NN5116160A / NN5118160A series

Fast Page Mode N PN)X(

CMOS 1M X 16bit Dynamic RAM

DESCRIPTION Pr eliminary 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 and
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 muitiplexing.

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 AO 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 M Fast Page Mode Operation
B Separate CAS (UCAS, LCAS) for Byte
W 1,048,576 X 16 bit Organization Selection
M Single 5V £10% Power Supply W Byte Read/Write Mode Operation
W Performance Ranges B Low Power Operation
Low Standby Current (CMOS level input)
Parameter -50 | 60 | -70 ‘ -Standard 1mA
Q\Aax. Fﬁf . 50ns | 60ns | 7ons -L version 150puA
coessTime  (thac) M 4096 Refresh Cycles (NN5116160A)
Max. CAS ( 18ns | 15ns | 20ns -Standard 64ms
ccessTime  {toao) -L version 128ms
Max. Column Address | 5. | 3ons | 35ns 1024 Refresh Cycles (NN5118160A)
AccessTime () -Standard 16ms
Max. Read/Write 90ns | 110ns | 130ns -L version 128ms
ydoTime (e B Self Refresh Mode
(L version)

M All inputs/Outputs and Clocks
fully TTL and CMOS compatible
M Refresh Modes
RAS only
CAS before RAS
Hidden Refresh
M High Reliability Package
Plastic 42pin SOJ (P42SJ-2B0)
Plastic 50pin TSOP TYPE Il (P50TP-3B6)

M 9005L50 0000L38 843 W
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

PIN CONFIGURATION

Vee [ o

Vo1 o

1
2
3
Vo3 m 4
/04 m 5
Vec M 6
1YOs M 7
1/06 @M 8
1¥O7 M9
1708 m 1
NC Ot

E82RERE55588

- O

NC 0 15
NC 0 16

WE 0 17

RAS 0} 18
(NOTE 1) A11/NC 0 19
(NOTE 2) A10/NC 0 20
A0 m 21

BRELIBLLES

A3 [ 24 27

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

P50TP-3B6

Vel i
vo,d|2 O i
[[o7Yn | k] 40
11030|4 39
vo0)s 38
VecO|6 37
vosd|7 36
1ogl|8 35
vo;0|9 34
rosd| 10 33
Nc |11 32
Ned|12 31
wed|13 30
RAS |14 29
(NOTE 1) Ar1/NC O] 15 28
(NOTE 2) Ao/NC |16 27
Ao Q|17 26
A O] 18 25
A j19 24
Azf]20 23
Voo |21 22

42-pin SOJ (400mil)
P425J-2B0

NPNX

Vss ves O 50 O Vee
vo18 vO16 O 49 2 [m vo1
vo15 vO15 0 48 3 D vo2
o014 V014 T 47 4 D VO3
vo13 v013 T 46 5 {0 Vo4
Vss Vss @ 45 6 {0 Vee
vo12 vO12 [ 44 7 [0 vos
Yo11 vO11 0 43 8 In Vo6
vo10 vo10 I 42 9 b vo7
vos vog O 41 10{n vO8
NC NC O 40 11 NC
NC NC O 36 150 NC
LCAS LCAS [ 35 16[0 NC
UCAS UCAS 0 34 17[0 WE
OE OE o 33 180 RAS
A9 Ag 0 32 190 NC/A11(NOTE 1)
A8 A8 O 31 200 NC/A10(NOTE 2)
A7 A7 O 30 210 A0
A6 A6 O 29 220 A1
A5 As O 28 23D A2
A4 A4 O 27 24D A3
Vss vss ] 26 250 Voo

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

P50TP-3B6-R
Vss
1/04¢
Vo
15 NN5116160A | NN5118160A
/014
11013 NOTE 1 A1 NC
Vss NOTE 2 A0 NC
1/O42
1/O44
V010 PIN NAMES
1/Og AO~A1t A';jg_rl_eEss1 Igputs
NG ( 2)
LCAS RAS Row Address Strobe
UCAS UCAS | Column Address Strobe
OE Upper Byte Control
t LCAS Column Address Strobe
Lower Byte Control

Az —
Ag OE Output Enable
As I101~1/016 | Data-in / Data-out
A WE Write Enable
Vss

Vee +5V SUpp'y

Vss Ground

NC No Connection

B 9005650 0000L&9 717 HM
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FUNCTIONAL BLOCK DIAGRAM

WE O
CE © 1
Aas O——=| Boar | - S
_ 1 ¥
LCAS O——» a5 Clock *  OE Clock
—UC AS [ Sum— Generator Generator
Y vy
Refrash
Counter nger 10 1
7 - &
vos
f\ Column D 8
Column l/
(NOTE) S lifiers
Address @
NeTS ':D Buttors her Vo9
- Data |
2 i N 1o
- Memory Bufiers v0 16
§ :D Array
Row % (16,777,216)
Mgress a
(NOTE) —O Voo
-0 V.
Substrate ss
Bias
Generator
NOTE
Address / Row Address | Column Address
NN5116160A A0 - A11 A0- A7
NN5118160A A0 - A9 AO- A9
ABSOLUTE MAXIMUM RATINGS
RATING SYMBOL VALUE UNIT Permanent device damage can occur if
Voltage on Any Pin Relative to Vsg | Vin,Vout 107 v absolute maximum ratings are exceed-
Vo Voo Relative 1o V. v o7 v ed. Functional operation should be re-
foltage on Ve ss cc ~1to stricted to the conditions as detailed in
Storage Temperature (Plastic) Tstg -55to +125 °C the operational sections of this data
Power Dissipation Pd 1.0 w sheet. Exposure to absolute maximum
- " Py rating conditions for extended periods
Ambient Operating Temperature Ta 0to+70 C o Lo
_pe_ g empe can affect device reliability.
Short Circuit Output Current lout 50 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TVP. MAX. UNIT
Vee Supply Voltage 45 50 55 \"2
Vss Supply Voltage 0 0 ] v
Vi Input High Voltage, All Inputs 24 — 6.5 v
ViL input Low Voltage, All inputs -1.0 — 0.8 v
Note: All voitage values in this data sheet are with respect to Vgg unless otherwise specified.
Il 9005kL50 000090 431 MW WV
a79 NPNX
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

TRUTH TABLE
INPUTS 110

— T T — — OPERATION NOTES

RAS LCAS UCAS WE OE 1101 ~1/08 | VO9~1/O16]
H H H H H High-Z High-Z | Standby 1,3
L H H H H High-Z High-Z Refresh 1,3
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 1,23
L L L L H Din Din Word write 1,23
L L L H H High-Z High-Z 1,3

H—L L H — — High-Z High-Z CBR refresh 1.3

H—L H L - — High-Z High-Z grell refresh

H—L L L — - High-Z High-Z

Notes: 1. H:high (inactive) , L:low (active) , —:unconcerned with H or L.
2. twgg = 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 control are done independently by each LCAS,
UCAS.

I 9005650 0000LY91 378 BN
NPNX 480
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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%)

(NN5116160A)
SYMBOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES|
lect Operating Current -50 120 MA | tge = tag (Min.) 1,2
-60 10 mA | RAS, CAS, Address cycling
-70 100 mA
lccz | Standby Current 1.0 mA | RAS=CAS2(V-02V)
20 mA | RAS=CAS=V,
Standby Current 150 pA | RAS=CAS2(Vee-02V)
(L version) All other inputs are stable at ( Vg - 0.2V)
or (Vgg+0.2V)
lces Refresh Current -50 120 mA | tag =1gc (min)
(RAS only refresh) -60 110 mA | RAS cycling, CAS =V 1
-70 100 mA
loca Fast Page Mode Current -50 100 mA | tpg = tpg (min.) 1,2
-60 90 mA | RAS =V,
-70 80 mA | CAS, Address cycling
lces Refresh Current -50 120 MA | tag = tac (min.)
(CAS before RAS refresh) -60 110 mA | RAS, CAS cycling 1
-70 100 mA
lcce Refresh Current 500 PA | 4096 cycles / 128ms
(L version : CAS before thas < 200ns, WE > (Vg - 0.2V)
RAS refresh) All other inputs are stable at ( Vg - 0.2V)
or (Vgg+0.2V)
lccy | Self Refresh Mode Gurrent 300 | pA | RAS=CAS<(Ves+0:2V)
{L version) All other input high levels are ( Ve - 0.2V
or input low levels are ( Vgg + 0.2V )
I ol Input Leakage Current -10 10 pA | OV <V <5.5V, Others = OV
{Any input pin)
Il Output Leakage Current -10 10 uA | RAS 2 Vyy(min.), CAS 2 Vyy(min.)
(For high impedance state) OV £ Vgur < 5.5V
Vou Qutput High Voltage 24 v lop=-5.0mA
VoL Output Low Voltage 0.4 v lop =4.2 mA
Notes: 1. Icc1 , locs » Iccs and iges depend on cycle rate.
2. lggq and lgc4 depend on output loading. Specified values are obtained with the outputs open.
CAPACITANCE (0°C < Ta < 70°C, Vo = 5.0V +10%, f = 1MHz)
SYMBOL PARAMETER MIN. MAX. UNIT
Cmn Address(AQ ~ A11) — 5 pF
Cre RAS, LCAS, UCAS, WE, OF — 5 pF
Cour /01 ~ 11016 — 7 pF
B 9005650 0000L92 204 N W
a81 NPNX
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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
leet Operating Current -50 190 mA | tge = tgc (Min.) 1,2
-60 170 mA RAS, CAS, Address cycling
-70 150 mA
lcca | Standby Current 10 | mA | RAS=CAS2(Vcc-02V)
20 mA | RAS=CAS2Vy
Standby Current 250 pA | RAS=CAS2(Vge-02V)
(L version) All other inputs are stable at ( Vo - 0.2V)
or (Vgs+02V)
lecs Refresh Current -50 190 mA | tgc = tyc (Min.)
{RAS only refresh) -60 170 mA RAS cycling, CAS = V) 1
-70 1680 mA
loca Fast Page Mode Current -50 150 mA | tpg =tpe (Min.) 1.2
-60 140 | mA | RAS =V,
-70 130 mA | CAS, Address cycling
lecs Refresh Current -50 170 MA | tgo = tgc (min)
{CAS before RAS refresh) -60 160 mA | RAS, CAS cycling 1
-70 150 mA
lcce Refresh Current 500 MA 1024 cycles / 128ms
(L version : CAS before tras < 200ns, WE 2 (Vpe - 02V)
RAS refresh) All other inputs are stable at (Vg - 0.2V)
or(Vgg+02V)
lecy Self Refresh Mode Current 300 PA | RAS =CAS < (Vg5 +0.2V)
(L version) All other input high levels are { Vg - 02V
' or input low levels are ( Vgg +0.2V)
liy) | Input Leakage Current -10 10 PA [ OV <V <55V, Others =0V
(Any input pin)
lol Output Leakage Current -10 10 pA | RAS 2 Vy(min.), CAS 2 Vjy(min.)
(For high impedance state) OV S Vgyr <55V
Vou Qutput High Voltage 24 v low =-5.0mA
Voo Output Low Voltage 04 v lo =4.2 mA

Notes: 1. Igc1 . Iccs » loce and Igcs depend on cycle rate.

2. lggq and lgc,4 depend on output loading. Specified values are obtained with the outputs apen.

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

SYMBOL PARAMETER MIN. MAX. UNIT
Cpnt Address{A0 ~ A9) — 5 pF
Cine RAS, LCAS, UCAS, WE, OE — 5 pF
Cour 1101 ~ VO16 — 7 pF
v, El 9005650 0000L93 140 W
NPN)A( 482
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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. I SepEC [ STD PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | max, | UNIT | NOTE
1 | teiiav |teac |Access Time from CAS — 15 - 15 - 20 ns 6,13
2 | tohzov |topa |Access Time from CAS Precharge — 30 -_ 35 —_ 40 ns 13,14
3 |tavav Itaa |Access Time from Column Address — 25 —_— 30 —_— 35 ns 7,13
4 ! taav |trac |Access Time from RAS — 50 — 60 — 70 ns 6.7
5 | taicHr |tesn | CAS Hold Time 50 — 60 — 70 — ns
6 | taLichs [tcur | CAS Hold Time (CAS before RAS Refresh) 10 — 10 — 10 — ns
7 | thcx |tons |CAS Precharge Time (Self Refresh Mode) -50 — -50 - 50 [ — ns
8 |temzcz |tepn | CAS Precharge Time (CAS before RAS Refresh) | 10 — 10 — 10 — ns
9 |tchocie [tor | CAS Precharge Time (Fast Page Mode) 5 - 5 - 5 — ns 14
10 | torscnt |teas | CAS Pulse Width 15 [ 100K | 15 | 100K | 20 | 100K | ns
11 | touinwe |tesn | CAS Setup Time (CAS before RAS Refresh) 5 - 5 — 5 — ns
12 | toax |torz | CAS to Output in Low-Z — - 0 — ns 8
13 | touzriz |tore | CAS to RAS Precharge Time 5 —_ 5 — 5 — ns
14 | toawee |tewn | CAS to WE Delay Time 45 — 45 - 50 — ns 1
15 | toriax |tcan |Column Address Hold Time 10 — 15 — 15 _ ns
16 | tariax [tar [ Column Address Hold Time 35 - 40 — 40 -_ ns
Referenced to RAS
17 | tavere |tasc | Column Address Setup Time 0 - 0 — 0 _ ns 14
18 | tayrut |traL | Column Address to RAS Lead Time 25 — 30 — 35 — ns
19 | taywre |tawp | Column Address to WE Delay Time 57 - 60 — 65 — ns 11
20 | to11ox [tow |Data Hold Time 10 — 10 —_ 15 —_ ns 12
fwLipx
21 | tyor2 |tps | Data Setup Time 0 —_ 0 —_ o — ns 12
tovwiz
22 | toiqv |toea |OE Access Time - 15 — 15 20 ns
23 | tyiiorz {togn | OE Command Hold Time 15 — 15 — 20 — ns
24 | topay [togp |OFE to Data Delay Time 15 — 15 — 20 — ns
25 | tchooz {torr  [Output Buffer Turn-off Delay Time 0 13 0 15 4] 20 ns 10
26 | toneax |toez |Output Buffer Turn-off Delay Time 0 15 0 15 (1] 20 ns
Referenced to OE
27 | toiammt |trsr | RAS Hold Time 15 - 15 — 20 — ns
28 | toLspm1 |tron | RAS Hold Time Referenced to OE 10 — 10 —_ 10 — ns
29 | tauomio |tap | RAS Precharge Time 25 — 30 — 40 — ns
30 | truonia [tars | RAS Precharge Time (Self Refresh Mode) 90 _ 110 | — 130 | — ns
31 | tgusnmt [tras | RAS Pulse Width 50 | 100K | 60 [ 100K | 70 | 100K [ ns
32 | tauspnr |trase | RAS Pulse Width (Fast Page Mode) 50 | 100K | 60 | 100K | 70 | 100K [ ns
33 | taLipur |trass | RAS Pulse Width (Self Refresh Mode) 300 — 300 — 300 — us
34 | taicLs |trep | RAS to CAS Delay Time 13 35 13 45 13 50 ns 6
35 | taecLz [tapc | RAS to CAS Precharge Time 0 — 0 — 0 — ns
36 | taav |trap | RAS to Column Address Delay Time 1 23 1 30 1 35 ns 7
37 | thiwiz |trwp | RAS to WE Delay Time 80 — 90 — 100 | — ns 1
38 | toHowr2 |tren | Read Command Hold Time 0 — 0 — 0 — ns 9
39 | thyowr2 |trru | Read Command Hold Time 0 — [0} - V] - ns 9
Referenced to RAS
B 9005650 0000694 0A7 IH W
483 NPNX
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

SYMBOL -50 60 -70

NO. I Jepec [ sto PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | max_ | UNIT | NOTE
40 | twrocr2[thes | Read Command Setup Time 0 — 0 _ 0 -_ ns

41 | triopie [tae | Random Read or Write Cycle Time 90 — 110 — 130 — ns

42 | taocio [tpc [ Read or Write Cycle Time (Fast Page Mode) 33 — 40 — 45 — ns 13,14
43 | tgionle ’tn_mw Read-Modify-Write Cycle Time 145 —_ 165 —_ 185 - ns

44 | tor o012 | trmw| Read-Modify-Write Cycle Time 80 - 85 - 95 - ns 13,14

(Fast Page Mode)
45 [togr  |ther |Refresh Period | _NNstteteon | — | e | — | et | — | e | ms | 15
! 'NN5118160A — 16 — 16 — 16

46 | tg 1ax |tran | Row Address Hold Time 8 — 8 8 - ns

47 | twriz |tasn_|Row Address Setup Time 0 — 0 - 0 — ns

48 |ty tr Transition Time (Rise and Fall) 2 50 [ 2 50 2 50 ns 4,5
49 | toLwhi |twon | Write Command Hold Time 10 — 10 — 15 — ns

50 | twriwii|twp | Write Command Pulse Width 10 - 10 — 15 - ns

51 | twcio [twes | Write Command Setup Time 0 — 0 — 0 — ns 11
52 | twachi [tewr | Write Command to CAS Lead Time 15 — 15 — 20 — ns

53 | tatrHt |thwe | 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

oCwWw®

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

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

Vii(max.)sVee and with a load equivalent to two TTL loads and 100pF.

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

measured between Vi 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 trcp is greater than the specified tgcp(max.) limit, then access time is controlled by

tcac

. 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 tgey or tggy must be satisfied for a read cycle.
. torr(max.) defines the time at which the output achieves an open circuit condition and is not referenced to

output voltage levels.

11. twes: trwp: towp @nd tawp are not restrictive operating parameters. They are included in the data sheet as
electrical characteristics only. If tycs2twcs(min.) , the cycle is an early write cycle and data-out pins will re-
main open circuit (high impedance) throughout the entire cycle. If trywp2trwp(min.), tewp2tewp(min.) and
tawp=tawp(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. . _

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 taa, tcac, OF topa-

14. tagc2tcp to achieve tpg(min.) and topa(max.) values.

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

NN M 9005650 DUUElsI:‘lE Ti3 W
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

WORD READ CYCLE

" s
&?;2?57/////);:?%; W t::;;A;;::iW/////// W Y,
wE L //////////7‘ T o : ’““”’w
Y ///////Z/t);(,_: ‘°“;’////////////////////////////
. =P

Address A0-A11: NN5116160A
AO-A9: NN5118160A

B 9005650 0000696 957 WA

485
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

BYTE READ CYCLE
- tRC@Et) hal
tRAS(31) e—— tan)—-J
—_—
AAS N 7 N
terppig)| | tostes)
- | f¢——— tRCD(B4) ———————ra——— tRSHEY) a—— 1CRP(13) ——
le—— tcas(10)———»
ucas /] N / ]
(orLCAS)
LCAS __/
( or UCAS ) - {RAD(36) —poreg. tRALIB —
tashen) | | trangs) tascn | teanos)
Address 7///0Z Row Address Column Address W/ //////////////////////A
(NOTE) : le-—- tAR(16) le— tRCH(38) -]
tﬁcs (@ t RAH(39)—

Y

N

WE
oE LTI s LT
Vo 1- High-Z
rvos
(or VO 9~ la— tcaci) —
170 16) taa torF(es)
tRac() —— le— toezee)—w-
1o 9~ High-Z Valid Data-out
/O 16
(or IIV°018~ ) - tcmm_@g m : High or Low
NPRDK Bl 9005650 UUUEBI:‘:I? 49 W
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

WORD WRITE CYCLE (EARLY WRITE)

- tRc(a) >

- tnAs(m ) ) tRP(20) ———
e |
RAS N / N

- t csHs) >

tReD(39) > tRsH(er) +— IcRp(13) —»

<«——— tcas(io) —»

UCAS

cas __/ N A,

- tar(6)

le——— tRAD(36) — 1t tRar(ig)

tasran| | traH@e) tasc(n tcaH(1s)
L Hl L

Adaress ////// Pow Address Eml coumn Adsvess (7777717111111 LTI

(NOTE)

tew(s2)
trwL(s3) ———————»

tWP(SO) L

wE LI, L

twes(s) —» [ tweH(ag) ——

o LTI i ey v p vy rrviv v

tosezn
a— re——tpyg —

=ad
s LLIIIIIIIIIIITTIR— vesvain R0

:Hig\orLow
ookS8 722 M
El 9005L50 00487 NPN)X(
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

BYTE WRITE CYCLE (EARLY WRITE)

_ S~ axsian - E:—
tcre(13) » tmom)—_cs*‘f):: : :i::f:; ] r— terp(1g) —»
ucas /| A A,
(orLCAS)
icas _/
(or UCAS) - ':“:“’ —_
Adaress T77X row s X777777/% coumnnaess K777 100DV,
wE LTIy W,

A

Y QR

(or /O 9~
VO 16)
Esf"’u_g e tonen, —»
Wors L. vasosan X777 I
(orllv%t-) :HighorLuw
NEPNX BE 9005650 0000699 bbA -

488
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

WORD WRITE CYCLE (OE-CONTROLLED WRITE)

- tRow) >

- tras(a1) > L —
R ——x
RAS N ZE N

- tesHis)
teap(y) le—— tRcD(a) - trsHEn -~ tenp(1z)— ]
«—— tcAsS(10) ——»]

UCAS

icas __/ NN /7

la——— tAR(16)

le—— trAD(6) - tRaL(18)

tasruz) | | tRAHWS) 1Asc(|m toaHas)
Lag r— B »

Address Row Ataress 7777778 coum ssess X777/ 777717777

(NOTE)

tewus)

e tRWLBE)
la— twp(50) ——y

wE LI oins. - (LTI,

toeo(2s) togH(23)

D
oF Ly | N,

High-Z tFSﬂ i
vo 1. T 4 IR _vasvaain X777/
: High or Low
M 9005kL50 UUUELZUU 100 W NPRNIXK
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

BYTE WRITE CYCLE (OE-CONTROLLED WRITE)

- trc@1) >

-t trRAS(31) > tRP(29) >
RAS N ZL’R
tesHs)
tcAP(19) - tRCD(34) 1RsH(En) fe— tCRP(13) —
|«—— tcAS(10)——p
ucas _ /| NN / /
(orLCAS)
LCAS __/
(or UCAS) a—— tAR(16)
le—— tRAD(36) - tRaL(18)
tasaur | | tRAHES) tascrn) ;cmusL
Address /1R Pow iress TK77777X caumn aseress (7777777771777 11111
(NOTE) e towiL2)
la— tRWLED)

l— twp(50) ——m

wE LI Y,

tOED(24) toEH(23)

i N D
o /iy NI

Wos LTI T i i iy i d iz

(or VO 9~
VO 16)
: tps(21) toH(20)
I‘—P L g
High-Z - -
VO 9~ /:ZZZZZ} Valid Data-in Z:ZZ’ZZZZZZZ;Z:ZQZZZCQ
VO 16
(or "|%1a~ ) m : High or Low
M 9005650 oo :
NENX EEO?EI]: oy? M
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

WORD READ-MODIFY-WRITE CYCLE

e _—*S: tosH(s) - - g\_
&%’;g)ss 7/;;%)3 Row Adir_e::%‘tfj;ﬂmn A;;:HUSEEKZ/W I/// Y,
WE tz::m———:i I/}/w/u//)///// W
= 7] T -

toza) ////] : igh or Low

B S005L50 0000702 T&3 HE v
491 NPNX

S

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



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

BYTE READ-MODIFY-WRITE CYCLE

R—As S RAS(31) : \_
ucas __/ AN | /[ 7
(or LCAS)
icas __/
(or UCAS) le— tAR(1E)
(“?W%z o Ao X ot s U
e XL
= T, | 7
S
s =

trac) > ra-»
108, iz T N I

(or "I%.'O_) toizz) /////]: High or Low
Ml 9005650 0000703 91T WA
NPNX 492
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE WORD READ CYCLE

tRasP(32) - tRP(z9)
RAS R N
teapug) | [+ 1csHE) [ trcu) — [* tasHen ™| terpqig)
<= [+ tReoy > tep) teasio)  topig) tcas(o) bR
le- tcaS(10)9 | -
UCAS
cas __/ N 47 N N / /)
tar(1e)
L :imo(ae) t t tRaL(18)
AL e ‘—:Le O tascun SR tasciinplle le—wy
traHee)  tascon toan(is)
&(g!;:?s m: Row Wcmmn Column Columnw / ////////
e} tAIM;;) ..l - taa) > tRRH(39)
Iincsuo) tno_H.(sa) tncsdm) tH(iH(' ) tRcswo) tRoHEs)
| [ 1
we Ly
[— tcpag) [e—— topa) —
- _T tronEs)
toearz2) torae2) .
OEA(22)
= /T | AT A AT
tane g > e OFF(25) le_oy torres e 1OFF(25)
':f::ﬂ B teac) ‘tCAC(l) -«
toez(ze) toez(ze) toez(ee)
o' 2 | ] p
‘_c’xzuz) Data-out _7012(12) Dat.!-l-out azqz)  Data-out

B 9005650 0000704 &856H M

Power ed by

493

: High or Low

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

FAST PAGE MODE BYTE READ CYCLE

tRP(29)
- trasP -
N |
RAS \ ] N
terpag | [+ losHi) f——tpcaz — % tRsHEn™ | tcreua
i ta——— trcp(ae)— tcr(e) teaspoy  tepe tcaspoy N
l 1cAS(10) -9 - »
ucas __/ N 7N TN /]
(orLCAS)
LCAS _/
(or UCAS) l«—— tan(ie) =‘
tasr@7) ~ tRAD(%’j tcan(is) tasc tcaH(s) t AL -
[ o] - (17) t—| ASC(17) gt ft—y
1HAIH(46) tascin) l I lcm.ms)
Address ZZZZ%Z: Row WW Column _‘W/ Cotumn / //)3 Colurnn :K// /////
(NOTE) L tAIA(;s) ’l He—t taaa) -» tRRH(39)
tresiao) tReH(38) lRCS(LO) t RCH(38) tRes0) tRCH(38)
r il i
we Ly \ Y
le— topagy —» [ tera@ tRTH(;:
toearz2) 1| toea(ea) . R -
OEA(22)
oE s | 2 2T
/O 1~ High—Z
vos
(or /O 9~ taaa) i LOFF(25) «— LOFF(25) ol e tOFFEs)
1/0 16) . h:::c:u) L tonn . - )
@ toez(ze) toez(es) toez(ee)
D DO P F—
(or "l%t ) toizzy  Data-out tozan  Data-out taznzy  Data-out
m . High or Low
792 A
NPNDX B 9005650 0000?05

494
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE EARLY WORD WRITE CYCLE

RAS A | ZL:\_
L ’r\ = L VF N
tash ‘t_tmm_t.‘ t Y t t | tt"‘“'""’ .
|| Ao :s_c(I;n 'iA:i‘s) AS:I(:I:) lowan ascan 'ﬁH’T)
address L//%_Pen /7[R oo W7777K; o @Z cown K777/77771117
wore 4 tcvw.(sz)’l l“ towws2) [+ towisz)
w /D }m i
oE LI i i iz

— i L | Jore
Wo'us L paein m Datarin Datain 7,

m : High or Low

BN 9005650 0D00070b bL29 WE
495 NPNX
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE EARLY BYTE WRITE CYCLE

tRp(2e)

RAS 5‘ N_
ucas  __/ R VZ]: L
(or LCAS)
was _/
e t ';(:)‘D‘”":]mm toanas) | tascon | toawns) | tascan t::L ::”
el [ He i [
&‘g!;:)ss m Row Cdumn@w Column //////////////
d tew(so) |= tewus2) :: :mt:))_-.
- //////////////////AL ) W;F _
tweg ——I tweeo) Lr twpso)
o T
Vo' LTI T i vz
(or /0 9~ '
- voie) tosey) tDH(20) tps(e1) torezo)  tosey) tpH(0)
W%s  ZLLIIIIITIITIR: P bawin X777X. vawn X777/,
(orl/O1~
V0 8)
/////) High or Low
NEROK BE 9005650 0000707 565 WA

496
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE

RAS

UCAS

LCAS

Address

(NOTE)

Vo 1~
VO 16

tRP(29)
tRASqu F
N N_
tesHis) tPRMW(44) trsH(27)
tcrr(13) ) tcrp(19)
le— tRCD(34) —e 1
t t
le— tcAS(10) 0] PN o toAS(10) il [ tcas(10) —e
tRAD(36)
le - ; traL(19)
tASR(47) | trarue) lAscm) tcan(s) Asciry| LCAHOIS) tascan | tcanps,
Row. @ Column | Colum Column
towLs2) towsa) t_c.w_".(.s-z)
o o thw
. trRwp(a7—= %)
Rr(w) le— town(14)—] le— toWD(14) sy le— LCWD(14)-4
e
7 X N L/ X
tAWD(19)— tAWD(19) —»{ ta—l le—1t— tAWD(19)—+
twe(so) - twp(s0) troze) twp(s0)
o) toea(ez) r_ t
.Ii‘ o OEA(22)
toep(24) toepn(ee) toED(2e)
t
arew e tCPA(2) —of la— toPA(2) -
e tu}(s) - taa) taags)
toez(2e) toEz(26) 1 toez(2e)
torzo) toHo) I toH(20)
e e
t t t
tracw) osen | psen | ps2n|
High-Z 4 X y
X | ¥ y i §—
torziiz) Data-in ... Data-in 15,745 Dta-out Data-in
Data-out Data-out /////} - vigh or Low

B 9005L50 00DOO708 4Tl HE

497

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

FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE

tap(ze9)
tRASP(32)
- — Z‘vﬁ
RAS N \_
tonps tosHs) tPRMW(44) tRsHE7 toapqs
1
le— tRCD(34)—»y top toro
le—— tcas(io) ) — tcas(i0) © le— tCAS(10) o
—
ucas __/| N /N 7 N /7
(or LCAS)
LCAS _/
o tRaD(36)
(or UCAS) e . \ v tRAL(18)
tasr(7) | tRaHue) tascz) [CAHOS) tasc(iz)| CAH(1S) tascai7) | tecanas)
=
Address ////ﬂ Ro mowmn // /////)LColum / / /@( Column W // //// /
{NOTE) 1cWL(sz)L towL(s2y towusa) ’
' tRWL(53)
" tRwWD(E7)—>
R|CS(40) e tCWD(14)—s le tc‘,,,[,(,.,,_.1 le— TCWD(14)-m
WE /M - LN N / Sj(
tawD(19)—> te—td f—t— LAWD(19)—] tu—n le—1 tawD(19)—1
tweso) twe(so throH(s) twe(so)
toeacez) toea(z2) r_
- - toea(2)
S r -
OE ;[7 1/ i/
Vo 1~ High-Z
o8
(orl/0 9 toED(24) toED(24) toED(R4)
t
/O 16) cact) le— tcPa(z) — le— tCPA(2) o
e ‘N?(s) -] taa@) L_‘_. taa@)
togz(2e) > toEz(26) 1+ toez(ze)
r_ { r toH(eo) | toHe0)
; w-1DH(20) . A la—s
thaca) osen| psey | DS(E21)
110 9~ High-Z - >—
Vo 16 3
(orl/O 1~ . . - .
170 8) torzoz) Data-in 4,0 Data-in  1,,, Data-out Data-in
Data-out Data-out m : High or Low
Vi

50 0000709 338 M
NPNX B 90056 pris
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

RAS ONLY REFRESH CYCLE

RAS

UCAS
LCAS

Address
(NOTE)

< tRe@n

—eeee|

S:—

—— tRAs@)——————— >

terP(13)

ja——— tRP(29)———

tRpc(3s)

_/

tasria7) | | tRAH(6)
[ |

S

VIR P U

K

NOTE 2: ﬁ, OE = Don't care.

CAS BEFORE RAS REFRESH CYCLE

RAS

UCAS
LCAS

IO 1~
VO 16

trca)

: High or Low

(t— tRP29)——m| 1 tras(1)

Zw

_/< tRpc(as) - S

tepnes) > h————— tcHRE) ——————
tesray

—

[

W

LTI,

toFF(Ees) .
—__% e

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

B 9005650 0000?10 057 HA

499

: High or Low

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

HIDDEN REFRESH CYCLE (WORD READ)

tac(a1)

T
Addross m:sm:w 1 tm(mwumn EMW/////// Y,
WE 7/////////////////‘;8“0) — %///// T
oF LI C /‘/ié/)é L ///////////////////W/ i
SR N S N

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

HIDDEN REFRESH CYCLE (BYTE READ)

trc) tRean)
[ tRAS@1) ————» [ LRP(29)-»]
RAS N / -
[e———————— tag(1g)——»
i P(13)> le——— 1RCDRE e tRsH27) -] tcHr(e) - [e— 1CRP(13)—m]
UcAs __ /| Y
(or LCAS)
Lcas __/
(or UCAS) le— tRADGS) tRALIS) —
IASRW)- ‘ :—?A-T‘s) 'f.sc.il” tcan(is)
address L% _Pon _KJDX. comn K777
(NOTE)
tRcs(e0) " .. | tRRHG@e)
we i W
taa(z) ——»

oF LI i i ddy iyt iz,

VO 1~ High-Z
VO 8
(or VO 9~ e~ tcacq) —» > toFF(2s)
Vo 16) teizz)
- tRAC(4)
Vo 9~ High-Z 2 i R —
09 A Valid Data-out

(orvu%E) :HighorLow

m
B 9005650 EOEIDD?]:E 92¢ NPRNDX
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY WORD WRITE)

- tras(at) » tRP(29)-]
— ———————
RAS N /

[ a——————— tAR(16)————

l—— treo(se tRsH(27)-]
UCAS [

was __/ R\

le— tRAD(36) | tRAL(18)—]

IA‘SRW), ﬁA—IIﬂﬁ) t—A»SSI(x) toar(1s)
Address Row _K77X._cawm K7777777777177777011101TTTTTTTTTTTT

(NOTE)

twes(sn)
-~ ta— twCH49)—

twpiso) —]

WE 7//////////////////>>‘ A

oF LI i i i iy v v

toseery

] — ‘oﬂ(go)———-—’

o1 TR Vali Data-in A
: High or Low

BE 9005650 0000713 869 H
NPNX -
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NN5116160A / NN5118160A series
CMOS 1M x 16bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY BYTE WRITE)

trc)

tRciaty

RAS N

tras@) E tRP(29) -]

teapis)

a———————— taAR(15)—————»

\

tras() tAP29)-»]
E R

- tRCD(34). < tASH27) - ten m}c—tcﬂr’(m—b
UCAS __/ \\
(orLCAS)
LCAS _/
(or UCAS) l— tRAD(35) i tRaL(18)—»]
tasren | | thanes)  tascon
et—n1 > tcaH(1s)

Address 7///@3 Row i@}

XS Y,

(NOTE)
twesesn)

Fe— tweHag)—w

twr(so) —»

we LTS

T

I

NS

(or VO 9~

Vo1€) o tosen tDH(0)———"
we.  77Z777777777%_ vwsown K777
(orlﬁ;;) 7/ High or Low

B 9005650 0000714 7TS5 WM

503

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

SELF REFRESH MODE

tapg t
RAS 7 fl
tapc(as) - tesag tc:us(r)> tCRP(13)
UCAS
LCAS / , -
ternia ol 1ASRET)
Address /, ow Y oo
(NOTE) " X
(e LOFF(25)
vt~ —x
o 16 £

Note: WE, OE = Don't care.

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

a.Entering the Self Refresh Mode:

/////).: High or Low

The NN5116160AL/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 contmunng by holdmg RAS * 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.
¢. Exiting the Self Refresh Mode:

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

NPNX

B 900550 0000?15 631 WM
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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

B 9005650 0000716 578 HH

RR
BLANK

16160 :

50 :
70 :

RR

BLANK :

18160

505

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 |l (Reverse Bend)

Standard Version
Long Refresh Version
128ms Refresh

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

Power ed by | Cni ner.
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NPNX



