OXKI1I semiconductor

MSM514412A/AL

1,048,576-Word x 4-Bit DYNAMIC RAM: STATIC COLUMN/WRITE PER BIT
MODE TYPE

GENERAL DESCRIPTION

The MSM514412A/AL is a new generation dynamic RAM organized as 1,048,576-word x 4-bit.
The technology used to fabricate the MSM514412A/AL is OKI's CMOS silicon gate process
technology. The device operates ata single +5V powersupply. its IO pins are TTL compatible.

FEATURES

e silicon gate, quadruple polysilicon CMOS, o Refresh: 1024 cycles/16ms, 128 ms

, (L-version)

1 transistor memory cell

e TS before RAS refresh, CS before RAS
hidden refresh, RAS-only refresh

s 300/350 mil 26-pin plastic SOJ, 400 mil 20- capability

pin plastic ZIP, 300 mil 26-pin plastic TSOP

e 1,048,576-word x 4-bit organization

) e Multibit test mode capability
e Single +5V powersupply, £ 10% tolerance

. [ H _‘ t . .
e Input: TTL compatible Built-in Vgg generator circuit

s Output: TTL compatible, tristate,

nonlatch
. Access Time Cycle Power Dissipation
Family : -
(Max) Time Operating Standby
trac | taa | teac | toea (Min) (Max) (Max)
MSM514412A/AL-70 70ns|35ns|20ns| 20ns| 130ns 495 mW
MSM5 14412A/AL-80 80 ns| 40 ns| 20 ns| 20ns| 150 ns 440 mW Ssmwi L
MSM514412A/AL-10 100 ns| 50ns| 25ns|[ 25ns| 180ns 385 mwW
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PIN CONFIGURATION (TOP VIEW)

mMSM514412A/AL=

DQ11 R —
DQZ% . % 024 OE [ AR (] R vss Vi b8 1] o1
w15 o pdoes °PLE] 3 [oqs P2E 2 PHoas 0aslY g 3] 022
SRR ECE v B 2 wonie[Z] 2 pdoqz oasfd £ [F]wewe
A EEYELS 58 = [Eoar "= = g R = 7
p9 (5] a9 b3 ot pe[f] & ) o rRasf@] @ b3 o BJ o [9] RAs
RRE s ] B fqee A & BAOE OF B3 B [ s
—_ = * — — —
I EI) 3 [i8 as* :‘2” E $ [@ar a0r@] B [Fas as % > (9} Ao
ArQ B B [dare | E 5> fdasr arrlid 3 [FHarr ar B A1*
a2 & o [ig n6* A;i ‘GS o daar Al O [idact  ae+ [E 7 A2
A3* [l s ase 7, [1: “ lidae a3l ™ [@ast s b T [id Az
Ve 3 EAQ' & kd a8 v 13 daar  as* 4 013 v
26 PIN SOJ 20 PIN ZIP 26 PINTSOP 26 PINTSOP
(K TYPE) (LTYPE)
$i: 300 mil
J @ 350 mil * Refresh Address
Pin Names Function Pin Names Function
AQto A Address Input OE Output Enable
RAS Row Address Strobe WBWE Write Enable
Ts Chip Selectinput Vee Power Supply < +5V>
DQ1to DQ4 | Datain/Data Out Vg Ground <0V>

FUNCTIONAL BLOCK DIAGRAM
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— Timing
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AQ ! r
- [ Internal Refresh o] “"){ OQutput
Address | Control Clock Sense Amps |l Selector L——» Buffers
A9 Counter
DQ1
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I Address fow [ word |~ DQ4
Buffers o Driv- Memory
e Cells
cod- ers Input
- pu
ers Buffers
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Vg
)l On-chip Ves }
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sMSM514412A/ALw

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Notes
Voltage on any pin vT Ta=25°C ~1.0t0+7.0 Y 1
refative to Vgg
Short circuit output \os Ta=25°C 50 mA 1
current
Power dissipation Po Ta=25°C 1 W 1
Operating Topr - 0to +70 °C 1
temperature
Storage temperature Tstg - ~55t0 + 150 °C 1

RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Vee 45 5.0 5.5 v 2
Supply voltage Ves 0 o o v
input high voitage Vin 2.4 - 6.5 \Y 2
Input low voltage Vi -1.0 - 0.8 \ 2

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to the conditions as detailed
in the operational sections of this data sheet. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

2. All voltages are referenced to Vgs.
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DC CHARACTERISTICS

s MSM514412A/ALw

(Vee=5V £ 10%, Ta=0to +70°C)

L MSM MSM MSM
Parameter Sg(r)rll- Conditions P13412AAL-T06188120/AL-805144128AL-10 o | Notes
Min [ Max | Min [ Max | Min | Max

Output high voltage VoHu |lon=-50ma 24 | Vec | 24| Vec | 24 | Ve \
Output low voltage Vour [tor=82mA (¢} 0.4 0 0.4 0 0.4 v

OVS VIS 6.5V;
Input leakage current | Iy |2hotherpins - | _ 40l 10 |-10[ 10 [-10| 10 | nA

test =0V
Output leakage DQ; = disable
current o |ovsvosssv |~ 10| 10 [-10] 10 f-10f 10 | xA
Average power RAS,CS
supply current Iccr | eydling, - 90 - 80 - 70 | mA 1.2
(Operating) tpe = min

RAS = - 2 ~ 2 - 2 A
Power supply current ! %S ‘VV'“ T, — 1 — 1 — 7 gA
(Standby) €2 = Vi .

DQi=Hz |MOS| ~ [ 200 | - | 200 - | 200 | wA [t-version
Average power RAS cycling,
supply current fcca | CS=Vi4 ~ 90 - 80 - 70 mA 1,2
(RAS-only refresh) tpe = Min

RAS=V
Power supply current ) RAS = Vi

ccs | CS =V - 5 - 5 - 5 mA 1

(Standby) DQ; =enable
Averlage power —
supply current RAS cycling, N _ _
(CE'before RAS lccs | & petorerAS %0 80 70 | mA L
refresh)
Average power RAS=V,,
supply current lccg | €S cycling - 80 - 70 - 60 | mA 1
(Static Column mode) tpc = min
Battery backup tae =125 us
current . lcc10 | TS before RAS - 1300) - |300| - 300 | wA 1,3
(Only L-version) RAS cycling

Notes: 1. Icc depends on output loading and cycle rates. Specified values are obtained with
t%e output open.
2. Measured by using no more than one address change while RAS = Vy;.
3. tras = tras (Min) to 1 45, Inputvoltage: All pinsViu=Vee-0.2VorV 0.2V

CAPACITANCE
(Ta=25°C, f=1MH2z)
Parameter Symbol Conditions Typ Max Unit
Input capacitance (A0 to A9) Cint - - 6 pF
Qutput capacitance (DQ1 to DQ4) Cyo - - 7 pF
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aMSM514412A/ALn

AC CHARACTERISTICS
(Vcc=5V+10%, Ta=0to +70°C)
Notes 1,2, 3, 11

MSM MSM MSM
parameter Sg‘r)r;- 514412A/AL—70514412A/AL-80F14412A/AL-10 UnitINotes
Min | Max [ Min [ Max | Min [ Max

Random read or write cycle time tre | 130 - 150 ~ 180 | -~ ns
Read/write cycle time trwe | 185 ~ [205} - 245 - ns
Static column mode cycle time tsc | 40 - 45 - 55 - ns
Static column mode read/write cycle time |tsrwe| 90 - 95 - 115 - ns
Access time from RAS trac | - 70 - 80 - | 100 | ns | 4,56
Access time from CS teac | - 20 - 20 - 25 [ ns | 4,5
Access time from column address taa | - 35 - 40 - 50 | ns |4,6,7
Access time from last write taw | - 65 - 75 - 95 | ns | 4,7
Access time from OE toga | = | 20| - | 20 1 - | 25 | ms
Data output enable time reference toWE | tow | - 20 - 20 - 25 | ns
Output low impedance time from CS tez | O - 0 - ] - |ns| 4
cD;tJan:):ta;;L;tr:;ld time reference to taon | 5 B 5 B 5 _ ns
Output buffer turn-off delay time tope | O 20 0 20 0 25 | ns 8

OE to data output buffer turn-off delay torz | © 20 0 20 0 25 | ns 8

time

Transition time tr 3 50 3 50 3 50 ns 3
Refresh period tree | - 16 - 16 - 16 | ms
Refresh period (only L-version) trer | - 128 | - 128 | - 128 | ms
RAS precharge time tgp | 50 - 60 - 70 - ns

RAS pulse width tras | 70 [10,000 80 [10,000]| 100 [10,000 ns

RAS pulse width (Static column mode) trasc | 70 [100,000] 80 |100,000] 100 |100,000] ns

RAS hold time trsn | 20| - |20 - 25| - |ns

'RAS hold time reference to OE tgon | 20| - |20 | - 25 - | ns

CS precharge time tp [0 - [10] - [0 - |ns

TS pulse width 1cs | 20 [100.000] 20 [100.000[ 25 [100,000[ ns

TS hold time tesy |70 - [ 80| ~ [100] - | ns

CS to RAS precharge time tege | 5 - 5 - 5 - ins

RAS to C5 delay time taep | 20 | 50 [20] 60 [ 25| 75 | ns | 5
RAS to column address delay time trap | 15 35 15 40 20 50 ns 6
Row address set-up time tasr | O -~ 0 - 0 - ns

Row address hold time trad | 10 - 10 - 15 - ns
Column address set-up time tasc [¢] - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
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= MSM514412A/ALn

AC CHARACTERISTICS (CONT.)

MSM MSM MSM
parameter Sg(r)rll- 514412A/AL-70518412A/AL-80518412A/AL-10 ;s I ot
Min | Max [ Min | Max | Min | Max

%;_I_S\J?\;\;\Ra:gggeysétg;d time reference to taws | 55 _ 60 _ 75 _ ns
Column address hold time reference to tan | 85 _ 95 = s - ns

RAS

Column address to RAS lead time tear | 35| - |40 | - |50 - [ns
%ngcahdac:rgeess hold time reference to tan | 10 _ 10 B 10 _ ns
_CV_\%umn address hold time reference to tamw| 65 _ 75 B 95 _ ns

Last write to column address delay time tewao| 20 | 30 20 35 25 45 | ns 7
Read command set-up time trCs 0 - 0 - 0 - ns

Read command hold time tRCH 0 - 0 -~ 0 - ns 9
%;\%d command hold time reference to | 0 a 0 _ 0 B ns 9
Write command set-up time twes | © - 0 - 0 - ns 10
Write command hold time twen | 10 - 15 - 20 - ns
Write command pulse width twp | 10 - 15 - 20 - ns

OE command hold time toew | 201 - 20| - [25] - | ;s
Write command hold time from RAS twer | 50| - |60] - |75 - |nms
Write invalid time twi 10 - 10 - 10 - ns
Write command hold time (Doyt disable) | twy 0 - 0 - 0 - ns 10
Write command to CS lead time tewe |20 - |20 - |25 - | ;s
Write command to RAS lead time tewl |20 - | 20| - 25| - | ns

CS to WE delay time tewo | 50| - | 50| - |60 - |ns| 10
Column address to WE delay time tawo | 65| - |70 - |8 ] - |ns ] 10
RAS to WE delay time tawn 100 - [110] - f13s| - s | 10
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time toH 15 - 15 - 20 - ns
Data-in hold time from RAS tour | 55 -~ |60 - |75 - | ns

OE to Data-in delay time toep | 20| - |20 - |25 - | ns

TS active delay time from RAS prechage taec | 5 - 5 - 5 - | ns
RAS to CS Set-up time (CS before RAS) tcsg | 5 - 5 - 5 - | ns

RAS to €5 hold time (€5 before RAS) tewr | 15 | - 15 | - 157 - | ns

TS precharge time {Refresh counter test) tep7 | 35 - 40 - 50 - ns
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s MSMS514412A/ALs

AC CHARACTERISTICS (CONT.)

MSM MSM MSM
Parameter Sggll- 514412A/AL-705144120/AL-80514412A/AL10) ) ooy oo
Min | Max | Min | Max [ Min | Max

Write per bit set-up time twes | O - 0 - 0 - ns 12
Write per bit hold time tway | 10 - 10 - 10 - ns | 12
Write per bit selection set-up time twos | O - 0 - 0 - ns | 12
Write per bit selection hold time twon | 10 - 10 - 10 - ns 12
WE to RAS precharge time (CS before twre | 10| - |10] = [10] = |ns

RAS)

WE hold time from RAS {CS before RAS) twan | 10| = |0 | - 10| - |ns

RAS to WE set-up time (Test mode) twsg | 10| - 1w - 10| - Ins

RAS to WE hold time (Test mode) twur | 10| - 10| - 10] - | ns
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Notes: 1.

s MSM514412A/AL=

An initial pause of 200 us is required after power-up followed by a minimum of 8
initialization cycles (examples: RAS-only Refresh or CS before RAS Refresh)
before proper device operation is achieved.

The AC measurements assume the transition time (ty) =5 ns.

Vi (min.) and V) (max.) are reference levels for measuring the timing of the
input signals. Transition times are measured between Viy and V.

Measured by using an equivalent load circuit of 2 TTL loads and 100pF.

Operating within the tgcp (max.) limit insures that tgac {max.) can be met. The
spec. trep (Max.) is for refrence only. if trcp is greater than the specified trep
(max.) limit, the access time is controlled exclusively by tcac.

Operating within the tgap (max.} limit insures that trac (max.) can be met. The
spec. tpap (max.) is for reference only. If trap is greater than the specified tgap
{max.) limit, the access time is controlled exclusively by taa.

Operating within the tywap (max.) limitinsures that ta w (max.) can be met. The
spec. tiwap (max.) is for reference only. If tuwap is greater than the specified
towap (max.) limit, the access time is controlled exclusively by taa.

The tors (max.) spec. defines at which time the output data achieves a high
impedance state and is not referenced to output voltage levels.

Either the tray or the trey spec. must be satisfied for a proper read cycle.

The specs twcs, twh, towp. trwp and tawp are not restrictive operating
parameters. They are included in the data sheet for reference only. If

twis Z twes (min.) and tywp 2 twy (min)) the cycle is an Early Write cycle and the
data out remains in a high impedance state throughout the entire cycle. If
tewb = tewn (minL), tawo 2 trwp (Min.) and tawp = tawp (min.), the cycle is Read-
Write and data out contains data read from the selected cell. If neither of the
above sets of conditions is satisfied the condition of data out is indeterminate at
access time.

Test Mode Feature:

The test mode is activated by executing a CS before RAS refresh cycle with WE
held at a low level (V). The device remains in the test mode until itis
deactivated by executing a standard RAS-only refresh or a TS before RAS refresh
with WE held at a high level (V).

In the test mode CAQ is not used and the IO pin now accesses 2 bit locations.
Since all 4 /O pins are used, a total of 8 data bitscan be written in parallel into
the memory array, reducing test time by 50%. When executing a read cycle the 2
data bits are gated throughout the internal exclusive OR logic and the result is
presented at the 1/O pin, thus if the 2 data bits are equal, the /O pinindicates a
logical 1. If the 2 data bits are not equal, the I/O pin indicates a logical 0. This
additional internal operation delays access time by 5ns and should be added to
the access time parameters if operating in the test mode.
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s MSM514412A/ALn

12.  Write-Per-Bit Feature:
The addition of a data write-mask register in this multibit wide memory device
allows the capability of writing only to the needed data bits in a given address
location while leaving the other data bits unaffected.

During execution of a write cycle, including Early Write, Delayed Write or Read-
Modify-Write, if WB/WE is at a low level (Vi) during the falling edge of RAS, the
data present on the DQi pins is latched into the write-mask register. At thistime
the DQI pins determine which data bits will be inhibited during the write cycle.
Alow level (V) on a DQI pin indicates that the data bit will be masked or
inhibited from being written into the cell during the write cycle. A highlevel
(Vin) on a DQi pinindicates that the data bit will be written into the cell during
the write cycle. Refer to Table 1 and Figure 1.

Since the write-mask register is latched by the falling edge of RAS, it cannot be
changed during write cycles. All the write cycles use the same mask data latched
at the beginning of the RAS cycle.

Table 1 Example of Write-per-Bit Operation

Falling edge of RAS

A — Function
WB/WE DQ1 DQ2 DQ3 DQ4

Normal Write mode:

H X X X X Write enable

Write-per-Bit mode:
L L H L H Write enable for DQ2, DQ4
Write disable for DQ1, DQ3

X = Don'tcare

RAS

DQ2

DQ3

DQ4

~
%N V)

twas twBH

i

A

twos

% — (_t_\@i_’y // / 7 masked
7 /f wos [ won K777 Y, v
% twps twoH V / asked
D s [ N L, et
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aMSM514412A/ALw

READ CYCLE

tRe
tre
—— Vjy — b 1 Y
RAS v:'f - &( - JZ \___
tesn lerp
. cre, trReD 1RSH
-— Vi — p! 1cs 4
IV ___J -~ ’\\ e
1ar
tasp| RRra tral tan
Vig — 3
Rk
TRRH
w7 fooE Vm
-V
o 7
Lo
loEz
Vou — 4 ]
PQ1~DQ4 yor _ OPEN Valid Data-out e
oz
V/77] Don'tcare
WRITE CYCLE (EARLY WRITE)
TR
tras . tre
—_— Vg — B! Lawr ;k 3
RAS vyl — %: A \
tesn tcre
| teae 1rcp 1RSH
— Vi — X tcs 4
IV j \K JZ

ikan

Y T ECTW
e P

] twer

= v T T 7 7

oAg

Lvos Tywph tos toH
- Vig Mask R/ Y . *
DQ1~DQ4 Vi — datain KZA Valid Data-in s OPEN

VA Don'tcare
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WRITE CYCLE (OE CONTROL WRITE)

RAS

<
AQ~A9
WB/WE
OE
DQ1~DQ4

7

7

tRe
fras L trp
Vi — 3 tar
Vig -~ ﬁ p N
tosH
pacre, | rcp tRsH \ terp
Vin — tes
Vi — / \( .
trap
tasr] [teay
s
o — f < A
H
tweg | tweH tasc ltc‘l towt
Tawt
Vig — twe
Vi
toen
Vin
twos | | twor

tos toH
% Mask Y //
v:r data-in_4 Valid Data-in / ///

P 7] Don‘tcare

READ/WRITE CYCLE

AD-A9

OE

DQ1~DQA

WB/WE

LRwe

tras 1rP
Vin — x traL \-
" — tere
tosu e
Leicas, 1RCO trsn
Vi N tes
Vig — <
trap
lasg| [tran tean
|—
w2z Row Column
Vi — .
tewp tewt
[twer
twas | | W 1RWD Tawt !
twe
Vin ¥ N &‘ " /
Viu :% 2 Tawd
¥ r toea
e
Vi 0 T
" A
teac
[Rac tos ton
‘ X
e i -out P Vaiid Data-in %//%/
v,;OL data-in 3%(Vahd Data-ou Z ali asin | /
oz
7 .
taa Don'tcare
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STATIC COLUMN MODE READ CYCLE

sMSM514412A/AL=

trp
— Vi — B trasc
RAS ' T NC qﬁ
Tcre
1
tar tep tasH
=z Vi — b s | A b s
[S RNV N */ N
tRap
t
tasg | |tRar An
ts¢ s trat
Vi — 74 N (
AQ~AY o T Row [ Column %< Column >§ Column ;)%
K .
TRAN
tRCs TRCH | | |tres tacH
v
ViH —
.=
1 tROH
== Vin —
OF v, _.
oEA toe
teag t
taa an
tRac tad
Vou — F vaiid Valid ?
DQ1~DQ4 Voo — oz Data-ou Data-ouL>_‘
taz
=
V74 Don'tcare

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

WRs VT ﬂﬁf == _/F’&—:—g N
. taco g\v e A thsnt terp
N v O
W YT % = o Tl SNy :mlsc I, 14
o v
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= MSM514412A/ALs

STATIC COLUMN MODE READ/WRITE CYCLE

trasC
— 1
s Vin — ——_—Nq 1Re
Ve — I A
trap EsRwC tRat tore
s W= A
o Vi — AN
tasr tran
Vi — ' b <
AD~AY v:? - %@_‘W L Column “@{‘ Column /é
j foa TrwiL
gD towo tewap
twas, Jhwen tawo tawo tewt
v, N e
R, H— \
WBWE ' T
l | trwo toen
[
Vi —
QE Vi —
tacw
<t
twvos| ton
1 -
Vyon — Mask Valid
DQI~DQ4 VoL — % data-in §' — = Data-in
_.;cu \ Vaiid
Data-out
V73 Don't care

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

v k_

RCD
tep
s
A
Vie — tzap A
tuwap ¢
t iy
task Tasc lcan

— L\
A0~A9 ::): _ /A/ ‘ Row // Column "%{ Column % Column /

Y.J lqwkl tean
twes | |twen wCs tawo
t L
wawe Vr = ‘ . _ R >\mf
‘ | e ol tagw ﬁ toen toen
tog.
.- ™ j%
tonr ¥
OH M Ltog| taa [taok lon
0Q1~0Q4 | S DO s X7 % oresu YRS v X
{WRITE) ; {READ) sl (READ) 1 (WRITE) J[

{77} Don't care
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RAS-ONLY REFRESH CYCLE

1rC

tRP
1ras
Vg — T X
RAS Sr ,!’ \
tcae treC
— Vig — X
s Vv Z
nw -
tasr || tRaK]
e~

AD~A9 5::‘: / rw W 7 7

NOTE: DQi = open, WB/WE, OF = Don‘tcare Don'tcare

CS BEFORE RAS AUTO-REFRESH CYCLE

tac
tre
Vig — e 1, -~
— RAS
RAS /1 N
= trec
1 tee 1esR tchR trec

5 o .
| twee twRH | Twhe
v |~ G T
L_» torF
DQ1~DQ4 \\:zr: L‘ OPEN

NOTE: OF, AO-AS= Don'tcare Don‘tcare
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HIDDEN REFRESH READ CYCLE

tRe
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e Vi —
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trRe
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trsH tern

tRas X

tcae

—t

Z‘[ﬁ

\
RAS
Vi —
tcre
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TEST MODE INITIATE CYCLE

WBWE

DQ1~DQA

e |

tRas

L],__

cHR

W

1/ 7707077707

OPEN

m Don't care

NOTE: OF, A0 - A9 = Don't care
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE

— Vg —
RAS v
T
.V —
Vi —
READ CYCLE
Vig —
AD~AY9 v
[
—_——— Vg =
WBWE " T
—— Vi —
Ot
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—  V —_
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t
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\ \ tcs 2L
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-
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1 t
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i
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tos,} 1 ton
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twep tres,
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1 1

1
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|

7

town
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tawp
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N Rwi
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N
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X

(— Valid !E
A _Da(a-ig

—Valid Data-out
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