NN5116160A / NN5118160A series

Fast Page Mode N pN)X(

CMOS 1M x 16bit Dynamic RAM

DESCRIPTION Preliminary Specification

The NN5116160A/18160A series is a high performance CMOS Dynamic Random Access Memory orga-
nized as 1,048,576 words by 16 bits. The NN5116160A/18160A series is fabricated with advanced CMOS
technology and designed with innovative design techniques resulting in high speed, extremely low power anci
wide operating margins at both component and system levels.

The NN5116160A/18160A series features a high speed page mode operation in which a high speed read.
write or read-write is performed on any column address along a row address.

An extremely short row address capture time and an asynchronous column address decoder relax the tim-
ing constraints associated with address multiplexing.

The outputs are tri-stated by CAS which, in essence, acts as an output enable independent of RAS with
very fast CAS to output access time.

Refresh is accomplished by performing RAS only refresh cycles, hidden refresh cycles, CAS before RAS re-
fresh cycles, or normal read or write cycles on the 4096 address combinations of AQ to A11 during a 64 ms pe-
riod for NN5116160A and the 1024 address combinations of AQ to A9 during a 16 ms period for NN5118160A.

Multiplexed address inputs permit the NN5116160A/18160A series to be packaged in a standard 42-pin
plastic SOJ, 50-pin plastic TSOP TYPE Il. The package sizes provide high system bit densities . System level
features include single power supply of 5V +10% tolerance and direct interface with high performance TTL log-
ic families.

FEATURES B Fast Page Mode Operation
W Separate CAS (UCAS, LCAS) for Byte
W 1,048,576 X 16 bit Organization Selection
MW Single 5V £10% Power Supply M Byte Read/Write Mode Operation
W Performance Ranges W Low Power Operation
Parameter 50 | 60 | 70 Low Standby Current (CMOS level input)
-Standard 1mA
I/\\/ICa:é ;;}?me gy | 590 | SO0 | 70ns -L version 150pA
M 4096 Refresh Cycles (NN5116160A)
;'rca:és?}?me texe) 15ns | 15ns | 20ns -Standgrd 64ms
-L version 128ms
XxSCSO#:: AddrﬁSS) 25ns | 30ns , 3sns 1024 Refresh Cycles (NN5118160A)
o | -Standard 16ms
"C‘;"‘déﬁgfﬂi’w“‘e oy | 907 | 100 | 130ns -L version 128ms
W Self Refresh Mode
(L version)

M Ali inputs/Outputs and Clocks
fully TTL and CMOS compatible
M Refresh Modes
RAS only
CAS before RAS
Hidden Refresh
W High Reliability Package
Plastic 42pin SOJ (P42SJ-2B0)
Plastic 50pin TSOP TYPE I (P50TP-3B6)
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

PIN CONFIGURATION
vee 19 50 [0 Vs
o1 2 490 VO16
02 0 3 48 [0 1O15
vo3 m 4 470 V014
Vo4 O 5 460 V013
Vee E 6 45|D Vss
Vo5 m 7 44D V012
06 ] 8 430 1011
vo7 9 42 vo10
vo8 o 10 41D voe
NC @ 11 40D NC
NC O 15 360 NC
NC [ 16 350 LCAS
WE 0 17 34D UCAS
RAS T 18 33D OF
(NOTE 1) A11/NC [ 19 32[0 A9
(NOTE 2) A10/NC 0 20 310 A8
A0 [ 21 30 A7
A1 22 29[ A8
A2 023 280 AS
A3 024 27 [0 A4
Vee 0 25 26D Vss

50/44-pin TSOP TYPE (Il)
Normal Bend (400mil)

P50TP-3B6
Vec a2[p Vss
v0,d|2 O 41| 1016
10,0|3 40| /045
00| 4 39|P 1014
1104015 38|P VO3
Vec|6 37(H Vss
vosd|7 36| V042
vog|s 35|00 11044
170;0|9 340 ¥O40
vogH| 10 33|p ¥Og
NC{[11 32|p NC
NCd|12 31|p [(CAS
WE(|13 30l UCAS
AASO|14 29ih OF
(NOTE 1) Arned|1s 28|p A
(NOTE 2) Aio/Nc |16 27| As
A Q|17 26|p As
A |18 2510 As
A |19 24|p As
Az |20 231 A,
Vec Ol 21 22|P vss

42-pin SOJ (400mil)
P42SJ-2B0

50 1 Veo
49 2 o
48 3 vo2
47 4 o]
46 5 V04
45 ] Vee
44 7 Vo5
43 8 V06
42 S Vo7
41 10D vO8
40 11[n NC
36 15[0 NC
35 16 [ NC
34 17[0 WE
a3 18[0 RAS
19[0 NC/A11(NOTE 1)
31 20D NC/A10{NOTE 2)
210 A0
29 22[0 At
28 230 A2
27 240 A3
26 25[0 Vec

50/44-pin TSOP TYPE (Il)
Reverse Bend (400mil)
P50TP-3B6-R

NN5116160A | NN5118160A

NOTE 1 Al NC
NOTE 2 A10 NC
PIN NAMES
AO~A11 Address Inputs
(NOTE 1,2)

RAS Row Address Strobe

UCAS Column Address Strobe
Upper Byte Control

LCAS Column Address Strobe
Lower Byte Control

OE Qutput Enable
11O1~1/016 | Data-in / Data-out
WdE Wirite Enable

Vee +5V Supply

Vss Ground

NC No Connection
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NN5116160A / NN5118160A series

CMOS 1M x 16bit Dynamic RAM
FUNCTIONAL BLOCK DIAGRAM
WE O
CE O
RAS O——»- PBASCiock [ " WE Glook
- ¥ ¥
LCAS O——"1 a5 Ciock OF Clock
ucasO G -
‘ Al
Refresh
Counter Lower O 1
v N Byte |
J\/L 7] w0 o8
> Column Dacoders
Column
Address
(NOTE)
> & 1O Logic _J__—l
Address | g @
Add
(NGTE) Buffers e o9
Data
§ o ()
Memory Buters V10 16
g :> Artay
Row z (16,777.218)
s | ¢
(NOTE) -0 Voo
-+—( Vss
Substrate
Blas
Generator
NOTE
Address / Row Address | Column Address
NN5116160A AQ-A1t AO - A7
NN5118160A AQ - A9 AO- A9
ABSOLUTE MAXIMUM RATINGS
RATING SYMBOL VALUE UNIT Permanent device damage can occur if
Voltage on Any Pin Relative to Vgg | VinVout | -1to7 v absolute maximum ratings are exceed-
Voltaoe on Voo Relative 1o V. v o7 v ed. Functional operation should be re-
ge ss cc stricted to the conditions as detailed in
Storage Temperature (Plastic) Tstg -55t0 +126 °C the operational sections of this data
Power Dissipation Pd 1.0 w sheet. Exposure to absolute maximum
Ambient Operating Temperature Ta Oto+70 °C rating conquns fof e?(.tended periods
— can affect device reliability.
Short Circuit OQutput Current lout 50 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Supply Voltage 45 5.0 55 v
Vss Supply Voltage 0 0 (o} Vv
Vi Input High Voitage, All Inputs 24 — 65 v
Vi Input Low Voltage, All Inputs -1.0 - 08 v
Note: All voltage values in this data sheet are with respect to Vgg unless otherwise specified.
V7
a7 NPNOX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

TRUTH TABLE
INPUTS 1/0

— T — OPERATION NOTES

RAS | LCAS | UCAS WE OE | /O1~1/08 | /09~1/O16]
H H H H H High-Z High-Z Standby 1.3
L H H H H High-Z High-Z Refrash 13
L L H H L Dout High-Z Lower byte read 1.3
L H L H L High-Z Dout Upper byte read 1,3
L L L H L Dout Dout Word read 1,3
L L H L H Din Don'tcare| Lower byte write 1,23
L H L L H Don't care Din Upper byte write 123
L L L L H Din Din Word write 1,23
L L L H H High-Z High-Z 13

H—L L H — — High-Z High-Z CBR refresh 1,3

H-L H L — — High-Z High-Z g:alf refresh

H—L L L - — High-Z High-Z

Notes: 1. H:high (inactive) , L:low (active) , —:unconcerned with H or L.

2. hwes 2 Ons : early write mode.
twcs < Ons : OF controlied write mode.

3. Operation mode is set by the earliest of LCAS and UCAS active edge and reset by the

latest of LCAS and UCAS inactive edge.

However write operation and High-Z control are done independently by each LCAS,

UCAS.

NPNDX 480




NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C, V¢ = 5.0V 110%)

(NN5116160A)
SYMBOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES
lect Operating Current -50 120 mA | tge =tgc (min.) 1,2
-60 110 mA | RAS, CAS, Address cycling
70 100 | mA
lccz | Standby Cument 10 | mA | RAS=CAS2>(Vgs-02V)
20 | mA | RAS=CAS2V,,
Standby Current 150 | pA | RAS=CAS>(Vc-02V)
(L version) All other inputs are stable at ( Vg - 0.2V)
lecs Refresh Current -50 120 mA | tge =tpo (min.)
(RAS only refresh) -60 110 mA | RAS cyciing, CAS =V 1
-70 100 | mA
loca Fast Page Mode Current -50 100 mA | tpe = tpe (min.) 12
-60 90 mA | RAS =V,
-70 80 mA | CAS, Address cycling
lecs Refresh Current -50 120 mA | tge = tge (min.)
(CAS before RAS refresh) -60 110 mA | RAS, CAS cycling 1
70 100 | mA
lece Refresh Current 500 WA | 4096 cycles/ 128ms
(L version : CAS before taas S 200ns, WE 2 ( Vg - 02V)
RAS refresh) All other inputs are stable at ( Ve -0.2V)
or (Vgg +0.2V)
loc7 | Seif Refresh Mode Current 300 | pA | RAS =CAS<(Vss+02V)
(L version) All other input high levels are ( V¢ - 0.2V
or input low levels are { Vgg + 0.2V)
' Input Leakage Current -10 10 PA | OV <V, <55V, Others = 0V
(Any input pin)
Ho! Output Leakage Current -10 10 pA | RAS 2 Vy(min.), CAS = Vi(min.)
(For high impedance state) OV < Vour < 5.5V
Vou | Output High Voltage 24 V [ loy=-50mA
Vou Output Low Voitage 0.4 V |l =42mA
Notes: 1. Icc1 . lccs » Iccs and Iggs depend on cycle rate.
2. Igeq and Igc4 depend on output loading. Specified values are obtained with the outputs open.
CAPACITANCE (0°C < Ta £ 70°C, V¢ = 5.0V £10%, f = TMH2)
SYMBOL PARAMETER MIN. MAX. UNIT
Cini Address{A0 ~ A11) — 5 pF
Cie RAS, LCAS, UCAS, WE, OE — 5 pF
Cour Vo1 -~ HO16 — 7 pF
V7
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C, V¢ = 5.0V £10%)

(NN5118160A)
SYMBOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES
lect Operating Current -50 190 mA | tac = tgc (Min.) 1,2
-60 170 mA RAS, CAS, Address cycling
-70 150 mA
lccz | Standby Current 1.0 | mA | RAS=CAS2(Vcs-02V)
20 | mA | RAS=CAS2Vy,
Standby Current 250 pA | RAS=CAS2(V-02V)
(L version) All other inputs are stable at ( Voc - 0.2V)
or (Vgg+02V)
lees Refresh Current -50 190 mA [ tae =tgc(min)
{RAS only refresh) -60 170 mA | RAS cycling, CAS =V 1
-70 150 mA
lccs Fast Page Mode Current -50 150 mA | tpg = tpc (Min.) 12
-60 140 | mA | RAS=V
-70 130 | mA | CAS, Address cycling
lces Refresh Current -50 170 mA | ftgc = tae (min.)
(CAS before RAS refresh) -60 160 | mA | RAS, CAS cycling 1
-70 150 mA
locs Refresh Current 500 A 1024 cycles / 128ms
(L version : CAS before tras < 200ns, WE 2 (Vg - 02V)
RAS refresh) All other inputs are stabie at ( Voc - 0.2V)
or(Vgs+0.2V)
lcc; | Self Refresh Mode Current 300 | pA | RAS=CAS<(Vgg+02V)
(L version) All other input high levels are ( Vg - 0.2V
or input low levels are ( Vgg +02V)
N4l Input Leakage Current -10 10 vA 0V £ V) < 5.5V, Others = OV
(Any input pin)
Ho! | Output Leakage Current -10 10 pA | RAS 2 Vy(min.), CAS 2 Vy(min.)
(For high impedance state) OV < Vour 55V
Vou | Output High Voltage 2.4 V | log=-5.0mA
VoL | Output Low Voltage 0.4 V |l =42mA

Notes:1. lcet . Icea | Joca and ggs depend on cycle rate.

2. Igeq and Igg, depend on output loading. Specified values are obtained with the outputs open.

CAPACITANCE (0°C < Ta < 70°C, V¢ = 5.0V £10%, f = 1MHz)

SYMBOL PARAMETER MIN. MAX. UNIT
Cins Address(A0 ~ A9) — 5 pF
Cine RAS, LCAS, UCAS, WE, OE — 5 pF
Cour VO1 ~ VO16 - 7 pF
N7
NPNX 182




NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

A.C. OPERATING CONDITIONS ( 0 °C<Ta<70°C, Ve = 5 V £ 10%, Vgg = 0 V) (NOTES 3,4, 5)

SYMBOL -50 -60 -70

NO-[epec [ sTD PARAMETER MIN. | MAX. | MIN. | MAX. | sN. | MAX. | UNIT | NOTE

1 | toriov |teac |Access Time from CAS - 15 — 15 — 20 ns 6,13

2 | tcnsav |tepa |Access Time from CAS Precharge - 30 — 35 — 40 ns 13,14

3 |tavav |taa |Access Time from Column Address — 25 — 30 — 35 ns 7,13

4 [taiiav |taac |Access Time from RAS — 50 - 60 —_ 70 ns 6,7

5 | taLicui |tesn |CAS Hotd Time 50 — 60 — 70 - ns

6 | taLichi [tcun | CAS Hold Time (GAS before RAS Refresh) 10 — 10 — 10 - ns

7 |taicx |tens | CAS Precharge Time (Seit Refresh Mode) 50 — | 50 — | 50| — ns

8 | tenacez [tcen | CAS Precharge Time (CAS before RAS Refresh) | 10 — 10 — 10 — ns

9 |tonaclz [tcp | CAS Precharge Time (Fast Page Mode) 5 - 5 - 5 - ns 14

10 | torscut |teas | CAS Pulse Width 15 |100K| 15 | 100K | 20 | 100K | ns

11 | teLipe [tesp | CAS Setup Time (CAS befora RAS Refresh) 5 — 5 — 5 - ns

12 [toiox |taz |CAS to Outputin Low-2Z 0 — — 0 - ns 8

13 | tonorie |tcre  |CAS to RAS Precharge Time — 5 — 5 — ns

14 | toLywiz [tewp |CAS to WE Delay Time 45 — 45 — 50 — ns 1

15 [ toriax |tcan [Column Address Hold Time 10 — 15 — 15 — ns

16 | taiax [tan |Column Address Hold Time 35 — 40 — 40 — ns
Referenced to RAS

17 | taverz |tasc |Column Address Setup Time 0 — 0 — 0 - ns 14

18 | tavrus |traL |Cotumn Address to RAS Lead Time 5 | — | 3| — | 3| — | ns

19 | tavwr, |tawp |Column Address to WE Delay Time 57 — 60 —_ 65 - ns 1

20 { teriox [ton | Data Hold Time 10 — 10 — 15 — ns 12

twiipx
21 | tovere [tos | Data Setup Time 0 — 0 — 0 — ns 12
fovwo _

22 | toriav [toea |OE Access Time — 15 - 15 — 20 ns

23 | twrotz |togn | OE Command Hoid Time 15 — 15 — 20 — ns

24 | teroov |toep | OF to Data Delay Time 15 — 15 —_ 20 - ns

25 | toraaz [torr | Output Buffer Turn-off Delay Time 13 0 15 0 20 ns 10

26 | tonzax [toez |Output Buffer Turn-off Delay Time 15 0 15 0 20 ns
Referenced to O

27 | teL1pmt |tsy | RAS Hold Time 15 — 15 — 20 - ns

28 | toL1rur |taon | RAS Hold Time Referenced to OF 10 — 10 — 10 - ns

29 | tamopiz [trp | RAS Precharge Time 25 — 30 — 40 - ns

30 | tpropz [taps | RAS Precharge Time (Self Refresh Mode) 90 - 10| — [ 130 — ns

31 | taiput [tras | RAS Puise Width 50 | 100K | 60 | 100K | 70 | 100K [ ns

32 | taLiput |trase | BAS Pulse Width (Fast Page Mode) 50 | 100K | 60 | 100K | 70 | 100K | ns

33 | taren | trass | RAS Pulse Width (Self Refresh Mode) 300 | — | 30| — | 30| — us

34 | taiicus |taecp | RAS to CAS Delay Time 13 35 13 45 13 50 ns 6

35 | tameciz [tapc | AAS to CAS Precharge Time 0 — 0 — 0 — ns

36 | tauiay |lmap | RAS to Column Address Delay Time 1 23 1 30 1 35 ns 7

37 | taLiwie [tawn |RAS to WE Delay Time 80 - 90 — | 00| — ns 11

38 | topawie[then | Read Command Hold Time 0 — ] - 0 — ns 9

39 | taHowz |thrn | Read Command Hold Time 0 — 0 — 0 — ns 9
Referenced to RAS
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

SYMBOL -50 -80 -70
NO.T epec [ sTD PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | max_ | UNIT | NOTE
40 | twnaci2|thes | Read Command Setup Time 0 — 0 -— (1] — ns
41 | tponip |tac | Random Read or Write Cycle Time 90 — 110 — 130 — ns
42 | tooerz [tee | Read or Write Cycle Time (Fast Page Mode) 33 — 40 — 45 — ns 13,14
43 | trople {tamw | Bead-Modify-Write Cycle Time 145 — 165 — 185 — ns
44 | toaci2 | tormwl Read-Modity-Write Cycle Time 80 —_ 85 — 95 - ns 13,14
(Fast Page Mode)
45 |ther  |tagr |Retresh Period L nnstieteon | — | e | — | e | — | e fms | 15
! NN5118160A — 16 — 16 — 16
46 | toiax traw | ROw Address Hold Time 8 — 8 — 8 — ns
47 | tavayp |lasr [Row Address Setup Time 0 — Q — 0 — ns
48 |ty tr Transition Time (Rise and Fail) 2 50 2 50 2 50 ns 4,5
49 | toiywhi | twen | Write Command Hold Time 10 — 10 — 15 — ns
50 | twn 1wl Write Command Pulse Width 10 — 10 — 15 — ns
51 m@; Write Command Setup Time 0 - 0 — 0 — ns LAl
52 | twiich |tlown | Write Command to CAS Lead Time 15 — 15 — 20 — ns
53 | twapms [tew | Write Command to RAS Lead Time 15 — 15 - 20 | — ns
Notes:

3. Eight Initialization Cycles are required following a 200ps pause after Power Up. These Initialization Cycles
may consist of any combination of the following : RAS only refresh Cycles, Read Cycles, Write Cycles,
CAS before RAS refresh Cycles.

4. AC measurements assume tr=3ns. All AC parameters are measured with V, (min.)>Vgg and
Vin(max.)<sVec and with a load equivalent to two TTL loads and 100pF.

5. Viu{min.) and V) (max.) are reference levels for measuring timing of input signals. Also, transition times are
measured between V and V.

6. Operation within the tgep(max.) limit ensures that tgac(max.) can be met. tpcp{max.) is specified as a ref-
erence point only. If tgcp is greater than the specified tggp(max.) limit, then access time is controlled by

Ac.

7. Operation within the tgap(max.) limit ensures that tgac(max.) can be met. tgap(max.) is specified as a ref-
erence point only. If tgap is greater than the specified tgap(max.) limit, then access time is controlled by
taa-

8. Assumes three state test load (SpF and a 220 ohm to 1.3V Thevenin equivalent).

9. Either tgoy or trry Must be satistied for a read cycle.

10. topr(max.) defines the time at which the output achieves an open circuit condition and is not referenced to
output voltage levels.

11. twes, trwn: towp and tawp are not restrictive operating parameters. They are included in the data sheet as
electrical characteristics only. If twcs2twes(min.) , the cycle is an early write cycle and data-out pins will re-
main open circuit (high impedance) throughout the entire cycle. If trwp2tpwp(min.), tewp2tewp(min.) and
tawp2tawp(min.), the cycle is a read-modify-write cycle and the data-out will contain data read from the se-
lected cell. if neither of the above conditions is satisfied, the condition of the data-out (at access time) is in-
determinate. L .

12. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in
read-modify-write cycles.

13. Access time is determined by the longer of tya, 1cac. O topa-

14. tagc2tep to achieve tpe(min.) and topa(max.) values.

15. tgrer=128msec for Long Refresh version (L version).

NPNX a4



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

la—— tRP(29)—»]

ra—— tchAP(13) —a

WORD READ CYCLE
- tRcu)
- 'RAS(SI) !
——
RAS S
t
tcrp13) CSHis)
la——— tRCD(34)—— »ra—— tasken »
le—— tcaspo)———»
UCAS \ /
icas __/ N\
e tRAD(36) g [CYVIRT: ——
tasrun)| | tramae) tascon | foanps)

Ac.‘ldresszzzzz>g

(NOTE)

VO 1~
O 16

NOTE

Row Address

< tag(is)

X/

umn Address _‘W//////// /

Y

tacsio)

le— tACH(38)
- tRRH(39)

Y

\@——— VROH(28).——p|

» toeae2)

Y

N

L

le— toac() — 5l

taaz —

tRac() —»

High-Z

le— togz(26)—]

toFF(es)

Address AO-A11: NN5116160A

AO-A9: NN5118160A

Valid Data-out

P

e lcuum—@g

:I-ighorLow
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

BYTE READ CYCLE
RAS N i \
ucas ___/ A /7
{(or LCAS)
s
(or UCAS) e tRAD(G) - (LT —
&‘ﬁzf‘m Row Adsess X77777/7/X coumn assress X777/,
wE iy S

toEA(22)

o LIl inon. Y/ T

Vo 1~ High-Z
Vo 8

(or I,I?OQ‘I.'S ) le— tCAC(H) ——

toFF(2s)

‘M(g) —

tRAC) —— [e— toEZ(26)—

bo . Hgr? ”@l Valid Data-out |
(or/O 1~ S T

Vo 8) /////) vigh or Low

NPNX -



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

WORD WRITE CYCLE (EARLY WRITE)

tRc)

thas(ay)

plmzs) — &
_
RAS S‘ | W
t csH(s)
tcap(13)
trcoee trsHEn je— teap(is) —»
-e——— tcas(10) —»
UCAS
icas __/ N / /
- tar(1s)
le— tRAD(36) —— et RE)
tasrun| | tRaHue) tasciin tcan(s)
- -—s 3|
TS Y
Address oW Address Col

(NOTE)

tewis2)

trwL(s3)

WE i

twp(w) EEEm—

(/i

twesest)

| (wcH(49) —_—

o LI i i vz

o LTI

tpse1)

—."—4— f— lm(zo) —=

:HighorLow
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

BYTE WRITE CYCLE (EARLY WRITE)

tRc(41)

- trpe) ——»
— —
RAS N J
t tcsHs)
CRP(13)
- tacopy ——®*— Rshin) (& tcrPna) —»
<a——— tcas(10) —»
ucas __/| N /
(or LCAS)
LCAS __/
(or UCAS) e tarng
le—— tRAD(36) —o- tRaLiie)
tasrun ‘mm_ce) tascan | toanas
/) s ) T,
(NOTE)
- towusa)

trwL(s3)

WE

LIy

twpso)

I

twesesn)

[——— t weh(eg) ———

OE

LT T T T i v

o LI i i i iz

(or /O 9~

VO 16)
tD_S('ZILL‘ +—— lpHpoy —>
A S U
(orko, O inoen
NPNX -



NN5116160A / NN5118160A series
CMOS 1M x 168bit Dynamic RAM

WORD WRITE CYCLE (OE-CONTROLLED WRITE)

trc) >

tras@r) theg) )
N —_— ?E =
RAS N \_

tesHis)

e O\ 7
s -;MT(:S )RAD(ae) }_A_S:(lm :cw15)> RAL(18) >
sacvens 11D Cronstnes X cammrssmss X T

(NOTE)
re— towLis2)

le— tRwLsg)

Y

le— twP(s0) —

WE LU

"ol

toenee) toer(es)

ld—ﬂ
oF Ly LW///ﬁ//////////////////////////A

| 'l".s‘i‘L e
vot1- [////——"= IR _vaavs=n X 7777777777777777 1000000,

/O 16
m : High or Low
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

BYTE WRITE CYCLE (OE-CONTROLLED WRITE)

- tacu1) >
tras@31) trPe) |
RAS N ; X
tesms) >
terpirg) - tRcD(4) <— RsH) re—— tcrpi1a) — o
a«—— tcas(i0)— o]
UCAS _/ —\ \-'r -/ /
(or LCAS)
LCAS _/
( or UCAS ) e—— tance)
la—— tRAD(38) - taaLe)
tasrer) | | tRAH@e) tasciin tv:;AH(15)>
Address //////}%. Pow Address column Adtress X777/ /1111 T
(noTe) a— towL(s2)
e 1AWL(53

le— twp(so; —

we i /iy,

nrgl

toepee toeHEs)

i I
oE Ly Ny,

Wo's LTI i v

(i)
vos- 77/} et vaid Datzin X777/ /1111 T
{or Ill%18-) : High or Low
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

WORD READ-MODIFY-WRITE CYCLE

“ tRMw(43) >
< tRasa1) Id—- trP(2g9)—»
- |
RAS N / 3
terpqi) | [ :CSH(S) o teap(ia)
- la—— RCD(34) tRsHE?) .
tcasqo) >
UCAS
teas __/ R /7
le— tAR(18) -
la— tRAD(6) —m tasciin
tasp7) tRAHWS) [a—] - tCAH(15)-5
Address 7/:7/:7/:22)] Row Address @ Column Address 22222222222;;;;;;;
(NOTE) QAWW)—. |
le—— towppg—— ) ‘c_quz)
B trwD@E7 — ] tAwLisa)
WwE N L
oz “_.Ijom(zq tweiso)
- oeze
R
teac()
e tosean)| | torco)
tRac(a) el

A HighZ «@'ﬁoata-om patain X0/
ton 777 vihorow

491 NPNX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

BYTE READ-MODIFY-WRITE CYCLE

trMw(a) >
- tRas(31) tap(2g)—»
E——
RAS S | W
t
teap(13) CSHeE tearia)
- tRCD(4) - tRsHer) >
F—— tcAs(10)——————»
ucas __/ AN
(orLCAS)
LCAS J
(or UCAS) le— tAR(16)
a— {RAD(38) — ¢
ASC(17)
tasRun) 4———] trarg [ - tCAH(15) 9

Address m

Row Address 1@3

- ta

(NOTE)
e ] Jome

WE N L

S A

Wi T
(or /O 9~ teacn

0 16) tance I -

"|I%91~6 High-2 Data-out Data-in ,/////////////////// f
(orlis ) oz V7777 vigh or Low
NPANDK o2



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE WORD READ CYCLE

trp(2s)

< tRasP(az) -
—_—
AAS A / \_
teRpqa) | [+ tosHe ————————+ [ trcuzy ™1 [ tRsHEn ™ | terpey
<+ [+ tRoDg—* tery | tcaspo)  topig) teasiio) N
e tcas(10) - <
UCAS
icas __/ N / / N /
le—— tar(ig) »
ms;l(fz :!mmaal‘_l‘ tw‘l) tascan team(15) — ‘:R:ua)—>
trarisg)  lascon tear(s)
O /S 11 Ul s U s U
tAIA(a, .I - taa@) tRRH(9)
tacso) troHpe)  tRcsuo) tRcH(se trcswuo treHee)
" T
we Ly |
le— topay —o [ tora) @;
toea(z) toeaz) . | D
OEA(ZZ)
o i 77/////// ) L/////////); Vi //////////
taag) L - toFF:ﬁ) e 1OFF(25)
teacq) oty “CAC(1) >
le—————— tpacw) L t— >
toez(ee) toez(z6) toez(2e)
o' £ y ’ i y

teizoz) Data-out TCLZ(I?) Data-out torz(12) DaIa-OUl

V77 - High or Low

pres NPNOX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE BYTE READ CYCLE

traspa2) tRpe9)
__ - £
RAS N il \
teapay | [* toshe) [ tecad — ™| |[* tasnen™ | teapug
tRcD(EY tepgg tcasio)  tep) tcasqo) Bl
[ tcas(i0) » (e
X | - B | -
UCAS N / / N /
(or LCAS)
LCAS
(or UCAS) le—— taR(i6) »
[¢— tRAD(3e) | tRAL{18)—m
tasA(a7) o i:L» tcaH(s) tascu ‘!C_Aius) tasc(17) plle |e—mi
thatee  tascan tcans)
-
N/ m[ T T o WS U G
(NOTE) —[ |
Het taac) ->| - taa e | {RRH(9)
I
{Rcs0) treHeey  tReswoy  URcH@s tRcs(a0) RCH8)
[ > » et —
i I T M
WE i %4 Y
le— topag —»{ [ tepa@) >
tROH(28)
toEA(22) toea(e2)
/Ax[rw o
- /7 7 '8 Y777
R R A Y Sy, 1
17O 1~ High-Z
/0 8
(or /O 9~ tanga) - torFies) torF(es)
110 16) teac
tcac)
- tRaC4)
toez(es) toez(s)
/0 9~
/0 16 N ! p—
(or II|?°18~ ) t_c.Lzuz) Data-out _TCLZHZ) Data-out tcizay  Data-out
m : High or Low
V7
NPNX

494



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE EARLY WORD WRITE CYCLE

trp(29)

trasp(az) > Z
RAS S \_

—_—
t t t
torp(13) le——— (CSH(5) > r PC42)—» [a— RSH(27)—p]
la—— tRCD(34) —
tcaspio) | tepe tcaspo)  tepge) tcas(i0) terp(r3)
e N
icas __/ N N N /
l—— lmn(as)—-bl | tRAL(18)
tasr@an | | tRAH@e) tascainy| tcam(is) tasciny | teanpis) tascin | team(s)
[ ft—ny ’—Id— <——| <——|
-
Address 2222222 Row m] Column Column Column //////////27/
(NOTE)

tewLsz) l— towuise) —1 towa(sz) o
twessn twess) | twoHee) twesst) o
tweHs) [ re tweH(o)
w I, s Y
twp(s0)

twe(so) ‘PI -

¥ twe(so) »

o LI iz

ti)s(z,, tDH(iO) tolst, tnﬂ(:,, tosn) tomieo)
SO, S Y S ) S

/////] vigh or Low

ass NPNX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE EARLY BYTE WRITE CYCLE

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Address m

(NOTE)

WE

trp(o)
LYY >
N j N
teshes) t ‘ t
terpna tCSH() PC2)— La— lASH(27)—p]
le— tRCDEH —»- -
tcaspoy | tepesy tcasiioy tcpee) tcas(i0) toapaa)
<—tmmas)_.| ! tRaLE) ——»
tasrun | | tRAHEE) tascon| tcaH(s) tascon | toamps) tascan | tcanas)
e J S ’T <»—bl »lle <——'>|
ow W77/ Coomn Column S Y
-+ towLsa) I tCWL(52) 1 towe(s2)-»
—1- trwLsa)——

& tweso)

twesst)

t ¢
11 WCH4g) e

twesisty

’
twerie) twesisi))
f— -t

twehas)

LTI

_’I twe(so) b tweiso)
oE LI il
Wos  JLLLIIITITTII i
( or VO 8~
vo 1) tose1) toHzo)  tosr toneo  tosey {DHiz0)
Vors LK. osain Daain X7M vwan K777/,
{orl/O 1~
vos)
:Highor Low
NPNX 108



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE

RAS

UCAS
LCAS

Address m

(NOTE)

tRP(29)
trasp(32)
N g N
tcsHs) ter tRsHE7) —
terp(13) lcnp(uq
le— tRCD(34) —o ' tope ]
e teasto—a| ot L toasio)—er e Lo teasio .
trane)
fe———4 N R ' traL(1g)
tasRu7) | tpanug iAscm) CAH(15) tascizy| “CAH(S) tascpin | teanps
Row. @ Column olum Column
towusz) tew(s2) t_cﬂ.(".r,_z)
B trwiis3)
" t RWD(ET— !
HTSW) te— toWD(14)— le— town(14)—ey . tcwom).l
/
7 i N | Sj/
tawo(19)—o] he—d tawp(19)—+| le—4— tawn(19)
twriso) . twe(so) twe(s0)
tROH(28
toEa(zz) toEaiz2) r_
toen(z4) toen(ee) toED(24)
teac(
1 e —~ e t -
tcPa@) CPA(2)
e tAAl(S) -l taa@) taaz)
toezee) toez(26) tom toez } r .
thaci) os!) | osey | osizn|
High-Z v
J— p——
. . —t -
terzn Data-in .\, Data-in ¢ 4y, Dta-out Data-in
Data-out Data-out m : High or Low
i

497

NPNX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE

tRP(29)
tRAar(aq
. —_—
RAS N ; N
tesHes) tPRMW(44)———= tRsHEN
tcRP(13) torP(13
le— tRCD(34) —wy
tcpe) tcrg)
le— tCAS110) o] (e e tCAS(I0) o le— tcas(io
- )
ucas __/ \ 7 N N /7
(or LCAS)
LCAS
s 1RAD(36)
(or UCAS) e \ N traL(18)
tasriaz) | tranus) tascaz (CAHNS) tascazy[ 'CAHUS) tascory | tcamis)
Address Z;;Z/;X Row @polumn ><Z// Z;%Z‘QO'U”“’W: Column Wé/// i,
(NOTE) tcw1_(52)T towLisz) [ ‘Cw,_L.‘_.sz'
te o
. tawLsa)
f RWD(37—*
FTS“O) le— towD(14) o} le— tOWD(14) oy le— tCWD(14)
wE L i
we LI N | N / N
tawp(19)—] ke—b la—1- tawD(19)—o Fe—l le—1~ tawp(19) —=]
twr(so) twp(so) . tweiso)
ROH(28)
toeaE2) toea2) r_
o . toeaez)
_ = ' '
OE / / f
o 1~ High-Z
/0 8
(or VO 9~ 1oED(24) 10ED(24) toeneea)
tcac
Vo 16 ) i le— toPA@2) —»] L- toPai2)
e lAA'(s) -] taaa) taam
toEZ(26) 1+ toez(2e) 1+ toEz(ze)
T_ 1 r DH(20) ‘— {DH(20)
. DH(20) X ! e
tracie) osizy| osen | psen;
/O 9~ High-Z 1 —
/O 16
Cor O v Data-in Datain oo, Data-out Data
110 8) teLzoiz) torzoz | AN ez a-ou ata-in
Data-out Data-out /////]:High or Low
NG,
NPNDX ass



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

RAS ONLY REFRESH CYCLE

- treiat) >
tRAs(31) » r4—— tpppo)———n
:S .
RAS / |
terp(1a) tapc(as)
UCAS
LCAS J _‘\—/
tasre7) | | RaH@4s)
p—  [—

address /LR Pon KT TR

(NOTE)

NOTE 2: WE, OE = Don't care. m : High or Low

CAS BEFORE RAS REFRESH CYCLE

< tRcwa >

re— 1RP20)—m{ 1o tras1) > tRP(29)—»
RAS / N / \

_ tapcs)

s =

toFFes)
10 1~ High-Z
170 16

NOTE 3: VWE. C_)E, Address = Don't care.

: High or Low

499 NPNX



NN5116160A / NN5118160A series

CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (WORD READ)

RAS

UCAS
LCAS

ndaress Z////X

(NOTE)

trc(41)

trcan

N

trRasa

[———————— taRp6——

lq—» le— tRCDI34)

tasru7) | | tRaHee)  tascrn :
> - » LCAH(15)

il |

AN

» e tRP(29)- tRas(s1) r‘HP(zﬁ)-—
tRSH(27)-» toHRe)» re— tcRP(I3)—p

/

tRCs(a0)

ke— tRAD(a6Y tha 1) —

T Y S Y

tRAKH(9)

1Ly

tan(z) —

S

T

A

[ teac() torFFes)
toLzaz) e
h————— tpaciy ——™
uv% - High-Z @3 Vaiid Data-out S ————
/////] - High or Low
NPNDX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (BYTE READ)

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Mdm;smZ Row 5@3 Column

(NOTE)

WE

o 1~
vos

{or VO 9~
/0 16)

/O 9~
VO 16
(or/O 1~
ros)

tacu) i tre@y »
- taasa) le— tRP(29)-» trasan tRP(29)»
N / R \

[ ———————— tAR(16)————>

tcrpP(13)
le— 'RCOEY___,, tRSH(27) 'cun(s)]zq— tCAP(13) —|
le— tRAD(a8)— tRaL(1g) —

tasaun | | tRaHue)  tascon
f— - tean(is)

S,

treso)

. | tArrae

e-’1

I Y

taa@ —

N

T

High-Z

la— tcac

torzaz)

High-Z

thac) ———

&

(1)~

toFF(es)

Valid Data-out E——

:HighorLow

501

NPNX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY WORD WRITE)

- tRci41) tacu

tRas(31) > tRP(29)-» tRas(31) tRp(29)-»]
RAS N / \___
[a——————— tap(ie———
terP(13) 1 ¢
r—» le—— 'ACD(34) RSH(27) -

tcHRE) lq—lcnma)—>
LCAS ___f \\ ]Zr

le— tRAD(36) tRAL(18) ]

tasrar) | | traHae)  tascan toars
> \

adress //J8._Pen_ KJ7X._ o X777777777777777777177000000T00TTT,

(NOTE)

twess)

la— tweh(a9)—
- twp(so) —m

wE LI Y

oF LI i i i iy i i

tosen
< > F—— tpH(0)—

vo1-  JIIITTTTTIR Vald Data-in YA
- High or Low

NPNDX s02



NN5116160A / NN5118160A series

CMOS 1M x 16bit Dynamic RAM
HIDDEN REFRESH CYCLE (EARLY BYTE WRITE)
- tRC@ 1y tacw) >
- tRas(a) tRP(29)—] tras@a) r tRP(29)-»
RAS N ZJ N
|a—————— tap(1e)————m
oikis le—— tRCD(4) tRSH(27)-»| tcHRis) r—!CRP(I:!)—D
ucas /| AN ]f
(orLCAS)
LCAS _/
(or UCAS) lt— 1RAD(S) | tRAL(18) ]
tasrun | | tmamue)  tascan .
4—.«] -» CAH(15)
/) L ) S Y,
(NOTE)
twesisn
le— twcrae)
- {wr(s0) —a
we LDy i,

oE LI i i i iyryr i

o1~ 7/

(or VO 8-~
/0 16) ‘ tos(ay) e toncmy
XA Valid Data-in %
Vo 16
(orul%1£) V/////] - vigh or Low
NPNOX



NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

SELF REFRESH MODE

R - L) - trass(zs) ———————» '__‘ﬁm_.
RAS A f
tRpcis) - fesaqn) 'cusmi tCRP(13)
UCAS
icas __/ . J \_
R tasrun

(NOTE)
_.l__LoFF(zs)

wi-~- — High-z
VO 16 4

L

Note: WE, OE = Don't care.

/////) igh or Low

B The NN5116160A/18160A (L. version) has a Self Refresh Mode.

a.Entering the Self Refresh Mode:

The NN5116160AL/18160AL Selt Refresh Mode is entered by using CAS before RAS cycle and holding
RAS and CAS signal * low " longer than 300ys.

b. Continuing the Self Refresh Mode:

The Self Refresh Mode is continuing by holdlng AAS " low " after entering the Self Refresh Mode.

it does not depend on CAS being " high * or * low " after entering the Self Refresh Mode to continue the Self
Refresh Mode.

c. Exiting the Self Refresh Mode:
The NN5116160AL/18160AL exits will exit the Self Refresh Mode when the RAS signal is brought * high .




NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

ORDERING INFORMATION

NN5116160AXX(X) - XX

SPEED

PACKAGE

VERSION

DESIGN CODE
MODE

NN5118160AXX(X) - XX

SPEED

PACKAGE

VERSION

DESIGN CODE
MODE

RR :
BLANK :

16160 :

BLANK

A

18160 :

60 :
70 :

50ns
60ns
70ns

Plastic SOJ
Plastic TSOP TYPE Il (Normal Bend)
Plastic TSOP TYPE Il (Reverse Bend)

Standard Version
Long Refresh Version
128ms Refresh

Fast Page Mode
2CAS ,1M x 16 ,4096 Refresh Cycle

50ns
60ns
70ns

Plastic SOJ
Plastic TSOP TYPE Il (Normal Bend)
Plastic TSOP TYPE Il (Reverse Bend)

Standard Version
Long Refresh Version
128ms Refresh

Fast Page Mode
2CAS ,1M x 16 ,1024 refresh cycle

NPNDX



