NN5116165A / NN5118165A series

WV
EDO (Hyper Page) Mode
CMOS 1M x 16bit Dynamic RAM NPNX

DESCRIPTION Preliminary Specification

The NN5116165A/18165A series is a high performance CMOS Dynamic Random Access Memory orga-
nized as 1,048,576 words by 16 bits. The NN5116165A/18165A 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 NN5116165A/18165A series features an EDO (Hypar 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. L

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 AO to A11 during a 64 ms pe-
riod for NN5116165A series and the 1024 address combinations of AO to A9 during a 16 ms period for
NN5118165A series.

Multiplexed address inputs permit the NN5116165A/18165A series to be packaged in a standard 42-pir:
plastic SOJ.,50-pin plastic TSOP TYPE Il. The package sizes provide high system bit densities . System leve!
features include single power supply of 5V +10% tolerance and direct interface with high performance TTL log-
ic families.

FEATURES B EDO (Hyper Page) Mode Operation
B Separate CAS (UCAS, LCAS) for Byte
W 1,048,576 X 16 bit Organization Selection .
& Single 5.0V £10% Power Supply B Byte Read/Write Mode Operation
B Performance Hanges 8l Low Power Operatlon
1 Low Standby Current (CMOS level input)
Parameter -50 | -60 | -70 -Standard 1mA
Max. RAS -L version 150uA
AccessTime  (taag)| o | 8 | 7O W 4096 Refresh Cycles (NN5116165A)
Max. CAS -Standard 64ms
Accsss Time ltcag)| 151 | 19N | EOnS -L version 128ms
Max. Column Address | oo | a0 | agne 1024 Refresh Cycles (NN5118165A)
AccessTime (tas) -Standard 16ms
Max. Read/Write 90ns | 110ns | 130ns -L. version 128ms
Cyclo Time ) | " | " B Self Refresh Mode
(L version)

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

NIPPON STEEL SEMICONDUCTOR CORPORATION
5§37 Rev.1.0 DEC.1995



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

PIN CONFIGURATION

Vec O 1 o 50

Vo1 Mz 49

o2 @3 48

103 @ 4 47

1104 M5 48

Vee T} 6 45

1vos M7 44

1706 0} 8 43

o7 M e 42

1708 [ 10 41

NC O 11 40

NC @15 36

NC @8 35

WE 0 17 34

RAS 0 18 33

(NOTE 1) A11/NC 0 19 32
(NOTE 2) A10/NC T 20 3
A0 [ 21 30

Al 22 29

A2 023 28

A3 0 24 27

Vee [0 25 26

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

RAS

(NOTE 1) At1/NC
(NOTE 2) A1o/NC
Ag

Aq

Ao

Az

Vee

P50TP-3B6

O

WO ~NO AW

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

Vss
1016
1O15
11014
11013
Vss
o012
Vo1
Vo110
vo9
NC

NC
CAS
UCAS
OE
A9

A7
A6
A5
A4
Vss

Vss
o186
s
1014
1013

Vss
vo12
o1
11010

e ]

NC

NC
CAS
UCAS
OE
A9

A8

A7

A8

AS

A4
vss

35
34
33

31

29
28
27
26

Vee
1ot

Vo3
1104
Vee

o5
17106
vo7
/08
NC

- =4 OO NN A WN =
- O

150 NC

160 NC

17[0 WE

180 RAS

190 NC/A11(NOTE 1)
200 NC/A10 (NOTE 2)
21[0 A0

220 A1
23[0 A2
240 A3
250 Vee

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

P50TP-3B6-R
NN5116165A | NN5118165A
NOTE 1 A1l 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
OE Output Enable
1/01~1/016 | Data-in / Data-out
WE Write Enable
Voo +5V Supply
Vsg Ground
NC No Connection

NPNXX




NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

FUNCTIONAL BLOCK DIAGRAM
WE O
OE O s
_ 1 ¥
LCAS O—— ZiS ciack > D€ cio
ucas© » -
‘ \ 4
Refresh
Counter Lower O 1
¥ N e
< T % K uos
r\ Column Decoders
o
{NOTE) Ampiifiers
g Y.
Add A - @
NOTE) Buters o Vo9
Data
g ) 8 [
§ Memory Buffers Vo 16
;’ p, Amray
Row z (16,777,216)
Address &
(NOTE) «—O Voo
+— Vss
Substrate
Bias
Generator
NOTE
Address / Row Address | Column Address
NN5116165A AO - A11 AO - A7
NN5118165A AD - A9 AO- A9
ABSOLUTE MAXIMUM RATINGS
RATING SYMBOL | VALUE UNIT Permanent device damage can occur if
Voitage on Any Pin Relativeto Vgs | VinVout | —1to7 v 350;“':& r_naxllmum r ‘:}'ﬂgs ':lfel :xbc:ed-
- . Functional operation shou re-
Voltage on Vcc Relative to Vss Vee “1to7 v stricted to the conditions as detailed in
Storage Temperature (Plastic) Tstg | -55t04125 °Cc the operational sections of this data
Power Dissipation Pd 1.0 w sheet. Exposure to absolute maximum
Ambient rating Temperature Ta 0to+70 °C rating oonquns fo'r enended periods
c,m_ ng ompe can affect device reliability.
Short Circuit Output Current lout 50 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vcc Supply Voltage 4.5 5.0 5.5 v
Vgs Supply Voltage 0 0 0 Vv
Vi input High Voitage, All Inputs 24 — 65 v
Vi Input Low Vottage, All inputs -1.0 — 0.8 v
Note: All voltage values in this data sheet are with respect to Vgg unless otherwise specified.
N,
NPNX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

TRUTH TABLE
INPUTS /0

— S B — — OPERATION NOTES

RAS LCAS | UCAS WE OE | I/O1~1/O8 | 1/09~1/O16|
H H H H H High-Z High-Z Standby 13
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 123
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 13

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

H—L H L — — High-Z High-Z ;relf 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 control are done independently by each LCAS,

UCAS.

NPNX 540




NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

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

NN5116165A
SYMBOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES
lcer Operating Current -50 120 mA | tac = tac (min.) 1,2
-60 110 mA RAS, CAS, Address cycling
-70 100 mA
lccz | Standby Current 1.0 | mA | RAS=CAS>(V-02V)
20 | mA | RAS=CAS2Vy
Standby Current 150 | pA | RAS=CAS>(V-02V)
(L version) All other inputs are stable at { Vg - 0.2V )
or { Vgg +0.2V)
lcca Refresh Current -50 120 mA | tge =tpe (Min)
(RAS only refresh) -60 110 mA | RAS cycling, CAS =Vy 1
-70 100 mA
loca EDO (Hyper Page) Mode Current -50 130 mA | typc = Wpe (Min.) 12
-60 120 | mA | RAS=V,
-70 110 mA | CAS, Address cycling
lces Refresh Current _ -50 120 mA [ tge = tyc (min.)
(CAS before RAS refresh) -60 110 mA | RAS, CAS cycling 1
-70 100 mA
lccs | Refresh Current 500 | pA | 4096 cycles / 128ms
(L version : CAS_before tras < 200ns, WE 2 ( Vo - 02V)
RAS refresh) All other inputs are stable at ( Vg - 0.2V)
or (Vgg+0.2V)
lcc; | Seit Refresh Mode Cument 300 | uA | RAS=CAS<(Vgg+02V)
(L version) All other input high levels are ( V¢ - 0.2V
or input low levels are { Vgg + 02V )
Iy 4 Input Leakage Current -10 10 pA 0V <V, £ 5.5V, Others = OV
(Any input pin)
lo! | Output Leakage Current -10 10 pA | RAS 2 Vyy(min.), CAS 2 Vyy(min.)
(For high impedance state) OV < Vour < 5.5V
Vou | Output High Voltage 24 V | Ilon=-50mA
VoL Output Low Voitage 04 \Y lop =4.2 mA
Notes: 1. lccy , locs » lcca and Iggs depend on cycle rate.
2. It 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 = 1MHz2)
SYMBOL PARAMETER MIN. MAX. UNIT
Cini Address(A0 ~ A11) — 5 pF
Cuz RAS, LCAS, UCAS, WE, OE — 5 pF
Cout 1101 ~ VO16 — 7 pF
N,
541 NPNOX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

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

NN5118165A
SYMBOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES
leot Operating Current -50 170 mA tac = ln_c_(min.) 1,2
-60 160 mA | RAS, CAS, Address cycling
-70 150 mA
lece | Standby Current 10 | mA | RAS =CAS 2 (V- 02V)
20 | mA | RAS=CAS2Vy
Standby Current 150 | pA | RAS=CAS > (Vcc-02V)
(L version) All other inputs are stable at { Vg - 0.2V)
or (Vgg +0.2V)
lees Refresh Current -50 170 MA | tge =tpe (Min.)
(RAS only refresh) -60 160 | mA | RAS cycling, CAS =V 1
-70 150 mA
loca EDO (Hyper Page) Mode Current -50 180 mA | typc = typg (Min.) 12
-60 170 | mA | RAS=V,
-70 160 | mA | CAS, Address cycling
lccs | Refresh Current -50 170 | mA | tac =lgc (min)
(CAS before RAS refresh) -60 160 mA RAS, CAS cycling 1
-70 150 mA
lecs Refresh Current 500 pA | 1024 cycles/ 128ms
(L version : CAS before tras < 200ns, WE 2 (Ve - 0.2V)
RAS refresh) Al other inputs are stable at ( Vo - 0.2V)
or(Vgg +0.2V)
lcc7 | Self Refresh Mode Current 300 | pA | RAS=CAS <(Vgs+02V)
(L version) All other input high levels are ( Ve - 0.2V)
or input low levels are ( Vgg + 0.2V)
Tyl Input Leakage Current -10 10 PA | OV <V <5.5V, Others = OV
{Any input pin)
ol | Output Leakage Cumrent -10 10 pA | RAS 2 Vy(min.), CAS > Vy(min.)
(For high impedance state) OV € Vour 5 5.5V
Vou Output High Voltage 24 v lop =-5.0MmA
VoL Output Low Voltage 04 v lo,=42mA

Notes: 1. Icc1 , Ices » lccs and Iggs depend on cycle rate.

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

CAPACITANCE (0°C < Ta < 70°C, V¢c = 5.0V 110%, f = 1MH2)

SYMBOL PARAMETER MIN. MAX. UNIT
Cini Address(A0 ~ A9) — 5 pF
Cinz RAS, UCAS, LCAS, WE,OE — 5 pF
Cour ¥O1~1016 — 7 pF
WV
NPNX 542




NN5116165A / NN5118165A series

CMOS 1M x 16 Dynamic RAM

A.C. OPERATING CONDITIONS ( 0 °C<Ta<70°C, V¢ = 5.0 V 2 10%, Vgg = 0 V) (NOTES 3.4,5)

no. | NOTES PARAMETER =0 had Al unr | noTE
JEDEC | STD. MIN. | MAX. | MIN. [ MAX. | MIN. | MAX
1 | toiav |teac |Access Time frém CAS — 15 — 15 - 20 ns 6,13
2 | toray |toen | Access Time trom CAS Precharge - 30 — 35 - 40 ns 13,14
3 | tavav |taa |Access Time from Column Address - 25 — 30 —_ 35 ns 7,13
4 | tgav |trac |Access Time from RAS — 50 -— 60 — 70 ns 6,7
5 | taricr toan |CAS Hold Time 35 — 45 - 55 — ns
6 |tasox |tous |CAS Hold Time (Seif Refresh Mode) s | — | 0| — | 50| — ns
7 | taLichs [teun |CAS Hold Time (GAS before RAS Refresh) 10| — 10 —_ 10 — ns
8 | torzciz |ten |CAS Precharge Time 10 — 10 — 10 — ns
{CAS belore RAS Refresh)
9 |toueciz [top  |CAS Precharge Time 5 — 5 — 5 — ns 14
10 | torscni |tcas |CAS Pulse Width 8 [1woK| 10 [100K| 15 | 100K | ns
11 |tz [tesr |CAS Setup Time 5 — 5 - 5 — ns
(CAS before RAS Refresh)
12 | terrax CAS to Output in Low-Z 0 - ] - (] — ns 8
13 | tomopiz |tcre |CAS to RAS Precharge Time 5 — 5 — 5 — ns
14 | toLwz [town | CAS to WE Delay Time 4 | — | a8 | — | 50 | — ns 11
15 | tcliax |tcan |Column Address Hold Time 10 — 15 — 15 — ns
16 | tajax [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 | tavchti |tcar |[Column Address to CAS Lead Time 13 — 18 —_ 23 — ns
19 | tavamr |tra | Column Address to RAS Lead Time 25 - 30 — 35 - ns
20 | tavwie |tawp |Column Address to WE Delay Time 57 - 60 - 65 — ns 11
21 |teriox [tow  [Data Hold Time 10 - 10 — 10 — ns 12
twLipx
22 | tcoox |towc |Pata Output Hold Time 0 — 0 — 0 - ns
23 | toyero |tos  |Data Setup Time o — 0 — 0 - ns 12
tovwio _
24 | toiav |toea |OE Access Time — 156 — 15 — 20 ns
25 | twioz2 |toen | OE Command Hold Time 15 — 15 — 20 - ns
26 | touaciz |torz | OE Pulse Width for Output Disable 7 - 7 — 7 - ns
When CAS High
27 | torscrt [tocs |OE Setup Time to CAS High — — 7 - ns
28 |t 1mm1 |tors | OE Setup Time to RAS High — — 7 — ns
29 | tonoav |toen |OE to Data Delay Time 15 — 15 — 20 — ns
30 | taieax |torz |OE to Outputin low-Z 0 — 0 — 0 - ns
31 | tohzoz [torr  |Output Buffer Turn-off Delay Time 13 156 0 15 ns 10
32 | torzax |toez | Output Buffer Turn-off Delay Time ] 10 15 0 15 ns
Referenced to OE
tanaz  |torr | OQutput Buffer Turn-off Delay Time 0 13 0 15 (4] 15 ns 16
Referenced to RAS
twizaz |twez |Output Buffer Turn-off Delay Time 0 13 0 15 0 15 ns
Referenced to WE
543 NPNOX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

No.|—SYMBOL PARAMETER hiad e Ad UNT | NOTE
JEDEC | STD. MIN. | MAX. | aiN | MmAX | wmin | wmax

35 | topspmr| trsn | RAS Hold Time 15 — 15 —_ 20 — ns

36 | toLsrmi| thon | RAS Hold Time Referenced to OF 10 - 10 — 10 — ns

37 | tormns| tamce |RAS Hold Time 30 | — | 358 ] — | 4 | — | ns
Referenced CAS Precharge

38 | tpuopz| thp | RAS Precharge Time 25 — 30 - 40 — ns

39 | tazniz| taps | WAS Precharge Time (Seit Reiresh Mode) 20 — 110 — | 330 | —

40 | tauipmr| thas |RAS Pulse Width 56 | 100K | 60 (100K | 70 | 100K [ ns

41| o 1pm| thass | RAS Pulse Width (Self Refresh Mode) 300 - 300 | — 300 | — us

42 | tausn | trase | RAS Pulse Width (EDO (Hyper Page) Mode) 50 | 100K | 60 | 100K | 70 | 100K | ns

43 | taicur | treo RAS to CAS Delay Time 13 35 13 45 13 50 ns 6

44 | tauacio| tapc  |RAS to TAS Precharge Time 0 — 0 — 0 — ns

45 | tgiav | taap | RAS to Column Address Delay Time 1 23 11 30 1 35 ns 7

46 | taax |tz |RAS To Output in Low-Z 0 — 0 — 0 — ns

47 | taLwie| tawp | RAS to WE Delay Time 80 — 90 — [ 100 | — ns 11

48 | torowio| then | Read Command Hold Time 0 — 0 —_ 0 —_ ns 9

49 | tnupwiz| tarn | Read Command Hold Time 0 — 0 — [} — ns 9
Referenced to RAS

50 | twHzcid tros |Read Command Setup Time 0 — 0 — 0 —_ ns

51 | thioriz| the  |Random Read or Write Cycle Time 20 — 110 — 130 —_ ns

52 | tcroctz | e |Read or Write Cycle Time 20 —_ 25 — 30 _ ns 13,14
{EDO (Hyper Page) Mode)

53 | taizriz| tauw | Read-Modify-Write Cycle Time 145 — 165 —_ 185 — ns

54 | teioclz | teruw]| Read-Modify-Write Cycle Time 82 — 85 — 20 — ns 13,14
(EDO (Hyper Page) Mode)

55| taer | taer |Refresh Poriod L NNstietesA | — |64 | — | 64 ) — T 64 [ ms | 15

1~ NN5118165A = 16 = i6 = 6

56 | taLiax | tran |Row Address Hold Time 8 - 10 - 10 — ns

57 | tavmz | tasn |PRow Address Setup Time 0 — 0 — v} — ns

58| tr t;  |Transition Time (Rise and Fall) 2 50 50 2 50 ns 45

59 | twiwm| twpz | WE Pulse Width for Disable 7 — 7 — 7 - ns
When CAS High

60 | toLiwmi| twew | Write Command Hold Time 10 — 10 —_ 15 —_ ns

61 | tawLiwni twp | Write Command Pulse Width 10 — 10 — 15 — ns

62 | twiscLo| twes |Write Command Setup Time 0 — 0 — 0 — ns 11

63 | twiichil towL | Write Command to CAS Lead Time 15 — 15 —_ 20 —_ ns

64 | twLipmi tawr | Write Command to RAS Lead Time 15 - 15 — 20 — ns

NPNX saa




NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

Notes:

3.

O O

1.

Eight Initialization Cycles are required following a 200us pause after Power Up.
These initialization Cycles may consist of one of the following : RAS only refresh Cycles, Read Cycles,
Write Cycles, CAS before RAS refresh Cycles.

. AC measurements assume t;=3ns. All AC parameters are measured with V (min.)>Vgg and V|y(max.)s

Ve and with a load equivalent to two TTL loads and 100pF.

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

measured between V) and V.

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

erence point only. If tgep 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
tas-

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

output voltage levels.

twes trwo: 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 tgwp=trwnp(min.), toewp2tewp(min.) and
tawo2tawp(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 taa, toac, OF topa.
. tasc2tcp to achieve tpc(min.) and tgpa(max.) values.

. taer=128msec for Long Refresh version (L version).

. torr applies only when CAS is high.
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NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

le—— tRP(38)——n]

ra— tCRP(13) —!

WORD READ CYCLE
- treesy)
tRas(a0)
—_—
RAS A
tcrp(13) 4—-—ltcsm5) ,
ACD{43} ASH(35)
[ fa— toaspo——»
UCAS
icas __/ N /
le— IRADS5) - tra(tg)
- tearey |
t:SR(SZ A‘RAH(SG tasc(in toam(15)
Address T/ Fow wsrss m Coumn Adaress /7777711117

(NOTE) - tan(is)

tres(so)

tRCH(E8)
tRRH(49)

Y

T

N

WE o 'ROH(x)_J
‘—bt.zl(a;og * torR(a
oE LI iiiiiion Y,
"v%11-s High-Z - !@;g Valid Data-:ut_ b )_’E—
s * High or Low

Address AO0-A11: NN5116165A
AD-A9: NN5118165A
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NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

BYTE READ CYCLE
thcest)
tRAsMo le—— tRP(38) o]
RAS N / N
teregs| [ tosHs)
la——— tRcous) - tRSH(35) > tat—— LCRP(13)—!
le—— tcas(10)—— |
ucas ___/| A / /]
(or LCAS) teacis -
[CAS __/
{(or UCAS ) le— tRAD(S) tRAL(1S)
tasrE?) | | tRaHese) tascin "cmhs)
e p il |
address /). Pewiress 777777RC coaumn aaress X777/
(NOTE) - taR(16) < o tRCHIAE)

WE

Vo 1~

vos
(or/O 9~

V10 16)

Vo 9~
VO 16
(orl/O 1~
V0 8)

tRCs(s0)

1RRH(49)

Y

re—— 1ROHEE. 4

[ toeaze

torzio

Y

Xy

torr(as

/

I

High-Z
le— tcacon
- tans) toEz(sz2)—
tRacw) la— toFFE1H—»]
High 2 LR valiDataout
le— toLz(12)— -
m : High or Low
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NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

WORD WRITE CYCLE (EARLY WRITE)

tRcist)
trasuo)

_ S > :lnpm) —

-4

tcsms) >

tcrp(13)

trcousy ——=¢—— RsHas)

— j——— tcas(10) —»
UCAS

was _/ A A,

[e— teap(1z) —»

taR(i6)

le—— tRAD(45)
tasrisn| | tRanse)

t RAL(19)

tasc(17) tcaH(1s)

]
Address 22222% Row Address {m Column Address 4222222222222222222222222/
(NOTE)

tewies)

trwiieq)

twpgy) ———»

we i .

twese2) ——— tweren) ™

o LI i i e s iz

tos(a

‘—‘Dﬂ(m) —p

l{,% 11-.6 7/////////////////////////” Valid Data-in W
m : High or Low

NPNDX



NN5116165A / NN5118165A series

CMOS 1M x 16 Dynamic RAM

BYTE WRITE CYCLE (EARLY WRITE)

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Address
(NOTE)

WE

Vo 1~

os
(or /O 9~

vo16)

VO 9~
/O 16
(orO 1~
vos)

- tRcesty >
RAS( trrEs) ——»
N / \—
1 S|
tere(1a) CSHe)
tacpus >t tRsHis) » le—— tcRp(1s) —
le—— tcas(10) —
/ N / 7
tar(18)
le— tRADi4S) - t RaL(9)
tasrisny | | TRamess) tascin | toamas)

ol

7 Row Adcress JI//////R_ Column Address

A

towes)

tawLiss)

Y,

Y

twesez)

|mw)——-.-

A

W

tbse2s)

e—— i) '—-I

I

Valid Data-in

Ky

V77 visorLow
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NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

WORD WRITE CYCLE (OE-CONTROLLED WRITE)

—= (40) > ‘RP(SB)__:
RAS N 7E X

le—— tcsHs) >

teRp(a) L« 'RCDWa) thsHs) s e toRPaz—
la—— tcas(iop—»

UCAS /
LCAS NN /

le— tar(is)

le—— tRAD(45) — e tRaL(19)

tASR(sT) imﬂ(ss) tASC(|17) tcaH(is)
p— - L
7 ;
(NOTE)
re— toWL(83)

le— tRWL(©BS)——

la— twris) —

wE LI i Y

toep(es) toer(2s)

S
oF LIy NV

tos(ea) toHey

vt 2 X e K77
:Higwaow
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NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

BYTE WRITE CYCLE (OE-CONTROLLED WRITE)

RAS

tCRP(13) e

theEy

IAS(40)

/ ”""”——’\_

- toshs)

e RCDMY) e tRsHGs)

> re—— tCRP(13) — |

la—— tcAs(10)—»
-

UCAS / N L 7
(or LCAS)

LCAS /
(or UCAS) te——— taR(is)

le—— tRADWS) trAL(19) >
tasren | | tRaee) tascan | teanns
Ll le—| - >
Address W@W&m i,
(NOTE) .
re— towLiss)

T,

L 1

ta— tRWLGH—

le— twpist) ——»

toen(29)

toEHEs)

o

s
L g

D
Nyl

VO 1~

A

Vos
(orVO 9~

11O 16)
woSs D2 vasomn X777
for "V°°19~ ) : High or Low
NPNX

551



NN5116165A / NN5118185A series
CMOS 1M x 16 Dynamic RAM

WORD READ-MODIFY-WRITE CYCLE

g: AN v
tASRsT) > ‘_.I‘R”‘(W) el la— toAr(15)»

A(:gréro?s 7/:;2228 RowAddre&sm Column Address ZQZZQZZZZZ

wE iy LT,

oe 7////////////1///////////////////’/ ; |

| ‘—:::(::“ | 'Dsiz_:ﬁ torey)
Vo 1e 0 pataouKX, Datein X777/
oz m : High or Low

NPNDX .52



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

BYTE READ-MODIFY-WRITE CYCLE

N tRMW(S3)
* tRAS0) L tRp@s)
—

RAS N zt X

- t

terp(13) ) toRP(13)
trcDua) > thsHas) .
l——————— toaspioy——————»
ocas /| A /]
(or LCAS)
LCAS _/
(or UCAS) e tanue)
l— RAD(45)——
tasciz)
tasr(s7) ‘—"l tRar(se) 4-——1 e tca(1s) >
Address Row Address (77X Column Address Wﬁéﬁiﬂ/ A
( - trwoun
tewries
tawoo)——
tres(so), tewni1a) N trw e
wE LT
we Ly X 7
loeazy  toeoes) twrien

toiz(30) toez(az)

= T

Wos LTI iz,

(or O 9~ ] t
VO 16) re RAC(4)
~ :Mm toszs)| | tomen)
CAC(1} r,
'{I%g{s Hgh2 {///X Data-out Data-in W%%W//
{orO 1~ A ,
vos) cLz(12) m High or Low




NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

EDO (HYPER PAGE) MODE WORD READ CYCLE

tRasp(z)

tap(s)

ta— tRHCPEN—

RAS N
. le—toss — re—— tHPC(E2) —— ]  pat- TASH(35)-»] ¢
CAP(1 e tRoDus CRP(13)
- teas(ro) tere teaspoy | terg) . tcaso)
UCAS
cas _/ N AN
teaL(1e) —»] teAL(18) - i tCAL(18) -]
. la—— traD(5) . ) A tRAL(19) —»]
Asﬂ 4——] tRAH(E6) ShHge) _.Ascm) My tasc(17) »He tcan(is)
tasc(17)
Address ZZZZZ%‘ Row W‘”‘“‘mm Column Columa /ZZZZZZZZ/
(NOTE) tarae) l N
iRCS(SO) tRoM(36) 4-; :::::::
we Ly Y
L——— tocs(27)—m
t .
re—— 1RAC(4) tM(a)' .
- @ »| tcac L
oE L. L
toeaze) la—t tCPA(T) —»  le— tcrap) le-| toEZ(32) ]
toLz(30) [ - > taa) tanm e
tnu::: L—— teacq) toacy)  TOFRESd
B — DL = I/ ST
teizoz) ;;HLC(;) toHc2)
m : High or Low
NPNX 554



NN5116165A / NN5118165A series

CMOS 1M x 16 Dynamic RAM

EDO (HYPER PAGE) MODE BYTE READ CYCLE

RAS

UCAS
(or LCAS)

LCAS
(orUCAS)

Address
(NOTE)

7O 1~
vos

( or VO 9~

0 16)

/0 9~
VO 16

(orvVO 1~
Vo 8)

tre@s)
<—tnﬂcp(:m—>z K
o le—— tcshs) t—— THPC(52) ——m| - TRSH(35) terpa
13] 1
- la—— tRCD@3)——
tcas(iny tcaspo) | teeg) tcas(10)
i N 7 N/
He— | LCAL(18) —p] tcaL(18) —»f - LCAL(18) -]
e— taR(ts) =|
lea— tRAD5)—»] tRAL(19) —p
tasrisn teanns) tascaun teans)
[ tRAHES) e tasc(17) »He tean(s)
tasc17)
222222}3 Row Column Column Column /:2222222 Z
tResi(s0) t
RAH(49)
- tROH(36) la—» {RCH@S)
Y Ry
le1— tocs@r—s
la—— trac »
torF)
g Y,
High-Z
LOEA(24) +lcPa) —»  la— toray | toEZ(32) 1
tor12(30) b »| Laa) taa@) -
tRLz(46) - le—»{ tcac() teac OFR(33)
High-Z
= X K/X.__ou ow_ p—
la— -J—c—
teLzpi2) toHc(22) toHc(22)

:HignorLaw

NPNX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

EDO (HYPER PAEGE) MODE WORD READ CYCLE (OE AND WE CONTROLLED OUTPUT)

t
- tRaspiaz) RP{38)
__—.!S ——— tRHCP(:m—-Z m|
RAS .
) le—— tcshis) — a—— tHPC(52) —m  pa— ASH(35)-] \
CRP(13) CRP(13)
> la—— tACD(43)—— >t )
tcas(10) tcpe) tcaspo) | topg tcas(i0)
) le— tRAD4S5) la—i tcaL(is) - re— tcaL(ie) He— toaL(ie) —»
"sﬂﬂ le—s-{ LRAH(S8) i:Irq— tean(i5) - (> e » tcan(s)
tasc(r?) | ] tasc7) | teamps) | tascan
-
7/ Row Column Column Column e
Address = e [
(NOTE) et ‘AR(‘C) le—1{- tRAL(19) o ARG
K
RCS5(50) ta—1- LORS(28)——p tHCHMB)
s X
WE i 74 N _f %2/ //
re— tocsEn—w le twrz(s9)
I
tRACI4) i [ tCFI’Alz)--» - tepa) o > toFF(aY)
- LaaE) la— taaE) —pf He—1 taa =  len{ torr(as)
| -
__ ’ ’ / teacq) teac() nﬁ teac) 7W 777
OE /// 74 / / /;: 27
toEa(24) torzize)
toLz(30) ke le— tOEA(24)—
e tRLZus) - —» toLz(30)
~ High-Z c ~ ~
I11(2)116 : 3@(‘ Out JML Out E g@Zr Out b
torziz) twez(34) toez(z2) toez(32)
: High or Low
W/
NPNDX 556



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

EDO (HYPER PAGE) MODE BYTE READ CYCLE (OE AND WE CONTROLLED OUTPUT)

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Address
(NOTE)

o 1~
vos

{ or /O 9~
110 16)

/O 9~

/0 16
{orl/O 1~

170 8)

tap(s)

- tRASP(42) >
—AS la——— 1RHCP(37——»]
1. 7
' - teshs: - re—— tHPC(S2) — i e TRSH(3S) -]
CRP(13)
- tRCD@3) »
tcasiio) tepgg) tcasitoy | tcr tcasio
r | i

\

|

tcaL(1s) -

\

ra—t tCAL{18)

terp(13)

t— LCAL(181 —po}

_/
_/

tasrs?)
e

le—— tAR18)

l—— YRAD(45) —o=]

4_.‘ tRAHI(56)

e
tascur)

|

tcanus)

AsC(17) tCAH(15)
Etantiy t

ASC(17) -w1et

tRAL(19) |

tcangs)

s
.

Row M : //>3L

Column

%/

Column

% 7 //)Z: Column

Y

17/177)

/
L LS
tResis0) a—» tRRH@Y)
ra— torsea—» tRcHus)
r . X
7 g // //]1 \C. / // Iy
- tocs@r e leVPZ(se)
tRac4) % tepaR) —» e tepa@) » » toFFa
I
e 1AA3) —»] e~ taa@) He— taa@ » || loFRE3
7 7 "a— 7
/,.//'// s / & tcac tcac / S tcacn ZL//‘/ ////
High-Z
toeaces) torz(2e)
torz@o) le— 10EA24) o

f—— tRLZMB)

High-Z

3@3 Out

Out

torz(ao)

*E—Z@Z

te

LZ(12)

K/
L

twezase)

e

Out

h————

toezz)

le—s

toEz(32)

: High or Low

557

NPNX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

EDO (HYPER PAGE) MODE EARLY WORD WRITE CYCLE

e ﬁs e—— tRHCPEN——»] \_
teap(13) :::::((2)—> teascioy | toro ‘_tc,‘:‘:qm-;:)] IC:S":”’_:
L - - > e > i: >
Tons _/ N R /
tasrEn "R—A_H(;TAD“S)::’SC(W) tcaH(15) tasc1n) | tcan tAS[: 1ctm“g)
A(d g :)ss m Row W/ﬂ Column ﬁ Column Column / i /////////
r CWL(63) | L CWL(E)V‘ tz:tt:z -
wE L //ﬁ{ J7D> Y
o LI iz

w1 TR Datain @g Datain 5@3 "

:HimorLow

NPNOX 558



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

EDO (HYPER PAGE) MODE EARLY BYTE WRITE CYCLE

ms ) | M A
I :: :gi;_. tcasno) | tor '_ICA;::M)-:(:)I ‘!_c::(:m)_.lcmua)
gcas /| F N ZL— '
(orLCAS)
cas _/
mﬂ'—'” :sq)___(l) ’"ﬁ)‘—’) (17) u)///////////
Address | Row %ZZZZZB}] Column KZZFZZBZ Column Column /
rw:s(ez) ‘wc::m) ) ‘V’|I:S(62) t:::: ="wcsm) EEEE;) i
wE iy Y. WT LT,
oE LI il
Wos LI
(3%,
oseay| | toney Tﬁg DH(z1) DS(29) )
( I{J%g:"f m Data-in m Data-in @Z Data-in ﬂzr/‘zzz:/‘f/‘:/zzar/‘:/zz
vos)

m : High or Low

559
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NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

EDO (HYPER PAGE) MODE WORD READ-MODIFY-WRITE CYCLE

t
tRasP@z) pre
R —
RAS N A\
. tcshis) tPRMW(54——- tRSH(3s)
CRP(13)
le— tRCD(43)
bt t t
tcas(10)—] PO e teAS(10) —w il tCAS(10)——o CRP(IZ)
toas  / N N /7
LCAS
| Ranus) tRAD(s) \ traL(18)
tasnsn lmu(ss) tAscm) tcanisy tasc(i7y| teamnas) tascain | tcaHos)
/ /
Address /Z/ﬁ Row C°'um" Colum Column /
{NOTE) towLea) tewies) tewiiss)
1 RWD(471— trwe64)
t
R[‘is(w’ e toWD(14)—o le tOWD(14)—e le tCWD(14)-o
w T i \ \
lAwD(go)——l e .—j— tAwD(20) —o] .—J le—t tawD(20)—s tweis)
twres1) twee1) tRoH(e)
toea4) toeae) i
, +— toEARS
oF / i
I
tRAC(4) le— tcPA(2) — le— tcPA(2) o
i
taa) s taaa)
1
tcacn le—a! toacy r—— toac(t) | ke tDHE2Y)
le—— tRLZ(48) — toED(29) toen(29) toeD(29)
| P OLZ(30) P OLZ(30) !
toLz(30) e toEz(a2) te = t0E2(32) ety
Vo1~ HighZ : i —C W o n p——
Out Out ,‘U <. Out_ _L
tewziz) tpsiea) tez(rz) fosml::)* loznz)  tosies)
toHE1) toHen)
m : High or Low
N
NPNX 550



NN5116165A / NN5118165A series

CMOS 1M x 16 Dynamic RAM
EDO (HYPER PAGE) MODE BYTE READ-MODIFY-WRITE CYCLE
traspie2) tRP(38)
RAS N A
RAS N
. tesH(s) tp tRsH(35)—]
cRPam | | P t ‘
le—- tcas(10)—»| PO e tCAS(10)— PO tCAS(10) —» R
UCAS / N N 4N /]
(or LCAS)
LCAS __/
(or UCAS) 'RADUS) tRaL(19)
tasnisz)| tRA(ss) LAscm) tcan(1s) tascaz) | teamqis) tascin | toanqs
1] |
waross 7/ Gon ¥ Hecoo CE Y
NOTE
( ) towiea) Jef towries) —orte towiiss)
- t AWD A7) tawLies)
Rlc._S(so) la— tCWD(14) ] le— LCWD(14) = le— tCWD(14)o
wE I N | SC_J/ Sjl
tawp(2o)—e] le—bl la—t tawD(20)—n] le le—t~ tAWD(20) —»| twee1)
tweet) tweit) tromoes |
.loemu) toea(e) | . loeu\u)’
- s L
OE 7 S 7 _/7
/O 1~ High-Z
I[oX.}
(or VO 9~
/0 16)
tRACH) le— tCPA(2) —o le— tCPAE) o
| tarm) tara taay
tecac) le—e! tcacoy le—s] tcac(ty toHE2Y)
le—— VRLZ(46) ——= toED(29) toED(29) loex:(z:yl
toLzo) ' toLzao) !
totz(30| e s t0EZ(32) et P+ toez(az)
/o 9~ High-Z 2 7
O 16 3 3 In in >_
(or V%‘ ~ Out L ou |
8) terzaz) tps(23) teLzoy tps(23) tezaz) lz;)
toHEy toHe1) m  High o Low

561

NPNX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

RAS ONLY REFRESH CYCLE
- treisny >
- tRAS(40) » re—— tRPp(38) ———
-_
— N / \
RAS terrpiay tRPCA)
_ Inia
UCAS
LCAS J v
tasnisT | | tRanse)
[

/ ‘—.I
/) R )
({NOTE)
/////]: High or Low

Note 2: ﬁ, OE = Don't care.

CAS BEFORE RAS REFRESH CYCLE

tre(s) >

re— tRPEE)—> 1 tRAS@0) ; tRP(38) ——!

tRPc(as)

RAS

teengs) »> f———— teHa) —

torF@1)
VO 1~ % High-Z
/O 16

- High or Low

Note 3: OE, Address = Don't care.

NPNXX 562



NN5116165A / NN5118165A series

CMOS 1M x 16 Dynamic RAM

HIDDEN REFRESH CYCLE (WORD READ)

_—

RAS

tcRi

UCAS

P(13

-— treist)

tresn)

- tRAS(40)

N

}
le— tRCD(43) e

[e—— taR(16)————

RSH(35) ]

tasn(s7) tRaHse)  tasciir

_ r—’
tcas _ / R\

| tRAD\w) T tRAL(lQ

[l FD‘ —
teHRE) re— LCRP(13) —|

I

- L

.

tean(15)

S

A

(NOTE)

Row @] Column

tresiso)

tRRH(4s)

we LIy

re— tROH(36—»

] toEaze

N

toLz(s0)

o LIS

Vo1~

High-Z

/0 16

la— tcac() »
)
(A —

tRac(s) -»|

/W/////ﬁ//////////////

e LOFR(33)

»| torry)

le—toEZ(32)—»|

Valid Data-out

Z.______

:HimorLow

NPNX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

HIDDEN REFRESH CYCLE (BYTE READ)

RAS

UCAS
(or LCAS)

LCAS
(or UCAS)

Address
(NOTE)

tRe(s1) tacisy »
le——  trasuy————— ] |u- tReEa)> tRas@o) e tRP(38)-»
-_—
A N
[————— tAR(16)————]
teRpa3) le— tRCDM3) tRSH(35) -] toHrem) <—tCRP(13)—J
¥ b
le— tRAD{sY | tRAL(19)
tasnsn | | tRaHse)  tascuz) '
4—.‘ - CAH(15)
i I Y

tRcss0)

tRRH49)

I

XU

wE r— lnomasr——J
D

oE L L,

Vo 1~ High-Z

vos
(orl/O 9~ e— 1CAC(H) toFR(zo)

/0 16) tA:A(s)—> lorF@1)

vo9- H—igh-Z 3% Valid Data-out *‘oem—’i——
{or IIVO°18~) Yoz : High or Low
NPNOX 564



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY WORD WRITE)

tRC(51) » t RC(51) —

w |
L }E]— ¢ 1RCD43) - RSH(35) e teHR(m r—!cnpus)—>

s —/ N I
I/ SR Y I Y,

(NOTE)

twesisz)
- la— twcHeo)

twest)

we LTINS Hil

ok LTI i o

tps(2s)

a— !Mm)—h

O ST
:High or Low

565 NPNDX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY BYTE WRITE)

RAS N i Zr‘—" NE_}:\_
terp(1a) e tRcowd tRsHS) - tona r_tc P19
weas /| ) ]f
(or LCAS)
T_AS
(or UCAS ) _ T m::m,t . traLcre
. SR ). S
(NOTE)
wE LI 1T i i
oE LI i i i i i vl
S SR
ke
No%e LITTTIDA Valid Datarin X,
(oruV%1g) :Higerow
NPNX



NN5116165A / NN5118165A series
CMOS 1M x 16 Dynamic RAM

SELF REFRESH MODE
tHP(38 -+ tHASS(") —_— H&i@.}_.
ms _/ / A\
tapC(4q) - tesn(1) tonsie) teRP(13)
UCAS
LCAS / , 4 \_
o _ tasaisn

I/ e

(NOTE) . e LOFF(31)

VO 1~ X High-z
vo1é ¥ —

Note 4: WE, OE = Don't care. m : High or Low

EThe NN5116165A/18165A (L version) has a Self Refresh Mode.

a.Entering the Self Refresh Mode:

The NN5116165AL/18165AL 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 Seif Refresh Mode is contmumg 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.

c. Exiting the Self Refresh Mode:
The NN5116165AL/18165AL exits will exit the Self Refresh Mode when the RAS signal is brought *high®.

s67 NPNOX



NN5116165A / NN5118165A serles
CMOS 1M x 16 Dynamic RAM

ORDERING INFORMATION

NN51161 65A¥§()_() - XX
SPEED 50 : 50ns
60 : 60ns
70 . 70ns
PACKAGE J : Plastic SOJ
TT : Plastic TSOP TYPE Il (Normal Bend)
RR : Plastic TSOP TYPE il (Reverse Bend)
VERSION BLANK : Standard Version
L : Long Refresh Version
128ms Refresh
DESIGN CODE A
MODE 16165 : EDQ (Hyper Page) Mode
2CAS ,1M x 16,4096 Refresh Cycle
NN5118165AXX(X) - XX
SPEED 50 : 50ns
60 : 60ns
70 : 70ns
PACKAGE J @ Plastic SOJ
TT : Plastic TSOP TYPE il (Normal Bend)
RR : Plastic TSOP TYPE Il (Reverse Bend)
VERSION BLANK : Standard Version
L : Long Refresh Version
128ms Refresh
DESIGN CODE A
MODE 18165 : EDO (Hyper Page) Mode
2CAS ,1M x 16 ,1024 refresh cycle
\V{
NPNX s8



