NN514405 / NN514405B series

\V
EDO (Hyper Page) Mode (
CMOS 1M % 4bit Dynamic RAM N PN)A

DESCRIPTION

The NN514405/B series is a high performance CMOS Dynamic Random Access Memory organized as
1,048,576 words by 4-bits. The NN514405/B series is fabricated with advanced CMOS technology and de-
signed with innovative design techniques resulting in high speed, extremely low power and wide operating
margins at both component and system levels.

The NN514405/B series features an EDO (Hyper 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 1,024 address combinations of A0 to A9 during a 16 ms pe-
riod.

Muitiplexed address inputs permit The NN514405/B series to be packaged in a standard 26-pin plastic SOJ,
20-pin plastic, ZIP and 26 pin TSOP TYPE Il. The package sizes provide high system bit densities and are
compatible with widely available automated testing and insertion equipment. System level features include sin-
gle power supply of 5V +10% tolerance and direct interface with high performance TTL logic families.

FEATURES #l EDO (Hyper Page) Mode Operation
B Low Power Operation
B 1,048,576 X 4 bit Organization Low Standby Current (CMOS level inputs)
M Single 5V £10% Power Supply - Standgrd 1mA
M Performance Ranges —Lversion  50pA
B 1,024 Refresh Cycles
Parameter 45 | -50 | -60 | -70 —Standard  distributed across 16ms
RAS — L version distributed across 128ms
Max. RAS
Access Time ()| 5™ | 501 | E0ne | 7On B Self Refresh Mode
Max. CAS 15ns | 15ns | 15ns | 20ns (L YerS'on)
AccessTime  (toac) B All inputs/Outputs and Clocks
Max. Column Address | sans | 25ns | 3ons | 35ns fully TTL and CMOS compatible
AccessTime  {tan) B Refresh Modes
Min. Read/Write 80ns | 9ons | 110ns | 130ns RAS only
CydeTme  (Uac) CAS before RAS

Hidden Refresh

B X8 bit Test Mode

W High Reliability Packages
Plastic 20pin ZIP (P20ZP-2B0)
Plastic 26pin SOJ (P26SJ-2A6)
Plastic 26pin TSOP TYPE Il (P26TP-2A6/R)
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NN514405/ NN5144058B series
CMOS 1M x 4bit Dynamic RAM

PIN CONFIGURATION (TOP VIEW)

vor o 1© 260 Vss Vss 26 O1/0 vot
702 0 2 25{0 V04 1104 M 25 2 E 1102
WE 0 3 2401 /03 /03 O 24 3[0 WE
RAS O 4 23[DCAS CAS 0] 23 40 RAS
A9 0O s 22[0 OE OE 022 SEAQ
A0 09 180 A8 A8 []is 90 A0
A1 d1o 170 A7 A7 017 wE Al
A2 44 16 [0 A6 A6 016 11 A2
A3 012 15[ A5 As 015 120 A3
vee 013 140 A4 A4 {14 13[0 vee
26/20-pin TSOP TYPE (Il) 26/20-pin TSOP TYPE (Il )
Normal Bend ( 300 mil ) Reverse Bend ( 300 mil )
P26TP-2A6 P26TP-2A6-R
11040 751 P Vss — ——
voed|2 O 2s{hvo, CAS 104 VO WE A A; A3 Ay As Ag
Wwed|3 24{fvo, AL 4l ol et ol s2fl sl el sell ol
— nurnunuvnunununurnuyn
RASO(4 23|p CAS bt s 7h ol will 13Ul 1sbi a7zl vl
aotl|s 22| OE OE 1103 g V0o RAS Ay Ay Voo As Ay
20-pin ZIP ( 400mil )
nod|o 18lb A P20ZP-280
Ai0| 10 17 EA7
%% | KB 16]P As
Azl|12 15[0 As
Vec| 13 14|pA, PIN NAMES

AO-A9 Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
OE Output Enable
1/01~1/04 | Data-in / Data-out

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

WE Write Enable

Veo +5V Supply

Vss Ground

NC No Connection
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NN514405 / NN514405B series

CMOS 1M x 4bit Dynamic RAM
FUNCTIONAL BLOCK DIAGRAM
FAS CAS Clock 'WE Clock —
RAS O——» gﬁﬁe?'a?g',‘ | Generator > Generalor [*+——CO WE
CAS U
i
Refresh
Counter N
) Column Decoders
- |/O1
Data |-ad
AD s 110 2
- Sense Amplifiers Butfers |9 |/0 3
A1 O—» » & VO Logic
A2 O—sl - /104
A3 O—em Addess [
ers
A4 O—s O OF
A5 O— >
A6 O—m o Memory -+—0O Vcc
§ Amay -+—O Vss
A7 O— 8 (4,194,304)
A8 O— S :> Substrate
A9 O—» o Bias
o Generator

ABSOLUTE MAXIMUM RATINGS

RATING SYMBOL VALUE UNIT Permanent device damage can occur if
- - - absolute maximum ratings are exceed-
Voltage on Any Pin Relative to Vgg | Vin,Vout 107 A ed. Functional operation should be re-
Voltage on Vee Relative to Vgg Vee -1to? v stricted to the conditions as detailed in
Storage Temperature (Plastic) Tstg -551t0 +125 °C the operational sections of this data
Power Dissipation Pd 10 ™ sheet. Exposure to absolute maximum
- - - rating conditions for extended periods
Ambient Operating Temperature Ta Oto+70 C can affect device reliability.
Short Circuit Output Current lout 50 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Supply Voltage 45 5.0 55 v
Vss Supply Voltage 4] 0 0 v
Vi Input High Voltage, All Inputs 2.4 — 6.5 v
Vi Input Low Voitage, All inputs -1.0 — 08 v

Note: All voltage values in this data sheet are with respect to Vgg unless otherwise specified.
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NN514405 / NN514405B series
CMOS 1M x 4bit Dynamic RAM

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

EYMBOL PARAMETER SPEED | MIN. | MAX. [ UNIT TEST CONDITIONS NOTES
lect Operating Current -45 130 mA tge = t&(_min.) 1,2
-50 120 mA | RAS, CAS, Address cycling
-60 110 mA
-70 100 mA
lccz | Standby Current 10 | mA | RAS=CAS2(Vec-0.2V)
20 | mA | RAS=CAS2Vy
Standby Current 50 pA | RAS=CAS2(Vcc-02V)
(L version) All other inputs are stable at { Ve - 0.2V)
or (Vgg +0.2V)
lcea Refresh Current -45 130 MA | tac = tgc (mMin.)
(RAS only refresh) -50 120 mA RAS cycling, CAS = Viy 1
-60 110 mA
-70 100 mA
locs EDO (Hyper Page) Mode Current -45 105 MA | typc = typc (Min.) 1.2
-50 100 | mA | RAS=V,
-60 90 mA | CAS, Address cycling
-70 80 mA
lees Refresh Current -45 130 mA | tgc = tge (Min.)
(CAS before RAS refresh) -50 120 mA | RAS, CAS cycling 1
-60 110 mA
-70 100 mA
lecs Refresh Current 150 pA 1024 cycles / 128ms
(—r~£514405L/&:_ thas < 200ns, WE 2 (Ve - 0.2V)
CAS before RAS refresh) All other inputs are stable at ( Ve - 02V)
or ( Vgg +0.2V)
lccy | Self Refresh Mode Current | | | ____[ ____ | ____ RAS =CAS < (Vg +0.2V)
INNS14405L | ... __199____;,_!A__j All other input high levels are (Vg - 0.2V)
NN514405BL 200 YA or input low levels are ( Vgg + 0.2V )
'l Input Leakage Current -10 10 pPA 0V < V) £ 5.5V, Others = OV
(Any input pin)
lie | Output Leakage Current -10 10 pA | RAS >V, {min), CAS 2 Vy(min)
{For high impedance state) OV < Vgur S 5.5V
Vou | Output High Voltage 24 V | lgy=-5.0mA
Voo Output Low Voltage 04 v lop =42 mA

Notes: 1. Icc1 ., locs « leca @nd Igcs depend on cycle rate.

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

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

SYMBOL PARAMETER MIN. MAX. UNIT
Cra Address(AQ ~ A9) — 5 pF
Cine RAS, CAS, WE,OE — 5 pF
Cout 1/01,1/02,1/03,1/04 — 7 pF
\V7
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NN514405 / NN5144058 series
CMOS 1M x 4bit Dynamic RAM

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

no, |_NOTES PARAMETER ned %0 0 7 Lrlwore
JEDEC | STD. MIN. [ MAX. MIN. | MAX. MIN. | MAX. MIN. | MAX
1 | teov |teac |Access Time from CAS — 15 — 15 | — 15 — | 20 {ns|613
2 |toueav |tcea |Access Time from CAS Precharge — |28 | — |8 | — | 3 | — | 40 |nsft314
3 |tavav |tan |Access Time from Column Address - 23 - 25 — 30 — 35 |ns|7,13
4 |tauov |trac |Access Time from RAS — | 45 — 5 | — [ 60 | — | 70 [ns|67
5 | tauicnt [tesn |CAS Hold Time 3 | — |3 | — |4 | — [ 70| — |ns
6 |taicx |tons |CAS Hold Time (Self Refresh Mode) 5 | — |50 | — [ 50 | — |50 — |ns
7 | tauscus [toun |CAS Hold Time (CAS before RASRefresh) | 10 | — | 10 | — | 10 | — | 10 | — [ns
8 |torociz |teen |CAS Precharge Time 10 | — 10 | — 10 | — 10 | — |ns
(CAS betore AAS Refresh)
9 |tezez [tcp | CAS Precharge Time 5 — 5 — 5 — 5 — | ns| 14
10 | topacus |teas |CAS Pulse Width 8 [100k| & [100K| 10 |[100K | 15 |100K | ns
11 | teLwmie |tesn |CAS Setup Time 5 - 5 - 5 - 5 — |ns
(CAS before RAS Refresh)
12 [teuiox |tz |CAS to Output in Low-Z 0 — 0 - 0 - 0 — | ns| 8
13 | toreniz |tcre |CAS to RAS Precharge Time 5 — 5 - 5 — 5 — |ns
14 | toLswiz |tlown |CAS to WE Delay Time s | — |45 | — | 58 | — | 50 | — |ns| 11
15 | tciiax |tcan |Column Address Hold Time 10 — 10 - 15 - 15 — |ns
16 | taiax [tar |Column Address Hold Time 30 | — |3 | — |4 | — |40 | — {ns
Referenced to RAS
17 | tavele |tasc |Column Address Setup Time 0 — 0 — [ — 0 —_ ns| 14
18 | tavons [tcar [Column Address to CAS Lead Time 13 — 13 - 18 — 23 — | ns
19 | tavrey |tray | Column Address to RAS Lead Time 25 | — |27 | — | % | ~ |3 | —|ns
20 | taywie |tawp |Column Address to WE Delay Time 56 | — [ s7 | — |60 | — | 68 [ — |ns| 11
21 [toipx [tow  |Data Hold Time L’!N§1_4_49§_--______19 _____ — .10 ) = 110 | = | 10 | = |ns|12
twLiDx I NN5144058 10| -1 =] =11 =
22 | toioax [towe |Data Output Hold Time 0 — 4] — 0 — 0 — | ns
23 [tovere [tos |Data Setup Time 0 — ] - 0 — 0 — |ns| 12
tovwiz
24 |topiav [toea |OE Access Time — |15 = ]18 ] |1 — |2 |ns
25 | twLiolz |toen | OE Command Hold Time 5 | — |18 | — 115 — |2 | — |ns
26 | tanzaiz|torz |OE Pulse Width for Output Disable 5 — 7 — 7 — 7 — |ns
When CAS High
27 | tarichi |tocs | OE Setup Time to CAS High 5 - 7 - 7 - 7 — | ns
28 | toL1rn [tors | OE Setup Time to RAS High 5 — 7 — 7 — 7 — | ns
29 | tozav [toep |OE to Data Delay Time wf|—|1w|—]1w|—-|10]—|ns
30 | teoox |torz | OE to Outputin low-2 0 - 0 - 0 -— 0 — |ns
31 | topeaz |tore | Output Buffer Turn-off Delay Time 0 12 0 13 0 15 0 15 | ns| 10
32 | topax |torz | Output Buffer Turn-off Delay Time 0 10 0 10 ] 15 ) 15 |ns
Referenced to OE
33 | tawaz |torm | Output Buffer Turn-off Delay Time 0 12 0 13 0 15 0 15 | ns| 16
Referenced to RAS
34 | tysoz |twez | Output Buffer Turn-off Detay Time 0 12 0 13 (] 15 0 15 |ns
Referenced to WE
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NN514405 / NN5144058 series

CMOS 1M x 4bit Dynamic RAM
No.|SYMBOL PARAMETER i i %0 70 NITINOTE
JEDEC | STD. MIN. | MAX. MIN. | MAX. MIN. | MAX. MIN. | MAX.
35 | tecrmn] tas | RAS Hold Time 15 | — 5| — |15 — |2 | — |ns
36 | toLinmi| thow |RAS Hold Time Referenced to OE 10 | — 0| — |10 ] — 10 | — [ns
37 | tomermi| trrer |RAS Hold Time 28 | — 30 | — | 3B [ — |4 | — [ns
Referenced CAS Precharge
38 [touorio [tap | RAS Precharge Time 25 | — [25 | — [ 3 | — | 40 | — |[ns
39 |taoriz |taps | RAS Precharge Time (Seif Refresh Mode) | 80 — 90 — {110 | — |13 | —
40 [ta1rHt |tras | RAS Puise Width 45 |100k | 50 |100k | 60 [100K | 70 | 100K | ns
41 [tarrm | trass |RAS Pulse Width (Seit Refresh Mode) 30 [ — [300 | — |30 | — [30]| — |us
42 |tg1nH1 | trase |PAS Pulse Width (EDO (Hyper Page) Mode)| 45 [ 100K | 50 | 100K | 60 100k | 70 | 100K | ns
43 |taicLr [trep | PAS to CAS Delay Time 13 |30 | 13 |35 |13 | 45 | 13 | 50 |ns| 6
44 | tquacro | tarc | RAS to CAS Precharge Time 10 | — 10 | — 10 | — 10 | — |ns
45 |tpiav | tRap RAS to Column Address Delay Time 1 20 11 23 1) 30 1 35 ns| 7
46 |tasax |taz |RAS To Output in Low-Z ] — ] - ] — (] — |ns
47 |taiiwie | trwp | RAS to WE Delay Time 7% | — {80 [ — |90 | — |[100 | — |ns| 11
48 |tcrowiz |tron | Read Command Hold Time [¢] — 0 — [} — o] — |ns| 9
49 |tayawz |tran | Read Command Hold Time 10 — 10 | — 10 — 10 — |ns| 9
Referenced to RAS
50 |twhaclz [tres [PRead Command Setup Time 0 — 0 — 0 — 0 — | ns
51 |taopiz [thc  |Random Read or Write Cycle Time 80 - 90 - 10 | — 130 | — |ns
52 |toiocte | e |Read or Write Cycle Time 20 — 20 — 25 — 30 — [ ns|13,14
(EDO (Hyper Page) Mode)
53 {thioriz |tamw | Read-Modify-Write Cycle Time 135 — 145 — 165 — 185 — | mns
54 |tiocto | trrmw | Read-Modify-Write Cycle Time 90 | — [90 | — [958 | — |100 ]| — |nsfizis
{EDO (Hyper Page} Mode)
55 |tger ther | Refresh Period — 16 — 16 — 16 — 16 | ms| 15
56 |t iax [tran |Row Address Hold Time 8 — 8 — 8 — 8 -— | ns
57 |tavare |tasn |Row Address Setup Time 0 — ] —_ 0 - 0 — |ns
58 (4 tr Transition Time (Rise and Fall) 2 50 2 50 2 50 2 50 ns| 45
59 |twiiwni|twez | WE Pulse Width for Disable 5 - 7 — 7 — 7 — |ns
When CAS High
60 | tcLiwni | twen |Write Command Hold Time 10 - 10 — 10 - 15 —_ ns
61 |tyr1wui|twp | Write Command Pulse Width 10 — 10 — 10 — 15 - ns
62 |twiicle [ twes |Write Command Setup Time 0 — 0 — 0 — 0 — |ns[ N
63 | twprcr [ towe |Write Command to CAS Lead Time 15 — 15 — 15 — 20 — | ns
64 | twr 1R | twe | Write Command to RAS Lead Time 15 — 15 - 15 — 20 — | ns
65 |ty 1nLe | twsp |Write Command Setup Time 10 — 10 — 10 — 10 — ns
(Test Mode)
66 | taLiwhi | twhr | Write Command Hold Time 10 - 10 — 10 -_ 10 — | ns
(Test Made)
67 | twyzniz | twrp | WE to RAS Precharge Time 10 | — 10 — | 10| — 10 | — |ns
(CAS before RAS)
68 | taLswe | twan | WE to RAS Hold Time 10 | — | — |10 | — 10 | — |ns
(CAS before RAS)
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NN514405 / NN5144058B series
CMOS 1M x 4bit Dynamic RAM

Notes:

3

12.

13.
14.
15.

16

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

. AC measurements assume ty=3ns. All AC parameters are measured with Vy (min.)2Vgg and V|y(max.)<
Ve and with a load equivalent to two TTL loads and 100pF.

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

. Operation within the tgcp(max.) limit ensures that tgac(max.) can be met. tggp(max.) is specified as a ref-
erence point only. If tacp is greater than the specified tacp(max.) limit, then access time is controlled by
toac

. 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 chm to 1.3V Thevenin equivalent).

. Either tgc or tgry 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. topg only applies when RAS is high.

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

electrical characteristics only. If tycg2twcs(min.) , the cycle is an early write cycle and data-out pins will re-

main open circuit (high impedance) throughout the entire cycle. If tgyptawp(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. . o

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, tcac, OF topa.

tasc2tcp to achieve tpe(min.) and topa(max.) values.

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

. torr applies only when CAS is high.
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NN514405 / NN5144058B series

CMOS 1M x 4bit Dynamic RAM
READ CYCLE
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NN514405 / NN5144058B series
CMOS 1M x 4bit Dynamic RAM

WRITE CYCLE (EARLY WRITE)
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NN514405/ NN5144058 series
CMOS 1M x 4bit Dynamic RAM

WRITE CYCLE (OE-CONTROLLED WRITE)
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NN514405 / NN514405B series

CMOS 1M x 4bit Dynamic RAM
READ-MODIFY-WRITE CYCLE
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NN514405 / NN514405B series
CMOS 1M x 4bit Dynamic RAM

EDO (HYPER PAGE) MODE READ CYCLE
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NN514405 / NN5144058B series
CMOS 1M x 4bit Dynamic RAM

EDO (HYPER PAGE) MODE READ CYCLE (OE AND WE CONTROLLED OUTPUT)
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NN514405 / NN514405B series

CMOS 1M x 4bit Dynamic RAM

EDO (HYPER PAGE) MODE EARLY WRITE CYCLE
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NN514405 / NN5144058 series

CMOS 1M x 4bit Dynamic RAM
EDO (HYPER PAGE) MODE READ-MODIFY-WRITE CYCLE
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NN514405 / NN5144058B series
CMOS 1M x 4bit Dynamic RAM

RAS ONLY REFRESH CYCLE
d thcisty
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-_—
e N / \
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Note: WE, OE = Don't care. m : High or Low

CAS BEFORE RAS REFRESH CYCLE
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Note: &, A0~A9 = Don't care.

WE must be high

at the falling edge of RAS in order to preveht entry into test mode.
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NN514405 / NN5144058B series

CMOS 1M x 4bit Dynamic RAM
HIDDEN REFRESH CYCLE (READ)
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NN514405 / NN514405B series
CMOS 1M x 4bit Dynamic RAM

HIDDEN REFRESH CYCLE (EARLY WRITE)
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NN514405 / NN5144058 series

CMOS 1M x 4bit Dynamic RAM
TEST MODE SET CYCLE (WE, CAS BEFORE RAS REFRESH CYCLE)
tReis1)
tras(s0) ol latAPEE)
RAS
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tesnqnt tohRm t:lc(“) '°“‘1‘ﬁl
_ - t
cas [N - / Y.
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S

S

O 1~ High-z

:HiglorLow

B The NN514405/B has an 8 bit parallel Test Mode Function for reducing test time. In the Test Mode, memory
configuration is 512K x 8 bits and the Column address A0 is ignored.

a.Entering the test mode: o
The NN514405/B test mode is entered by using the test mode set cycle (WE,CAS before RAS cycle).

b. Read/Write operation in test mode:

For Write cycle, data input from each 1/O (I/O1~1/O4) is written to 2 bit memory cells (total 8bits) at the same
time.

During the read cycle, if the 2 bits of data are equal then a 1" is output from each I/O.
if there is a difference in the read data for a given 2 bit pair, a "0" will be output from that I/O.
¢. Exiting the test mode:
The NN514405/B will exit the test mode by either a RAS only refresh cycle or a CAS before RAS refresh cy-
cle with WE “high”.
d.Refresh during test mode:

During test mode refresh must be executed by a normal Read cycle or a WE, CAS before RAS refresh cy-
cle.
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NN514405 / NN5144058 series
CMOS 1M x 4bit Dynamic RAM

SELF REFRESH MODE
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vo1- ——::me High-z

Vo4 £

m : High or Low

Il The NN514405/B L version has a Self Refresh Mode.

a.Entering the Self Refresh Mode:

The NN514405L/BL Self Refresh Mode is entered by using CAS before RAS cycle with WE * high * and
holding RAS and CAS signal * low * fonger than 300ys.

b. Continuing the Self Refresh Mode:
The Self Refresh Mode is continued by holdmg AAS " low " after entering the Self Refresh Mode.

It does not depend on CAS being " high " or * low " after entering the Self Refresh Mode for to continue the
Self Refresh Mode.

c. Exiting the Self Refresh Mode:
The NN514405L/BL exits the Self Refresh Mode when the RAS signal is brought * high *.
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NN514405 / NN5144058 series
CMOS 1M x 4bit Dynamic RAM

ORDERING INFORMATION

NN514405XXX(

X) - XX

SPEED

PACKAGE

DESIGN CODE BLANK :
B .

MODE

45
50 :
60 :
70 :

J
V4

4405

T
RR :

VERSION BLANK :
L :

45ns
50ns
60ns
70ns

Plastic SOJ

Plastic ZIP

Plastic TSOP TYPE Il (Normal Bend)
Plastic TSOP TYPE Il (Reverse Bend)

Standard Version
Long Refresh Version
128ms Refresh

NN514405 series
NN514405B series

EDO (Hyper Page) 1M x 4
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