NN511000 series Fast Page Mode \/
CMOS 1M x 1bit Dynamic RAM NPN)A(

DESCRIPTION

The NN511000 series is a high performance CMOS Dynamic Random Access Memory organized as 1,048,576 words
by 1 bit. The NN511000 series is fabricated with advanced CMOS technology and designed with innovative design tech-
niques resulting in high speed, extremely low power and wide operating margins at both component and system levels.

The NN511000 series features a high speed page mode operation in which a high speed read, write or read-write is per-
formed on any column address along a row address.

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

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

Refresh is accomplished by performing RAS only refresh cycles, hidden refresh cycles, CAS before RAS refresh cycles,
or normal read or write cycles on the 512 address combinations of A0 to A8 during a 8 ms period.

Multiplexed address inputs permit The NN511000 series to be packaged in a standard 26-pin plastic SOJ. The package
sizes provide high system bit densities and are compatible with widely available automated testing and insertion equip-

ment. System level features include single power supply of 5V +10% tolerance and direct interface with high performance
TTL logic families.

FEATURES W Fast Page Mode Operation
B Low Power Operation
W 1,048,576 X 1 bit Organization Low Standby Current (CMOS level inputs)
® Single 5V £10% Power Supply ~ Standard TmA
B Performance Ranges — L version 50pA
H 512 Refresh Cycles
Parameter -40 | -45 | -50 | -60 — Standard distributed across 8ms
Max. FAS — L version distributed across 128ms
AccessTime  (tgac) | 40NS | 4508 | S0ns | 60ns B All inputs/Outputs and Clocks
Max. CAS 13ns | 15ns | 15ns | 15ns fully TTL and CMOS compatible
Access Time {tcac) [ ] lﬂesh Mc&es .
Max. Column Address | 25ns | 26ns | 27ns | 30ns RAS only, CAS before RAS,
Access Time  (tyn) Hidden Refresh
Min.Read/Write 80ns | BOns | 90ns | 110ns M High Reliability Packages
Cycle Time (trc) Plastic 26pin SOJ (P26/20SJ-2A)
Ml 9005650 0001362 711 HNM
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NN511000 series
CMOS 1M x 1bit Dynamic RAM

PIN CONFIGURATION (TOP VIEW)

Din [ Vss
WE [ Dout
RAS 1 CAS
NC [ NC
NC N Ag
Ao [ Ag
Aq A7
Ao [ Ag
As [ As
Vec [ Ay

26/20-pin SOJ ( 300mil )
P26/20SJ-2A

PIN NAMES

A0~A9 Address Inputs

RAS Row Address Strobe

CAS Column Address Strobe

Din Data-in

Dout Data-out

WE Write Enable

Voo +5V Supply

Vss Ground

NC No Connection

B 9005650 0001363 bS58 mm

NPNX 554
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NN511000 series
CMOS 1M x 1bit Dynamic RAM

FUNCTIONAL BLOCK DIAGRAM

W - |[+—————————C Di
E — WE Clock Data-in Buffer "
~= CAS Clock *1 Generator
CAS O- Lo Generator [ At
L *
v - ¥
Column Address Column Decoders Data
A0 O— __> Buffers I > & Ougut Control  [*] B?#; . [™° Dout
A1 — locks
AZC o Refresn w| Sense Ampi
efres| »| Sense Amplifiers
A 30— Controller [ ] 10 Logic
A4 00— *
A5 O—i --—0O Vce
Refresh -—O Vss
A6 O— Counter
A7 O—
Ao JL .
N @
A9 O—_| 4 Row Address >
Buffers g f‘> MAemory
ray
) & (1,048,576)
— p—— - _ Substrate
RAS O—————™  RAS Clock Bias
Generator Generator
ABSOLUTE MAXIMUM RATINGS
- RATING SYMBOL VALUE UNIT Permanent device damage can occur if ab-
Voltage on Any Pin Relative to Vgg | Vin,Vout -1t07 v solutg maximum. ratings are ext?eeded.
Voltage on Vcc Relative to Vgg Voo o7 v Funchonf:l! operation ghoulld be restnctgd to
st Temperature (Plastic) Tst 5510 1125 P the conditions as detailed in the operational
r2g° Omporaturo Tas 9 0+ sections of this data sheet. Exposure to ab-
Power Dissipation Pd 1.0 w solute maximum rating conditions for ex-
Ambient Operating Temperature Ta Oto+70 °C tended periods can affect device reliability.
Short Circuit Output Current lout 50 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER . MIN. ¢ TYR MAX. UNIT
Voo Supply Voltage 45 5.0 5.5 \
Vss Supply Voltage 0 4] o \
Viu Input High Voltage, All Inputs 2.4 — 6.5 v
ViL Input Low Voltage, All Inputs -1.0 — 0.8 v
Note: All voltage values in this data sheet are with respect to Vgg unless otherwise specified.
M 9005L50 00013kY 594 W
N
555 NPNX
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‘NN511000 series

CMOS 1M > 1bit Dynamic RAM

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

YMBOL PARAMETER SPEED| MIN. | MAX. | UNIT TEST CONDITIONS NOTES
et Operating Curent 40 75 MA | tgc = tpc (min.) 1,2
45" 75 | mA | RAS, CAS, Address cycling
-50 " 65 | mA .
-60 55 mA
lccz | Standby Current 10 | mA | RAS=CAS2(Vgc-02V)
20 | mA | RAS=CAS2Vy
| Standby Current 50 pA | RAS=CAS2 (Ve -02V)
(L version) All other inputs are stable at ( Ve - 02V)
or (Vgs +0.2V)
locs Refresh Current -40 75 mA | tpe = te (Min)
(RAS only refresh) -45 75 mA | RAS cydling, CAS = Vg 1
-50 65 mA
-60 55 mA
leca Fast Page Mode Current -40 40 mA | tpg = tpg (Min.) 1,2
-45 40 mA | RAS=V,
-50 35 mA | CAS, Address cycling
-60 30 mA
lecs Refresh Current -40 75 mMA | tac =1gc (min)
(CAS before RAS refresh) -45 75 mA | RAS, CAS cycling 1
-50 65 mA
-60 55 mA
loce Refresh Current 150 WA | 512cycles/128ms
(L version : CAS before tras < 200ns, WE 2 ( Vg - 02V)
RAS refresh) All other inputs are stable at ( Ve - 0.2V)
or (Vgg+0.2V)
li,y! Input Leakage Current -10 10 PA | OV 5V < 5.5V, Others =0V
(Any input pin)
il | Output Leakage Current -10 10 pA | RAS 2 Vyy(min.), CAS 2 Viy(min.)
(For high impedance state) OV £ Vour < 5.5V ’
Vou Output High Voltage 24 A lon=-5.0mA
VoL Output Low Voltage 0.4 v lo=42mA

Notes: 1. Icc1.lccs, Icca and Igcs depend on cycle rate.
2. legt and I depend on output loading. Specified values are obtained with the outputs open.

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

SYMBOL PARAMETER MIN. MAX. UNIT
Cint Address(AQ ~ A9) — 5 pF
Cinz RAS, CAS, WE, Din — 5 pF
Cour Dout — 7 pF
BN 9005650 0001365 420 WA
NPNX 558
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NN511000 series
CMOS 1M % 1bit Dynamic RAM

A.C. OPERATING CONDITIONS ( 0 °C<Ta<70°C, Voo =5V 2 10%, Vgg = 0 V) (NOTES 3,4, 5)
No. [ NOTES | PARAMETER inid s ad 80 UNIT | NOTE
JEDEC | STD. MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
1 [ toriav |tcac |Access Time from CAS — 13 | — 15 — 5 | — 15 ns | 6,13
2 | tchav [tom | Access Time from CAS Precharge —_ 30 — 30 — 32 — 35 ns |13,14
3 [tavav |taa |Access Time from Column Address — 25 — 25 — 27 — 30 ns {713
4 | tgyav |trac |Access Time from RAS — 40 | — 45 50 | — 60 ns | 67
5 | tpricHt |tesn | CAS Hold Time 90 | — | 45 | — | 50 — | 60 — ns
6 | tpiicwt |tonm | CAS Hold Time (CAS betore RAS Refresh)| 10 | — | 10 | — | 10 | — | 10 | — | ns
7 | tonzcte |teen |CAS Precharge Time 10 | — |10 | — 10 | — | 10 — | ns
(CAS before RAS Refresh)
8 | tomocle [tcpt | CAS Precharge Time 10 — 10 — 10 — 10 — ns
9 |touzcrz [tcp | CAS Precharge Time (Fast Page Mode) 5 — 5 — — 5 — ns 14
10 | toLichs tcas CAS Pulse Width 15 (100K | 15 | 100K 100K | 15 100K | ns
11 | torsmL2 [tesp | CAS Setup Time 5 — 5 — — 5 — ns
{CAS betore RAS Refrash)
12 | toriax |torz | CAS to Qutput in Low-Z — 0 — — 0 — ns 8
13 | tonzriz (tcre | CAS to RAS Precharge Time 5 — 5 _ _ 5 — s
|14 | topawiz [town |CAS to WE Delay Time 15 | — |15 | — s = es 11
15 | toriax |tcan | Column Address Hold Time 10 — 10 — — 15 — ns
16 | tgiax [tap  |Column Address Hold Time 30 — 30 — — 40 — ns
Referenced to RAS
17 | tavorz tasc |Column Address Setup Time 0 — 0 — —_ 0 — ns 14
18 | tavru1 [traL | Column Address to BAS Lead Time 25 — | 25 — — | 30 — ns
19 | taywiz |tawp |Column Address to WE Delay Time 2 | — 25 | — — | 30 — | ns | M
20 | toLiox |tom Data Hold Time 10 — 10 — 10 -—_ 10 — ns 12
twiibx
21 | toyci2 Itps |Data Setup Time 0 — o] — — 0 — ns 12
tovwie }
22 | tonaz itore | Output Buffer Turn-off Delay Time 0 13 0 13 13 0 15 ns 10
23 | toLimn |tasw | RAS Hold Time ) 15 | — |15 | — — 15 | — | ns
24 | tguppi2 (tgp | RAS Precharge Time 25 — 25 . — 30 - ns
25 | tai1ams |tras | RAS Puise Width 40 | 100K | 45 |100K 100K | 60 | 100K | ns
26 | tauinn |trase | RAS Puise Width (Fast Page Mode) 40 |100K | 45 [100K | 50 | 100Kk | 60 |100K| ns
27 |taLicLr |tco | RAS to CAS Delay Time 13 | 25 | 13 [ 30 | 13 3 | 13 45 | ns 6
| 28 | tanocie [tapc | RAS to CAS Precharge Time 10 | — |10 | — 10 — | 10 — ns
| 29 |taiav (tap |RAS to Column Address Delay Time | 11 | 16 | 11 | 20 23 | 11 | 30 | ns | 7
30 | tawie [trwp | RAS to WE Delay Time 0 | — |45 | — | 50 — | 80 — 1 ns | 11
31 | tewowiz|tren | Read Command Hold Time 0 — 0 -— — 0 — ns 9
32 | thypwiz |then | Read Command Hold Time 0| — |10 ] —}10]—[10]~—1]n | o
Referenced to RAS
38 | twrocL2|tres | Read Command Setup Time 0 — 0 — — 0 - ns
E 9005650 00013k 3L7 HEM
557 NPNX
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NN511000 series

CMOS 1M x% 1bit Dynamic RAM
SYMBOL . . 40 -45 50 -0
h«laﬂ!n ool PARAMETER R TR R TR TR TR il
34 tpomz {the. | Random Read or Write Cycle Time 80 | — |8 | — ]9 [ —|110] — | ns
85 |tooots |toe | Read or Write Cycle Time 0| —|% | —13|— |4 | —|n [1314
(Fast Page Mode) :
36 | taionie |trmw | Read-Modify-Write Cycle Time 95 | — 18| — |10 | — [128] — | ns
37 | torzci2 | teraww | Read-Modify-Write Cycle Time 50 —_ 55 - 57 - 60 —_ ns [13,14
(Fast Page Mode)
38 [taer  |taer |Refresh Period — | 8| =1]8]— 8 | — | 8 |ms]|15
39 {tmiax |taan | Row Address Hoid Time 0| — | 10| — |10 ] —]10|—]ns
40 {tawmz |tasm |Row Address Setup Time 0 — 0 — | o — 0 — | ns
4 |ty ty  |Transition Time (Rise and Fall) 2 50 2 50 | 2 50 | 2 50 | ns |45
42 | tor ywht | twen | Write Command Hold Time 10 _ 10 — 10 — 10 — ns
43 |ty owri | twe | Write Command Pulse Width 0| —[10] —}110 | —]10 ]| —|ns
44 | twicLe | twes | Write Command Setup Time 0 — 0 —_ 0 - 0 - ns | 11
45 {twnicHt | tow | Write Command to CAS Lead Time 10| — 18| — |15 | — |15 ]| —|ns
48 | twiinui [tawe | Write Command to RAS Lead Time 0| — |18 — |15 ]| —1]1 | —1{ns
Notes:

3. Eight Initialization Cycles are required following a 200ps 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.

4. AC measurements assume ty=3ns. All'AC parameters are measured with V) (min.)=Vgg and Vy(max.)sVeg and with
a load equivalent to two TTL loads and 100pF.

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

6. Operation within the tggp(max.) limit ensures that tgac(max.) can be met. tgep(max.) is specified as a reference point

only. If tacp is greater than the specified tpcp(max.) limit, then access time is controlled by tcac.

7. Operation within the tgap(max.) limit ensures that tgac(max.) can be met. tgap(max.) is specified as a reference point

only. If tgap is greater than the specified tgap(max.) limit, then access time is controlied by taa.

. Assumes three state test load (5pF and a 220 ohm to 1.3V Thevenin equivalent).

. Either tgey O thry 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.

11. twes: tawps towp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only. Iif twcg2twes(min.) , the cycle is an early write cycle and data-out pins will remain open circuit (high
impedance) throughout the entire cycle. if tawp2trwp(min.), towp2towp(min.) and tawp2tawp(min.), the cycle Is a read-
modify-write cycle and the data-out will contain data read from the selected cell. If neither of the above condiﬁons is
satisfied, the condition of the data-out (at access time) is indeterminate.

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

13. Access time is determined by the tonger of taa, tcac, OF topa.

14. tagc2icp t0 achieve tpg(min.) and tepa(max.) values.

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

oW

M 9005650 0001367 273 WE
NPNX 558
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NN511000 series
CMOS 1M x 1bit Dynamic RAM

READ CYCLE
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NN5711000 series

CMOS 1M x 1bit Dynamic RAM
WRITE CYCLE (EARLY WRITE)
e tRer4)
- tras(es) thPe) ——»
RAS N / N
terr(13) tosnes)
treoer) - trsHzs) teap(1s) —»
’ —— tm('o) — {‘;
cas _/ "\ 7
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le—— tRAD(20) — e traLiie
tasnwo) tam(az) .tﬂ”’ tcanis)
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NN511000 series
CMOS 1M X 1bit Dynamic RAM

READ-MODIFY-WRITE CYCLE
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—_—
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- - - — TAWD(19) ———-
1 tawi(46)
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tawb(ao) tweia)
WE / / \
WE / // /, y ’/ g /
{ tres(aa) toH20)
| t ra— tpgia1) —»
i VaidDatein X7/
Din / 1R t
; t
ra— 1oAC() —y
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tan@) ———»f
tracw)
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: High of Low
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NN511000 series
CMOS 1M x 1bit Dynamic RAM

FAST PAGE MODE READ CYCLE

&l

CAS

A0-A9 //// m

tRASP(28)

trpgq)
\ / N
terrqig) | [* tosms) [ teces) —®1 % trskey ™ | toapag
le—— RCD(7)— :
7 tere) | tcaspoy  toem teas(io)
e tcaggio) >
' -
N N/ /
la—— tRAD(20) tmu-a)J
tasno)| | tRaH(e) tascq teaH(15) teanisy | tascun team(is)
’4-" T e % o
Row X/ Cotumn XX Column

L

tRAN(2)
_tRosea lnou(sl tRos(e) tRCHGEN tRes(sy) tRcH(a)

, [ i [

wE Ly \% X7

tang toragz) lorrizz) torrizz)
tcacn) [« torFF(22) e eact)
[e———— traciy »tte
Dout HighZ K Valid ) < Valid Valid _p—
'u.zqz) tazm ciz(12)
/////] - vigh or Low
B 9005650 0001371 72y |
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NN511000 series
CMOS 1M x 1bit Dynamic RAM

FAST PAGE MODE EARLY WRITE CYCLE

RAS

AO~AS

Din

Dout

t tap(2e)
R —| -
/N
tesmgs . 1 . t N
tempqy | (Y oS —> [ oy et
te—— tRcDi27) —
tcas(io) | terg tcaspo) teegm) tcasiio)
e ‘RAD(29)+, F.—_ tRAL(18) >
tasRuo) | | tRan(ao) tasc(rn) | teaHas) | tascuy teanpisy | tascan | toawns)
] h’j‘ 1—-] (et ] » -
7 -
Row [q /7% Column % 7/X Column W—//;”Z Column w
B 'cm_us)’J re tewiis) - 1cw1(45)+j
i 1 tRWL(46)——»
twes(a4) twes(as) | tweH@e) tWOS(44) )
> s twcHez) pqe - e tweHa2)
| a
/ 4 VTN | TN | T
7 1
+| [ 1 [
- twpi43) e WP(43) 4 tWP@3) >
tos@n)|  |tomeo) tos1) toHeo)  tosen tDH(20)
o — =) - > ]

777X Valid Dam?@]: Valid Data-in | E@L Valid Datan X/,
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NN511000 series
CMOS 1M x 1bit Dynamic RAM

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trpe)
o ———y
RAS N
teap(13) fesHz) PRAMW(37) trsHEs) tore(13)
=~ tRooian t 1 ~
16AS0) o] o] o tcas(o) Nl — teas(n) .,
—
Cas / /N /N /7
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M 9005L50 0001373 5T? W@
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NN511000 series
CMOS 1M x 1bit Dynamic RAM

RAS ONLY REFRESH CYCLE
tre(as) e >
e tRAs(es)—— 1t Rp2e)— -
_—
RAS t N | N
CRP(13) trpoize)

M
CAS _f \_/
tasr40)| | tRan@E
- - -

A0-A8 X Row X/ I I 7K

High-Z

Note : WE , A9 = Don't care. m - High or Low

Dout

CAS BEFORE RAS REFRESH CYCLE

treise) — -
fe— tRPRe)—— ) thases)— 1RP(24)—
RAS _— N 2 \
tern o M — — {oHRE ———

tesr(i)
CAS _/ 4 / /

toFF(22)
High-Z
Dout 9

Note : WE , AO~AQ = Don't care.  |////]: High orLow

B 9005650 0001374 433 =M
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NN511000 serles

CMOS 1M x 1bit Dynamic RAM

HIDDEN REFRESH CYCLE (READ)

s \ | 7 ’ , A\
F”i”. <—'m tRsHE) o !em(s)]z
s _/ A
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no-a0 L% Pen XX caum X777
we T N
Dout ;@'z - X Valid Data-out E—-—_
' /////] - vigh or Low
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NN511000 serles
CMOS 1M x 1bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY WRITE)
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NN511000 serles
CMOS TM x 1bit Dynamic RAM

ORDERING INFORMATION

NN511000XX - XX

SPEED 40 40ns
45 : 45ns
50 : S0ns
60 : 60ns
PACKAGE J : Plastic SOJ
VERSION BLANK : Standard Version
L : Long Refresh Version
128ms Refresh
MODE 1000 : FastPage 1Mx1

I 9005650 0001377 142 mE

NPNX 568
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