OKI Semiconductor
MSM5116160

1,048,576-Word x 16-Bit DYNAMIC RAM : FAST PAGE MODE TYPE

DESCRIPTION

The M5M5116160 is a new generation Dynamic RAM organized as 1,048,576-word x 16-bit
configuration.

The technology used to fabricate the MSM5116160 is OKI's CMOS silicon gate process technology.
The device operates at a single 5V power supply. Its I/O pins are TTL compatible.

FEATURES

* Silicon gate, quadruple polysilicon double metal CMOS, 1 transistor memory cell
¢ 1,048,576-word x 16-bit organization

¢ Single 5V power supply, +10% tolerance

e Input:  TTL compatible

¢ Output: TTL compatible, tristate

® Refresh: 4096 cycles/64ms

» Fast page mode, read modify write capability

» CAS before RAS refresh, Hidden refresh, RAS only refresh capability

¢ Package:

42-Pin 400mil Plastic SOJ (50J42-P-400)

50-Pin 400mil Plastic TSOP  (TSOP50-P-400)
PRODUCT FAMILY

Family Access Time (Max.) Cycle Time Power Dissipation
trac | taa | tcac | toea (Min.) Operating {(Max.) | Standby (Max.)

MSM5116160-70 70ns | 35ns | 20ns | 20ns 130ns 550mW 5 5mW
MSM5116160-80 80ns | 40ns | 20ns | 20ns 150ns 495mwW '
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MSM5116160 OKI Semiconductor

PIN CONFIGURATION (TOP VIEW)

Vee 1] 50] Vss Vss [50) [1]Vee
pa1 [2] 49 D016 DO16 [49)] [2]pQ1
Vee [1] 142] Vss paz 3] [48]DQ15  DQ15 (48] [3]D02
pa1[2 4tlpate D03 [4] 47]D014  DQ14 [47] 4] D03
pa2(3 40]pats  D04[5] 146/DQ13  DQ13 [48] [5]DQ4
pas[4 3g]pa1d4  Vec[6] 45]vss  Vss[ag] 6] Vee
pQ4 [5 | [38] D013 D05 [7] % DQ12  DO12 [44] [7]DQ5
Voo [6] 37]vss  D06[8] 4310011 DO11 [43] (8] D06
pa5[7] 380012 DO7[9] 421DQ10  DQ10 [42] (9] D7
D6 [3] 350011 D08 [10] 41009 D09 [41] 110] a8
pa7[9] 3 agooto NC[T] 3 a0 ne NC [2q] 3 TINC
pas 1o = [33] a9 5 5
NG [11] = 82 e > =
Ne [12] 3 31 TCAS 2 3
WE[13] < 30]TCAS  NC[15] = 136] NC NC 36| = [15] NC
RAS [14] [29] OF NC [18] 35]TCAS  TCAS[35] [16] nC
Agq IE E Ag WE E @ TUCAS TUCAS @ E WE
Aqo 16} 27)as  FAS[1g 33 OF OE [33 (18] RAS
Ao [17] 126] A7 A [19] 132] A9 As@ [19] A1t
Aq [18] 125] Ag Ao [20] [31] A Ag[31] 120] A1
Az [19] [24] As A 21] 30] A7 A7 (30 121) Ag
Ag [20] 23] Ag A 22] [29] A As[29) [22] A
Vee[21] 22) vss A2 [23] 28] As As[28] 23] Ay
As[24) 27] Ag Aqf27] [24) Ag
42-PIN S0 Voo 25 26lvss  Vss[28 28] Voo
50-PIN TSOP 50-PIN TSOP
(KTYPE) (L TYPE)
Pin Name Function
A - Aty Address Input
RAS Row Address Strobe
TCAS Lower Byte Column Address Strobe
UCAS Upper Byte Column Address Strobe
DQ1 - DQ16 Data Input / Data Output
[ Output Enable
WE Write Enable
Veoe Power Supply (5V)
Vss Ground (0V)
NC No Connection

Note: Same power supply voltage must be provided to every Vcc pin,
and same GND voltage level must be provided to every Vgg pin.
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OKI Semiconductor MSM5116160

FUNCTIONAL BLOCK DIAGRAM

— WE oF
110
LCAS - Controller |
fvidind) —N\ Out
UCAS @ L Butlors
Controller ; DQ1 - DAB
8 Co&umn E> Column Decoders a—1 Input
Riters et 8 Jauters [
Y $ 3
- 110
po- Ay infornal _ﬁ'fé? k Sense Amplifiers R
Counter ontrol Clocl ] H
L Input
I g — B:fg:rs ]
12 A(ﬁi?’:lss @ SOW W Memory DO - DQ16
Butters [ /I360" | [onwers Cells i
§> Output 3
o - LS /1 Buffers
Vee S
On Chip
" Vpg Generator
On Chip
| Wgg Generator
Vss ——————
FUNCTIONAL TABLE
input Pin DQ Pin
——— — pr— Functional Mode
RAS LCAS | UCAS WE OE DQ1 -DQ8 DQ9 - DQ16
H o ¥ * * High-Z High-Z Standby
L H H * * High-Z High-Z Refresh
L L H H L Dourt 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 Don't 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 —
*. "H" or "L"
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This Materi al

MSM5116160

OKI Semiconductor

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vgs VT -1.0t0 7.0 \
Short Circuit Output Current los 50 mA
Power Dissipation Pp* 1 w
Operating Temperature Topr 0to70 °C
Storage Temperature Tstg -55t0 150 °C
*: Ta = 25°C
Recommended Operating Conditions (Ta = 010 70°C)
Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage Vee 43 50 55 v
Vss 0 0 0 \
Input High Voltage ViH 2.4 —_— 6.5 \
input Low Voltage ViL -1.0 —_ 0.8 v
Capacitance (Ve = 5V £ 10%, Ta = 25°C, f = 1MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (Ap - A1) GiNg —_ 5 pF
"Lm.c.alaiita_nci - Cinz —_— 7 pF
(RAS, LCAS, UCAS, WE, OE)
Output Capacitance (DQ1 - DQ16) Cio — 7 pF
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OKI Semiconductor MSM5116160
DC Characteristics (Ve = 5V £ 10%, Ta = 0o 70°)
Parameter Symbol|  Condition  |MSM5116160-70| MSM5116160-80) s | Note
Min. | Max. | Min. | Max.
Output High Voltage Vou loH = -5.0mA 24 Vee 2.4 Vee v
QOutput Low Voltage Vou loL = 4.2mA 0 0.4 0 04 \Y
0V<Vi<6.5V;
Input Leakage Current u All other pins not -10 10 -10 10 pA
under test = OV
DQi Disable
Output Leakage Current ILo OV<Vo <55V -10 10 -10 10 pA
Average Power S
Supply Current logy | e o YO — w0 | — | 90 [malt2
(Operating) Re = N
Power Supply | RAS, CAS = Vi — 2 — 2 A ]
Current (Standby) 02 I 'RAS. CAS=Vec-02v| — 1 _ 1
Average Power RAS = cycling
Supply Current lccs | CAS =V — 100 — 90 | mA | 1,2
(RAS Only Refresh) tre = Min.
RAS = Vi
Power Supply hlidas
lges | CAS=ViL — 5 — 5 mA 1
Current (Standby) Dout = Enable
Average power BEE .
Supply Current lece % Ee%‘r’g'%g — 100 | — | 9 | mal12
(CAS Before RAS Refresh)
Average Power RAS =V
Supply Current lccz | CAS cycling — 90 —_ 80 mA | 1,3
(Fast Page Mode) tpc = Min.
Notes: 1. Specified values are obtained with the output open.
2. Address can be changed once or less while RAS = V..
3. Address can be changed once or less while CAS = V.
B L724240 0017491 &8T3 HH 11
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MSM5116160 OKI Semiconductor

AC Characteristics (1/2) (Voo = 5V £ 10%, Ta = 0 to 70°C) Note 1,2, 3
Parameter Symbol MS_M51 1616070 MS_M51 16160-80 Unit | Note
Min. Max. Min. Max.

Random Read or write Cycle Time tre 130 — 150 —_ ns

Read Modify Write Cycle Time tRMW 180 — 200 — ns

Fast Page Mode Cycle Time trc 45 —_ 50 —_ ns

Fast Page Mode Read Modify Write Cycle Time| tprmw 95 — 100 — ns

Access Time from RAS tRAC — 70 — 80 ns |4,56
Access Time from CAS tcac — 20 — 20 ns | 4,5
Access Time from Column Address taa — 35 — 40 ns 4,6
Access Time from OE toEA — 20 — 20 ns 4
Access Time from CAS Precharge tcpa — 40 — 45 ns | 4,12

Output Low Impedance Time from CAS toz 0 —_— 0 —_ ns

Output Buffer Turn-off Delay Time torr 0 15 0 15 ns 7
DEto ot Ot uter oo | o [ s | o | w6 [w]y
Transition Time tr 3 50 3 50 ns

Refresh Period tREF —_ 64 — 64 ms

RAS Precharge Time trp 50 — 60 — ns

RAS Pulse Width tras 70 10,000 80 10,000 ns

RAS Pulse Width (Fast Page Mode) trASP 70 100,000 80 100,000 | ns

RAS Hold Time tRsH 20 - 20 —_ ns

RAS Hold Time Reference to OF tROH 20 — 20 — ns

CAS Precharge time (Fast Page Mode) tcp 10 —_ 10 — ns 14
CAS Pulse Width tcas 20 10,000 20 10,000 ns

CAS Hold Time tosH 70 — 80 — ns
CAS to RAS Precharge Time terp 10 — 10 — ns 12
RAS to TAS Delay Time tReD 20 50 20 60 ns 5
RAS to Column Address Delay Time tRAD 15 35 15 40 ns

Row Address Set-up Time tasr 0 —_ 0 — ns

Row Address Hold Time tRAH 10 —_ 10 — ns

Column Address Set-up Time tAsc 0 — 0 — ns 11
Column Address Hold Time tcaH 15 —_ 15 - ns 11
Column Address Hold Time from RAS taR 55 — 60 — ns

Column Address to RAS Lead Time tRAL 35 — 40 — ns

Read Command Set-up Time tres 0 — 0 — ns "

Read Command Hold Time troH 0 — 0 — ns |8 11
Read Command Hold Time tRRH 0 — 0 — ns 8

Reference to RAS
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OKI Semiconductor MSM5116160

AC Characteristics (2/2) (Vog = 5V £ 10%, Ta = 0t0 70°C) Note 1,2, 3
Parameter Symbol Ms_M51 1616070 MS_M51 16160-80 Unit | Note
Min. Max. Min. Max.

Write Command Set-up Time twes 0 —_ 0 — ns |9 11
Write Command Hold Time tweH 15 —_ 15 —_ ns 1
Write Command Pulse Width twp 15 — 15 —_ ns

Write Command Hold Time from RAS twer 55 —_ 60 —_ ns

OF Command Hold Time toEH 20 — 20 — ns

Write Command to CAS Lead Time tewL 20 — 20 — ns 13
Write Command to RAS Lead Time tRwL 20 — 20 — ns

Data-in Set-up Time tps 0 — 0 — ns |10, 11
Data-in Hold Time toH 15 — 15 — ns (10,11
Data-in Hold Time from RAS toHR 55 — 60 — ns

OE to Data-in Delay Time toeD 15 — 15 — ns

TAS to WE Delay Time tewp 45 — 45 — ns 9
Column Address to WE Delay Time tawp 60 — 65 — ns 9
RAS to WE Delay Time tRwD 95 — 105 — ns 9
CAS Active Delay Time

from RAS Precharge tRee 10 - 10 - ns | M
RAS to CAS Set-up Time

(CAS Before RAS) tesm 10 - 10 - ns | M
RAS to CAS Hold Time

(CAS Before RAS) tohR 15 - 15 - s | 12
TAS Precharge Time

(Refresh Counter Test) Tepr 40 - 40 - s 14
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MSM5116160 OKI Semiconductor

Notes: 1.

10.

11

12.
13.

14.

I L7242u40
214

This Materia

An initial pause of 200s is required after power-up followed by any 8 RAS cycles
(Example: RAS only refresh) before proper device operation is achieved.

The AC characteristics assume b = 5ns.

Vig(Min.) and Vi (Max.) are reference levels of input signals for timing measurement.
Transition times(t) are measured between Vyiy and Vi

Measured with a load circuit equivalent to 2 TLL loads and 100pF.

Operation within the trep(Max.) limit insures that tgac(Max.) can be met.
trep(Max.) is specified as a reference point only: if trep is greater than the specified
trep(Max.) limit, then access time is controlled exclusively by tcac.

Operation within the tgsp(Max.) limit insures that tgac(Max.) can be met.
trap(Max.) is specified as a reference point only: if trop is greater than the specified
trap(Max.) limit, then access time is controlled exclusively by taa.

torr(Max.) and topz(Max.) define the time at which the output achieves the open circuit
condition and are not referenced to output voltage levels.

Either tgry and trcy must be satisfied for a read cycle.

twes, tcwp, trwpand tawpare notrestrictive operating parameters. They areincluded
in the data sheet as electrical characteristics only: if tycs = twes(Min.), the cycle as an
early write cycle and data out will remain open circuit (high impedance) throughout
the entire cycle; if tewp 2 tewpMinL), trwp 2 trwpMin.) and tawp 2 tawpMin.), the
cycle is a read modify write cycle and data out will contain data read from the selected
cell: if neither of the above sets of conditions is satisfied, the condition of the data out
(at access time) is indeterminate.

These parameters are referenced to UCAS, LCAS leading edge in an early write cycle
and to WE leading edge in a OE control write cycle or a read modify write cycle.

tasc teaH, tRCS, tRCH, twos, tweH, tDs, tor, tesg and trpe are determined by the earlier
falling edge of UCAS or LCAS.

terp: tour and topa are determined by the later rising edge of UCAS or LCAS.
tewL should be satisfied by both UCAS and LCAS.

tcp and tepr are determined by the time that both UCAS and LCAS are high.
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TIMING WAVEFORM
LR et
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MSM5116160 OKI Semiconductor

Write Cycle (OE Control Write)
tae

4
Vi - | = tRas y
RAS N tar - ZF tomp N

ViL
tesh
lorp trep trsH

o s\\‘ teas | / g

UCAS ViH -
LCAS V). -

_/
tasr| |tran tasc| tcan| IRAL "
o T o S ST

TR /R
We 31’3 - i tm—m
- w || U

DQ1-DQ16 VH —
ViL -

VZZh H'or'L’

Read Modify Write Cycle
R e ttm =N
S /{—
om0 Y8 Yoo Yo S

tRaD tawD towp ._lcﬂL.{

tg tRwL

weEVH - 1
WE AA
Vi -

< T b
OE Vi - 1111 toen

toac toez|  tos| | ton

- trac
- Viou- ¢ Valid ) .
D1 -Da16 VioL- toLz <Dat:‘l°“ valid ;;W

V74 "H or'L"

Wl
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OKI Semiconductor MSM5116160
Fast Page Mode Read Cycle
trasp trp
RAS VlL - \-< - ]/ terp L
teRp tReD . fep
UCAS VH - toas | f X Llcas 7
LCAS V. - tRAD K Ik( \‘_
tRAL
tAsR | itran i@ﬁ tasc| |tcaH
to s I S o S o
f;C_S_l tres tReH I|= tRes tre
Vin - W
WE ViL - / %
‘ -
v T
OF ViL - /M Z

{0E;
DQ1 - DQ16 VOH~ Faia
VoL — Data-out
Fast Page Mode Write Cycle (Early Write)
trasp o Ire
TAS xm : 5\( taAR terp
" t tpe tRsH
IQE tRCD t _tep top t
VIH - Y Y L
tosH | tRAL )
SRl [Taan_ ltAsc | oAH taso| itean ASC| [toan |
Po-Art Y VL //////ﬂm)//// £ Column Column Column
‘—tCW;L—A tow | ttc
J{hWES twen twos) | twon twes T M&M
- ol =~
twca
o

DQ1-DQ16 VH —
Vi ~

3oz

toHR
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MSM5116160

Fast Page Mode Read Modify Write Cycle

s M -y
Vi -

DQ1 - DQ16 &/OH‘

OKI Semiconductor

trasp

tcre)

WP

IoL—

‘H"or "L"
RAS-only Refresh Cycle
- tc
v - tRas L
3 VH - 3 J/f_ Y
RS |\ _ N \
trP
Jerp
UCAS VH - 4
LCAS V| - /
tASR

Ao - A Vin -

/i '//////////////////////

DQ1- DQ16 VGH
OL

torF

R

<71

—_—

T,
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Note: WE, OF = "H' or 'L" “H' or 'L"
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OKI Semiconductor MSM5116160
CAS Before RAS Refresh Cycle
tre
tRp tRAS | trp
— Vg - r \ —
RAS
e~/ L h )N/ tRpg -
Pl tesp teHm
TCAS ViH -
LCAS ViL -
tor

pQ1 - pa1e VoH—
VoL -

Hidden Refresh Read Cycle

Open

Note: OF, Ag- Ary ="H'or 'L’ Hor L

s - —tm:\*—t“‘“—-l%im fﬂ“\ t o ;‘/rt& o
mr L \\mfs“ )
SNE /== T
i |
w D,
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MSM5116160 OKI Semiconductor

Hidden Refresh Write Cycle
mn T AT
BN |
e D=
DQ1 - DQ16 x:r - | Valitc:) ::ta-in i
— " or L
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MSM5116160

CAS Before RAS Refresh Counter Test Cycle

S =
B [
s
=\ /- =

DQ1-DQ16 VoH
VoL

Write Cycle

wE VH
WE
ViL

A= ViH
OE Vi

DQ1-DQte VM
ViL

Read Modify Write Cycle

T

Y

we VIH
WE
ViL

— VIiH
OE ViL

DQ1 - DQ16 VIoH =
Vi

Valid Data-out

- i1

tawt,

towl

i

Open —

ps tDH
Valid Data-in
fowL
tAwD tRwl
tres town

N

{0

pr

torz|, teac

/oL —

H oL
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