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HM514400A Series Preliminary -
HM514400AL Series Low rower version T-Yi-23-18 |
HM514400ASL Series Super Low Power Version -

1,048,576-Word x 4-Bit Dynamic Random Access Memory

@ DESCRIPTION

The Hitachi HM514400A is a CMOS dynamic RAM organized 1,048,576 word x
4-bit. HM514400A has realized higher density, higher performance and various func-
tions by employing 0.8 um CMOS process technology and some new CMOS circuit ;
design technologies. The HM514400A offers Fast Page Mode as a high speed ac- " aporeopA |
cess mode. (CP-20DA)

Muitiplexed address input permits the HM514400A to be packaged in standard -
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil HM514400AS/ALS/ASLS Series
20-pin plastic ZIP, 20-pin plastic TSOP |, 20-pin plastic TSOP | reverse type, 20-pin ’
plastic TSOP Hi, and 20-pin plastic TSOP Il reverse type.

B FEATURES

* Single 5V (£ 10%) : )
* High Speed (CP-20D)
Accoss TiMe .......coviiinnniiannnnnnan, 60 ns/70 ns/80 ns/100 ns (max) HMS14400AZ/ALZ/ASLZ Series
s Low Power Dissipation
ActiveMode.................... 605 mW/550 mW/495 mW/440 mW (max)
Standby Mode.. . ... . O PP 11 mW (max)
* Fast Page Mode Capability :
* 1,024 Refresh Cycles ..... ettt PO (16 ms, 128 ms, 256 ms)
* 3 Variations of Refresh
RAS Only Refresh apzP20
CAS Before RAS Refresh (ZP-20)
Hidden Refresh : .
« Test Function HM3514400AT/ALT/ASLT Series
* Battery Backup Operation
HM514400AL Series (L-Version)
» Data Retention Operation
HM514400ASL Series (SL-Version)

HM3514400AJ/ALJ/ALS] Series

3DCP20D

B ORDERING INFORMATION ) ’ 30TFP20DA
. (TFP-20DA)

Part No. Access Time Package -
HM514400A1/ALI/ASLI6 s I HM514400AR/ALR/ASLR Series
HMS514400A)/ALY/ASLI-7 70 ns 320 {."mszoame
HM514400AJ/ALY/ASL)-8 80 ns C"’; S0DA
HM514400AJ/ALI/ASLI-10 100 ns (CP-20DA)

HMS14400AS/ALS/ASLS-6 60 ns o
HM514400AS/ALS/ASLS-7 70ns 20 mil 20-pin
HM514400AS/ALS/ASLS-8 - 80ns P ;‘(’)D) aDTFPZ0DAR
HM514400AS/ALS/ASLS-10 100 ns (CP- (TFP-20DAR)
SN $ons 400 mil 20-pin HM514400ATT/ALTT/ASLTT
HMS514400AZ/ALZ/ASLZ-8 80 ns }’Z";ggzw Series
HMS514400AZ/ALZ/ASLZ-10 100 ns -20)
HM514400AT/ALT/ASLT-6 60 ns 20pi
HM514400AT/ALT/ASLT-7 70ns oI P;i“ TSOP 1
HMS514400AT/ALT/ASLT-8 - 80 ns (rnl?pczon A
HMS514400AT/ALT/ASLT-10 100 s -20DA)
HM514400AR/ALR/ASLR-6 60 ns 20-pin Plastic 200
HM514400AR/ALR/ASLR-7 70 ns TSOPI (TTP-20D)
HMS514400AR/ALR/ASLR-8 80ns Reverse Type
HM514400AR/ALR/ASLR-10 100 ns (TFP-20DAR) HM514400ARR/ALRR/ASLRR
HM514400ATT/ALTT/ASLTT-6 60 ns 20-pi Series
HMS14400ATT/ALTT/ASLTT-7 70ns Plals’t'.“ TSOP 11
HMS514400ATT/ALTT/ASLTT-8 80 ns '°20D
HM514400ATT/ALTT/ASLTT-10 100 ns (TTP-20D)
HMS514400ARR/ALRR/ASLRR-6 6015 20-pin Plastic
HM514400ARR/ALRR/ASLRR-7 70ns TSOP II
HM514400ARR/ALRR/ASLRR-8 80ns Reverse Type IDTTP200R
HM514400ARR/ALRR/ASLRR-10 100 s (TTP-20DR) (TTP-20DR)
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H PIN OUT

HMS514400AJ/ALY/ASLJ Series
HM514400CAS/ALS/ASLS Series

Hitachi Pin No. JEDEC Pin No.
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HM514400A Series
T-46-23-18

00801
(Top View) {Bottom View)
HM514400AT/ALT/ASLT Series HM514400AR/ALR/ASLR Series
& 1 20 A8 A 10 11 A0
CAS 2 O . als A7 RaS 9 a 12 AL
1703 3 18 A6 W & 13 A2
1/04 & 17 AS /02 ? 14 A3
¥ss 5 16 M 1701 6 o 15 Vg
101 6 15 Vg Vgg 5 16 A%
17027 14 A3 1/04 & 17 AS
wl_uE 13 A2 w”EO %uu
RAS 9 1z A CAS 2 19 A7
29 10 11 a0 B 1 20 48
0090-3 0000-4
(Top View) (Top View)
HM514400ATT/ALTT/ASLTT Series HMS514400ARR/ALRR/ASLRR Series
1/01 1O b 20 vgg Vgg 209 Op 1 1ym
1/02 2 ¢ D 19 1/04 1/04 19 4 B 2 1702
¥E_ 3Qd [ 18 1703 I/03 184 P 3w
RAS 404 B 17 CAS CAS 171 b4 RAS
A9 5O -] O OF 1605 P 5 A9
A0 6 O 15 A8 A8 1504 B 6 A0
M 7 g B 14 A7 A7 140 P7aAL
Az 8 O] B 13 A6 A6 130 28 A2
A3 9 O 1 12 A5 A5 124 P9 A3
Veplo O B 11 a6 M 10 bio vee
0090-5 0080-8
(Top View) (Top View)
M PIN DESCRIPTION
Pin Name Function
Ap-Ag Address Input
Ap-Ag Refresh Address Input
1/01-1/04 Data-in/Data-out
RAS Row Address Strobe
CAS Column Address Strobe
WE Read/Write Enable
OE Output Enable
Vee Power (+ 5V)
Vss Ground
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HM514400A Series

. T-46-23-18
B ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vsg Vr —1.0to +7.0 A4
Supply Voltage Relative to Vgg Vee —1.0to +70 B
Short Circuit Output Current Tout 50 mA
* Power Dissipation Pr ) 10 . w
Operating Temperature Tops Oto +70 °C
Storage Temperature } Totg —55t0 + 125 °C ‘
B ELECTRICAL CHARACTERISTICS
¢ Recommended DC Operating Conditions (Ty = 0 to +70°C)
(Ta = 0 to +60°C (SL-Version)
Parameter Symbol Min Typ Max Unit Note
Vss 0 0 0 v
Supply Voltage Vee 4.5 5.0 5.5 v 1
4.0 - 5.5 v 1, 2 (SL-Version)
Input High Voltage Vig 24 — 6.5 \4 1
Input Low (1/0 Pin) Vi -10 — 0.8 A\ 1
Voltage (Others) viL -20 - 0.8 A\ 1

Notes: 1. All voltage referenced to Vgs.
2. Data retention operation only.
® DC Electrical Characteristics (T = 0 to +70°C, Vog = 5V £10%, Vgg = 0V)
(Ta = 0to +60°C, Vog = 5V £10%, Vgg = OV (SL-Version)

HM514400A-6 | HM514400A-7 | HM514400A-8 HMS514400A-10 X
Parameter Symbol - - - - Unit Test Conditions Note
Min Max Min Max Min Max Min Max
. _ _ _ _ RAS, CAS Cycling
Operating Current | Icc 110 100 90 80 mA tre = Min 1,2
TTL Interface
- 2 — 2 — 2 — 2 |mA|RAS,CaAS = Vg,
Dyut = High-Z
Standby Current u eh —
CMOS Interface RAS,
— 1 — 1 — 1 — 1 mA [RAS, CAS 2 Voo — 0.2V,
Dout = High-Z
CMOS Interface
. M RAS,CAS = V.
[L-Version] iccz - RAS, CA H
Standby Current — | 200 — 200 — 200 — 200 pA |WE, E)E, Address and 4
Djy = Vi or Vqr,
Doy = High-Z
CMOS Interface
. RAS,CAS = V
[SL-Version] S A IH,
Standby Current - 100 — 100 — 100 — 100 pA | WE, gE, Address and 4
. Din = Vg or Vi,
Doy = High-Z
RasOnyRefreshly oy | — {0 | — |10 | — | 90 | — 80 | mAltre = Min 2
G HITACHI
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HM514400A Series

o DC Electrical Characteristics (continued) (Tp = 0 to +70°C, Vo = 5V +£10%, Vgg = 0V)

(Ta = O to +60°C, Vog = 5V £10%, Vg = OV (SL-Version) T-46-23-18
HMS514400A-6 | HM514400A-7 | HM514400A-8 | HM514400A-10 ] .
Parameter Symbol v | ez | Min | ™o | Min Max Unit Test Conditions Note
ax ax
RAS = vy,
Standby Current  |Iccs | — 5 — 5 - 5 - 5 | mA|CAS = vy, 1
Dgyut = Enable
CAS Before RAS .
Refresh C t Iccs — 110 — 100 — 90 - 80 mA [trg = Min
Fast Page Mode . 1,3
c ‘f Iec; | — | 10| — 100 | — | 9 - 80 |mA|tpc = Min
[L-Version] trc = 125 ps,
Battery Backup tRas S Ips,_
Operating _ WE = Vi, CAS = Vg,
Cuurent Iccio 300 | — [ 30 — | 300 - 300 | HA |5E, Address and 4
(Standby with Dj, = Vigor Vi,
CBR Refresh) Doy = High-Z
, = 250
[SL-Version) trC M8,
Data Retention ERAS_S 200ms, _
G WE = Vi, CAS = Vi,
: Iccio — 150 - 150 — 150 —_ 150 wA |OE, Address and 4
(Equivalent -
Refi . . Dig = Vpyor Vi,
resh Time = Hi
is 256 ms) Doy = High-Z,
40V s Voo = 5.5V
Input Leakage
C“P . 8 It -10] 10 | —10]| 10 | —10] 10 -10 10 |pA|[OVSVySTV
Output Leakage - _ _ _ 0V < Vi S 7V,
Current Io 10f 10 10| 10 10| 10 10 10 Al * B
Output High Voltage| Voy 24 Vee 24 Vee 24 Vee 24 Vee V [Highly = —5SmA
OQutput Low Voltage | VoL o |04 | o [ 04| o | o4 0 04 | V |Lowlgy = 42mA

Notes: 1. Icc depends on output load condition when the device is selected, lOC max is specified at the output open condition.
2. Address can be changed once or less while RAS = Vjp.
3. Address can be changed once or less while CAS = Viy.
4. Voo ~ 0.2V < Vig < 6.5V and OV 5 Vp < 0.2V.

* Capacitance (Tp = 25°C, Vcc = 5V 110%})

Parameter Symbol Typ Max Unit Note
Input Capacitance (Address) Cny — 5 pF 1
Input Capacitance (Clocks) Cn — 7 pF 1
Output Capacitance (Data-in, Data-out) Cyo — 10 . pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2, CAS = Viy to disable Dy
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HM514400A Series T- 46—23—] 8
¢ AC Characteristics (T4 = 010 +70°C, Voc = 5V £10%, Vgg = OV)1. 14, 15, 16

(Ta = 010 60°C, Vo = 5V +10%, Vgg = OV (SL-Version))
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)

HMS514400A-6 HMS514400A-7 HM514400A-8 HMS514400A-10
Parameter. Symbol - - - " Unit | Note
Min Max Min Max Min Max Min Max
Random Read or Write Cycle Time |trc 110 - 130 _ 150 — 180 — Im
RAS Precharge Time tRP 40 — 50 — 60 — 70 — ns
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 100 10000 | ns
CAS Pulse Width tcas 15 10000 20 | 10000 20 10000 25 10000 | ns
Row Address Setup Time tASR 0 — 0 — (1] — 0 — ns |
Row Address Hold Time tRAH 10 — 10 — 10 — 15 — ns
Column Address Setup Time tasc 0 - 0 — 0 — 0 — | ns
Column Address Hold Time tCAH 15 — 15 — 15 | — 20 — | ns|
RAS to CAS Delay Time tRCD 20 45 20 50 20 60 25 75 ns | 8
RAS to Column Address Delay Time | tpap 15 30 15 35 15 40 20 55 ns | 9
RAS Hold Time tRSH 15 - 20 — 20 — 25 — ns
' TAS Hold Time ' tcsq | 60 — 70 — %0 - 100 — | ns
CAS to RAS Precharge Time tCRP 10 - 10 — 10 - 10 — ns
OE to Dy, Delay Time tobD 15 — 20 — 20 - 25 — ns
OE Delay Time from Dy, tpzo 0 — 0 - 0 — 0 — ns
CAS Setup Time from Dy, tpze 0 — 0 — 0 — 0 — ns
Transition Time (Rise and Fall) tt 3 50 3 50 3 50 3 50 ns | 7
Refresh Period tREF — 16 — 16 — 16 — 16 | ms
T Vonosiod mer | — | om | — | oms | — | | = | 3w
éelf::;‘:‘m li’;‘)“ rer | — 16 - 16 - 16 - 16 | ms
Read Cycle
HM514400A-6 HMS514400A-7 HMS14400A-8 | HMS514400A-10 .
Parameter Symbol - - - - Unit{ Note
Min Max Min Max Min Max Min Max
Access Time from RAS tRAC — 60 — 70 — 80 — 100 | ns{ 2,317
Access Time from CAS tcac — 15 — 20 — 20 —_ 25 | ns [3,4,13,17
Access Time from Address taa — 30 — 35 — 40 — 45 | ms|3,513,17
Access Time from OF toaC — | 15 - 20 — 20 — 25 |ns| 317
Read Command Setup Time tRCS 0 — 0 — 0 — 0 — ns '
Read Command Hold Time to CAS |trcn 0 — 0 — 0 — 0 — Ins 18
Read Command Hold Time to RAS [tpry ] —_ 0 — 0 - 0 — | ms 18
Column Address to RAS Lead Time|tp A1 30 —_ 35 — 40 — 55 — ns
Output Buffer Turn-off Time tOFFL 0 15 0 20 0 20 0 25 ns 6
Output Buffer Turn-off to OE toFF2 0 15 0 20 0 20 0 25 ns 6
CAS to Dy, Delay Time tcpp 15 — 20 - 20 —_ 25 — |ms
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Write Cycle 1_46—23“.‘ 8
HMS514400A-6 HMS514400A-7 HMS514400A-8 HM514400A-10 -
Parameter Symbol - - - - Unit | Note
Min Max |* Min Max Min Max Min Max
Write Command Setup Time twes 0 — 0 — 0 — 0 — ns | 10
Write Command Hold Time twCH i5 - 15 - 15 —_ 20 —_ ns
Write Command Pulse Width twp 10 — 10 — 10 — 20 — ns
Write Command to RAS Lead Time | trw1. 15 —_ 20 — 20 — 25 — ns
Write Command to CAS Lead Time | tewL 15 — 20 — 20 — 25 — ns
Data-in Setup Time tps 0 — 0 — 0 — 0 — ns | 11
Data-in Hold Time tpn 15 — 15 — 15 — 20 — | ns | 1t

Read-Modify-Write Cycle

HM514400A-6 HMS514400A-7 HMS514400A-8 HMS514400A-10

Parameter Symbol - " - Unit | Note
Min Max Min Max Min - Max Min Max
Read-Modify-Write Cycle Time ~ |tgwe | 150 — 180 — 200 — 245 — | ns
RAS to WE Delay Time tRWD 80 — 95 — 105 — 135 — ns | 10 -
CAS to WE Delay Time tcwD 35 — 45 — 45 — 60 — ns | 10
Column Address to WE Delay Time | tawp 50 — 60 — 65 — 80 — ns | 10
OE Hold Time from WE tOEH 15 - 20 — 20 — 25 — ns
Refresh Cycle
HM514400A-6 HM514400A-7 HM514400A-8 HM514400A-10 .
Parameter Symbol " - - - Unit | Note
Min Max Min Max Min Max Min Max
CAS Setup Time . :
(CAS Beforc RAS Refresh Cycle)  |'SR | 19 - |0 - 10 - 10 i
CAS Hold Time
(CAS Before RAS Refresh Cycle)  |'CHR | 10 - 10 - 10 - 10 -
RAS Precharge to CAS Hold Time  |trpc 10 — 10 —_ 10 — 10 — ns
CAS Precharge Time in Normal Mode | tcpN 10 — 10 — 10 — 10 — ns
Fast Page Mode Cycle
HM514400A-6 HMS514400A-7 HM514400A-8 | HMS14400A-10 ]
Parameter Symbol - - - " Unit| Note
Min Max | -Min Max Min Max Min Max
Fast Page Mode Cycle Time tpc 40 — 45 — 50 — 55 — ns
Fast Page Mode CAS Precharge Time|tcp 10 — 10 — 10 — 10 — ns
Fast Page Mode RAS Pulse Width  |tpasc — 100000 — 100000 — 100000 — 100000 | ns 12
Access Time from CAS Precharge  {tacp — 35 — 40 — 45 — 50 ns |3,13,17
RAS Hold Time from CAS Precharge|trpcp| 35 — 40 — 45 — 50 — ns
Fast Page Mode Read-
Modify-Write Cycle _
CAS Precharge to WE tcpw 55 — 65 — 70 85 — os
Delay Time
Fast Page Mode Read-Modify- _ _ .
Write Cyele Time tpem | 80 — 95 100 110 ns
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Test Mode Cycle T-45—2 3-1 8
HMS14400A-6 HM514400A-7 HMS514400A-8 HM514400A-10 .
Parameter Symbol - - - - Unit | Note
Min Max Min Max Min Max Min Max
Test Mode WE Setup time | tws 0 — 0 — 0 — 0 — s
Test Mode WE Hold Time | twy 10 — 10 — 10 — 10 — ns

Counter Test Cycle

HMS514400A-6 HM514400A-7 HM314400A-8 HM3514400A-10 N
Parameter Symbol - " Unit | Note
Min Max Min Max Min Max Min Max

CAS Precharge Time in
Counter Test Cycle tcpt

Notes: 1. AC measurements assume tt = 5 ns.

2. Assumes that tgcp S trcp (max) and tRap < trap (max). If trep or traD is greater than the maximum recommended
value shown in this table, tpac exceeds the value shown.

. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

. Assumes that txcp 2 trep (max) and tg Ap (max).

. Assumes that tgcp € trep (max) and tRap S trap (max).

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

levels.

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

8: Operation with the trcp (max) limit insures that tg ¢ (max) can be met, trcp (max) is specified as a reference point only,
if tcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac-

9. Operation with the tg A (max) limit insures that tgoc (max) can be met, trap (max) is specified as a reference point only,
if tpap is greater than the specified tg ap (max) limit, then access time is controlled exclusively by ta 4.

10. twcs, tRwDs tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit
(high impedance) throughout the entire cycle; if trwp 2 trwp (min), tcwp 2 tcwp (min), tawp 2 tawp (min), the
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of
conditions is satisfied, the condition of the data out (at access time) is indeterminate.

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a
read-modify-write cycle.

12. tpasc defines RAS pulse width in fast page mode cycles.

13. Access time is determined by the longer of t4 o or tcac or taocp-

14, An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (RAS only refresh
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh
cycles is required.

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device.

16. Test mode operation specified in this data sheet is 2-bit test function controlied by control address bits ... CAQ. This test
mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation
will be performed by normal read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low
level. In order to end this test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle.

17. In a test mode read cycle, the value of tRac, taa, tcAC toac and tacp is delayed for 2 ns to 5 ns for the specified value.
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet.

40 — 40 — 40 —_ 50 —_ ns

[- T N
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H TIMING WAVEFORMS

HM514400A Series

o Read Cycle T-46-23-18
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HM514400A Series

* Early Write Cycle T-46-23-~18
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HM514400A Series

T-46-23-18

¢ Delayed Write Cycle

. tre
< tRas
N
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< >
Wolle
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** |nvalid Dout comes out, when OE is low level.

0080-9
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HM514400A Series

¢ Read-Modify-Write Cycle T-46-23-18
< tawc
w
o — ,
X _ y
- ‘ thao ‘“c; )
— o | ’
Address %i Row %l Column »%////////////%%
4tAwu e > : E—
WE >
*O :von't care
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HM514400A Series

+ RAS Only Refresh Cycle S -
7-46-23-18

* OF, WE : Don't care

. : Don't care

a+s Refresh address : AQ- A9 [AX0 -~ AX9)

0080-1
GT
ress %
7
OFF1
|
%- .
Dout ——
. % :Don't care
*OWE Vi
0080-1.
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HM514400A Series T—46—23—] 8
¢ Hidden Refresh Cycle

e T )

ou
? >
oy coo,
% ] - .
b LN <000,

S % : Don’t care
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HM514400A Series

* Fast Page Mode Read Cycle
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PACKAGE INFORMATION
* Zigzag-in-fine Plastic
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PACKAGE INFORMATION —
* TSOP (Thin Small Outline Packagr*
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