS precharge tcpa - | 271{ —| 28| —| 30| — | 34 |ns
Output low impedance time from CAS | tciz 0| - o | — o] - 0| — |ns
Data hold after CAS low tcon 5 —| s — | 5 - | s — |ns
Output buffer turn-off delay time torr 0 10 0 10 0 10 0 10 | ns
S:;;’ t?'i;a output buffer turn-of ez | of 10| o 10| o] 10] o] 10 {ns
Transition time tr 1 50 1 50 1 50 1 50 |ns
Refresh preiod tREF - 8 - 8 - 8 - 8 |ms
RAS precharge time trp 5] =1 4| — | 5| — |5} — Ins
RAS pulse width tRas 45 | 10,0000 50 | 10,0000 50 | 10,000 60 [10,000] ns
RAS pulse width (Fast page mode) {rasP 45 [100,0000 50 [100,000f 50 {100,000 60 [100,000] ns
RAS hold time tRsH 13 — ] 13| — ] 14] = | 15] - |ns
RAS hold time reference to OF tROH 0] —| 10| =] 10 —]10] — |ns
CAS precharge time tcp 10 — | 10| =11 =] 10] - [ns
CAS pulse width tcas 13 | 10,000y 14 | 10,000f 15 | 10,000f 15 {10,000| ns
CAS pulse width (BURST READ) tcas 30 | 10,0000 30 |10,000f 30 | 10,000 30 |10,000
CAS hold time tcsH 45| — | 48] — | 50| — | 60| — |ns
CAS 1o AAS precharge time tcrp 5 - 5 — 5 - 5 — |ns
RAS to CAS delay time tRco 17] 31| 17| 31| 18| 36 | 20 { 45 |ns
RAS to column address delay time traD 12] 21} 12| 21 { 13| 24 | 15| 30 |ns
Row address set-up time tasr 0 - 0 - 0 - 0 — |ns
Row address hold time tRAH 7 - 7 - 8 — 10 — |ns
Column address set-up time tasc 0 - 0 - 0 - 0 — |ns
Column address hold time tcan 12 - 12 — 13 — 15 — |Ins
Column address hold time from RAS | tar 3sf —| 5] — | 40] — | 50| — |ns
Column address to RAS lead time tRAL 24 - 24 - 26 — 30 — |ns
Read command set-up time trcs 0 — 0 - 0 - 0 — |ns
Read command hold time tRcH 0 — 0 — 0 — 0 - | ns
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AC CHARACTERISTICS (22)
(Vec =5V £ 10%, Ta = 0~70C)

[MSM5416256MSM5416256]MSM5416256]MSM5416256
Parameter Symbol =10 212 =15 -20 Unit|Note
MIN | MAX [ MIN | MAX | MIN | MAX | MIN | MAX

Write command set-up time twes 0 - 0 - 0 — 0 - ns
Write command hold time twcH 10 - 11 - 12 - 15 - ns
Write command pulse width twe 8 - 8 - 10 - 10 — ns
Write command hold time from RAS' twen | 36 [ — [ 35 | — | 40| — | 50| — |ns
OE command hold time toew | 12 | = |12 -] 13 -]15] —]ns
Write command to CAS lead time tow | 13| — | 14| = | 14] —]15]— |ns
Write command to RAS lead time tawe | 13 | — | 14 | — 14 — |15 | — |ns
Data to CAS delay time tozc | 0O -l o | - 0 -1 0] —|ns
Data to BE/OE delay time tbzo 0 - 0 - 0 - 0 - ns
Data-in set-up time tos 0 - 0 - 0 - 0 - ns
Data-in hold time toH 9 - 9 - 10 - 10 - ns
Data-in hold time referenced to RAS ton | 35 | — | 35 | — | 40 — [s0 ]| — |ns
OE to Data-in delay time toeo | 12 | — | 12| - 1 13 —|15] — |ns
Write-per-bit mask data hoid time tMH 10 - 10 - 10 - 10 - ns
Write-per-bit mask data set-up time tms 0 - 0 - 0 — 0 - ns
Write-per-bit set-up time twsR 0 - 0 - 0 - 0 — ns
Write-per-bit hold time tRWH 10 - 10 - 10 - 10 - ns
CAS to WE delay time tew | 35 | — | 35 | = | 38| ~ ]3] — |ns
Column address to WE delay time tawo | 48 | — | 50 | — | 52 ] — | 56 { — | ns
RAS to WE delay time trwo | 70 | — | 73| — | 75| — | 80 | — | ns
CAS active delay time we | ol =1ol=-|ol-lol=/r
from RAS precharge 7
RAS to CAS set-up time
(m before %)p tosh 5 - 5 - 5 - 5 - ns

to CAS hold tim
?CA_A% be(?ori ﬁc;\_s; ® twn | 10 [ = f10 = | 10| =-]10] = |ns
RAS puise width

(%7\'5 befor RAS self-refresh) tRass 1 100 R 100 B 100 | = ns
RAS precharge time

(%_Ag begfor RAS self-refresh) tRPs | 100 | = 1100 | = 100} = p100} = ns
CAS hold time

(CAS befor RAS self-refresh) tors 1 -50 i R B 50 | - ns
Burst access time from CAS teac — V1wl =112 — |l 15 — ] 20 [ ns
CAS puise width (Burst mode) tecas | 4 — 5 - 6 — 8 — | ns
CAS precharge time (Burst mode) tece 4 | = 5 | — 6 - 8 | — | ns
Output buffer turn-off delay (Burst mode) | tsorr 0 10 0 10 0 10 0 10 ns
BE/GE high set-up time tBES o | - 0o | — o | - 0§ — |ns
BE/OE high hold time teen | 10| — |10 — ] 10] =10 = |ns
Burst mode cycle time terc 10 - 12 — 15 — 20 - ns
Data set-up time (Burst mode) teos 0 - 0 - 0 - 0 - ns
Data hold time (Burst mode) tBDH 5 - 6 — 7 - 8 — | ns
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Notes: 1. Aninitial psuse of 200 us is required after power-up followed by any 8 RAS
cycles (Example; RAS only refresh) before proper device operation is achieved.

2. Same Vcc-voltage level must be applied to all V cc-pins. And same Vss-voltage
level must be applied to all V ss-pins too.

3. The AC chracteristics assume at tr=2ns.
4. Transition times (1r) are measured between Vi and Vit.
5. Measured with a load circuit equivalent to 1 TTL loads and 50pF.

6. Operation within the trco(max.) limit insures that trac(max.) can be met.
treo(max.) is specified as a reference point only; if trao is greater then the
specified treo(max.) limit, then access time is controlled exclusively by tcac.

7. Operation within the taao(max.) limit insures that trac(max.) can be met.
tran(max.) is specified as a reference point only; it frao is greater then the
specified trao(max.) limit, then access time is controlled exclusively by taa.

8. torr(max.) and toez(max.) define the time at which the output achieves the
open circuit condition and is not referenced to output voltage levels.

9. Either trrs and tren must be satisfied for a read cycle.

- 10. twes,tewn,trwo and tawo are not restrictive operating parameters.
They are inciuded in the data sheet as electrical characteristics only;
if twes=twos(min.), the cycle is an early write cycle and tee data out
will remain open circit (high impedance) throughout the entire cycle;
if tewo=tewo(min.) , trwo=trwo(min.) and tawo= tawo(min.),
the cycle is read/write cycle and data out will contains is satisfied, the
condition of the data out (at access time) is indeterminate.

11. These parameters are refereced to CAS leadding edge in an early write
cycle and to WE leading edge in a OE control write cycle or a read-modify
cycle.

12. tasc, toum, tres, tron, twes, tos, ton, tesr and trec are determined by the
earlier falling edge of UCAS or LCAS.

13. {cre, tovr and teea determined by the later rising edge of UCAS or LCAS.

14. feww should be satisfied by both UCAS and LCAS.

15. teen, tor and teer are determined by the time that both UCAS and LCAS
are high.
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READ CYCLE (RAS output control )

RAS

UCAS
LCAS

A0-8

BE/OE

DQO-7

DQ8-15

1RC
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: RAS . IRP
K )i \
ICSH
ool ]
Wi N J:
AR N
. (RAD . "1 RAL
tASR| IRAH 'a;ic' (CAH
A row ( foLumN :’W//////AW///////////////////A
iRCS IRCH
V22270 con ®RRH K
L > N
BEs|| (BEH (OEA 9_E>|Z
]&/ﬁf%% /
tCAC
LAA 1OFF
HZ < vaLD DATA:L
(RAC —T
< IOFF
HZ —{ vALID DATA %
N1

:"H" or "L"
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READ CYCLE (CAS output control )

RAS

-

UCAS
LCAS

A0-A8

WE

BE/OE

DQO-7

DQg-15

IRC

;__ _IRAS dl WRP .
\L \
" {CSH R
lﬁi‘; (RCD :gi;’ >
—/r 1AR \ bi
RAD " RAL
sk |l Asdl can .
ROW XN _COLUMN X7
(RCS (RRH.
V227 K222
s . (ROH
1BES| [ (BEH 1OEA 0
< ICAC >
tOFF
tAA >
u {_ vAUDDATA | p—
IRAC
ak 4 VALID DATA —

0029640 T&S WE

4 :"H" or "L"



EARLY WRITE CYCLE - LCAS and UCAS active -

iRP

i

< _ .. IRC

IRAS
RAS '\

N
ICSH

ICRP|| " pep < :gSA*S*
LCAS ' Ml \ /

/ /
UCAS AR K S

tRAD IRAL N

Y
UYIA

= {ASR ‘IR AH

Gl «can

<

A8 X row foLumn

WSRI| RwH [ IRWL N
—_ | [ owe
wE X < > Z

tWCR IWCS

(BES|| (BEH {WCH

oot P °
Pl lDHRS >
1D
M| MH L on

~w

DQO-7 @( *%Auu
1

M e~

(DH

DQ8-15 @(_*2 v

=

D
W Nt

*]

High

Low

*9

&

High Low High Low

Write No

n-masked Non-masked [Non-masked | Masked
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LATE WRITE CYCLE -LCAS and UCAS active -

IRC

[ IRAS IRP %,
RAS _\; 'Jﬁ‘ 7:\ _
— Rl pep - L >
= > e T ICAS
o \E ¥
(ASR %,%D_lefs_cﬁ l: A >
A0S ROW OLUMN 7
ICWL
IWSR}{ IRWH IRCS IRWL .
tBES |[(BEH N (t_Q)E*;
st LY )
{MS | tMH DS|| (DH
s K X
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*] High Low
*2 High Low High Low
Write Non-masked INon-masked [Non-masked | Masked

:"H" or "L"
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READ MODIFY WRITE CYCLE

BE/OE

DQO-7

DQ8-15

B L724240 00L9643 797 H

N

LCRP
>

[P R
-

N

IRMW

—

- LCAS and UCAS active -

IRAS

ICSH

<

IRSH

IRCD

. LCAS

A

¥

tASR

Y
tAR

Y

IRAL

3

\RAD

ICAH

ol o M)

IWSR

—

LAWD

LCWL

A 4

tRWH tRCS
‘ [

RWL

*1

{BES|{ (BEH

IRWD

1DZO

(lQ)FIH

S

%/J

iMS || IMH

High

Low

High

Low

High Low

Write

Non-masked

Non-masked

Non-masked | Masked

. nHu or ||Ln

|~




B L?72u2u40

FAST PAGE MODE READ CYCLE

< (RASP S
1AR R P
— — ‘o
RAS N A N
tCRP IPC > tRSH {CRP)
- Rep | cas| JUCPTL icas Elgl < 1cas
UCAS jFi P N T
iCAS RAD y A / h A
< (CSH || RAL
MI(S’R’ (RAH AST | (CcAH tASQ | (CAH tASCl | (cAH”
A0-8 Roﬂ@q COLUMN COLUMN - COLUMN )m
“cormn W coomn WX
RCS  RcH JIRSS ooy ||IRCS (RCH
Tt 4 i) >
WE tAA tAA tAA "‘R_R%
M i [

1BES ||:BEH 1OEA 10EA {OEA

= pf | ) | i | | i

tCAC IOFF iCAC ILOFF tCAC |tOFF

> <
RAC lgzz tOEZ [0Ez
DQO-7 HZ VALID N_ }b< VALID > VALD >
DATA ¥ E DATA DATA
tCLZ IClZ tCLZ
19"
. HZ VALID VALID VALID
DQ8-15 DATA >—<?< DATA DATA >—'
% . nHu or nLn

001944 &23 1N
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FAST PAGE MODE READ MODIFY WRITE CYCLE

tRC

PR tRASP . }é
i
S Al

RAS N
ICRP (€
tRCD ~
—— le———=3 1CAS 3
LCAS \
UCAS (AR |
<_IRA
AO-8 @1’:;0‘;{@( COLUMN
(C
tWSR [l {RwWH tAWD >
R —\ —\ .
(RS W < IWP WP
tBES ||{BEH IOEA |0EZ (OEA lﬁ)}sz, 10EA Ifez
=20\ W e W1
CALC {CALC
ENC || oH| 155 H| |€> \DH
LAA( (DS AAL 1D <
MS ;M!E < e | fe Rl T s mpte
nl e I )
beo7 X+ } O O e @ (e p e Oy
S o | 149ge | ol g I
1D €| 1AA| D DS
MS(lvH [ 1A Te e | 28 * <
DQ8-15 *7 OLTR 1N P— ourTy oy oLTY IN
*] High Low
1*2 High Low High Low
Write Non-masked Non-masked {Non-masked Masked
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7] - "H" or "L"




FAST PAGE MODE EARLY WRITE CYCLE

~ 1IRC
tRASP RR
—_— T F:)*
RAS N
(CSH N tPC
———  ICRP|[¢ (RSH
(RCD <
LCAS __ > ,\F 1CAS, [ICP 1. 1CAS JI1IC ICAS
UCAS™ i A N /
IAR
‘ﬁ IRAQ e Il RAL
tASRI{RAH 1ASQ (CAH 1ASQ tASq ({CAH

tCAH
AQ-8 ROW COLUMN p COLUMN COLUMN

il cwL 1] owr L tlcwr
tWSR [IRWH iwes| tWCH sl we tWCS| tWCH
o K_)*,‘%[: WP ) Eg (WP fg ‘wr
we P ¢ ¢ 7N
BE/OE
DQO-7
DQ8-15
* High Low
*2 High Low High Low
Write Non-masked Non-masked [Non-masked | Masked
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EXTENDED PAGE MODE READ CYCLE

RC
(RASP NIPLLY
RS Y Y
RAS N A _
drp SH tPC | RSH
— = {RCD 1CAS § ICAS | ¢ ICAS
LCAS X gl —> ‘——‘j
UcAs —/ - A e
1AR N
“RaD > o || RAL
tASR |IRAH {ASQ 1ASC 1AS
t |(LCAH . LF_ (CAH , WS (caH
Y 7 (A
AO-8 @{ ROW COLUMNXZK COLUMNMZN coLuMNK 777777
RCS
C RCH || 2RSS renl]?) JRCH
1
— Y
WE W/ " xRRHo‘}\_
y ’ .
" tOEA
IBES BEl' OE@ tOEZ I,
. & & ~
=5 | V)
ICAC ICAC 1CAC
~ C {OFF
AA “Coa ot <>
DQO-7 Hz <_VALID DATA ALY dVADN'y 4115 paTA *>—-
ICPA LCPAL
IRAC  tAA LLY Y tOFF
< <>
DQ8-15 Hz q_VALID DATA (VAU (VALDL 411D DATA #—

:"H" or "L"
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HIDDEN REFRESH CYCLE

RC
IRAS {RP RAS
RAS N ¥ N /
= lICRF P <« IRCD {RSH {CHR N
LCAS ~\ o
UCAS AR

{ASR

(RAD . _ [[IRAL

IRAH 1ASC] ica

3.
>

—

AO-8 ROW

QB N,

R

(EJ lRE};Ll“

v vy

Nz 2

UHS|] \THH 1OEA 10EZ]
-_— 1 o
BE/OE @f_) }ﬁ%%’% /
“"RAC \WCAC ) (OFF
Hz [«2A ) :
DQO-7 { VALID DATA
" IRAC (ICAC__ | 1OFF
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