. HMS51W16165A Series
HM51W18165A Series

1048576-word x 16-bit Dynamic Random Access Memory

HITACHI

ADE-203-372B (2)
Rev. 2.0
Jul. 2, 1996

Description

The Hitachi HM51WI16165A Seriess HMSIWI18165A Series are CMOS dynamic RAMs organized as
1,048,576-word x 16-bit. They employ the most advanced CMOS technology for high performance and low
power. HM51W16165A Series, HM51W 18165A Series offer Extended Data Out (EDO) Page Mode as a high
speed access mode.

Features

¢ Single33V(X0.3V)
» High speed
— Access time: 60 ns/70 ns/80 ns (max)
* Low power dissipation
— Active mode : 468 mW/414 mW/360 mW (max) (HMS1W16165A Series)
666 mW/594 mW/540 mW (max) (HM51W18165A Series)
— Standby mode : 7.2 mW (max)
0.54 mW (max) (L-version)
+ EDQ page mode capability
¢ Long refresh period
— 4096 refresh cycles: 64 ms (HMSIWI16165A Series)
: 128 ms (L-version)
— 1024 refresh cycles: 16 ms (HMS51WI1B165A Series)
. 128 ms (L-version)

This specification is fully compatible with the 16-Mbit DRAM specifications trom TEXAS INSTRUMENTS.
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HM51W16165A Series, HM51W18165A Series

» 4 variaiions of refresh
— RAS-only refresh
— CAS-before-RAS refresh
— Hidden refresh
— Self refresh (L-version)
+ 2CAS-byte control
« Battery backup operation (L-version)

Ordering Information

Type No. Access time Package
HM51W16165AJ-6 60 ns 400-mil 42-pin plastic SOJ (CP-42D)
HMS51W16165AJ-7 70 ns

HM51W16165AJ-8 80 ns

HMS51W16165ALJ-6 60 ns

HMS1W16165ALJ-7 70 ns

HM51W16165ALJ-8 80 ns

HM51W18165AJ-6 60 ns

HMS51W18165AJ-7 70 ns

HM51W18165AJ-8 80 ns

HMS51W18165ALJ-6 60 ns

HMS1W18165ALJ-7 70 ns

HMS1W18165ALJ-8 80 ns

HMS51W16165ATT-6 60 ns 400-mil 50-pin plastic TSOP It (TTP-50/44DC)
HMS1W16165ATT-7 70 ns

HMS51W16165ATT-8 80 ns

HMS1W16165ALTT-6 60 ns

HMS1W16165ALTT-7 70 ns

HMS1W16165ALTT-8 80 ns

HM51W18165ATT-6 60 ns

HM51W18165ATT-7 70 ns

HMS51W18165ATT-8 80 ns

HMS1W18165ALTT-6 60 ns

HM51W18165ALTT-7 70 ns

HM51W18165ALTT-8 80 ns

R 4495203 0031269 L47 HR
HITACHI

2

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HM351W16165A Series, HMS1W18165A Series

Pin Arrangement

HM51W16165AJ/ALS Series HMS1W16165ATT/ALTT Series
\/

VCC E 1 42 j Vss Vce [: 10 50 j Vss

oo (] 2 49 ] /015
voo (]| 2 41| Jvo1s

vo1 L3 48[ ]1v014
vo1 []|3 40|l 1vo1a voz |4 47 {11013
voz Ll 4 30l 1vors voa []s 46 Juo12
vo3 [l s 38( ] vo12 Vee L6 451 Vss
vee |6 37| vss woa L7 44[Jvo11
voa (|7 36| vo11 vos (8 43[Jvo10
vos ]} 8 35| ] voto vos L} 9 42109
vos [} o 34| voe o7 {10 a1 Jvos
vor (]| 10 33| J vos ne 11 40 JNC
NC [ 11 32| I NC
NC 12 31| ] CAS
W‘E’EB 30%%1% Nc [11s 36 JNC
masC 14 Y o Pt ne []1e 3s [ JTCAS
RA OE we 17 3a[]UCAS
A1 ]| 15 28| ] A9 RAS[]18 33[JGE
A10 (]} 18 27\] A8 A11 19 32 a9
a0 |17 26| ] A7 A0 20 31[Jas
At []|18 25| ] A6 a0 [ 30 a7
A2 [|19 24| ] As At 22 29[ ] A6
A3 20 23 ___] Ad A2 [: 23 28 :lAS
Vee [l 21 22 v Az L]es 27[J A4

SS Voe [ 28 26 [ Jvgg
(Top view) (Top view)

Pin Description

Pin name Function

AD to A11 Address input
— Row/Refresh address A0 to A11
— Column address AO to A7

/00 to 1/015  Data input/Data output

RAS Row address strobe

UCAS,[CAS  Column address strobe

WE Read/Write enable

OE Output enable

Vee Power supply

Vgs Ground

NC No connection

B 4496203 0031270 369 M
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HM351W16165A Series, HM51W18165A Series

Pin Arrangement

HM51W18165AJ/ALJ Series HMS51W18165ATT/ALTT Seres
\J
Vec L) 1 ¥ e L] Vss vee 110 sol] Vss
Cle 49| VO15
voo[]| 2 41]] vo1s 101 11014
o1 |3 40|] vot4 Vo2 Ei ::% Vo13
o[ 4 39| ] vo13 Vo3 s 45 [] V012
vo3["] s 3s|] vo12 Vee [le 5[] Vss
Ve Ll 6 a7l ] Vss 04 [+ 4a[] VO11
o4 4 7 36! ] von 1105 g 43[] V010
vos{ || s asi[] wo10 Y06 [g 42| ] vos
vos[]| o 34| ] vos o7 [ 10 41[] vos
vor[] 1o a3 ] vos NC [ 11 40[J NG
NC | 11 32i| ] NC
NC iCAS
wE wH e Mol wsOne
putd NC [Tl1e 35[ ] LCAS
RAS[ || 14 29| ] OE WE 117 34 ] UCAS
NC [T} 15 28| ] A9 RAS 18 a3l ] OF
NC ]| 16 27| ] As NC [ 19 32[ ] A9
A0 [Tfi7 26| ] A7 NC [T20 31[ ] A8
A1 [ 18 25|[] A6 A0 21 30 ] A7
Az (] 19 24(] As Al ez 20[] A6
A3 [ 20 23] A4 zi [les 28[] As
VCCE 21 223 V. E24 273A4
ss Vee (2s 26 Vss
(Top view) (Top view)

Pin Description

Pin name Function
AQ to A9 Address input

— Row/Refresh address A0 to A9

— Column address AD to A9
/00 to /015 Data input/Data output '
RAS Row address strobe
UCAS,LCAS  Column address strobe
WE Read/Write enable
OE Output enable
Ve Power supply
Ve Ground
NC No connection

B 4496203 0031271 275 WA
HITACHI

4

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HM351W16165A Series, HMS1WI18165A Series

Block Diagram

(RS |ocAs| [CTAs|
v v__v L v
RAS CAS WE QE
Control Control Control Control
Circuit Circuit Circuit Circuit
] []
: ‘ h ] h
256k memory celd array { 256k memory cell atray l
Sense amp. & UO bus Sense arp. & VO bus s
256k memory cell array 258k memory celt array
256k memory cell array Row 256k mermory cell srcay
Sense amp. & VO tus Sense armp._ & VO bus -t
256k memory cel array geCOder 256k memory coll atray /o]
256k memory cell array d . 258k memory cell array buffer :—'
Sense arrp. & 1O bus river : Sente arrp & LObus e |
258k memoty cell array { 256k memory eell array
258k memory cell array 256k mamory cell acray |
Sense amp & 1O bus Sense arrp & VO bus 1
255k memory coll array 256k memory eell array i
|__Column decoder & driver | [ Column decoder & driver |
258k memory cell artay i 258k memory cel array |
Serwe amp. & LO bus Sense amp. & VO bus R
256k memory celt artay 256k memory cell array /02
256k memory cell array Row 256k memory cofl array
Serse amp. & LG bus Sense amp VO bus -t l | 1103
236k memary cell artay geCOder 256k memory cell array |/O
256k memory cell array . 256k memory el array buffer L
Sense amp. & 1D bus driver Sense amp. & I'D bus o N /012
256k memory cell array 256k memory cel array
255k memory cell array 256k memory cefl array 11013
Sense amp. & LO bus Senseamp. & VO bus e e
256k memory cell artay 256k memory cell array !
256k memory cell array 256k memory cel array
Sense amp & UU bus Sense amp & VO bus 1
256k mermory cell array 256k memory cef array
256k memory cell array Row 256k memory cell array
Sense amp_ & VO bug decoader Sense amp & VO bus .
256k memory cell array & 258k memory cell stray /o]
256k memory cell array dri 258k memory cel array buffer
Terws smp U0 bUs river Tense amp. & VO bus 't
255k memory cell artay 256k memory cell array
258k memory cell atray 256k memory cel array
Sense amp. & LObus Sense amp & VO bus ——t—
[ 256k memory cotiarray 256k memory ce arrey |
+~{_Column decoder & driver | {__Column decoder & driver |
258k memory call array 256k memeory cel array ‘
Serse amp & VO bus Senseamp & VO bus -
256k memory cell arcey 256k memory ceb array
256k memory cell array ROW 256K rmemory cell array
Serse amp_ & LD bus d Sense amp. & 'O bus =
e
256k mermory cell artay & coder 256k memory coll array _‘ I{e]
256k memory call array driver 255k memory eell array 1 buffer —| VOB
Serse amp. & VO bus rive Senseamp & VO bus -
256k memary cell array 256k memory cell array
256k memory cel! array 256k memory cell array i .
Sense amp_ & VO bus Sense amp & VO bue =
256k memory cell atray 256k memary cel array ]
T
!
-] Column address buffer ] ———— How address buffer |
) T
j | .
Address : A0 to A7 : HMS1W16165A Address : AOto A11: HMS1W16165A
Address : AO to A9 : HMS1W18165A Address : AD to A9 : HMS1W18165A

B 44965203 0031272 131 N
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HMS51W16165A Series, HM51W18165A Series

Truth Table

RAS LCAS UCAS WE OE Output Operation
H D O D D Open Standby
L L H H L Valid Lower byte Read cycle
L H L H L Valid Upper byte
L L L H L Valid Word
L L H L2 D Open Lower byte Early write cycle
L H L L2 D Open Upper byte
L L L L2 D Open Word
L L H L2 H Undefined Lower byte Delayed write cycle
L H L L2 H Undefined Upper byte
L L L L2 H Undefined Word
L L H Htol LtoH Valid Lower byte Read-modify-write cycle
L H L HtoL LtoH Valid Upper byte
L L L Hiol LtoH Valid Word
L H H D D Open Word RAS-only refresh cycle
HtolL H L D D Open Word CTAS-before-RAS refresh cycle or
HtolL L H D D Open Word Self refresh cycle (L-version)
HtoL L L D D Open Word
L L L H H Open Read cycle (Output disabled)
Notes: 1. H: High (inactive) L: Low (active) D: Horl
2. tyes 20 ns  Early write cycle
twes < 0 ns  Delayed write cycle
3. Mode is determined by the OR function of the UCAS and LCAS. (Mode is set by the earliest of
UCAS and LCAS active edge and reset by the latest of UCAS and CCAS inactive edge.) However
write OPERATION and output HIZ control are done independently by each UCAS, [CAS.
ex. if RAS = Hto L, UCAS = H, LCAS =L, then CAS-before-RAS refresh cycle is selected.
HITACHI
6 I 4495203 0031273 074 HE
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HMS351W16165A Series, HM51W18165A Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltags on any pin relative to Vg V; —0.5to V¢ + 0.5 (< 4.6 V (max)) \
Supply voltage relative to Vg Vee -05t0 4.6 \
Short circuit output current lout 50 mA
Power dissipation P; ' 1.0 w
Operating temperature Topr 0to +70 =C
Storage temperature Tstg 5510 +125 *C

Recommended DC Operating Conditions (Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vee 3.0 33 3.6 Vv 1,2
Input high voltage Vi 2.0 — Vee +03 V 1
Input low voltage Vi -0.3 —_ 0.8 Y 1

Notes: 1. All voltage referred to V.

2. The supply voltage with all V.. pins must be on the same level. The supply voltage withall Vi pins
must be on the same level.

HITACHI
B 44965203 0031274 TO4 HE
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HM51W16165A Series, HM351W18165A Series

DC Characteristics ‘
(Ta=01t0+70°C, V=33V I 03 V, Vg =0 V) (HMS51IWI16165A Series)

HMS51W16165A
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current™" "? feer — 100 — 90 — 80 mMA tgc=min
Standby current beca — 2 - 2 - 2 mA TTlL interface
RAS, UCAS, LCAS = V,,
Dout = High-Z
— 1 — 1 — 1 mA CMOS interface
RAS, UCAS,
[CAS 2 Vg, - 0.2V N
Dout = High-Z
Standby current leca — 150 — 150 — 150 pA CMOSinterface
(L-version) RAS, UCAS,
LCAS 2V_.-02V
Dout = High-Z
RAS-only refresh current™® g, _ 100 — 980 — 80 mA  tge = min
Standby current™’ lees — 5 — 5 — 5 mA RAS =V,
UCAS,LCAS =V,
Dout = enable
CAS-before-RAS refresh lecs —_ 100 — 80 — 80 mA  tge = min
current
EDO page mode current™™*> I, — 130 — 115 — 100 mA t,.=min
Battery backup current”™ lecro — 400 — 400 — 400 pA CMOSinterface
(Standby with CBR refresh) Dout = High-Z
(L-version) CBRrefresh:itpe =31.3 us
taas S 0.3 s
Self refresh mode current een — 250 — 250 — 250 pA CMOSinterface
(L-version) RAS, UCAS,
LCAS <02V
Dout = High-Z
Input leakage current ly -10 10 -10 10 -10 10 upA 0VsVing4dsV
Output leakage current lo -10 10 =10 10 =10 10 pA O0OV<sVoutsdéV
Dout = disable
Output high voltage Vou 24 Ve, 24 V., 24 V. V High lout = -2 mA
Output low voltage Vo 0 04 O 0.4 0O 04 V Low lout = 2 mA

Notes: 1. I, depends on output load condition when the device is selected. |cc maxis specified atthe output
open condition. -
2. Address can be changed once orless while RAS = V,.
Address can be changed once orless while UCAS and [CAS = V..
4 V,2V,—-02V,0VsV, <02V

IH =

w

B 44965203 0031275 Su0 EW
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HM351W16165A Series, HMS31W181635A Series

DC Characteristics
(Ta=010+70°C, V=33V 03V, V,=0V) HMS51WI8165A Series)

HM51W18165A
-6 -7 -8
Parameter Symbel Min Max Min Max Min Max Unit Test conditions
Operating current™" "2 tees — 170 — 150 — 130 mA tgp.=min
Standby current locz - 2 - 2 - 2 mA  TTLinterface
RAS,UCAS,LCAS =V,
Dout = High-Z
— 1 —_ 1 —_ 1 mA CMOS interface
RAS, UCAS,
LCAS 2V, -~02V
Dout = High-Z
Standby current locz -~ 150 — 150 — 150 pA CMOSinterface
(L-version) RAS, UCAS,
LCAS 2V, .-02V
Dout = High-Z
RAS-only refresh current®® ¢, — 170 — 150 — 130 mA t..=min
Standby current™’ boes — 5 — 5 — 5 mA BAS =V,
UCAS,LCAS =V,
Dout = enable
CAS-before-RAS refresh lecs — 170 — 150 — 130 mA tgc =min
current
EDO page mode current™" *? |, — 18 — 165 — 150 mA t,,. =min
Battery backup current™ leeo — 400 — 400 — 400 uMA CMOSinterface
(Standby with CBR refresh) Dout = High-Z
(L-version) CBRrefresh: tg.=125us
taais 03 us
Self refresh mode current fecu — 250 -~ 250 — 250 upA CMOSinterface
(L-version) RAS, UCAS,
LCAS s0.2V
Dout = High-Z
Input leakage current 1, -0 10 -10 10 ~10 10 MHA O0OVEVingd4sV
Output leakage current lo -10 10 -10 10 -10 10 pA OV<Voutg46V
Dout = disable
Output high voltage Vou 24 V. 24 Ve 24 V. V High lout = -2 mA
Output low voltage Vo, 0 04 O 04 O 04 V Low lout = 2 mA

Notes: 1. I, depends on output load condition when the device is selected. |, max is specified atthe output
open condition.

2. Address can be changed once orless while RAS = V..
Address can be changed once orless while UCAS and LCAS = V,,..
4. VuazVe—-02V,0VsV 502V,

w

B 449L203 0031276 847 HH
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HM51W16165A Series, HM51W18165A Series

Capacitance (Ta = 25°C, V=33V 03V)

Parameter Symbol- Typ Max Unit Notes
Input capacitance (Address) C, — 5 peF 1
Input capacitance (Clocks) C, — 7 pF 1
Output capacitance (Data-in, Data-out) Co — 7 pF 1,2

Notes : 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. RAS, UCAS and LCAS = V,, to disable Dout.

B 4496203 0031277 713 W
HITACHI
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HMS1W16165A Series, HVISIW18165A Series

AC Characteristics (Ta = 010 +70°C, Ve =33 V£ 0.3 V, Vg = 0 V)#b a2 xls 194320

Test Conditions

» Input rise and fall ime: 2 ns

¢ Inputlevels: 0V,30V

« Input timing reference levels: 0.8V,2.0V

« Qutput timing reference levels: 08 V,20V

+ Qutputload: 1 TTL gate + C (100 pF) (Including scope and jig)

Read, Write, Read-Modify-Write and Refresh Cycles (Common parameters)

HM51W16165A/HM51W18165A

-6 -7 -8
Parameter Symbo! Min Max Min Max Min Max Unit Notes
Random read or write cycle time tac 104 — 124 — 144 — ns
RAS precharge time toe 40 — 50 — 60 — ns
CAS precharge time tes 10— 13— 15 — ns
RAS pulse width tass 60 10000 70 10000 80 10000 ns
CAS pulse width teas 10 10000 13 10000 15 10000 ns
Row address setup time tasa 0 —_ 0 _— o —_ ns
Row address hold time taan 10 — 10 — 10 — ns
Column address setup time tise o] — 0 —_ 0 — ns 21
Column address hold time toan 10 — 13 - 15 - ns 21
RAS to CAS delay time taco 20 45 20 52 20 60 ns
RAS to column address delay time tg,, 15 30 15 35 15 40 ns
RAS hold time asn 15— 18 - 20 — ns
CAS hold time tesn 48 — 58  — 68 - ns 23
CAS to RAS precharge time tome 5 - 5 - 5 — ns 22
OE to Din delay time toeo 15 — 18 —_ 20 — ns 5
OFE delay time from Din toze — 0 — — ns &
CAS delay time from Din tozc 0 — 0 —_ 0 — ns 6
Transition time (rise and falf) ty 2 50 2 50 2 50 ns 7

HITACHI
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HM351W16165A Series, HMS1W18165A Series

Read Cycle

HMS1W16165A/HM51W18165A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS tase — 80 — 70 — 80 ns 8,9
Access time from CAS tesc — 15 — 18 — 20 ns 9,10,17
Access time from address tas —_ 30 — 35 — 40 ns 9, 11,17
Access time from OE toea — 15 — 18 — 20 ns 9
Read command setup time tacs 0 — 0 —_ 0 — ns 21
Read command hold time to CAS  tqc, 0 — ) —_ 0 — ns 12,22
Read command hold time from RAS tecua 60 — 70 - 80 — ns
Read command hold time to RAS  taau 5 — 5 — 5 — ns 12
Column address to RAS lead time  t, 30 — 38— 40 - ns
Column address to CAS lead time  tc,, 18 — 23— 28 - ns
CAS to output in low-Z tews 0 — — ) - ns
Output data hold time ton 3 -— 3 —_ 3 —_ ns 27
Output data hold time from OE toro 3 — - 3 — ns
Output buffer turn-off time tore — 15 — 15 —_ 15 ns 13,27
Output buffer turn-off to OF toez — 15 — 15 — 15 ns 13
CAS to Din delay time teoo 15— 18— 20 — ns 5
Output data hold time fromRAS  tous 3 — 3 —_— 3 — ns 27
Output buffer turn-off to RAS torm — 15 - 15 — 15 ns ' 27
Output buffer turn-off to WE ez — 15 — 15 — 15 ns
WE to Din delay time tweo 15— 18 — 20 — ns
RAS to Din delay time tro0 15 — 18 — 20 — ns

HITACHI
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HMS51W16165A Series, HMS51W18165A Series

Write Cycle

HM51W16165A/HM51W18165A

-6 -7 -8

Parameter Symbol Min Max Min Max Min Max  Unit Notes
Write command setup time twes 0 - 0 - 0 —_ ns 14,21
Write command hold time twen 10 - 13 —_ 15 —_ ns 21
Write command pulse width twe 10 — 10 — 10 — ns

Write command to RAS lead time  toy, 10— 13— 15— ns

Write command to CAS lead time  tgy, 10 - 13— 15 — ns 23
Data-in setup time s 0 - 0 — 0 - ns 15,23
Data-in hold time tou 10 — 13 —_ 15 —_ ns 15,23

Read-Modify-Write Cycle

HM51W16165A/HM51W18165A

-6 -7 -8
Parameter Symbo!l Min Max Min Max Min  Max Unit Notes
Read-modify-write cycle time tawe 136 — 161 — 185 — ns
RAS to WE delay time tawo 79— 92 - 104 — ns 14
CAS to WE delay time tewo 34— 40 - 44 - ns 14
Column address to WE delay time 1, 49 — 57 - 64  — ns 14
OE hold time from WE toen 15 — 18 — 20 — ns

Refresh Cycle

HM51W16165A/HMS1W18165A

-6 -7 -8
Parameter Symbol Min Max Min  Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) t s, 5 — 5 - 5 - ns 21
CAS hold time (CBR refresh cycle) teuq 10 —_ 10 - 10 — ns 22
RAS precharge to CAS hold time  tape 0 — 0 — 0 —_ ns 21
HITACHI
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HMS51W16165A Series, HM51W18165A Series

EDO Page Mode Cycle

HM51W16165A/HM51W18165A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode cycle time tuee 25 — 30 — 35 —_ ns 25
EDO page mode BAS pulse width  tgs — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge 1, — 35 — 40 — 45 ns 9,17
RAS hold time from TAS precharge tceay 35— 40 — 45  — ns
Output data hold time from CAS low tgou 3 — 3 — 3 — ns 9,17
TAS hold time referred OF teor 10 - 13— 15— ns
CAS to OE setup time toor 5 —_ 5 —_ 5 —_ ns
Read command hold time from tacue 35 — 40 _ 45 —_ ns

CAS precharge

EDO Page Mode Read-Modify-Write Cycle

HM51W16165A/HM51W18165A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode read-modify-write 1,pawe 68 — 79 — 88 — ns
cycle time
WE delay time from CAS precharge tg., 54 — 62 — 69 — ns 14
Refresh (HM51W16165A Series)
Parameter Symbol Max Unit Note
Refresh period : ther 64 ms 4096 cycles
Refresh period {L-version) tacr 128 ms 4096 cycles
Refresh (HM51W18165A Series)
Parameter Symbol Max Unit Note
Refresh period tage 16 ms 1024 cycles
Refresh period {L-version) thee 128 ms 1024 cycles

B 44965203 0031281 14y EW
HITACHI
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HMS51W16165A Series, HMS51W18165A Series

Self Refresh Mode (L-version)

HM51W16165AL/HM51W18165AL

-6 -7 : -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (self refresh) teuss 100 — 100 — 100 — us
RAS precharge time (self refresh)  to.s 110 — 130 — 150 — ns
CAS hold time (self refresh) tens -50 — -50 — -50 — ns
Notes: 1. AC measurements assumet; = 2 ns.

2.

3.

10.
"
12
13.

14,

15.

16.

17

18

19.

20

An initial pause of 200 ps is required after power up followed by a minimum of eight initialization
cycles (any combination of cycles containing RAS-only refresh or CAS-before-RAS refresh).

Operation with the taes (Max) limitinsures that t.,. (max) can be met, t.., (max) is specified as a
reference point only; if toog 2 tap (Max) + t,, (Max) - te.s (Max), then access time is controlied
exclusively by tcac.

Operation with the to,, (max) limitinsures that t,,. (max) can be met, toy, (Max) is specified as a
reference point only; if tn,, is greater than the specified t,,, (max)limit, then access time s controlled
exclusively by t,,.

Either toep OF teoo Must be satisfied.
Either ty,4 or tgze Mmust be satisfied.

V.. (min) and V,_{max) are reference levels for measuring timing of input signals. Also, transitiontimes
are measured between V,, (min) and V,_ (max).

Assumes that taey € theg (Max) and tae € trao (Max). If taep OF tryp is greater than the maximum
recommended value shown in this table, t,,. exceeds the value shown.

Measured with a load circuit equivalent to 1 TTL loads and 100 pF.
Assumes that toeo 2 tae, (Max) and to., + te,e (Max) 2 ty,, +t,, (Max).

.Assumes that tg,p 2 taye (Max) and to., + teae (Max) st + 1, (Max).
. Either tqe, OF the, Must be satisfied for a read cycles.

tore (Max) and tge, (Max) define the time at which the outputs achieve the open circuit condition and
are not referred to output voltage levels.

twes: trwor town: tawo @Nd temy are not restrictive operating parameters. They are included in the data
sheet as electrical characteristics only; ift,.s 2 tues (Min), the cycle is an early write cycle andthe data
out pin will remain open circuit (high impedance) throughout the entire cycle; if t qug 2 taws (Min), tews 2
tewp (MIN), 2nd tyg 2 o (MIN), OF tows 2 towp (MIN), Ly 2t (Min) and te., 2 temy (Min), the cycleisa
read-modify-write and the data output will contain data read fromthe selected cell; if neither of the
above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate.
These parameters are referred to UCAS and LCAS leading edge in early write cycles and to WE
leading edge in delayed write or read-modify-write cycles.

taase defines RAS pulse width in EDO page mode cycles.

. Access time is determined by the longest among t,,. teac and tep,.
.In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to

the device. After HAS is reset, if tog, 2 tow,, the 17O pin will remainopencircuit(highimpedance); ift ..,
< tew invalid data will be out at each /O,

When both UCAS and LCAS go low at the same time, all 16-bit data are written into the device.
UCAS and LCAS cannot be staggered within the same write/read cycles.

All the V. and Vg pins shall be supplied with the same voltages.

B u449L203 0031282 080 WM
HITACHI
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HM31W16165A Series, HM51W18165A Series

21.t,ecr toans tross twest twons tesn @Nd teee are determined by the earlier falling edge of UCAS or LCAS.

22.tcaps toma trcwr tera @Nd tepy are determined by the later rising edge of UCAS or LCAS.

23. tew, tow tos @nd teus should be satisfied by both UCAS and LCAS.

24.1., is determined by the time that both UCAS and LCAS are high.

25.1,,,c (min) can be achieved during a series of EDO page mode write cycles or EDO page mode read
cycles. lf both write and read operation are mixed in a EDO page mode RAS cycle (EDOpage mode
mix eyele (1), {2)), minimum value of CAS cycle (s + tcp + 2 t;) becomes greaterthan the specified
tysc (Min) value.The value of TAS cycle time of mixed EDO page mode is shown in EDOpage mode
mix cycle (1) and (2).

26. When output buffers are enabled once, sustain the low impedance state until valid data is obtained.
When output buffer is turned on and off within a veryshort time, generally it causes large Vo/Vg line
noise, which causes to degrade V,, min/V,_ max level.

27.Data output turns off and becomes high impedance from later rising edge of RAS and CAS. Hold
time and turn off time are specified by the timing specifications of later rising edge of RAS and CAS
between tg,, and t,,, and between to., and t,,..

28. Please do not use ta,gs timing, 10 s € tyee £ 100 us. During this period, the device is in transition
state from normal operation mode to salf refresh mode. If t,55 2 100 ps, then RAS precharge time
should use t.,g instead of t...

29. If you use distributed CBR refresh mode with 15.6 ps interval in normal read/write cycle, CBRrefresh
should be executed within 15.6 us immediately after exiting from and before entering into self
refresh mode.

30.1f you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 4096 or 1024
cycles (4096 cycles: HM51W16165A Series, 1024 cycles: HM51W18165A Series)of distributed CBR
refresh with 15.6 ps interval should be executed within 64 or 16 ms (64 ms: HMS1W18165A, 16 ms:
HM51W18165A) immediately after exiting from and before entering into the self refresh mode.

31. Repetitive self refresh mode without refreshing all memory is not allowed. Once you exit from self
fresh mode, all memory cells need to be refreshed before re-entering the self refresh mode again.

32. HorL (H: V, (min) $ V,, £ V,, (max), L: V,_ (min) £ V,, £V, (max))

Invalid Dout

I 4495203 0031283 T17? W
HITACHI
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HMS51W16165A Series, HMS1W18165A Series

Notes concerning 2CAS control

Please do not separate the UCAS/LCAS operation timing intentionally. However skew between
UCAS/LCAS are allowed under the tollowing conditions.

1. Eachof the UCAS/LCAS should satisfy the timing specifications individually.
2. Different operation mode for upper/lower byte is not allowed; such as following.

RAS \ /
Delayed write
UCAS \
J

Early write
LCAS \
WE \

3. Closely separated upper/lower byte control is not allowed. However when the condition (tg < ty) is
satisfied, EDO page mode can be performed.

=\ S

4. Byte control operation by remaining UCAS or LCAS high is guaranteed.

B 4496203 0031284 953 WA
HITACHI
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HM51W16165A Series, HMIS1W18165A Series

Timing Waveforms™™~

Read Cycle

tRe
tRAS trp

tcsH ' tcre
taco tRsH |
tr, i b, tcas

3
e

Address

tozg __tecoo >
+ 'RDD .
oin AV '\,,/ NAVAY:: High-Z N 7 \//
P . I )
! \\/\/ \VA \7‘ AVAN
- toep

AW AVAWYEAWA 7

BN\ NN N
) VA AA AN N

IAVAVAVAVAVAYAVAY

1l togz &+ s

todo i 1

- toFp T 1

- toH i :

! torrR 1 i

N T

i . oHR | !
; tWEZ s

Dout @{ Dout >———

I 4u9L203 IJDB].EBSV 49T 1R
HITACHI
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HMS1W16165A Series, HMS51W18165A Series

Early Write Cycle

! tRC .
P tRAS o _tpp |
—_— ; :
N / ‘{
- tcRp -
il
|
UCAS | X |
[CAS | )
. ;|
| |
i
tasm| {tRAH IASC,;tCAH
i [ i ! ! i
; Y \/ Ny /\“...
Address /(\ f Row Column X\/\ \/\ \ ’,\ X /\/ /
I
!
twes: twcH ;
i "
. L !
N AVAVAVAVAVAVAN ; VAVEY
WE ~ I ! RS
\/\/ /\/\/\ \ ' SNAYA
| : 1
|
l
» ips. tDH
{ b

_i

AV ’\./H‘\ \/
Din { X X XX i
AV AVAVAWAWANTAN ) Din

,\/\/\/

5 '\ /\ /\ 2 /\/\ /o ' ;

High-Z*

Dout

* OE : Horl
- twcs 2 twes{min)

4496203 003126kt 7L WA
HITACHI
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HM51W16165A Series, HM51W18165A Series

Delayed Write Cycle*™®

! tac i
! tRAS ! 1 RP
_ |
RAS N 7_/' \
N
- tesH tcrP
tRCD ! tRSH .
t_w_;’___ | tcas .
UCAS ‘ Xx I £
LCAS v
tASR 'tRAH tAsc tCAH,
’ 2N /\ \ / \/\/ \ /\/ \/\ ’/\‘ /’.“\‘,’"\*\
; Col \/\\ . ‘ [ A X
Address /\>< Row ;:§<>:<>< olumn /\//\/ //\ /\/\ A/ //\../ \/
tow
tRWL
e s ]
tres twp !
—
S VAVAVAVAY /\/‘\// \ / \/\/\/\ ,"n'\/
WE 7 % AUAN " \
</ \/\ \/\/\/\ ;( 7 /\ \-/ / / /\/
Joriol tos | tDH
- > in—v-, -
\/\‘/ \//\\ /\/ High-z | . . \ \\/ \ /\ 7\ /\./_/-.\ ,"-‘.‘
\ / § D ¥
Dm/\/\/\/ /\/\/\7 ! f n ! /\/\/ /\/\/
|
tpzo E toeH
e —.-‘—71— et
1*050
i
o WO XX /\f : X NEvevE
E/\,,>§ VAW \/ , | \/\, \/ \,’\ /
I | toez
tetgl 0|
L
I !
1 U
' High-Z
Dout 9
invalid Dout

B 4495203 0031287 bb2 W
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HM51W16165A Series,

HM31W18165A Series

Read-Modify-Write Cycle*'®

! tawe
! tRAS ol e lRP_ |
RAS .
\ i \
tt
. 'RCD 1 tcas L1 teme
- - > e >
i
_ i
UCAS \L 7["
{CAS | :
L RAD :
(tasal traH  tasc! ltcad .
——m e e
| L |
z L : _
N/ WA l/‘
e GO e Y o X KRR
trcs <.>| - tcwo -
[ tawD tRWL
[ tRWD _ JMU
we )Y \/v 7 N VSO0
l 7 "
AYAY; /\/ \/ X / A
_itpze tDH |
\ / \ N X N A \ / A\ 3( High-Z : \/ /\\ /,-\
Din Din ! VY
\/ \/< /\/X/ ¢ / \/\\/\”/<
toeo|
Jtozoi | el 4QEH,
{1 toEA '
! —i’i—*-
OE /H\“/ \ / N / v'/ Vo / \'/\'//.-"//x { )
A \/\f" '\f\ -\’\/\:"\ ¢ | A
: - tcac
- [AA _ tOEZ
- 'RAC ; o L ItoHo
1
Y .
i 4 3 High-Z
Dout ; %{ Dout LL ig
i
tewzi —
<——>
HITACHI
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HM31W16165A Series, HM51W18165A Series

RAS-Only Refresh Cycle

) tre ol
tRAS ol e trp .
. l |
RAS / & ﬁ \
t1 N !
tcrp 1t i terp

'
i‘ : ! i
; ;

T A A

lasm | | 1raH;

VAVAVAVAYA NVAVAVAVAVAVA y>/>\// NAAAA R

toFR

ltoFF

Dout 7 MK High-Z
%

Bl 4496203 0031289 435 WA
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HMS51W16165A Series, HM51W18165A Series

CAS.

_Before-RAS Refresh Cycle

tpp . tras 1 tpp . tpas ' tpp f

é

!
!
tt |

H ‘ 1 :.

..‘.BE_C,; L RPG L CRP -
l_ltcp i tcsm| itcHR tep | ilcsn {CHR i
! | ! |

\/\/ \/\/\ / NN \/‘/>< NN
Address '\/\ avi \/</<> AAAS /\//\/ /</ / /\ A

| C
O'O
> >
wn W
QZ\\

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

\VAY VY Y
ltOFR'
| tOFF |
|
Dout Z/W High-Z
A 4
* OE,WE : Horl
HITACHI
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HM31W16165A Series, HMS51W18165A Series

Hidden Refresh Cycle

> tRe . tpec : trc
H i ! ! it
! 'RAS P tRP T I, tRAS 4&:__' e tRas i, tre |

| ! |
¢t t H
lasp (RAR  tasg) | foan |

t
|

’ i - AYAVAYE /\, /\ / N \ N/ AR R
i 4 AR \‘/ \/ \ N \ Vo N Y VY
' Column )</ VAVAVA /\ /\ A AN /&/\ AVAWAVAVAVA

Address -
tac r+—» ‘RRH
:‘__Rc‘,_s_ d»—te— tRCH
ANV ANVAN )&\/\/\
WE A AAN AAA
twep
tpze,
tcDo
tapD
—T T T igh- : =~
o \_-(/\\'/ \// >/, &; High-Z | 7{-\{/
2 5 i FA
: :__,/\\. \\ Ay \ | | /\
tbzo!
I i toea
J— VRV AY/ /\//\/.'\/”'\.'l: ." )
OE K S8 RE/
AYAYAYAY, YA i L
i tecac | BRREu=
tAA ! i T x
tRAC l i BOFF?
L4 | L tom, |
AL .
Dout } Dout 4>——
|, tOFR i
toHR !

M 4496203 0031291 093 HE
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HMS1WI16165A Series, HMS1W18165A Series

EDO Page Mode Read Cycle

_Ire .
| t £
= T
I i i l :
t ‘l - tHpg : 'Hpc ' 'epRu '1 i teme !
T LeshH " 1cp ~ice- Tt tasn 1 :
T H : ¢ g v : : I,
UCAS ’ Y teas 5 tcas xf- . 'cas N tcas il
1 |
S | N e X i e
| ! tRCHA . ‘ncsé | X =1RCHC:E .:g -t
| el Trcn 2280 |l [T e
7 Vi ! 1 T WV
we OO Y | TRV,
| ) | I I
! ! ! [ q——.l ! 'RA, ! ; !
1asA el WRAH tascl_tCAH |lAsc teat l tasc :1cau, "Asc I itcam !!‘i . MWED
TN My N AVAY Vi
Address /I\:/\'f Rowl: Column1£\l\>i>(><\{(:olumn %\\(V\/X)\ )(onlumn BXA[X\ </\,X.,olumn ;XX\ Ql/(\ X s
) ] It ' ] {
b tea ! i teal ! teal | teal 1 i
| i ! I i
! l = | tRDD
: t %!'-——-IlCDD
1 i i
! | | i }g'\/\/‘\.‘/
| i it NAAA
‘ lcou! 1coP || |
e <—o-i i i-—- 108
e e
,2' \ ' L LAAAA
tcpal , || H | tcpa :‘ e
; -l It : HE| 1
el i Mg W T o
ileac! s toez |~
twez : ! loHo | LlcAc L fICAC -~ loHo
- \ 7 flosa loo[ ' 1™ lc;'A- — :OFF
[ ak =1 : !
! AR t OH
! ‘ ] OH i
Lo e
§ Dout 1 / lDout%[ \DoutZ :Dout 3 Dout 4
H | | 1 | ;
HITACHI
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HM351W16165A Series, HMS51W18165A Series

EDO Page Mode Read Cycle (2CAS)

__'ap .
3 t
BAS (¥_ RASP ! :
| J
. thpc ! tpe ' thpe | temp |
EL—-L—"' P I tee !‘t'hzl""gglgsH l i
f jg t . t lcas ]
1 CAS Z J{‘J Jl(_l
H P!
i | I
i j 4
i i Yo teas 7 K ,-Z'
iy pd ; £
tACHC ' | Hooo
: i H ~——=1RAn
i ; C ' L t=—=lacy
i I i
5 i! ¥
i ;z 1
b i |
i lRat !
. AHASC tasc| fcan lasci [tean, tasc. | |ltean WED
/ ' / ' 7 1 YAV Ay
Address /\\. Row ! f Column 1X/\<\\/< ! Column QXXY [ ><\/<><><><ﬁolumn 3X>\><><><></, Column &; x /\_\)\XX(,(\;(\}\
\, X ' J - I \ LAY : l
L tea | lcal lcar | | [
[ Fo t
‘ | ' i teal ROD
tozc! | !
oo T2
lcoy lcoP
atn -
. . |
'Z» S IZx 5
| || - | ‘épi
L tceal | |
L ‘lAAC litoez 1' taa
CAC| = it
loHo !..EEZ {CAC
tooH = togA ! -~
! I T f’“J!
1 4 N
! ! i Oqu :
4 S
L Dout l Dout 1 p gc-)_u—l_ZL-{ Dout 2
i | l
lc|:PA
tAA . loea
CAC _-—.
{ ! { Dout 4
U Dout \ Dout 1 I !Dout 3[ {
{ i ‘
HITACHI
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HMS51W16165A Series, HVMI5S1WI18165A Series

EDO Page Mode Early Write Cycle

i tRASP (1 tRp
1 [
:_! ! ! i
BAS \! \/
tr i _
|
i
!
UCAS !
LCAS l
! |
tasg RAH i
) }‘_’} e P i T
| ! ! L ! | i ' !
i . y p \ NSy N f AN
’ X, N NSNS L)
Address ¥ ' ! Column NiX M pooa dx
\ >< N\ AVATAYAYA
|
i
(twes; |tweH twes | tweH twes | |tweH
T T 1
__EI/\/\/\/\\//\”/ | | ’ v [ \/\ N /\ /\ e v
\VAVAVA N | Mo\ i \ L
\/ YAV - AN ! \
Dout High-Z**
* OFE : HorL
** twes = twes (min)

EBR 4496203 0031294 4Tc WE
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HM51W16165A Series, HM51W18165A Series

EDO Page Mode Delayed Write Cycle*'®

trasp .
|
i
3

i : { t . ! i i
i Ty Loy | Tl |
£ VAYAYAY. \/\/ \ AVAYAY
\ dl \ Y. d ; | / !y {
Address &_\ tholumr%/ .\\/,\\ : Column 2}< /\>\ ' Column N >~\./, 9 )\ /\‘/ X
| tewL! towy tewlj |
r”? AW i
i Iqﬂ.:
i tRes ' tmres !
—t § !-4—>- | e i
j ! p : | !
e | | |
! : f R [ . .

Invalid Dout {nvalid Dout Invalid Dout

B u449L203 0031295 739 HR
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HMS51W16165A Series, HM5S1W18165A Series

EDO Page Mode Read-Modify-Write Cycle*!®

g tRasp -
v 1 tpp
i
RAS N i
) |
tr |, L thPRWC :
tep, i tep | ! g tRSH terp
———t— ———a— -
X! .
; ; | 7
i R |
| i | |
i | iy P !
tasp it} tasc i) L1l tase f_‘f?tASC !
Tt ot |yt : Y i
. I
ITtRaR 1] | tcaH t 1] toan, , |
it }! ﬂ—’ ] t
oA

’ i I\ n——

/ \/ >< : < > : ¥
Address » X Row, I " Column 1 /ﬁ Column 2 3 /

AR L\ !

!

i tawp tewd | 1] tepw lcw1_ | |
- -q._———-..l

] ot

il e bl

: tawD | r'.t ll '_ﬁtAW i.t .

i tewp i tmresi i town tRCS tcwo RWL
|

<—>-4—————b-!| 4—»-_4——»-‘

Dout

HITACHI
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HM351W16165A Series, HM51W18165A Series

EDO Page Mode Mix Cycle (1)

c
O
b
[

r'
O
3
72

Address

Din

Dout

\ trasp ;f' \
X ‘
t -_ﬁ&_‘
e . _top . _ice tep
T t !
1 ] "
fotcas ] tcas  f No_teas b Nlleas Il
] L H - _
taco i
1 ' it
twesi twen o, IlAcs i % i.tncs ! ‘_!tgg:
'-—-"-—o-,' ] . ] H i
[V IIVIVAVRN ' oW Xtwefi i OV
) A\ ' i IS 0N S
/‘\\ lf\ \-}/\lx\j&\> ! [ -— -'AV/D =..€ ; i % AYAS l’.,"-‘/~
o H . !
| ! | ' i} "1 iltmaL i
thsimel L IRAESCI L toRH | tasg | ilcan Bsoitoan 1 tasel ] itcan |
W row YTV XYY T VOO0 OO
</(\ Row I{ { X Column 112_}(\ \ \X Column 2 \/“-.X/\‘\,. AAColumn 34 & X A X A ACOmnd A & ) \/(/\\</\7\/‘
i feaL I ; {! tea i | -1ROD
it [
§ JItOH [ e— " 1CDD
wll, tod tps || [T
os "“'."""—’i } 0 Ry [ | l
, Ont p— HighZ E { Din 3) P
\ : ! N SR VATAVAY
| 080 | b
! ; -~ H= hwep
T " x : . Y X i
OO0 | f— 3
"\>\/(\>(\~/<><>‘\(\<)</\<’< O( /{\/(\/ /\\’<\L ; i
lcpa
taA
' toga
tcac
/

30
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HMS351W16165A Series, HM51W18165A Series

EDO Page Mode Mix Cycle (2)

. trp :
RAS S-* 'Rase
I
!
T i tesH o tep
UCAS l . \i, tcas I \ leas
LCAS \_tacp it — 3 I
i T 'RCHR . “
I tacs t hwcs ftwew tacs
| RCH’ |
| == 1 !; |I
v TV | L
Iy ‘,/k \AYE! i ) .l
“ lascht i
t,\s;‘_ IRaH e "__QL_J ‘Asc, ICAH
!
Address x Rowm Column 1X<><></XColumn 2X>(\>(\,\
! [ ; Pote, T |t ‘;: _
! ! ; CAL | P leal ; ; CcAL l;i'; i
! ! ' tpsi LH E ‘
e oo ] T T 1838
i | l r‘- { i e i E i
Din : ¢ High-Z 4 pinz D {0in 3) IR, '\-‘/‘.(
| / TNA A
U
! ] togD t Ho
| — —  LEF {1 weo
oF | tcoll , ; =
o | f =25 [ ] | ACO0K
. ! | /\
‘ l ' i = ?! oFR
‘ ’ LOEA 1| ‘ tepA o tyzp
| e " Ttaa o toes
M l,losz "1 feac L touo
CAC || e ;
P nloHo  OEA - lore
lom

)1

Dout { Doutt

_[
)

<..? Dout 4 t}——
l |

HITACHI
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HM351W161635A Series, HM51W18165A Series

Self Refresh Cycle (L-version)

*28,29.30,3t

tRp tpAss i e RPS
. N 2N
tT~ ) { i
tRPC l | | terp
- AT
. tcp rcsa ICHs; ;l
H ! .
OCAS 77 . l 7
LCAS ‘\\ ' J
' toFR
Ly tOFF
Dout ;Zz%z%zz;‘; High-Z
T8

*Address, OE, WE: HorlL

a2

B 4496203 0031299 384 WA
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HMS51W16165A Series, HMS51W18165A Series

Package Dimensions

HM51W16165AJ/AL]J Series

HMS51W18165AJ/ALJ Series (CP-42D) Unit: mm
. 27.06
i 27.43 Max
42 22
nisisisinisizisisinicisisisisisinininiaisBaseene———
2 2
o d‘
) 6!
5| =
|
uue_uuuuuuuuuuuuuuuuuu___—_!.
1 ‘ 21
1l o074
z N
™ N
o i
H c ?'E
| | 1.3 Max sl = ol
g — °l 8 @ — d
. ]
R L I
; || Y = & ) ]'/ T
| :
0.43£0.10 || l( ’l 1.27 |, 9.40£0.25 |
1] 0101

B 4496203 0031300 92 N
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HM51W16165A Series, HMIS1W181635A Series

HMS1WI1616SATT/ALTT Series

HMS1W18163ATT/ALTT Series (TTP-50/44DC)

Unit: mm

20.95
21.35 Max i
50 40 36 26|
AANRRAANRAN AAAARARAARRA ©
w
=
‘EUU\IUUUU ¥y TOVYUUUTUEuW
1 ! j11 15
£ 0.80
————————
|
0.27 £0.07 il 1013 M L 11.76 + 0.20
* Y EL—-——H .
i AR T, —=0-5°
3| ! gy =8
§| =T0.10 E?i ggm -
N w = S
<| 1.15 Max 3| Sis =1
o N
P
05+01 |1
HITACHI
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