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DESCRIPTION

The MSM5116160 is a 1,048,576-word x 16-bit dynamic RAM fabricated in OKI's CMOS silicon gate
technology. The MS5M5116160 achieves high integration, high-speed operation, and low-power
consumption due to quadruple polysilicon double metal CMOS. The MSM5116160 is available in a
42-pin plastic SOJ or 50/ 44-pin plastic TSOP.

IS iasic 1

= 1,048,576-word x 16-bit configuration

* Single 5V power supply, £10% tolerance

* Input  :TTL compatible, low input capacitance

* Qutput :TTL compatible, 3-state

* Refresh :4096 cycles/64 ms

» Fast Fast page mode, read modlry write capablhty

» CAS before RAS refresh, hidden refresh, RAS-only refresh capability

. Package options:

ST 2 Ty - o meme o

42~Piﬁ % mi} plastic SOf {S0J42-P-400) {Product : MiSM5116160-xx]S)
50/44-Pin 400 mil plastic TSOP (TSOP50/44-P-400/0.8-K) (Product : MSM5116160-xxT5-K}
(TSOP50/44-P-400/08-L) (Product : MSM5116160-5oTS-L)

xx indicates speed rank.

,,,,,,, Access Time (Max.) Cycle Time Power Dissipation
Family a . a . Min) Srnararing RAay 5| Seascibae Ao |
‘RAc | taa | icac | ToEa ¥ 4 Operating (Max.) | Standby (Max.}
MSM5116160-70 70ns {35ns{20ns | 20 ns 130 ns 660 mW 5.5 MW
MSM5115180-80 80ns|{40ns|20ns | 20ns| 150ns 605 mwW '
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MSM5116160 OXKI Semiconductor

PIN CONFIGURATION (TOP VIEW)

Vee E — — a2y Vee[1] © 50] Veg Vgs [0 © [1]vee
oai[z] © © 41 D0i6 DG [2] 48] DQ16  ©Q16 [43; O Z]pa1
DC2[3] 40joms D02 (3] 48 D015 DQ15 148 3l002
D03 [4] 35jDa14  DQ3 [4] 47]0Q14 DQ14 [47] [4]003
DQ4 5] 38/ 0013 DQ4[5] 46) 0Q13  DQ13 [ag] '5]004
vee 6] 370Vss  Veo IE a5lvss Vs [43] E Ve
005 {7 36)0012  0Q5{7] 4] 0012 D012 44 [7]o0s
DG (B 35]DQ11  DO6 8] 43 011 po11 (43 81005
paz (9] aaiparo  par[s] 32) b0 Q104 (9] oaz
D8 [i] 33jp09  Das Yy 41}pae  Dog A1) g DQ8
NG [t1] 32N - N[ 140} NG NCE 1] NC
ne 12! 31| [CAS
WE[13 130] UCAS
HAS [14] 79] OF
AR [15 [28]A9R  NC[15] 36 NG NG [36] 15| NC
A10R [18] 27]A8R NG [ig] 35| [CAS  TCAS [35 16 NC
A0 [17] 26] A7 WE [i7] 34| UCAS UCAS [34] 17| WE
A1 18] eslae  TAShB 33 ot 18] RAS
A219 24las  A11Rfig 133] A9R A9R [32 [19) At1R
A3 {20} 23]A4  A10R [20] 31]A8R  ASR[31 [20] ATOR
vee1] O O [2lvss  nofz] a7 A7 21] A0
At [22] 23] AS A6 (29 22| A1
42-Pin Plastic SOJ A2 [23] 28] A5 A5 28] 23] A2
A3 127] Ad MM O 24] A3
Vee 25} 126 V55 Vss (28] 25| vee
50/44-Pin Plastic TSOF 50/44-Pin Fiasiic TSOP
(K Type (L Type
Pin Name Function
AD - A7' Addrace Innut
ABR - A11R B
RAS Row Address Strobe
1CAS Lower Byte Column Address Strobe
UCAS Upper Byte Column Address Strobe
DA1 - DQ16 Data Input/Data Output
[1]4 Qutput Enable
WE Write Enable
Voo Power Supply (S V)
Vss Ground (0 V)
NC No Connection
Note:  The same power supply voltage must be provided to every Ve pin, and the same GND

be
voltage level must be provided to every Vgg pin.
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OKI Semiconductor MSM5116160

BLOCK DIAGRAM
U Timing m -Oi
RAS 'GTelajt“ o -,
iCAS 1 Controller
TCAS Mo 1+ IR B r!
vontroier
Columa ~ N _i _Al e

AN ae
8 2| Column Decoders

]

Ut q
Buffers VB_'

s ‘ ; e T B i
o

T

—aN
ifw Addres
8

|
AQ - A7 J Atévess || _Refosh Sonso Ampliers KT8 Mo, KT6
Counter I™ | control Clock H ]
‘ | | L input <'
8l gufrers K8 |
paaress [ENBOE |1 Memory —3 1o DO9- D016
A8R - AR D> Butters J‘/cll!rs Drivers Celis N _J [‘l)
PR N B Fyad
Vee e
] . On Chip
Viga Generator
- OnChip |
=1 Weg Generator N
Vss — g
FUNCTION TABLE
Input Pin DQ Pin
RAS | [CAS | UCAS | WE | OF | pai-pgs | Do Datg | | Unoton Mode
H * * * * High-Z High-Z Standby
L H H * * High-Z High-Z Refragh
L L H H L Dour High-Z Lower Byte Read
L H L H L High-Z Cout Upper Byte Read
L L L H L Dour Doyt Word Read
L L H L H Din Don't Care Lower Byte Writs
L H L L H Don't Care D Upper Byte Write
L L L L H Dy Dy Word Write
L L L H H High-Z High-Z —
“ "H" or "L"
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MSM5116160 OKI Semiconductor

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Farameter Symboi * Rating Unit
Voltage on Any Pin Relative to Vgg Vr -1.0t0 7.0 V'
Short Circuit Qutput Current ios 50 mA
Power Dissipation Pp* 1 w
Operating Temperature Topr 0to 70 °C
Storage Temperature Ts =55 10 150 °C
*Ta=25°C
Recommended Operating Conditions (Ta = 0°C t0 70°C)
Parameter Symbol Min. Typ. Max. Unit
Iy V. Vee 45 5.0 55 v
Power Su 'oltage
PRy 8 Vss 0 0 0 v
Input High Voltage Viy 24 — g5 v
Input Low Voltage Vi -1.0 —_— v
Capacitance
w (Vec =5V £10%, Ta = 25°C, 1 =1 MHz)
Parameter Symbol Typ. Max. nit
Input Capacitance
(AD - A7, ABR - A11R) Cint - 5 pF
input Capacitance - - o
(RAS, LCAS, TUCAS, WE, OF} Linz - / pr
Output Capacitance (DO1 - DU16) Cio — 7 pF
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OKI Semiconductor

MSM5116160

DC Characteristics

(Vog =5V £10%, Ta = 0°C 10 70°C)
|

Parameter Symbol! Condition MSM5116160-70 | MSM5116160-80 Unit {Note
fMin. Wiax. Min. Viax.
Output High Voitage VoH |loH ==5.0 mA 24 Veg 24 Ve v
Output Low Voltage Vou tloi=42mA 0 04 ] 04
QVsVisB5V;
Innit § salkana Corront Iy All athar ninc nat =1 10 =10 10 ol
Input Leakage Current li; 1Al other pins not 10 10 10 10 pA
under test =0V
Output Leakage Current | Lo DQ disable -10 10 -10 10 uh
° 0V<Vp<havV .
A P
verage Fower  [AAS, TAS cycling. -
Supply Current lect |, . —_ 120 —_— 110 mA | 1,2
. TR = MIN.
(Operating)
TREAS RS LS n "
Drarar Creerh RAD, LAD = ViH -_ £ -_ £
FUWET SUppY
leco |RAS, CAS mA | 1
Current (Standb — 1 - 1
( ) 2Vee 02V
Average Power RAS cycling,
Supply Current lecs |CAS = Vin, — 120 — 10 | mA|1,2
(RAS-only Refresh) tac = Min. i
Power Supply RAS = Vi,
Current (Standby) loos 16AS = Vi, - > - 5o mA
y D@ = enable
Average Power RES cveiin
Supply Current s [z b’e'mreg‘ﬁrs — 120 — 10 | ma|1,2
(CAS before RAS Refrash)
Average Power RAS = ViL,
Supply Current Igc7 {CAS cycling, — 110 —_ 100 |[mA|1,3
{Fast Page Mods) trg = Min.
Notes: 1. IccMax. is specified as Icc for output open condition.

~ A

2. Address can be changed once or less while RAS = V).
3. Address can be changed once or less while CAS = V.
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MSM5116160 OKI Semiconductor

AC Characteristics {1/2)

Moo =5V 210%, Ta=0°C10 70°C) Note1,2 3
Parameter Symbol MSM5116160-70 MSM5116160-80 Unit | Note
Min. Max. Min. Max.

Random Read or Write Cycle Time tac 130 —_ 150 — ns
Read Modity Write Cycie Time TRWG 180 — 200 — ns
Fast Page Mode Cycle Time tpe 45 - 50 — ns
Fast Page Mode Read Modify Write 1PRWG a5 _ 100 _ ns
Cycle Tlme
Access Time from RAS thac — 70 —_ 80 ns |4,5,6
Access Time from TAS {cac —_ 20 — 20 ns | 4,5
Access Time from Column Address. aa — 35 — 40 ns | 46
Access Time from CAS Precharge 1cpa, - 40 — 45 ns | 4,12
Access Time from OF 10EA — 20 — 20 ns | 4
Output Low Impedance Time from CAS toz 0 — 0 — ns 4
TAS to Data Qutput Buffer Turn-off Delay Time | toee 0 15 0 i5 ii$ 7
OE to Data Qutput Bufer Turn-off Delay Time | toez 0 15 0 15 ns 7
Trangition Time t 3 50 3 50 ns 3
Refresh Period taer _ 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) taage 70 100,000 80 100,000 | ns
RAS Hold Time tRsH 20 — 2 — ns
RAS Hold Time referenced to GF tRoH 20 — 20 — ns
CAS P'echarge Time (Fast Page Mode) icp i0 —_ 10 — ns | 4
CAS Pulse Width B tcas 20 10,000 20 10,000 ns
CAS Hsld Time iosH 70 - 80 — ns
CAS to RAS Precharge Time terp 10 - 10 - ns | 12
TAS to HAS Pracharge Time e 40 _ 45 _ fis 12
RAS to CAS Delay Time tacp 20 50 20 60 ns 5
RAS to Columa Address Delay Time taan 15 35 15 40 ns ]
Row Address Set-up Time 1ASR 0 — 0 — ns
Row Address Hold Time o 10 — 10 — ns
Column Address Set-up Time tase 0 — 0 — ns 1
Column Address Hold Timg tcan 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 thcs o — & — ns | 1%
Read Commang Hold Time acH 0 — 0 — ns |8 11
Read Command Hold Time referenced to BAS | tapy 0 — ) —_ ns 8




OKI Semiconductor MSM5116160
AC Characteristics (2/2)
Voo = +10%, Ta = (°C 10 70°C) Note 1,2, 3
Parameter Symbol MSM5116160-70 MSM5116160-80 Unit | Note
Min. Max. Min. Max.

Write Command Set-up Time twes 0 0 — ns |91
Write Command Hold Time tweH 15 — 15 — ns 11
Write Command Hold Time from RAS twer 55 — 60 —_ ns
Write Command Pulse Widih twp i5 — i5 — ns
O Command Hold Time toEH 20 — 20 — | ns
Write Command to RAS Lead Time tawL 20 - 20 — ns
Write Command to TAS Lead Time fowl, 20 — 20 — ns | 13
Data-in Set-up Time tos 0 — 0 — s (10,18
Data-in Hoid Time iH i5 - i5 —_ ns 10,11
Data-in Hold Time from RAS 1DHR 55 —_ 60 — ns
OF fo Data-in Delay Time toeD 15 — 15 — ns
CAS 10 WE Delay Time towo 45 - 45 - ns | 9
Column Address to WE Delay Time tawp 60 — 65 — ns 9
RAS to WE Delay Time tAwD 85 —_ i05 - ns 9
CAS Precharge WE Delay Time tcpwD 65 — 75 — ns | 9
CAS Active Delay Time from RAS Precharge | tpeg 10 — 10 _— ns | it
RAS to CAS Set-up Time (CAS before RAS) | tcsq 10 — 10 — ns | 11
RAS to TAS Hold Time (CAS before BAS) | toun 15 — 18 — ns | 12
CAS Precharge Time {Refresh Gounter Test) | tcpr 40 — 40 — ns | 14
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Notes:

158

S

1.

10.

—
-

12.

13.

14.

A start-up delay of 200 ps is required after power-up, followed by a minimum of eight
initialization cycles (RAS-only refresh or CASbefore RAS refresh) before properdevice

peration is achieved.

[+]

The AC characteristics assume tt = 5 ns.

This parameter is measured with a load circuit equivalent to 2 TT

loads and 100 pF.

Operation within the trcp (Max.) limit ensures that tg ac (Max.) can be met.
trep (Max) is specified as a reference point only. If trep is greater than the specified
trep (Max.) limit, access time is controlled by tcac.

that trac (Max.) can be met.
trap (Max.) is specified as a reference point only. If ty o p is greater than the specified
traD (Max.) limit, access time is controlled by taa.

Operation within the tg sp Max.) limit ensures

topr (Max.) and togz (Max.) define the time at which the output achieves the open

i i it RPN JAIGUGL Y SRNP I PUR TR
circuit condition and are not referenced to output voltage levels.

tRCH or trrH must be satisfied for a read cycle.

twces, tewp: tRwoy tawpand tepwp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If twes 2 twes (Min ), the
cycle is an early write cycle and the data out will remain open circuit (high impedance)

- throughout the entire cycle. If tcwp 2 towp (Min.) , tgwwp 2 trwp Min), tawp 2 tawp

(Min.) and tepwp 2 topwn (Min ), the cycle is a read modify write cycle and data out

A L

wnll contain At o P P

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,

all cLye

and to WE leading edge in an OE control write cycle or a read modify write cycle.

- These parameters are determined by the falling edge of UCAS or LCAS, whichever is

earlier.

These parameters are determined by the rising edge of UCAS or LCAS, whichever is

later.
tcwy should be satisfied by both UCAS or LCAS.

tcp and tepr are determined by the time both UCAS or LCAS are high.

See ADDENDUM E for AC Timing Waveforms




