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HMS51W18165A Series

1048576-word x 16-bit Dynamic Random Access Memory
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Description

The Hitachi HM51W16165A Series, HM51W18165A 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, HM51W18165A Series offer Extended Data Out (EDO) Page
Mode as a high speed access mode.

Features

¢ Single3.3V (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) (HM51W16165A Series)
: 666 mW/594 mW/540 mW (max) (HMS51W18165A Series)
~— Standby mode : 7.2 mW (max)
: 0.54 mW (max) (L-version)
* EDO page mode capability
* Long refresh period
— 4096 refresh cycles : 64 ms (HM51W16165A Series)
: 128 ms (L-version}
—- 1024 refresh cycles : 16 ms (HM51W18165A Series)
- 128 ms (L-version)

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

* 4 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh

-— Hidden refresh

— Self refresh (L-version)
* 2CAS-byte control
e Battery backup operation (L-version)

Ordering Information
Type No. Access time Package
HM51W16165AJ-6 60 ns 400-mil 42-pin plastic SOJ (CP-42D)
HM51W16165A4-7 70 ns
HM51W16165AJ-8 80 ns
HM51W16165ALJ-6 60 ns
HM51W16165ALJ-7 70 ns
HM51W16165ALJ-8 80 ns
HM51W18165A.J-6 60 ns
HM51W18165AJ-7 70 ns
HM51W18165AJ-8 80 ns
HM51W18165ALJ-6 60 ns
HM51W18165ALJ-7 70 ns
HM51W18165ALJ-8 80 ns
HM51W16165ATT-6 60 ns 400-mil 50-pin plastic TSOP Il (TTP-50/44DC)
HM51W16165ATT-7 70 ns
HM51W18165ATT-8 80 ns
HM51W16165ALTT-6 60 ns
HM51W16165ALTT-7 70 ns
HM51W16165ALTT-8 80 ns
HM51W18165ATT-6 60 ns
HM51W18165ATT-7 70 ns
HM51W18165ATT-8 80 ns
HM51W18165ALTT-6 60 ns
HM51W18165ALTT-7 70 ns
HM51W18165ALTT-8 80 ns
HITACHI



HMS51W16165A Series, HM51W18165A Series

Pin Arrangement

HM51W16165AJ/ALJ Series HM51W16165ATT/ALTT Series
S/
Vg L1 42| vgg voe L]10 50 1 Vss
voo [ 2 a1\ _lvots voo [} 2 a9[Jvo1s
O] N vo1 []3 48[ J 1014
';81 B i ;'g = Vo4 voz [ 4 47[Jvo13
voz ) /013 voa []5 46[ 1012
o3[ |5 38|[_] yo12 vee 16 45 [ Vgg
Voo L6 37| ] vgg vos []7 44 ] 11011
vos [} 7 36|_] vo11 vos []8 43 Jvoto
vos [ || 8 351 11010 vos L9 42 [voo
vos[ |9 34| 1yo9 voz L] 10 41108
vo7 [_| 10 33\ | vos ne [ 40 INC
ne [ 11 32( Inc
Ne 12 3 j__LCAS ne [L]15 36 INC
WE [ 13 30 | OCAS ne []16 35 [ 1TCAS
RAS[ | 14 29| ]1GE wE [ |17 34 [ UCAS
A1 [ ] 15 28| ] A9 A5 |18 33 |OE
A10 [ ]/ 16 27\ 1 A8 A1 []19 32[ ] A9
A0 [ 17 26| ] A7 A0 []20 31 A8
A1 [ |18 251 ] a6 a0 Lj21 30 [JA7
A2 [ |19 24| ] A5 a1 []22 29[ A6
A3 []20 23] A4 A2 Ezs 28 %AS
VCC [ 21 22 :l VSS A3 E gg 27 j A4
(Top view) (Top view)
Pin Description
Pin name Function
A0 to A1t Address input
— Row/Refresh address | AQ to A11
— Column address AO to A7
110010 I/O15 | Data input/Data output
RAS Row address strobe
UCAS, LCAS |Column address strobe
WE Read/Write enable
OE Output enable
Vee Power supply
Vs Ground
NC No connection
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HM51W16165A Series, HM51W18165A Series

Pin Arrangement

HM51W18165AJ/ALJ Series

HM51W18165ATT/ALTT Series

Vee [ ~ Ve (10 50 Ves
ccid1 42| ] ves VO0
1700 [ ] 2 ag[ ] VO15
2 4 ¥O15 o1
o1} 3 4gl ] 1014
3 40| ] vo14 102
4 4711013 :
vo2[ | 4 39|l ] vo13 103 5 /012 ;
46| | |
vo3[ | s 38| | vo1z2 Vee (s 450 ] Vss ‘
Vee E 6 37 :] Vss 104 7 44| ] YO |
yoa[ |7 36| 1ot 1/O5 g 43[ ] ¥O10 |
Vo5 || 8 35|_] vO10 V06 o 42[ ] 109 1
vos[ | 9 34|[] w09 Yo7 (] 10 41 ] Vo8 "
o7l 10 33| ] vos NC [ 14 40| ] NC
NC 111 32y ] NC
NC [T 12 31(_] [CAS
— — NC NC
13 30\ ] UCAS NC E:: 32%@@
RAS 1114 29| ] OE WE UCAS
WE []17 34]
NC [ ]i15 28( | A9 RAS [ 18 33| ] OE
NC []i16 27| ] As NC [J1g a2 ] A9
| Ao []]17 26| A7 NC [T20 31 A8
At [ 18 25( ] A6 A0 [ 21 30 A7
A2 19 24(] A5 Al ez 29[ ] A6 '
A3 [ 20 23| ] A4 :?; []23 28] A5
‘ Vee (]| 21 227 Vg v =2 271 A4
i cc []25 26| Vsg
§
J (Top view) (Top view)
|
Pin Description
Pin name Function
AO to A9 Address input
— Row/Refresh address|AQ to A9
— Column address [AGto A9
/00 to ¥O15 | Data input/Data output
RAS Row address strobe
UCAS, LCAS |Column address strobe
WE Read/Write enable
OE Output enable
Vee ‘Power supply
Vs Ground
NC No connection
HITACHI



HMS51W16165A Series, HM51W18165A Series

Block Diagram

onlions]  [we]  [oe]
) i

} '
RAS CAS WE ot
Control Control Control Control
Circuit Cirguit Circuit Circuit
' '
256k memory cel array 258k memory cell array
Sense amp. & VO bus [ Senseamp &1/Obus = VOO0
256k memory cell array 256k memory celi array | “l e
256k memory cell array Row 256k memory cell array !
| Genssamp. & IObus T Serweamp. & VO bus | Jet—! Y e}
decoder | B
256k memory cell amay & 256k memory cell array ! o -
258k memory cell array driv 256k memory cell array | buffer ML, 1/014
Sense amp_ & VO bus er . Sense amp. & VO bus Aam T
256k memory celt array 258k rmemary cell array !
256k mamoary cell array 256k mamory cell array ;_m’
[~ Senseamp &WObus [ Senseamp. 410Qbus |
256k memory cell array ¢ 256k memory cell array
“"‘“*l Column decoder er iver r Column decoder ;‘d river
% 256k memory cell array o 258k memory call array
r Sensg amp. & VObus Sanse amp. & 170 bus -—h
| 256k memary ceil array 256k memory cell array ‘
256k memory cell array Row 256k memory call array |
Sense amp. & VO bus |____Senseamp &VObus et
258k memory cell aray } geccder 256k memory cellarray | L_, 7o)
256k memory celt aray driv 256k memory cell array ! buffer [
Sensc amp. & G bus rver Serise amp. & VO bus -t
256k memory cell array B 256k memory cell armay :
256k memory cell armay 256k memory cell aray ;
[ Senseamp. &VObus | ! Sense amp. & FO bus -t
256k memory cell array i 258k memoary cell array
256k memory celt amay | 256k memory cell aray |
Senseamp. &WObus | | | [ Sense amp. & VO bus ____|=— -
256k memory cell array 258k memory cell array ] ;”“" 1104
256k memory cell array Row 258k memory cell array ] _5 i
Senseamp. 8V0BSs | | Gecoder Sense amp. & VO bus o | | 1705
256k memory cell array Py 258k mesmory cell array e -
256k memaory cell array dri 256k memory cell array buffer :—L_, 1O10
Senseamp. &VObus | river Sense amp. & i/O bus -t- i
256k memory celt array 258k memory cel! array
256k memory cell array ! 256k memory cell array i ;_,IVO1 1
Sense amp. & VO bus B [ Senseamp.&VObus et
256k memory cell array | 1 258k memory cell array
{ Column decader & [driver ( Column decoder & ld river
256k memory cell array B 256k memory call array } -
Sense amp. & IO bus B T Bepse amp. & VO bus :*--—I VOB
256k memory cell array B 258k memary cell array | [a—
258k memory cell array Row 256k memory cell array N !
I Sense amp. & VO bus 1 ldecoder  Genssamp. &VODbUS et 1| Q7
| 258k mamory cell array N & 256k memory cell array [ YO
256k mamory cell array dri 256k memory celt aray i buffer :NL,,J 1O8
T Senseamp. 8 VObus | ver Sensa amp, A JObus -] j
256k memory cell array 256k memory cell aray :
256k memory cell array 256k memory cellarray | i I Y09
Sense amp. & /O bus Sense amp. & /0 bus |
256k memory cell array 256k memory cefl array
[}
L Column address buffer | Tw—ﬁ% Row address buffer |
Address : A0 to A7 : HM51W16165A Address : AQ to A11: HM51W16165A
Address : AD to A9 : HM51W18165A Address : AD to A8 : HMS51W18165A

HITACHI
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HMS51W16165A Series, HMS51W18165A Series

Truth Table

RAS LCAS UCAS WE OE Output Operation

H D D 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 L*2 D Open Lower byte Early write cycie

L H L L*? D Open Upper byte

L L L L2 D Open Word

L L H L*? H Undefined Lowerbyte Delayed write cycle

L H L L*? H Undefined Upper byte

L L L L*? H Undefined Word

L L H HtoL LtoH Valid Lowerbyte Read-modify-write cycle
L H L HtoL LtoH \Valid Upper byte

L L L HtoL LtoH Vald Word

L H H D D Open Word RAS-only refresh cycle
Htol H L D D Open Word CAS-before-RAS refresh cycle or
HtoL 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: Hor L
2. tyes 20ns Early write cycle
twes < 0 ns Delayed write cycle

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 LCAS inactive edge.)
However write OPERATION and output HIZ control are done independently by each UCAS,

3.

LCAS.

ex. if RAS = Hto L, UCAS = H, LCAS =L, then CAS-before-RAS refresh cycle is selected.

HITACHI



HMS51W16165A Series, HMS1W18165A Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vg V; -0.5t0 V. + 0.5 (< 4.6 V (max)) \'%

Supply voltage relative to Vg Vee —05t0 46 \

Short circuit output current lout 50 mA

Power dissipation P, 1.0 w B
Operating temperature Topr 0to+70 °C

Storage temperature Tstg -55to +125 °C

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

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vee 3.0 3.3 3.6 v 1,2
Input high voltage Vi 2.0 — Ve +03 V 1
Input low voltage Vi -0.3 — 0.8 \ 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 with all
V¢q pins must be on the same level.

HITACHI



HMS1W16165A Series, HM51W18165A Series

DC Characteristics
(Ta=01t0 +70°C, Vo =3.3V£0.3V, Vi =0 V) (HM51W16165A Series)
HM51W16165A
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*™ ** Fecs — 100 — 90 — 80 mMA t,=min
Standby current leco — 2 _— 2 — 2 mA  TTL interface N
RAS, UCAS, LCAS =V,
Dout = High-Z
- 1 — 1 — 1 mA  CMOS interface
RAS, UCAS,
LCAS 2V, -02V
Dout = High-Z
Standby current lees — 150 — 150 — 150 pA CMOS interface
{L-version) RAS, UCAS,
LCAS >V, -02V
Dout = High-Z
RAS-only refresh current”® |, — 100 — 980 — 80 mA ty.=min
Standby current*’ loos — 5 — 5 — 5 mA RAS =V,
UCAS, LCAS =V,
Dout = enable
CAS-before-RAS refresh locs - 100 — 90 -— 80 mMA ty=min
current
EDO page mode current™"*® 1, — 130 — 115 — 100 mA t . =min
Battery backup current™* leeto — 400 — 400 — 400 pA  CMOS interface
(Standby with CBR refresh) Dout = High-Z
(L-version} CBR refresh: t,c = 31.3 us
s < 0.3 ps
Self refresh mode current 1, — 250 -— 250 — 250 pA CMOS interface
(L-version) RAS, UCAS,
LCAS <0.2V
Dout = High-Z
input leakage current I -10 10 -10 10 -10 10 pA O0OV<Ving46V
Output leakage current lo -10 10 -10 10 10 10 pA OV<sVout<46V
Dout = disable
Output high voltage Vo 24 V. 24 V. 24 V, V High lout = -2 mA
Output low voltage Vo 0 04 O 04 O 04 V Low lout =2 mA
Notes: 1. l.. depends on output load condition when the device is selected. |, max is specified at the

w

output open condition.

Address can be changed once or less while RAS =V,

Address can be changed once or less while UCAS and LCAS = V..
V2V, ~02V,0VSV, 502V,

HITACHI



HMS31W16165A Series, HM51W18165A Series

DC Characteristics
(Ta=0t0+70°C, V=33V 03V, V,=0V)(HM51W18165A Series)

HM51W18165A
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*’ ** lees — 170 — 150 — 130 mA tg. =min
Standby current lec - 2 — 2 -— 2 mA  TTL interface
RAS, UCAS,LCAS =V,
Dout = High-Z
- 1 — 1 — 1 mA  CMOS interface
RAS, UCAS,
LCAS >V, -02V
Dout = High-Z
Standby current leco — 150 — 150 — 150 upA CMOS interface
(L-version) RAS, UCAS,
LCAS 2V, -0.2V
Dout = High-Z
RAS-only refresh current*® I, — 170 — 150 — 130 mA t,. =min
Standby current*' lecs — 5 — 5 — 5 mA RAS =V,
UCAS, LCAS =V,
Dout = enable
CAS-before-RAS refresh tecs — 170 — 150 — 130 mA ty.=min
current
EDO page mode current™* ** |, — 185 — 165 — 150 mA t,c = min
Battery backup current** fecto — 400 — 400 — 400 uA CMOS interface
{Standby with CBR refresh) Dout = High-Z
(L-version) CBR refresh: t,. =125 s
taas < 0.3 s
Self refresh mode current |, -~ 250 — 250 — 250 pA CMOS interface
(L-version) RAS, UCAS,
LCAS <02V
Dout = High-Z
Input leakage current Iy -10 10 -10 10 ~10 10 uwA O0V<Vin<46V
Output leakage current lo -10 10 -10 10 ~-10 10 upA OV<Vout<4BvV
Dout = disable
Output high voitage Vou 24 V. 24 V. 24 V., V High lout = -2 mA
Cutput low voltage Vo 0 04 0 04 O 04 V Low lout =2 mA

Notes: 1. I, depends on output load condition when the device is selected. |, max is specified at the
output open condition.
2. Address can be changed once or less while RAS = V.
3. Address can be changed once or less while UCAS and LCAS =V,
4. V, 2V, -02V,0VV <02V

HITACHI



HMS51W16165A Series, HM51W18165A Series

Capacitance (Ta=25°C, V=33V 03V)

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

HITACHI
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HMS51W16165A Series, HM51W18165A Series

AC Characteristics (Ta =010 +70°C, Vo, =3.3 V£ 0.3 V, V= 0 V)#! #2 %18 %19 520

Test Conditions

* Input rise and fall time: 2 ns

¢ Inputlevels: 0V,3.0V

¢ Input timing reference levels: 0.8 V,2.0V

» OQutput timing reference levels: 0.8 V,20V

¢ Output load: 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 Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time tec 104 — 124 — 144 — ns
RAS precharge time thp 40 — 50 — 60 — ns
CAS precharge time tep 10 — 13— 15 — ns -
RAS pulse width thas 60 10000 70 10000 80 10000 ns
CAS pulse width toas 10 10000 13 10000 15 10000 ns
Row address setup time tasn 0 — 0 — 0 — ns
Row address hold time taan 10 —_ 16 — 10 — ns )
—(;olumn address setup time tasc 0 — 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  t, 15 30 15 35 15 40 ns
RAS hold time tasn 15 - 18— 20 — ns
CAS hold time tean 48 — 58 — 68 — ns 23
CAS to RAS precharge time tore 5 — 5 —_ 5 — ns 22
%TE to Din delay time toeo 15 — 18 — 20 — ns & -
OE delay time from Din tozo 0 — 0 —_ 0 — ns 6
CAS delay time from Din toxc 0 — 0 — 0 — ns 6 )
Transition time (rise and fall) t; 2 50 2 50 2 50 ns 7

HITACHI
11



HMS51W16165A Series, HMS1W18165A Series

Read Cycle

HM51W16165A/HM51W18165A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS trac — B0 — 70 — 80 ns 8,9
Access time from CAS teac — 15 — 18 — 20 ns 9,10,17
Access time from address tan — 30 — 35 — 40 ns 91 1,17
Access time from OE toea — 15 — 18  — 20 ns 9
Read command setup time thes — — 0] — ns 21 -
Read command hold time to CAS  t., — — 0 — ns 12,22
Read command hold time from BAS toqn 60 — 70 — 80 — ns 7
Read command hold time to RAS  t., 5 — 5 — 5 — ns 12 -
Column address to RAS lead time  tq,, 30 — L J— 40 - ns a
Column address to CAS lead time  t,, 18— 23— 28— ns o
CAS to output in low-Z - toz 0 — 0 — 0 — ns )
Output data hold time to, 3 — 3 — 3 — ns 27 i
Output data hold time fromOE ~ to, 3 — 3 — 3  —  ns )
Output buffer turn-off time tore — 15 — 15 — 15 ns 13,27
Output buffer turn-off to OE toez — 15 — 15 — 15 ns 13
CAS to Din delay time teon 15 — 18 — 20 — ns 5
Output data hold time from RAS  t,. 3 . 3 — 3 —_ ns 27 )
Output buffer turn-off to RAS torn — 15 — 15 — 15 ns 27
Output buffer turn-off to WE twez — 15 — 15 — 15 ns
WE to Din delay time tweo 5 — 18 — 20 — ns B
RAS to Din delay time thoo 15 — 18 — 20 — ns

HITACHI
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HMS1W16165A Series, HMS1W18165A 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 tw 10 — 13 — 15 — ns 21
Write command pulse width twe 10 — 10 — 10 — ns
Write command to RAS lead time  t.,, 10 — 13 — 15 — ns
Write command to CAS lead time g, 10 — 13 — 15  — ns 23
Data-in setup time tos 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 Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time tawe 136 — 161 — 185 — ns
RAS to WE delay time trwp 79— 92 — 104 — ns 14
CAS to WE delay time tr 34 — 40 — 44 — ns 14
Column address to WE delay time  t,u, 49 — 57 - 64 — ns 14
OE hold time from WE tosn 15  — 18— 20 — ns
Refresh Cycle

HM51W16165A/HM51W18165A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) tegq 5 — 5 —_ 5 — ns 21
CAS hold time (CBR refresh cycie) tgq 10 — 10 — 10 — ns 22
RAS precharge to CAS hold time  tgc 0 — 0 — 0 — - ns 21

HITACHI
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HM51W16165A Series, HM51W18165A Series

14

EDO Page Mode Cycle

HM51W16165A/HM51W18165A

6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode cycle time 25 —_ 30 — 35 —— ns 25
EDO page mode RAS pulse width — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge —_ 35 — 40 — 45 ns 9,17
RAS hold time from CAS precharge teepy 35 — 40 — 45 — ns
Output data hold time from CAS low t,,, 3 — 3 — 3 — ns 9,17
CAS hold time referred OE 10 — 13— 15 — ns
CAS to OE setup time 5 — 5 — 5 — ns
Read command hold time from 3B - 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, oqxc 68 — 79 — 88 — ns
cycle time
WE delay time from CAS precharge tcmw 54 — 62 - 69 — ns 14
Refresh (HMS51W16165A Series)
Parameter Symbol Max Unit Note
Refresh period taee 64 ms 4096 cycles
Refresh period (L-version) trer 128 ms 4096 cycles
Refresh (HMS1W18165A Series)
Parameter Symbol Max Unit Note
Refresh period taee 16 ms 1024 cycles
Refresh period {L-version} taee 128 ms 1024 cycles

HITACHI



HMS51W16165A Series, HM51W18165A 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) tasss 100 — 100 — 100 — s
RAS precharge time (self refresh)  tqee 110 — 130 — 150 — ns
CAS hold time (self refresh) tons 5 — -50 — 50 — ns

Notes: 1. AC measurements assume t, =2 ns.

2. Aninitial pause of 200 us 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).

3. Operation with the t.., (max) limit insures that t,,. (max) can be met, t.., (max) is specified
as a reference point only; if tyep 2 tas, (Max) + t,, (Max) - ., (Max), then access time is
controlled exclusively by t.,...

4. Operation with the t,,, (max) limit insures that t,,. (max) can be met, t,,, (max) is specified
as a reference point only; if ., is greater than the specified t.,, (max) limit, then access time
is controlled exclusively by t,,.

5. Either ty, or to,, must be satisfied.

6. Either t,,, or t,,. must be satisfied.

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

8. Assumes that toc, < thep (Max) and ta,, S tayp (Max). Wty or Ly, is greater than the
maximum recommended value shown in this table, t,,. exceeds the value shown.

9. Measured with a load circuit equivalent to 1 TTL loads and 100 pF.

10. Assumaes that t,; 2 thep (Max) and tacp + toae (Max) 2 g + 1., (Max).

11. Assumes that t,,, 2 tr,p (Max) and taepy + toae (Max) < tgap + tas (Max).

12. Either t.qy OF o, Mmust be satisfied for a read cycles.

13. 1, (Max) and t,;, (max) define the time at which the outputs achieve the open circuit
condition and are not referred to output voitage levels.

14. tyce, tawn: towor Lawo @Nd tepw are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if tyes 2 twes (Min), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tayg = tano (MINY, towp 2 tows (MIN), and Ly 2 Ly (MIN), OF towp 2 towp (MIN), tawp = Lawg
(min) and toy 2ty (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.

15. These parameters are referred to UCAS and LCAS leading edge in early write cycles and to
WE ieading edge in delayed write or read-modify-write cycles.

16. 1o, defines RAS pulse width in EDO page mode cycles.

17. Access time is determined by the longest among t,,, teae and tep,.

18. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying
data to the device. After RAS is reset, if toe, = tow, the KO pin will remain open circuit (high
impedance); if t,., <t invalid data will be out at each I/O.

19. 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 writefread cycles.

20 Ali the V. and V¢ pins shall be supplied with the same voltages.

HITACHI
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HMS51W16165A Series, HM51W18165A Series

16

21 tasc: toan taess twoss twer toem @Nd topc are determined by the earlier falling edge of UCAS or
LCAS.

22 tepe, toum taens tera @nd t,y, are determined by the later rising edge of UCAS or LCAS.

23. tow. tow tos and t,,s should be satisfied by both UCAS and LCAS.

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

25.t,5c {min) can be achieved during a series of EDO page mode write cycles or EDO page
mode read cycles, If both write and read operation are mixed in a EDO page mode RAS
cycle (EDO page mode mix cycle (1), (2)), minimum value of CAS cycle (tes + tee + 2 ;)
becomes greater than the specified t,,. (min) value.The value of CAS cycle time of mixed
EDO page mode is shown in EDO page 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 very short time, generally it
causes large V./V¢ line noise, which causes to degrade V,, min/V, max level.

27.Data output tumns 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 t,,, and t,,, and between t., and ty.

28. Please do not use th,g timing, 10 us < th. < 100 us. During this period, the device is in
transition state from normal operation mode to self refresh mode. If to,.c > 100 us, then RAS
precharge time should use 1. instead of t,.

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

30. If 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 us interval should be executed within 64 or 16 ms (64 ms:
HM51W16165A, 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, ail memory cells need to be refreshed before re-entering the self
refresh mode again.

32 Hor L (H: V,, (min) <V, < V,, {max), L: V,_ {min) < V,, <V, (max))

] Invalid Dout
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Notes concerning 2CAS control

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

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

ms O\

—

UCAS \\

/’— Delayed wri

LCAS

\

— Early write

\

-

te

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

e

—

LCAS

tuL

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

HITACHI
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Timing Waveforms**
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Early Write Cycle
3 tpe .
- 'RAS | l<IRP_
_ 3
RAS N\ § \
- tCSH »| |«_tCRP .
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ol tcas
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Delayed Write Cycle*'®

trc
- tRAS ;s
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HMS51W16165A Series, HM51W18165A Series

Read-Modify-Write Cycle*'®

| tRwWC l
tRAS ol o !RP
p .
RAS \ ﬁ—
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RAS-Only Refresh Cycle

22

» 'RC .
tRAS < trp
A s \
RAS / N \
tT‘ -
M tCcrRP . tRPG tere.
- Ucas : 3 -
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| Address Row
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CAS-Before-RAS Refresh Cycle
- tRe L tRc
. tRp tRas i1 tRp ||, 'RAS tRp
N S B
s/ \
tr
tRPC L_IRPC
tep | (losh| [lcHR tep, | (tcsy
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Hidden Refresh Cycle
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EDO Page Mode Read Cycle
trp f
t i
— ‘1 t HPC f 3
RAS RASP 7
-
tr tosH . thpc fer tupc teppy tonp
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HMS1W16165A Series, HM51W18165A Series

EDO Page Mode Read Cycle (2CAS)
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EDO Page Mode Early Write Cycle
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HMS51W16165A Series, HM5S1W18165A Series

EDO Page Mode Delayed Write Cycle*'®
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HMS51W16165A Series, HM51W18165A Series

EDO Page Mode Read-Modify-Write Cycle*'®
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EDO Page Mode Mix Cycle (1)
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HMS51W16165A Series, HMS1W18165A Series

EDQ Page Mode Mix Cycle (2)
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Self Refresh Cycle (L-version)*? %331
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Package Dimensions

HMS51W16165AJ/ALJ Series
HM51W18165AJ/ALJ Series (CP-42D) Unit: mm
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HMS51W16165ATT/ALTT Series
HMS1W18165ATT/ALTT Serie (TTP-50/

Unit:
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When using this document, keep the following in mind:

1. This document may, wholly or partially, be subject to change without notice.
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All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole or
part of this document without Hitachi’s permission.

Hitachi will not be held responsible for any damage to the user that may result from accidents or
any other reasons during operation of the user’s unit according to this document.

Circuitry and other examples described herein are meant merely to indicate the characteristics and
performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for any
intellectual property claims or other problems that may result from applications based on the
examples described herein.

No license is granted by implication or otherwise under any patents or other rights of any third party
or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales company.
Such use includes, but is not limited to, use in life support systems. Buyers of Hitachi’s products are
requested to notify the relevant Hitachi sales offices when planning to use the products in
MEDICAL APPLICATIONS.
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