NN511000 / NN511000A series Fast Page Mode
CMOS 1M x 1bit Dynamic RAM

DESCRIPTION

The NN511000/A series is a high performance CMOS Dynamic Random Access Memory organized as
1,048,576 words by 1 bit. The NN511000/A 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 NN511000/A 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 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 re-
fresh cycles, or normal read or write cycles on the 512 address combinations of AQ to A8 during a 8 ms period.

Multiplexed address inputs permit the NN511000/A series to be packaged in a standard 18-pin plastic DIP,
26-pin plastic SOJ, 20-pin plastic ZIP and 24 pin TSOP TYPE |. The package sizes provide high system bit den-
sities and are compatible with widely available automated testing and insertion equipment. System level features
include single power supply of 5V £10% tolerance and direct interface with high performance TTL logic families.

FEATURES M Fast Page Mode Operation
B Low Power Operation
W 1,048,576 X 1 bit Organization Low Standby Current (CMOS level inputs)
W Single 5V +10% Power Supply —Standard  1mA
8 Performance Ranges —Lversion  50uA
M 512 Refresh Cycles
Parameter -40 | 451 -50 | -60 | -70 - Standard distributed across 8ms
Max. FAS sors | 450 | s0ns | Gors | 7 - L version distributed across 128ms
AccossTime  (tpac)| 40 | 457 | 50ns | G0ms | 70ns B Al inputs/Outputs and Clocks
v fully TTL and CMOS compatible
Max. CAS
Access Time  (leac) 13ns | 18ns | 18ns | 15ns | 20ns W Refresh Modes
Max. Column Address | asps | 25ns | 27ns | 30ns | 35 RAS only, CAS before RAS,
AccsssTime () | | Hidden Refresh
Max_Read/Write 80ns | sons | 9ons | 110ns | 130ns W High Reliability Packages
Cycle Time (trc) Plastic 18pin DIP (P18DP-1A0)
Plastic 20pin ZIP (P20ZP-2B0)
Plastic 26pin SOJ (P265J-2A6)

Plastic 24pin TSOP TYPE | (P24TV-5B4)
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

PIN CONFIGURATION (TOP VIEW)
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20-pin ZIP ( 400mil )

20/26-pin SOJ ( 300mil )
P26SJ-2A6

P20ZP-2B0
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NC Veo
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NC 12 13 N;
20/24-pin TSOP TYPE (1)
Normal Bend (6 X 16mm)
P24Tv-584 PIN NAMES
AO~A9 | Address Inputs
az 24 O 1 fos RAS | Row Address Strobe
Do —
x c:‘ CAS | Column Address Strobe
Din Data-in
X‘f’ aﬁ Dout Data-out
A o —
Ay 5
™ 13 12 ngs‘ WE Write Enable
Vee +5V Supply
20/24-pin TSOP TYPE ( I) Vss Ground
Reverse Bend (6 X 16mm) -
P24TV-5B4-R NC No Connsction
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

FUNCTIONAL BLOCK DIAGRAM
WE © - » l¢——0 Di
WE — WE Clock Data-in Buffer Din
_ CAS Clock Generator
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Y — ¥
Column Address Column Decoders Data
A0 O _._> Butfers > & Output Control 1= _Out -0 Dout
|4 locks Buffer
A1 Ol 1
Az Refrosh > Sense Amplifiers
aires o an:
A3o— | "™ conroller | > /O Logic
A 4 O— +
A 5 Owert -+—O Vec
Refresh -—0 Vss
A 6 O— Counter
A7 O—
ou| E— g
A9 0‘—1:> Row Address J> 3 "
Buffers ] $ emory
a Array
) ng: (1,048,576)
ves p— | Substrate
RAS RAS Clock - Bias
Generator Generator
ABSOLUTE MAXIMUM RATINGS
RATING SYMBOL | VALUE UNIT Permanent device damage can occur if
Voltage on Any Pin Relative to Vgg | Vin,Vout -1107 v absolute "_“aXimum fa.tings are exceed-
Voltage on Vcc Relative to Vgg Vee -1107 v edj Functional operg_tton should Pe re-
Storage Temperature (Plastic) Tst -5510 +125 °C stricted to the conditions as detailed in
290 SMporaure 9 the operational sections of this data
Power Dissipation Pd 10 w sheet. Exposure to absolute maximum
Ambient Operating Temperature Ta Oto+70 °C rating conditions for extended periods
Short Circuit Output Current lout 50 mA can affect device reliability.
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Veo Supply Voltage 45 5.0 55 Vv
Vss Supply Voltage 0 0 0 A
Vi4 input High Voltage, Al Inputs 2.4 —_— 8.5 v
VL Input Low Voltage, All Inputs -1.0 - 0.8 A

Note: All voltage values in this data sheet are with respect to Vgg unless otherwise specified.
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

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

YMBOL PARAMETER

SPEED

MIN.

MAX. | UNIT TEST CONDITIONS NOTES
leoy Operating Current -40 110 mA | tge = tre (min.) 1,2
-45 100 mA | RAS, CAS, Address cycling
-50 90 mA
-60 80 mA
-70 70 mA
lccz | Standby Current 1.0 | mA | RAS=CAS2 (Vg -02V)
20 | mA | RAS=CAS2V,,
Standby Current 50 pA | RAS =CAS 2 (Vee - 0.2V)
(L version) Al other inputs are stable at ( Vpe - 0.2V )
or {Vgg +0.2V)
leca Refresh Current -40 110 mMA | tgo = tge (min)
{RAS only refresh) -45 100 mA | RAS cycling, CAS = V} 1
-50 90 mA
-80 80 mA
-70 70 mA
lecs Fast Page Mode Current -40 80 MA | tpe = tpg (Min.) 1,2
-45 80 mA | RAS =V,
-50 70 mA | CAS, Address cycling
-80 60 mA
-70 50 mA
lees Refresh Current -40 110 MA | tgo = trg (min.)
(CAS before RAS refresh) -45 100 | mA | RAS, CAS cycling 1
-50 90 mA
-60 80 mA
-70 70 mA
lecs Refresh Current 150 A | 512cycles/ 128ms
(L version : CAS before tras € 200ns, WE 2 ( Ve - 0.2V)
RAS refrash) All other inputs are stable at { Vg - 0.2V )
or (Vgg +0.2V)
Hiad Input Leakage Current -10 10 KA | OV SV <55V, Others = OV
{(Any input pin)
lil | Output Leakage Current 10 10 pA | RAS 2 Vyy(min.), CAS 2 Vyy(min.)
(For high impedance state) OV S Vour $5.5V
Vo Output High Voltage 24 \ lon ==5.0 mA
Vo Qutput Low Voltage 04 \ loL = 4.2 mA

Notes: 1. Igct . leea » Iccs and Ices depend on cycle rate.

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

CAPACITANCE (0°C < Ta < 70°C, Ve = 5.0V £10%, f = 1MH2)

SYMBOL PARAMETER MIN, MAX. UNIT
Cius Addressi\o ~—AQ) — 5 pF
Cu RAS, CAS, WE, Din — 5 pF
COUT Dout —_ 7 pF

B 9005650 0000031 408 WM




NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

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

NOTES -40 -45 -50 -80 -70
NO. PARAMETER NITINOTE
JEDEC | STD. MIN. ([MAX. | MIN. [MAX. | MIN. [MAX. | MIN. [MAX. | MIN. | MAX.
1 | touav |tac |Access Time from CAS — |13}~ | =15 — |15 — | 20 [ns|613
2 {tcueav |tcpa |Access Time from CAS Precharge — |3 | ~—[3|—{832}|—13]|—140 |ns[1314
3 ltavav |taa |Access Time from Column Address — |25 | - |25} — 27| — 13 | — | 3 |ns|713
4 |tguay |teac |Access Time from RAS — {40 | — |4 | — |5 |—~|60|— |70 ns|67
5 {tauichs [tesn | CAS Hold Time 40| — |45 | —|50|—j60|—|70]|—ns
6 | tarichs |tonr | CAS Hold Time (CAS before RAS Refresh)| 10 | — | 10 { — | 10 | — | 10 | — | 10 | — | ns
7 | touzoiz |tepn |CAS Precharge Time w|l—110]|—=|1W0|]—-{10]—}10|—|ns
(CAS befora RAS Refresh)
8 |touzcie [topr | CAS Precharge Time 10 —110]|—]10|—|10]—=]|10|—|ns
9 |tousciz [tcp  |CAS Precharge Time (FastPageMode) | 5 | — | 5 | — | 6 | — 1 5 | — | 5 | — |ns) 14
10 | toromr |toas |CAS Pulse Width 15 [100K| 15 [100K| 15 |100K| 15 |100K| 20 [100K| ns
1 | teLimz |tosr | CAS Setup Time 5| —| 5| —|{5|—|8|—|5]|—]|ns
(CAS before RAS Refresh)
12 |tcLiax |torz |CAS to Outputin Low-Z o |—|o0f{—|O]|—}|O0}|—]0]—|ns| 8
13 | teuoriz [terp | CAS to RAS Precharge Time 5§ |~ 85| —=|5}|~=|85|—|5}|—|ns
14 | tourwie [towp |CAS to WE Delay Time 5| —|15| —|18| — |16 | — |20 | — |ns| 11
15 |tcriax |tcan |Column Address Hold Time 10| —]|10|—]10[—~ |16~ |16 ] — |ns
18 |tpiax |tan  |Column Address Hold Time 30| —|[3|—|35|—140 | — |4 | — ns
Referenced to RAS
17 | tavore |tasc |Column Address Setup Time o{—| 0| —|O0|—=]0]|—]0 ] —|nsfts
18 | taymmn |tmar | Column Address to RAS Lead Time %6 | — 25| — |27 — |3 | —|3|—|ns
19 | tawiz |tawo |Column Address to WE Delay Time 25| — |25 | — (27| — |30 | — |3 |—|ns|1
20 |toipx |ton  [DataHold Time 10| =110 — |10 —|10]|— |10 ]| — |nsi12
twLipx
21 |tpyere |tbs | Data Setup Time o|l—lo|—j0{—10|— |0/~ |nsji2
bvwie
22 |tonsaz |torr | Output Buffer Turn-off Delay Time 0 13| 0 131 0 [ 13| 0 |15 0 | 20 |ns| 10
23 | toismn |trsw | RAS Hold Time 15— |16 — |15 | — |15 — 2 | — |ns
24 |tz [te | RAS Precharge Time 25 | — |25 | — |25 — |30 | — |40 [ — |ns
25 | tru1RH1 |tRAS RAS Pulse Width 40 [100K| 45 |100K| 50 {100K| 60 |100K| 70 {100K| ns
26 | tri1AH1 |trasp RAS Pulse Width (Fast Page Mode) 40 |100K| 45 |100K| 50 |100K| 60 {100K| 70 1100K| ns
27 {triics (tRop RAS to CAS Delay Time 13 {25 |13 [ 30 [ 13 [ 35 [ 13 {45 | 13 | 50 |ns; 6
28 | tauecie |trec | RAS 1o CAS Precharge Time w|—|1w0|—=|10]—jt0j— 10| —1Ins
29 | tqiav |tRaD RAS to Column Address Delay Time 1" 15 | H 20 | N 23 | 11 30 | 1 35 |nsj 7
30 | ta w2 |tawp | RAS to WE Delay Time 40| — |45 | — |50 | — |60 | — |70 [ — |[ns| N
31 | toHowie |tron | Read Command Hold Time o|l—|o0|—]l0}—]0]~—~ |0 j— |ns|9
32 | trowre | tran | Read Command Hold Time 10| — {10} — 110} —{10]| — 10| — [ns| 9
Referenced to RAS
33 | twrooro | tacs | Read Command Setup Time o|f—~|O0O|—]O]|]—]O0O]|—1}|01}— DS
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

No.|—SYMBOL PARAMETER o 45 =0 =0 ™ lunminoTE
JEDEC | STD. MIN. IMAX. | MIN. |[MAX. | MIN. |MAX. | MIN. [MAX. [ MIN. [MAX.
34 taspz [tac | Random Read or Write Cycle Time 80 | — 18 | — |90 | — (110 — [130 | — [ ne
35 |teroce | tee Read or Write Cycle Time 30 | — |30 | — [ 33| — |40 | — |45 | — ns 13,14
(Fast Page Mode)
36 | thionLs | tamw | Read-Modify-Write Cycle Time 105 | — [105] — {115 | — |135| — [155 | — | ns
37 |toroels | trruw | Read-Modify-Write Cycle Time 50 | — 50| — |62 | — |65 — |7 | — |nsh31a
{Fast Page Mode)
38 | trer ther | Refresh Period — | 8 — 8 — | 8 — | 8 — 8 |ms| 15
39 |tasax |tpan | Row Address Hold Time 8 | — | 8| —|8|—~|8,—]8]|—]ns
40 |twris |tagn | Row Address Setup Time 0 | —Jo|l—Jo|=f0o =T0o | =/ne
41 |ty ty Transition Time (Rise and Fall) 2 | 50 2 50 2 50 2 | 50 2 | 50 [ ns|45
42 | toLawnt | twen | Write Command Hold Time W] — 10| =110 — )10 —|15]| = |ns
43 | twiawan | twp | Write Command Pulse Width W —f10]—110] ~[10| =15 —<|ns
4 | twiscle [ twes | Write Command Setup Time 0 — 0 - 0 —_ 0 - 0 — | ns! 11
45 | twiicm [tewr | Write Command to CAS Lead Time 10} — |18 — (15| — |15 =120~ [ns
46 | twiip | tawl | Write Command to RAS Lead Time 10| ~—[158] —]15| —|15|~|20|~— [ns
Notes:

3. 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.

4. AC measurements assume ty=3ns. All AC parameters are measured with ViL(min.)>Vgg and
Vi{max.)<Vee and with a load equivalent to two TTL loads and 100pF.

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

6. Operation within the tgcp(max.) limit ensures that trac{max.) can be met. tgop(max.) is specified as a ref-
erence point only. If tgep is greater than the specified tacp(max.) limit, then access time is controlied by
tcac

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

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

9. Either tpey or trry Must be satisfied for a read cycle.

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

1. twes, thwo towp and tawp are not restrictive operating parameters. They are included in the data sheet ds
electrical characteristics only. If tycs>twcs(min.) , the cycle is an early write cycle and data-out pins will re-
main open circuit (high impedance) throughout the entire cycle. If tgyyp2tawp(min.), tewp2tewp(min.) and
tawpZtawn(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 ta, tcacs of topa-
14. tasc2lcp to achieve tog(min.) and topa(max.) values.
15, tgep=128msec for Long Refresh version (L version).
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

READ CYCLE
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

WRITE CYCLE (EARLY WRITE)
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

FAST PAGE MODE READ CYCLE
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

FAST PAGE MODE EARLY WRITE CYCLE
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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NN511000/ NN511000A series
CMOS 1M x 1bit Dynamic RAM

RAS ONLY REFRESH
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

HIDDEN REFRESH CYCLE (READ)
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY WRITE)
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NN511000 / NN511000A series
CMOS 1M x 1bit Dynamic RAM

ORDERING INFORMATION

NN511000XXX - XX

SPEED 40 : 40ns

45 45ns
50 50ns
60 60ns
70 70ns
PACKAGE P : Plastic DIP
J : Plastic SOJ
Z Plastic ZIP
T Plastic TSOP TYPE | (Normal Bend)
R Plastic TSOP TYPE | (Reverse Bend)

VERSION BLANK : Standard Version
L : Long Refresh Version
128ms Refresh

BLANK : NN511000 series
A @ NN511000A series

MODE 1000 : FastPage tMx 1

. gy3 127 1l
- m 900550 0000 o
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