NN51V16160A / NN51V18160A series

Fast Page Mode N pN)X(

CMOS 1M x 16bit Dynamic RAM

DESCRIPTION Preliminary Specification

The NN51V16160A/18160A series is a high performance CMOS Dynamic Random Access Memory orga-
nized as 1,048,576 words by 16 bits. The NN51V16160A/18160A series is fabricated with advanced CMOS
technology and designed with innovative design techniques resulting in high speed, extremely low power and
wide operating margins at both component and system levels.

The NN51V16160A/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. o

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 4086 address combinations of A0 to A11 during a 64 ms pe-
riod for NN51V16160A series and the 1024 address combinations of A0 to A8 during a 16 ms period for
NN51V18160A series.

Multiplexed address inputs permit the NN51V16160A/18160A series to be packaged in a standard 42-pin
plastic SOJ, 50-pin plastic TSOP TYPE IIl. The package sizes provide high system bit densities . System level
features include single power supply of 3.3V +10% tolerance and direct interface with high performance TTL
logic families.

FEATURES W Fast Page Mode Operation
B Separate CAS (UCAS, LCAS) for Byte

M 1,048,576 X 16 bit Organization Selection
B Single 3.3V £10% Power Supply B Byte Read/Write Mode Operation
B Performance Ranges W Low Power Operation

Low Standby Current (CMOS level input)

Parameter -60 | -70 -Standard 1mA

Max. RAS -L version 150pA
AccessTime  (tasc)) O1° | 70N W 4096 Refresh Cycles (NN51V16160A)
Max. CAS 15ns | 20ns -Standard 64ms
AccessTime  {toac) -L version 128ms
kn::é scso{::nr?: Addr(etii) aons | 35ns jé)é:; g{ac-:;'féesh C:lgl:‘z (NN51V18160A)
Min. Read/Write - i
OydoTme | Bl 130nsJ n SLe\I;eI;sel;)rgsh Mo1d2e8ms

(L version)

M All inputs/Outputs and Clocks
fully TTL and CMOS compatible
W Refresh Modes
RASonly
CAS before RAS
Hidden Refresh
8 High Reliability Package
Plastic 42pin SOJ (P425J-2B0)
Plastic 50pin TSOP TYPE il (P50TP-3B6)
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

PIN CONFIGURATION
vee 19 sa [0 Vss
vo1 0 2 480 11016
voz o 3 48 [0 1015
V03 0} 4 47 [0 VO14
¥o4 0 5 46D V013
Vec 0] 6 450 Vss
VoS ﬁ 7 440 V012
06 0} 8 43|n vO11
Vo7 0 9 42D Y010
¥os8 Oj 10 41D vO9
NC O 11 40D NC
NC @ 15 360 NC
NC [ 16 35[0 LCAS
WE 0 17 34[n UCAS
AAS O 18 33[n OE
(NOTE 1) A11/NC [ 19 32[0 A9
{NOTE 2) A10/NC 1] 20 31D A8
A0 M 21 300 A7
A1 22 290 A6
A2 [ 23 280 As
A3 M 24 27 [0 A4
Vee @ 25 26 [0 Ves

50/44-pin TSOP TYPE ( Il )
Normal Bend (400mil)
P50

TP-3|
vo,q|2 O 41(p vO16
o013 40|p WO15s
110304 39|00 V014
110:4|5 38(p 1043
VecQ|6 37|P Vss
1705017 36|P /042
1os(8 35(p 1¥O+4
10,0\ 9 34|p 11040
110sq| 10 33|p v0e
Ncq|11 32| nC
Ncq|2 31|p CCAS
WEQ|13 30| UCAS
RASO|14 29|p OE
(NOTE 1) As/Ncl|15 28|p A9
(NOTE 2) Ajp/NCO|16 27|p As
Ad|17 26(p A7
A |18 25| As
A 0j19 24|0 Ag
Aslj20 230 A,
Vee | 21 22|p vss

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

35

33

31
30
23
28
27
26

Vee
o1
vo2
o3
V04
Vee
Vos

© @ NPV AW R -

Vo7
/o8

- =
- O

15[0 NC

160 NC

17[D WE

181 RAS

190 NC/A11 (NOTE 1)
20[D NC/A10(NOTE 2)
21[D A0

220 A1

23[0 A2

240 A3

2510 Vee

50/44-pin TSOP TYPE (1)

Reverse Bend (400mil)

PSOTP-3B6-R
NN51V16160A | NN51V18160A
NOTE 1 A1 NC
NOTE 2 A10 NC
PIN NAMES
AD~A11 Address Inputs
(NOTE 1,2)
RAS | Row Address Strobe
UCAS Column Address Strobe
Upper Byte Control
LCAS Column Address Strobe
Lower Byte Control
Ot Output Enable
1/01~{/016 | Data-in / Data-out
WE Write Enable
Vee +3.3V Supply
Vss Ground
NC No Connection

NPNX




NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

FUNCTIONAL BLOCK DIAGRAM

WE O
OE O
RAG RAS CI - WE
RAS O—» .%:( WE Clock |
LCAS O———"1 ©as Clock OF Glock
UCAS O———= » G -
‘ Al
Refresh
Counter Lower /0 1
{} ;¥ N Bre |
TTV] vo Vo8
f\ Column Decoders Bufiers
Column l/
e
Si ifier:
Address | o @
Add
(NOTE) Butters o Voo
Data
; N E o)
2 Memory Butters /O 16
p, g Array
Row z 4 (16.777.218)
Address s
(NOTE) -—0 Vee
-0V
Substrate 8
Bias
Generator
NOTE
Address / Row Address | Column Address
NN51V16160A A0- A1 AQ - A7
NN51V18160A AQ- A9 AQ - AB
ABSOLUTE MAXIMUM RATINGS
RATING SYMBOL VALUE UNIT Permanent device damage can occur if
Voltage on Any Pin Refative to Vg | VinVout | -0.5t0 4.6 v agscl’;m:ct (naxllrrmum rat;tlngs harel :xt;:eeed
ed. Functional operation shou re-
Voltage on Vg Relativa to Vs Vo | 051046 v stricted to the conditions as detailed in
Storage Temperature (Plastic) Tstlg | -55t0+125 °c the operational sections of this data
Power Dissipation Pd 1.0 w sheet. Exposure to absolute maximum
Ambient Operating Temperature Ta Oto+70 oC rating conditions for extended periods
— can affect device reliability.
Short Circuit Qutput Current fout 20 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Supply Voltage 3.0 33 36 v
Vss Supply Voltage 0 0 0 v
ViH Input High Voltage, All Inputs 2.0 — Ve +0.3 v
Vi Input Low Voitage, All Inputs -0.3 — [0F:) v
Note: All voltage values in this data sheet are with respect to Vgg unless otherwise specified.
N7,
509 NPNX



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

TRUTH TABLE
INPUTS 1/0

— — 1T — — OPERATION NOTES

RAS LCAS | UCAS WE OE | VO1~1/O8| I/09~VO16]
H H H H H High-Z High-Z | Standby 13
L H H H H High-Z High-Z | Refresh 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 12,3
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 ;relt refresh

H—L L L — — High-Z High-Z

Notes: 1. H:high (inactive) , L:low (active} , —:unconcerned with H or L.
2. twes 2 Ons : early write mode.
twes < Ons : OE controlled 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 controt are done independently by each LCAS,
UCAS.
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C, V¢ = 3.3V +10%)

(NN51V16160A)
IsquOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES
lcgt Operating Current -60 100 MA | tac =1tgg (Min.) 1,2
-70 90 mA | RAS, CAS, Address cycling
lecz | Standby Current 10 | mA | RAS=CAS2(Vee-02V)
20 | mA | RAS=CAS2V
Standby Current 150 | pA | RAS=CAS2(Vgc-0.2V)
(L version) Al other inputs are stable at ( Vec - 02V)
or (Vgg +0.2V)
loca Refresh Current 60 100 mA | tac =tye (min)
(RAS only refresh) -70 90 mA | RAS cycling, CAS =V 1
loca Fast Mode Current -60 80 MA | tpc = tp (min.) 1,2
-70 70 mA | RAS =V,
CAS, Address cycling
lccs | Refresh Current 60 100 | mMA | g =tgg (min))
(CAS before RAS refresh) -70 90 mA | RAS, CAS cycling 1
lecs Refresh Current 500 pA 4096 cycles / 128ms
(L version : CAS before thas S 200ns, WE 2 ( Vg -0:2V)
RAS refresh) All other inputs are stable at ( Ve - 0.2V)
or (Vgg +0.2V)
lccy | Seff 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)
liyl | input Leakage Current -10 10 PA | OV <V <3.6V, Others = OV
(Any input pin)
o | Output Leakage Current -10 10 pA | BAS 2 Vy(min.), CAS 2 Vi(min.)
(For high impedance state) OV < Vour < 3.6V
Vou | Output High Vottage 24 V | loy=—20mA
Voo | Output Low Voitage 04 V | lo.=20mA
Notes: 1. lcc1 » Iccs » lcca and Iccs depend on cycle rate.
2. lgcy and Igc4 depend on output loading. Specified values are obtained with the outputs open.
CAPACITANCE (0°C < Ta < 70°C, V¢ = 3.3V +10%, f = 1MHz)
SYMBOL PARAMETER MIN. MAX. UNIT
Cii Address(A0 ~ A11) — 5 pF
Cnz RAS, LCAS, UCAS, WE, OE — 5 pF
Cour {/O1 ~ VO16 - 7 pF
\VZ
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NN51V16160A / NN51V18160A series

CMOS 1M x 16bit Dynamic RAM

DC ELECTRICAL CHARACTERISTICS (0°C < Ta £ 70°C, V¢ = 3.3V £10%)

(NN51V18160A)
SYMBOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES
lec Operating Current -60 160 | mA | tge =tgc (min) 1,2
-70 140 mA | RAS, CAS, Address cycling
lecz | Standby Cusrent 10 | mA | RAS=CAS 2 (Vge-0.2V)
20 | mA | RAS=CAS2>V,,
Standby Current 150 | pA | RAS=CASz2(Vgc-0.2V)
(L version) Al other inputs are stable at ( Voo - 02V)
or (Vgg +0.2V)
lccs | Refresh Cument -60 160 | mA | tac=tac (min)
(RAS only refresh) 70 140 | mA | RAS cycling, CAS = Vyy 1
lcce | Fast Page Mode Current -60 130 [ mA | tog =tpc (min) 12
-70 120 | mA | RAS=V
CAS, Address cycling
lccs | Refresh Current -60 160 | mA | tac =tac (min.)
(CAS before RAS refresh) 70 140 | mA | RAS, CAS cyciing 1
lecs | Refresh Cument 500 | pA | 1024 cycles/ 128ms
(L version : CAS before thas < 200ns, WE 2 (Ve - 0.2V)
RAS refresh) All other inputs are stable at ( Voo - 02V )
of (Vg +02V)
locy | Self Refresh Mode Current 300 | pA | RAS=CAS <(Vgs+02V)
(L version) All other input high levels are (Vg - 0.2V
or input low levels are ( Vgg + 0.2V)
ligql Input Leakage Current -10 10 pA 0V < Vi £ 3.6V, Others = 0V
(Any input pin)
i) | Output Leakage Cument -10 10 pA | RAS 2 Vy(min.), CAS 2 Viy(min.)
(For high impedance state) 0V < Vour <36V
Vou | Output High Voltage 24 V | loy=—20mA
Voo | Output Low Voltage 04 Vv |lg=20mA

Notes: 1. lgct . loca « Iocs and lges depend on cycle rate.
2. lggy and i depend on output loading. Specified values are obtained with the outputs open.

CAPACITANCE (0°C < Ta < 70°C, V¢ = 3.3V £10%, f = 1MHz2)

SYMBOL PARAMETER MIN. MAX. UNIT
Cint Address(A0 ~ A9) — 5 pF
Cw RAS, LCAS, UCAS, WE, OE — 5 pF
Cour o1 ~ VO16 — 7 pF
N
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NN51V16160A / NN51V18160A series

CMOS 1M x 16bit Dynamic RAM

A.C. OPERATING CONDITIONS ( 0 °C<Ta<70°C, V¢ = 3.3 V £ 10%, Vgg = 0 V) (NOTES 3,4,5)

SYMBOL -0 -70
NO-T epec [ sTD PARAMETER MiN. MAX. MIN. MAX. UNIT NOTE
1 | teiiav |tcac |Access Time from CAS — 15 — 20 ns 6,13
2 | tozav |toea |Access Time from CAS Precharge — 35 — 40 ns 13,14
3 |tavav |taa |Access Time from Column Address — 30 — 35 ns 7,13
4 | taiav trac |Access Time from RAS — 60 — 70 ns 6.7
5 | tauicas {tcsu |CAS Hold Time 60 - 70 - ns
6 |thiicmt |toum | CAS Hold Time (CAS before RAS Refresh) 10 - 10 — ns
7 | taviex |tous CAS Pracharge Time (Self Refresh Mode) -50 — -50 — ns
8 | tonacez [tcen |CAS Precharge Time (CAS before RAS Refresh) 10 — 10 — ns
9 |tempcwz [t |CAS Precharge Time (Fast Page Mode) 5 — 5 —_ ns 14
10 | toicnr |teas |CAS Pulse Width 15 100K 20 100K ns
11 | tgimz |tosn  |CAS Setup Time (CAS before RAS Refresh) 5 — 5 — ns
12 | toiax |taz |CAS to Output in Low-Z 0 — 0 — ns 8
13 | tomonez tere  |CAS to RAS Precharge Time 5 — 5 — ns
14 | tor1wiz |tewp | CAS to WE Delay Time a5 —_ 50 — ns 1
15 | toriax |tcan [Column Address Hold Time 15 — 15 - ns
16 | taiax tan | Column Address Hold Time 40 - 40 — ns
Referenced to RAS
17 | taverz [tasc | Column Address Setup Time [ — 0 — ns 14
18 | tavmr: |thar  [Column Address to RAS Lead Time 30 - 35 —_ ns
19 | tawwz |tawp |Column Address to WE Delay Time 60 - 65 — ns 11
20 | teLiox [tow | Data Hold Time 10 — 15 —_ ns 12
fwL1px
21 | toverz |tos | Data Setup Time 0 — 0 — ns 12
tovwi2
22 | tor1av |toea |OE Access Time - 15 - 20 ns
23 | twrowz |toen | OE Command Hold Time 15 — 20 — ns
24 | toppoy |toep |OE to Data Delay Time 15 — 20 — ns
25 | tewpaz |torr  |Output Buffer Turn-off Delay Time 0 15 0 20 ns 10
26 | tonzax |toez |Output Buffer Turn-off Delay Time 0 15 0 20 ns
Referenced to OE
27 | teLiam |tasn | RAS Hold Time 15 - 20 — ns
28 | tousamr |trow | RAS Hold Time Referenced to OE 10 — 10 — ns
29 | tpprio |tap | RAS Precharge Time 30 - 40 — ns
30 | tarpnz [taps | RAS Precharge Time (Self Retresh Mode) 110 - 130 — ns
31 | taiinmt [taas | RAS Pulse Width 60 100K 70 100K ns
32 | tasan1 [trase | RAS Pulse Width (Fast Page Mode) 60 100K 70 100K ns
33 | taiiam | trass | RAS Pulse Width (Self Retresh Mode) 300 — 300 — us
34 | taicu [tacp |RAS to CAS Delay Time 13 45 13 50 ns 6
35 | taupcro [tarc | RAS to CAS Precharge Time 0 — 0 - ns
36 | tauiav |trap | RAS to Column Address Detay Time 1 30 1 35 ns 7
37 | taiiwie |tawp | RAS to WE Delay Time 90 — 100 - ns ik
38 | topowiz|trcn | Read Command Hold Time 0 - — ns 9
39 | taHowiz|thrn | Read Command Hold Time — — ns 9
Referenced to RAS
513 NPNX



NN51V16160A / NN51V18160A series

CMOS 1M x 16bit Dynamic RAM
SYMBOL -60 -70
NO.Epec| sD PARAMETER MIN. | MAX. | MIN. MAX, | UNT | NOTE
40 | twmociz|thes | Read Command Setup Time 0 - 0 — ns
41 [ taopp |tlne  [Random Read or Write Cycle Time 110 — 130 — ns
42 [toiociz [tre | Read or Write Cycle Time (Fast Page Mode) 40 — 45 — ns 13,14
43 | taronie |taww | Read-Modify-Write Cycle Time 166 — 185 — ns
44 | toioc2 | termw| Read-Modify-Write Cycle Time 95 — 100 - ns 13,14
(Fast Page Mode)
45 |ther  |tage |ReteshPeriod | NNstvieseon | — | o |~ | 64 __| ms 15
! NN51V18160A — 16 — 16
46 | tg 1ax |tran | Row Address Hold Time 10 — 10 — ns
47 | tavmiz |tasn | Row Address Setup Time 0 _ 0 — ns
48 [1r ty  |Transition Time (Rise and Fall) 2 50 2 50 ns 45
49 | toyywhi |twen |Write Command Hold Time 10 — 15 — ns
50 | twywhiltwe  [Write Command Pulse Width 10 — - 15 —_ ns
51 ME Write Command Setup Time 0 — 0 — ns LAl
52 | twyscmn |tow, | Write Command to CAS Lead Time 15 — 20 — ns
53 | twLsrrn [tawe, |Write Command to RAS Lead Time 15 — 20 — ns
Notes:
3. Eight Initialization Cycles are required following a 200us pause after Power Up. These Initialization Cycles

12

13.
14.
15.

may consist of any combination of the following : RAS only refresh Cycles, Read Cycles, Write Cycles,
CAS before RAS refresh Cycles.

. AC measurements assume tr=3ns. All AC parameters are measured with V, (min)2Vgs and

Viu(max.)<V¢c and with a load equivalent to two TTL loads and 100pF.

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

measured between Vy, and V), .

. Operation within the tgop(max.) limit ensures that tgac(max.) can be met. tgep(max.) is specified as a ref-

erence point only. If tgep is greater than the specified tgop(max.) limit, then access time is controlied by

AC.
. 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-

. Assumes three state test load (5pF and a 220 ohm to 1.3V Thevenin equivalent).
. Either tag or trry Must be satisfied for a read cycle.
. torp(max.) defines the time at which the output achieves an open circuit condition and is not referenced to

output voltage levels.

- twes tawp: towp and tawp are not restrictive operating parameters. They are included in the data sheet as

electrical characteristics only. If tycs2twes(min.) . the cycle is an early write cycle and data-out pins will re-
main open circuit (high impedance) throughout the entire cycle. If tpwp>tpwp(min.), tewp2tcwp(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. .

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

Access time is determined by the longer of tya, tcac. OF topa-

tasc2icp to achieve tpe(min.) and topa(max.) values.

trer=128msec for Long Refresh version (L version).
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NN51V16160A / NN51V18160A series

CMOS 1M x 16bit Dynamic RAM
WORD READ CYCLE
RAS N / N\
B <—t::0::(5::4) o tRsH(E?) » e— ‘CRP(B)——J
oxs __/ R\ -,
w%,sm Row Address | o Adcress X777/ LT
wE Ly ~ L/Z/M

» toEA22)

o LIy Y

E
le— tcac() — o 1
OFF(25)
- targ —»| >
d tRAC(H) — la— toEz(26)—1
'{,%‘1} High-2 ,_@ Valid Data-ot =~ p———
ba— terzz

:HighorLow

NOTE
Address AO0- A11: NNS1V16160A
AQ-A9: NN51V18160A
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

BYTE READ CYCLE
i thRcst) >
- tRAs(1) » la—— URPEI)—
_ -
RAS NI
teapiiay tests)
la—— tRCD() - tRsH(z7) > r—— tCRP(13) —m!
le—— tcasiiop———»
ucas ___/ A [ ]
(or LCAS )
LCAS __/
(or UCAS ) e~ tRAD(36) traL(1g) >
tasrian | | trans) tascyn tcamn(is)
Address.///// R Pow Aasress X77////XL cowmn Asaress K(77//7//11111 /1T TT T
(NOTE) « tane e trorcor e
trcs(a0) T RRH(39)
we iy S
ra—— {ROH(28)—— )
- toea2)
oE LI TN LT
Vo 1~ High-Z
/o8
{or VO 9~ e tcACH) .
170 16) taa  loFF(es)
- tRacu) —— ls— 10EZ(26)—]
- High-Z -
U s 4 4@1 Vaid Dataout  p———
~ he— toLz(r2
(or II|?°13 ) o m : High or Low
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

WORD WRITE CYCLE (EARLY WRITE)

‘= trasiay) > tRP(29) —i
RAS \ J N
tcrp(13) tosrs)
————— tpcppy————" 1+ lasHen) le—— tcRp(13) —»
le——— tcas(io) —
UCAS ~
tcas __/ RN / /
- taR(16) -
lt—— tRAD(26) —— e t RaL(1e)
tasrun 'RAH(:G) ‘IA_SEW) ‘lcmnri
Address ), e Y e
NOTE ’
( ) tewiis2)
tnwusg) L

tWP(SO) L

WE //////////////////////////////}L /

.- l-— twcH“g) —_—

twess

A,

tosen

F—— tppo0) —

o LTI R Veisomein G777 T
m : High or Low

NPNX
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

BYTE WRITE CYCLE (EARLY WRITE)

tacuy >
- tras@n) ]4_ tappey — o
RAS N / N
tcrpia) L st
treopy P+ tRsHeEn [e— teap(ia) —»
teas(10) —m
UCAS _/ & —/ /
{or LCAS)
icas __/
(or UCAS) e taR(10)
e—— tRane) tRAL(18)
tasrian) ‘ tRaHe) "A_si(r) tcan(15)
Address m‘%m I Y,
{NOTE) towsa
- tawi(s3)

twpisgy ———»

WE /s

twesst) [ tweHue ——»

o LTI i e i vz

Vo LI it i i

g
o 16 Wm Valid Datz-in LT
(or"v%k) /7] vignortow
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

WORD WRITE CYCLE (OE-CONTROLLED WRITE)

tRG(41)

tRas(a) » L1 —
P —
RAS N ; \

toshs)

tcAp(g) tRcDiz) tasHzy) re— LCRP(13) ——
_ ta—— tecas(io)—»
UCAS \ /
icas __/ A\ / /
la——— taR(ie)
trAD(36) - traLiie)
tasnun tnAH(:S) tascun | tcanqs)

Address /////R. Pow Mtoss T/ oo hsoss I,
(oTe) tows2)

le— tRWLSY)

Y

le— twp(so) ——»

wE LI

w»wral

toeD(24) toEN(23)

] 132:,
o Ly LT i,

tDS(21 ) tDH(zO)

o 1. Y High2 R vaiavain X777
V7] vigh orLow
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

BYTE WRITE CYCLE (OE-CONTROLLED WRITE)

trcuy) >
- tRAS(31) > L 00 I
RAS N ZE R
- teshes)
terp(13) RCD(4) st tRSHE) ra— tcAp(13) —»]
le—— tcas(i0)——»
ucas __/ Y / 7/
(orLCAS)
LCAS _/
(or UCAS) re—— tARqg)
l———— tRAD(36)— traL(1e)
tasaur) | | tRarus) tascon | tcanns)
Addressm Row Address Column Address 4222222222222222222222222:
(NOTE)
e toWL(s2)

WE

T

le— 1RWLGSS)

le— twi(s0) ———

T,

toep(2¢)

toeHE@s)

OE

r—b
LTI

W

o 1~
vos

A

A,

{or VO 9~
o 16)

tose) {DH(20)

vos- /77— @!E vaoaen 7777777777777 LTI,
(orllu%18~) :HighorLow
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

WORD READ-MODIFY-WRITE CYCLE

-

-t tAmMw(as)

RAS __—"3‘ - le N
s — “?;'— . =/ :

o RS S
- ‘ ——— T
9% Fr— - ><;’ T

touzra - High or Low
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NN51V16160A / NN51V18160A series

CMOS 1M x 16bit Dynamic RAM

BYTE READ-MODIFY-WRITE CYCLE

RAS

tere(13)

tamw(a3)

tras(a

P tRP(29)

teshs)

tRCD(34)

3

tRSHE7—

tere(13)

UCAS _./

(or LCAS)

la— tcas(iop——»

cas __/

{ or UCAS)

tasprun

acaress /8

(NOTE)

" tar(ie).

le— tRAD(38)—»-

tRAH(46)

tcan(1s) ]

W

le——— towp(tg——— o

tRwDE7——— | | trwi(sa)

1
™ LYY T ——

tewuisa)

toeaes) toen(s)

a—» LoEz(z6)

oE  LLLiiiiiiin | 7

N7/

twpiso)

Wous LI i

Y,

(or VO 9~
VO 16)
tpsien | | tDHE0)
o . 0 I
(or III,OO 18-) torz) m : High or Low
NPNOX 522



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE WORD READ CYCLE

RAS

UCAS
LCAS

Address
(NOTE)

A

VO 1~
Vo 16

t
- tRAsP(32) - ki
N / \
tcrepa | [* teshis) > “ trcuz) * % trsiEen | tcreps)
~ tRoD(34) tere) tcaspoy  tcrm) teasiio)
e tcas(i0)-»
e—— taR(1g) Nl
le—— tRap(3 tRAL(18) —»]
tasaun) RADEE) toan(is) ¢ toam(1s) o
[ |—o| e ASC(17) ASC(1M ol Ly |a—i
tRaH(46) 'Ascqn 1cn:|(v5)
T2 Fow /78 Cotomn Column S
| o > T taae tARH(e)
]
tresio) trowas)  tresuo)  URcHae) tresuo) Lack(ss)
> -t

iy

le— tcpag) —

l————— lcpA(z) —

7///////////////////////[ T TN, AT,
taae | _,L‘ torF(2s) L_, torF(2s) ,l_‘_ toFF(2s)
toac() lCAlc‘(T. teact >
3%3 W(N)E 393 OT@JE OE,ME—
teizoz  Data-out terzog DatL-out tazpz) Datarout

/////] vigh or Low

523

NPNX



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE BYTE READ CYCLE

- tRasp(32) tnpm)_
RAS A 1 N
terpag | [+ lcsHe [ tpcuay — ™ [* tRsHen | tereg
D [ tRcoE—*] tepi) teaspioy  tep) tcasqo)
le- tcas(10) =
UCAS
__/ N N
(or LCAS)
LCAS _/
(or UCAS) La—— taR(1e) |
tasaun :'mm%)j‘ LCAHOS)  {4s00m o g [T -in:(m)—.
s 1Ascun) foas)
Address 2222222 Howm Column Column Cdumn:w //////// /
NOTE
( ) e tAlm, ,I T > tRAH(E)
tRCs0) tRcHze) iaCS(Iw) rcH(za) tRCso) tacHEs)
¢ ) —I
we LI
WE
— topae — <_t°"“2’l—'
ROH(28)
toeae2) toea() .
OEA(22) [*
|
oF LS. | 2 )I' T SRy, T
Vo 1~ High-Z
vos
(or uv% 9~ ) taag) »ie lOFFE5) LOFF(25) torries)
16 -
- ttm“ : e teac) teac)
RACtY toEZ(26) toEZ(26) toEz(2e)
ore — X | | —
(or %15 ) '_c.tzuz) Data-out tazan Data-owt  taze  Data-out
/////]: High or Low
NPNX 526



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE EARLY WORD WRITE CYCLE

tapizg)

RAS A FL
o Tx —ZL:\ ‘ ;:’% )
tash ‘t_tww—t’] 1 t t t 'tm‘“’ ]

un || thare) :sC_In*n ‘_.Icmus) ascun | toas) | tascan ‘C_AH’T)

(Audgrrgs Row m Column Column Column / // /////////
twesist) - twES(su :::L:: twesis) :: :m::;

we LIy }W LTI,

e LI i

l‘-’ g
'{/%113 ) Data-in i@]c Data-in MM

/////] - vigh or Low

525 NPNIX



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE EARLY BYTE WRITE CYCLE

tapee)

trasp2) » m
RAS S \—
Yorprsa) le——tesHsy — tpca——» F-'asmm—»
le——— tRCDE4) —»
tcaso) | tep tcasio)  topi tcasqo) tcrpta)
UCAS _/ \ / -\\ / Z
{orLCAS)
LCAS
(or UCAS) e mnm_,l tRAL(18) —
tasrun | | tRAH@E) 1As_ct(:) toan(1s) tascan | lcanas) tasciny | tcamas)
- - kg Q—-DI
Address ’/2222& Row m] Column Column Column 4222222:/‘2
(NOTE)
- towws2) -

twesesn) twesisy) ::::: tweses) :}: :m::_’J
w T, v Vi

twrso) ‘—I

b tweso) o

o L

o ZZLiii i

(or /O 9~
Vo 16)

tos(ay tonEo) tos(z1) toHeo)  tose) tDro)

r—.
vll°091~6 ZZ:ZZZZZ“ZZ& Data-in 1@1 Data-in Data-in W

(or/O 1~
vos)

/////] High or Low

NPNDX 526



NN51V16160A / NN51V18160A series

CMOS 1M x 16bit Dynamic RAM
FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE
tAP(2e)
tasp(az)
o —_—
RAS A Zl N
tcsﬂ(s) ter t
tcrP(13) Rstien fCRP(134
le— tRCD(34)—a —
t tepe) t tepo) t
le—— LCAS(10) — fe— LCAS(10) oy le— LCAS(10) — o
s T \ (i N
LCAS
tRAD(3e
._.'RAD( ) ¢ 1 traLi1g)
tasRa7) | trape) tascuz) CAH(S) tascan | 'CAHIS) tascin | teams)
—-’ -y —| o
TR ron X
Address Ro Column olum Column
(NOTE) towwse) towsz) o)
Y + —
—— tRwi(s3)
t
RES(“’) le— tewD(14) o le— towD(14) oy e lcwo(u)_l
WE Y f N | N
tawD(19)—=] ke le—1 tAWD(19)—> le—1— tawn(19)
twr(so) . twpso) thowes twr(so)
toEa(22) toEA@22) r tosae)
- o
oF LF ;[/f i
toeD(29) toED(24) toED(24)
t
chom le— tCPA(2) o le— tcPa(2) =]
"Aﬁlus) - taas) taa@3)
toez(26) toez(2e) tor toez(oe) fork
: 20) 20)
e LOH(20):
tps(e1) tose1) ] tos(a1) ]
le tRACH4) e r._ e
vo1- bighZ 3 g p
10 16 |
- . . —t .
towzz Data-in .\ Data-in 15, Dta-out Data-in
Data-out Data-out m : High or Low
i

527

NPNX



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE

tRp(29)
tRAsP(32)
— Zl:—A
RAS ’S \_
tesus) tpr tRsHE7)
terp13) thcot tcapu:q
le— (34) —ant
1 t
b 1CAS(10) ] o] e CAS(10)——uy re b |o 1CAS(10) o
ucas __/ Y 4 N 4N /
(or LCAS)
LCAS __/ .
YTy RAD(36)
{(or UCAS) | t 1 . tRaL(18)
tasAun | tranue) tascay TCAHOS) tascan | lcaHas) tascin | teanas)
Address Z;;;;X\:RO Column fum Column
(NOTE) towiis2) 'CWLEZ) tcvy.iz)
" 1
t ATy —> AWL(53)
Rrsm) le— teWD(14) | ke towD(14)—o le— tCWD(14)-=1
we i N Sj/ N
tawp(ig)—e{ ke—b le—1 Lawp(19)— le—- 1AWD(19)—>
twp(s0) twr(so) twp(so)
R ' |-— tRoki(28y
OEMf) oeﬁ(.ﬂ) toeaz)
— ' '
OE {7 I/ (
%% =
8
t t t
(or Vo 9- t OED(24) OED(24) OED(24)
/O 16) gl le— toPAR) le— LCPA(2) o
e lAA‘(a) - tang) taa@) L—}—d
toez(2e) 1+ toezize) 1+ toez(e)
t tDH(20,
r_ r=-1DH(20) r_ Dricz0) |; | _Dhe0)
e tRac) Dy
Vo 9~ High-Z —
VO 16
{or/O 1~ . N .
vos) teza Data-in Data-in ', Data-out Data-in
Data-out Data-out /////] vigh or Low
N/
NPNX 528



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

RAS ONLY REFRESH CYCLE
- tRc(1) -
- tRAs(31) > [— tRP(2e)——
E—
RAS S z \—
tcRr(3) trpc(ss)

Asfzﬂ J_F:H(w)
nddress LR Pon XTI TTTTTTTTTTTT K

(NOTE)

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

CAS BEFORE RAS REFRESH CYCLE

- trc)
re— tRPEo)—»| o T e —— ; tapRe)—>
RAS tRPCs) S \_
tepnie le———— tonpEe) ——————»

UCAS Youny
LCAS W/W/WW/

torrs)
VO 1~ j High-Z
o 16

NOTE 3: WE, OE, Address = Don't care.

:HighorLow

529 NPNDX



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (WORD READ)

tre1) e tRoa1)

- tras@1) > e tape-» tRAS(31) tRP(20)-»
RS \ Jf_;u;\_
s —— 0 )
le— tRaD(36) g tRAL(18)
-~ .i“.l"‘“’ ‘,“1“.” »{ toanas)
naaress /LLLR_Pen _XIX_comm X777 T
(NOTE)
RCS(40} "_r:TH(so)
we Ly N
oE LI i //////////////'///////////E.//////////// i
vot~ HighZ /X Valid Data-out

/////] vigh or Low

NenNDX 530



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (BYTE READ)

RAS

UCAS
(orLCAS)

LCAS
(or UCAS)

Address m

(NOTE)

WE

vo 1~

vos
(or /O 9~

VO 16)

Vo 9~
Vo 16
(orvO 1~
vo8)

i tRcun) — — o

] 7 *{ ]Zl N
— Q b
_/

Le— tRaD(e) ;I tRaL(e)

ASR(47)— F;n:]mw) 1Lscu7) teaas)
row K777 camn X777 71000 0TTTTTTTT,
RCS(40) “_F:Inﬂm

Y N

A

High-Z

High-Z

le— toacit) =

toizg)
h——————— (mc«) —]

> LokF(25)

S

Valid Data-out

z.___

:HimorLow

531
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NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY WORD WRITE)

- tRCi41) > tacu) >

- tras() > 1o tRP(20)-0 taasean) tRP(29)-»
RAS N J N
lae————— tap(igg————»
tcap(1a) thonge) trs
’q—p l——— - (27) -

_ tcHre) r—tcmus)——
UCAS :lf
cas _ / A

la— tRAD(36)— traL{18)—»

tasr@n traree)  tascin)
-»

/) ol Y

(NOTE)

tcanis)

twesen)
- le— tweH(49)—»

twp(so)—

we Loy iy,

oF LTI i i i i i e i

tos@1)

e

o1 TR Valid Data-in %
: High or Low

NPNX 532



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY BYTE WRITE)

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

tRc1y

tRout) —

- tRAs(a1)

la———————— taR(16)———»

tcrp(1a)

» E tRP(29)- traseay tRP(29)-»1
tRSHE7) {

le— tRCO(4) tcmmn]z:—lcwua)——
le— tRAD(36)— tRAL(18) —]
tasrun | | tRanuer  tascun
la— > - tcaH(15)
Row
Address /8 S Y,

(NOTE)

twess)

re— twohg) —»y
twriso) —

I

A

T

05
(WVV%Q;G) DALV Iy P 20)————
vos- 7///////////[IX Vel Daten LTI iy
(or "l?018~) :HmorLow
NPNDX



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

SELF REFRESH MODE

tap fe—— tRASS(:E) P —— I‘_Jﬁﬂl_.

RAS J b
thpc(s) Tesna torsm teRP(13)
s _ /X 4 \_
tepnee) tasnun
Address 7//_/{‘/_////////////////////////////////////////////////7////)2 now X_ca-
Vo 1~ ! High-z
VO 16 p

NOTE 4: WE, OE = Don't care.

’//// High or Low

B The NN51V16160A/18160A (L version) has a Self Refresh Mode.

a.Entering the Self Refresh Mode:
The NN51V16160AL/18160AL Self Refresh Mode is entered by using CAS before RAS cycle and holding

RAS and CAS signal * low " longer than 300ps.

b. Continuing the Self Refresh Mode:
The Self Refresh Mode is contmumg by holdlng RAS " low * after entering the Self Refresh Mode.
1t 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 NN51V16160AL/18160AL exits will exit the Self Refresh Mode when the RAS signal is brought * high .

NPNX 534



NN51V16160A / NN51V18160A series
CMOS 1M x 16bit Dynamic RAM

ORDERING INFORMATION

NN51V16160AXX(X) - XX

SPEED

PACKAGE

VERSION

DESIGN CODE
MODE

POWER SUPPLY

NN51V18160AXX(X) - XX

SPEED

PACKAGE

VERSION

DESIGN CODE
MODE

POWER SUPPLY

60
70

RR
BLANK

16160 :

60
70

RR

BLANK:

18160 :

60ns
70ns

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

Standard Version
Long Refresh Version
128ms Refresh

Fast Page Mode
1M x 16 ,4096 Refresh Cycle

3.3V Version

60ns
70ns

Plastic SOJ
Plastic TSOP TYPE |l (Normal Bend)
Plastic TSOP TYPE || (Reverse Bend)

Standard Version

Long Refresh Version
128ms Refresh

Fast Page Mode
1M x 16 ,1024 Refresh Cycle

3.3V Version

NPNX



