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Description

The Hitachi HM51W16165B Series, HM51W18165B 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. HM51W16165B Series,
HM51W18165B Series offer Extended Data Out (EDO) Page Mode as a high speed

access mode.

Features
¢ Single3.3V 0.3V)
* High speed
— Access time: 60 ns/70 ns/80 ns (max)
* Low power dissipation
— Active mode: 468 mW/414 mW/360 mW (max) (HM51W16165B Series)

: 666 mW/594 mW/540 mW (max) (HMS51W18165B 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 (HM51W16165B Series)
: 128 ms (L-version)

— 1024 refresh cycles : 16 ms (HMS51W18165B Series)
: 128 ms (L-version)

Preliminary: This document contains information on a new product. Specifications
and information comtained herein are subject to change without notice.

This specification is fully compatible with the 16-Mbit DRAM specifications from
TEXAS INSTRUMENTS.
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HMS51W16165B Series, HMS1W18165B Series

¢ 4 variations 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
HM51W16165BJ-6 60 ns 400-mil 42-pin plastic SOJ (CP-42D)
HM51W16165BJ-7 70 ns

HM51W16165BJ-8 80 ns

HM51W16165BLJ-6 60 ns

HM51W16165BLJ-7 70 ns

HM51W16165BLJ-8 80 ns

HM51W18165BJ-6 60 ns

HM51W181658J-7 70 ns

HM51W18165BJ-8 80 ns

HM51W18165BLJ-6 60 ns

HM51W18165BLJ-7 70 ns

HM51W18165B1.J-8 80 ns

HM51W16165BTT-6 60 ns 400-mil 50-pin plastic TSOP Il (TTP-50/44DC)
HM51W16165BTT-7 70 ns

HM51W16165BTT-8 80 ns

HM51W16165BLTT-6 60 ns

HM51W16165BLTT-7 70 ns

HM51W16165BLTT-8 80 ns

HM51W18165BTT-6 60 ns

HM51W18165BTT-7 70 ns

HM51W18165B8TT-8 80 ns

HM51W18165BLTT-6 60 ns

HM51W18165BLTT-7 70 ns

HM51W18165BLTT-8 80 ns
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Pin Arrangement

HMS51W16165BJ/BLJ Series HM51W16165BTT/BLTT Series
7
Vee L[ 1 42| Jvgg vee L]10 50 ]Vgs
100 [l 2 4 Jvots oo [ |2 49| 1015
= vo1 13 48 11014
o1 [_||3 40(_] vo14 Cla B
voz il a 3| vors 102 47 [Jvo13
vo3 []5 46 Jy0O12
Hex E 5 38 ::l 11012 Ve (e 45 ]VSS
Ve L8 37\ ] vgg yoas |7 44 %]’ 1/O11
voa [ |7 36|_] vo11 vos [|8 - 43 Jvo10
vos [ |8 35||_Jvo1o ivos []9 421109
vos |9 34| |yog o7 L] 10 41 [Jvos
vo7 [ 10 33| ] vos NC L]11 40 InC
NC [ || 11 32| Inc
NC [ |l12 31 _lrcas
i NC L|15 36|_INC
WE L j13 30| ] UCAS Nnc []16 35 [ ]TCAS
RAS[ |14 29| ] OE WwE [17 34| ] UCAS
A1t []15 28| ] A9 RASL |18 33 1OE
A0 [ |/ 16 27\ ] A8 A11 []19 32[] A9
A0 [ |17 26| ] A7 at0 []20 31 ]As
At [ |18 251 A6 Ao []21 30[ ] A7
A2 [ ]l19 24| A5 A1 L2z 29| 1 A6
A3 [ 20 23| Aa A2 []23 28 1AS5
Voo [ 21 22| Vs A3 [l2a 270 1aa
- vee L 25 26 [Jvgg
(Top view) (Top view)
Pin Description
Pin name Function
AQ to A11 Address input

— Row/Refresh address |AO to A11
— Column address AQ to A7

/00 to /015 | Data input/Data output

RAS Row address strobe

UCAS, LCAS |Column address strobe

WE Read/Write enable

OE Output enable o
Ve Power supply o
Vg Ground 7
NC ‘No connection
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Pin Arrangement

HM51W18165BJ/BLJ Series

HM51W18165BTT/BLTT Series

I
VCCE 1 42 j Vss VCC E 1O 50 j Vss
/00 2 49 ] /O15
voo[ | 2 41|l ] vo1s Vo1 g a8 ] 1014
o1 3 40 ] vors Vo2 F, 47 [ 1013
voz[ || 4 sl ] vo13 Vo3 5 46 ] VO12
o3[ || s as| ] vo12 Vee [le 45[ ] Vss
Vec L6 37 ] Vsg V04 [+ 44[ ] VO11
voa[ || 7 36| ] o1 Y05 [ 8 43| ] VO10
vos[ ||s 35l ] vo10 o8 9 42[ ] Vo9
vos_| 9 34 ] 109 107 10 41[] Vo8
vo7[_| 10 33| | vos NC 40[ I NC
NC [} 11 32| ] NC
%%[ 12 31| | L[CAS NG [T1s a6 (] NC
i3 30| ] UCAS NC [J16 35[ ] LCAS
RAS[ (14 29| ] OE WE 17 34 [ ] UCAS
NC [T 15 28|| | A9 RAS [ 18 33[ ] O
NC [l1e 27(1 ] A8 NC 19 32 ] A9
A0 [17 26| ] A7 NC [20 31[] A8
At [ 18 25 A6 A0 [T 21 30l ] A7
A2 |19 24| ] A5 :; []22 29[ ] A6
A3 [ 20 23| ] A4 N [e3 28 ] AS
VCCI: 21 22Q \Y; 3 E24 27:]A4
s Vec [ 25 261 Vs
(Top view) (Top view)
Pin Description
Pin name Function
A0 to A9 Address input
— Row/Refresh address |AD to A9
— Column address AO to A9
/00 to 11015 Data input/Data output
RAS Row address strobe
UCAS, LCAS |Column address strobe
WE Read/Write enable
OE Output enable
Vee Power supply
Ves Ground
NC iNo connection
HIARCH
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Block Diagram

Q0

1101

2]

1104

os

06

RAS IUCAS| LCAS WE
¥ ) 3 ¥
RAS UCAS LCAS WE
conirol control control controt
circuit circuit circuit circuit
T T
Al :
nse . & A Sense amp, & VO bus
256k masnory cefl array 256k memary cedl array
Sense amp. & VO bus Sense amp. & VO bus
256k memory celt array 256k memory coll array
| Senseamp KVObBus | [T Seree mmp. EWODUS |
256k memory ool array | 208k momary collamay | i
Senge amp. & YO bus Sense amp. & VO bus L
256k mamory cell array 256k memory cek array
P—*l 1/00 buffer IL Sonss a6, L0 Eus Sonse s, A IObuL 1$-% /O 10 buffer 11010
258Kk memory cell array 256k momary cell array
Sense amp. & VO bus Sense amp, & VO bug )
256k memary cell array 256k mamory cell aray
| Senseamo EPObus | I X s | I::]
1/O1 bufter 258k memory cell array 256k memory cell array 1/O11
¢ Sense amp. & VO bus - . Sense amp. & YO bus N L
256k mamory cel array 3 14 256k memory ookt amay -
Sense amp. 810 bus 5 5 Sense amp. & VO bus
256k memory coll array & | o 256% memory cell array
0] L—. A | = g Sense smp. 8 VO bus 1
104 bufter 256k memory cefl array 8 _§ 256k memory col array _.< }‘.. 11O14 :
| I | X I+ Sense amp. 3 V0 bus
256k memory celt aray 8 3 256k memary cel array o N
o° hed Sense amp. & VO bus i
g g 256% memary cell aray
[+ 9 s o | E— . N
/05 buffer 256K memory ol anay 1015 buffer #1015
Sense amp. 4 VO bus
256k memary celt array
Sense amp. & VO bus
256k memary oot array
= Sense amp. & VO bus
1 g | 268k mormory call aray !
2 5 [ “Seweamp.avobus P!
T
Column decoder & driver g ! Column decoder & driver l
Sense amp. & VO bus & Sense amp. & VO bus 4‘:{
256k memory cell amay E.-; ______ 256k memory oefl array
A | Sonse amp. & VO bus ) o T Semws amp & VO bus “:#:
J 256k mamory ced array 256k memory celt aray |
{ Seveaamp VOB || | i | | [T MA# i
258k merory ool array 256k memory cell array H
3 3% Sense amp. & VO bus Sense aynp & UObus %]
256k memory cell arvay 266k memory ce¥ array i
1102 ‘—'{ 1/Q2 butter I Sonce amp VO b I Y T 1 Py /08 bufter o8 | |
256k memory coll array 256k memory cel aray il I
+ Sense amp. A YO ks Sense amp_& UG bus ST
256k memory cell array 256k memory cell array il
Sense amp_ 8 VO bus § § Sense amp_§ VO bus 1
256k mempry cell array = 2= 256k memary cell array i
1—.{ l‘* v H L-a
1103 1fO3 bufler S| a5 & VO bus B £ Sores imp. & VO bus 1109 bufter ! 1709
258k memory cell array || = oY __ 256k memory cel anay |
- 1| & & Sede g EUObus __le*y?||
258k memory cell array § : '8 256k memary cell anay H
7 Senss srp. £VObus 8 ____,_Mm.bus___ni?i+
/06 butfer fe—4 250k mormony A aney 5 18 250 mermory ceb ey 5 1/012 butfer #—1/012| |
Sonse amp. 6 V0 bus 2 kY Senes amo. & VO bus hra di i
256k rosmory ce¥ array (=] (<} 256k mesmory cel amay ‘_L :
¥ Sarse amp. § 1O bus @ x Sense wnp. & KO bus Suy
258k memovy celt array ¥77__7_2§0kmsmoryulanay B 5
Sarve amp, & 10 bys Sorse o QO bus __ Mi
yo7 WOT7 bufter ¢ 256k mamary cell arey 256k memory ool aray Pla #1013 butfer WO13) |
Fol Sense amp_ & VO us Senee amp_ & VO bus ; !
! 256K memory cell anay 256k memory el aray | t
be > Sonse @m0 AUODGs Lt
256k memory celt amay : U
g onns Sense amp. 8 VO bus et
258k mernory cell array
e Bansa amp. & VO bus et
f
Column address buffer [ | Row address buffer
*

t

Address AQ to A7 . HM51W161658 ]

1

Address A to A9: HM51W181658 |

Address A0 to A11: HM51W16165B
Address AQ to A9 HM51W181658

wh
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Truth Table
RAS LCAS UCAS WE OE Qutput 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*? D Open Lower byte Early write cycle
L H L L2 D Open Upper byte
L L L L*? D Open Word
L L H L*? H Undefined Lowerbyte Delayed write cycle
L H L L2 H Undefined Upper byte
L L L L** 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 HtoL LtoH Vvalid  Word
[ H H D D Open Word m-énly refresh cycle
HtoL H L D D Open Word CAS-before-RAS refresh cycle or
HioL 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: HorlL

2. twes 20ns 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 LCAS inactive edge.)
However write OPERATION and output HIZ control are done independently by each UCAS,

LCAS.

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

Parameter Symbol Vaiue Unit
Voltage on any pin relative to V4 Vi ~0.510 Vo + 0.5 (< 4.6 V (max)) Vv
Supply voltage relative to Vg, Vee o -05t0 4.6 \
Short circuit output current lout 56 mA
wPower dissipation P, o 1.0 S w
Operating temperature Topr - 0to +70 °C
Storage temperature Tsig o ":35 to+125 °C

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

Parameter Symboi Min Typ Max Unit Notes
Supply voltage Vee 3.0 3.3 3.6 \Y 1,2
Input high voltage ; ‘V,Hii\ 20 o Voo +0.3 Y, 1
Input low voltage Vi o -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 voitage with all V4
pins must be on the same level.

HITACHI!

-~
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DC Characteristics
(Ta=010 +70°C, Vo, =33 V0.3V, Vi =0 V) (HM51W16165B Series)

HM51W16165B
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*’ ** leey — 100 — 90 — 80 mA [ty =min
Standby current loes - 2 — 2 —_ 2 mA  TTL interface
RAS, UCAS,LCAS =V,
Dout = High-Z
— 1 — 1 —_ 1 mA  CMOS interface
RAS, UCAS,
LCAS 2V, -02V
Dout = High-Z
Standby current lece — 150 — 150 — 150 uyA CMOS interface
(L-version) RAS, UCAS,
LCAS 2V, .-02V
Dout = High-Z
RAS-only refresh current*® |, - 100 — 90 — 80 mA tz=min
Standby current*' lecs — 5 — 5 — 5 mA RAS =V,
UCAS,LCAS =V,
Dout = enable
CAS-before-RAS refresh loce — 100 — 90 — 80 mA tp=min
current
EDO page mode current*" ** I, — 130 — 115 — 100 mA t,..=min
Battery backup current™ lecio — 400 — 400 — 400 pA CMOS interface
{Standby with CBR refresh) Dout = High-Z
(L-version) CBR refresh: t,. = 31.3 us
thas £ 0.3 us
Self refresh mode current loe — 250 — 250 — 250 upuA CMOS interface
{L-version) RAS, UCAS,
LCAS <02V
Dout = High-Z
Input leakage current L, -10 10 -10 10 -10 10 pA OV<Vin<46V
Output leakage current o -10 10 -10 10 -10 10 pA OV<Vout<46V
Dout = disable
Output high voltage Vou 24 V., 24 V, 24 V. V High lout = -2 mA
Output low voltage Vo 0 04 O 04 0 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..
Address can be changed once or less while UCAS and LCAS = V,,,.
4. V2V, -02V,0V<V, <02V.

©
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DC Characteristics

(Ta=0t0+70°C, V=33V 03V, V,=0V)HM51W18165B Series)

HM51W18165B
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*" *? beer — 170 — 150 — 130 mA t,.=min
Standby current loco — 2 — 2 — 2 mA  TTL interface
RAS, UCAS, LCAS =V,
Dout = High-Z
— 1 — 1 — 1 mA  CMOS interface
RAS, UCAS,
LCAS 2V, - 0.2V
Dout = High-Z
Standby current loco — 150 — 150 — 150 pA CMOS interface
(L-version) RAS, UCAS,
LCAS 2V . -02V
Dout = High-Z
RAS-only refresh current”® |, — 170 — 150 — 130 mA t,.=min
Standby current*’ lecs — 5 — 5 — 5 mA RAS =V,
UCAS, LCAS =V,
Dout = enable
CAS-before-RAS refresh lecs — 170 — 150 — 130 mA t,.=min
current
EDO page mode current™ ** |, — 185 — 165 — 150 mMA t,c =Mmin
Battery backup current** lecto -— 400 — 400 — 400 pA CMOS interface
(Standby with CBR refresh) Dout = High-Z
(L-version) CBR refresh: t,c =125 us
taas < 0.3 us
Self refresh mode current I, -~ 250 — 250 -— 250 uA CMOS interface
(L-version) RAS, UCAS,
LCAS <02V
Dout = High-Z
Input leakage current L ~-10 10 -10 10 -10 10 pA O0OV<Vins46V
Output leakage current lo -0 10 -10 10 -10 10 pA OV<Vout<4s6V
Dout = disable
Output high voltage Vo 24 Vo 24 V. 24 V., V High lout=-2 mA
Output low voltage Voo 0 04 O 04 O 04 V Low lout =2 mA
Notes: 1. I depends on output load condition when the device is selected. i;; 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 V2V, -02V.0V<V, <02V
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Capacitance (Ta = 25°C, V=33V x03V)

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) Cro — 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.

10
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AC Characteristics (Ta=01t0 +70°C, V. =3.3 V0.3 V, V=0 V)*!#2 x5 %19 420

Test Conditions

* Input rise and fall time: 2 ns

e Inputlevels: 0V,3.0V

¢ Input timing reference levels: 0.8 V, 2.0 V
* Qutput timing reference levels: 0.8 V,2.0V
¢ Qutput load: 1 TTL gate + C, (100 pF) (Including scope and jig)

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

HM51W16165B/HM51W18165B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time the 104 — 124 — 144 — ns
RAS precharge time top 40 — 50 — 60 — ns
CAS precharge time tep 10 — g J— 15  — ns
RAS pulse width taas 60 10000 70 10000 80 10000 ns
CAS pulse width teas 10 10000 13 10000 15 10000 ns
Row address setup time Yasr 0 — 0] — o] — ns
Row address hold time toan 10 — 10 — 10 o ns
Column address setup tlme tasc 0 — 0] — 0o — ns 21
Column address hold time toan 10 — 13 — 1 5 — ns 21
RAS to CAS delay time trco 20 45 20 52 20 60 ns
RAS to column address delay time ., 15 30 15 35 15 40 ns
RAS hold time tre [ J— 18 — 20 — ns
TAS hold time B ty 48 — 58 — 68 — ns 23
CAS to RAS precharge time tone 5 — 5 — 5 — ns 22
6:5 to Din delay time toeo 15 — 18 — 20 — ns 5
OE delay time from Din tozo — — —_ ns 6
CAS delay time from Din tozc — — — ns 6
Transmon time (rise and fali) t; 50 50 50 ns 7
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Read Cycle

HM51W16165B/HM51W18165B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS taac — 60 — 70 — 80 ns 8,9
Access time from CAS teac — 15 — 18 — 20 ns  9,10,17
Access time from address tha — 30 — 35 — 40 ns 9,11, 1'7»
Access time from OE t;,; — 15 — 18 — 20 ns 9 o
Read command setup time thes - — —_ ns 21
Read command hold time to CAS  t,,, 0  — — —  ns 12,2
Read command hold time from FAS t,,,, 60 — 70 — 80 —  ns -
Read command hold time to RAS  tg, 5 — 5 — 5 — ns 12
Column address to RAS lead time  tq,, 30 — 3B — 40 — ns B
Column address to CAS lead time  tg,, 18 — PoJc R— 28 — ns -
CAS to output in low-Z tes — —_— 0 — ns
Output data hold time ;0: — — 3 — ns 27 '
Output data hold time from OF toro — — 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 teoo 15 18 — 20 — ns 5
Output data hold time from RAS ~ tyy 3 — 3 — 38 — ns 27
Output buffer turn-off to RAS tow — 15 — 15 — 15 ns 27
Qutput buffer turn-off to WE toez — 15 — 15 — 15 s
WE to Din delay time tuco 15— 18 — 20 — ns
RAS to Din delay time troo 15 — 18 — 20 — ns N

HITACHI
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Write Cycle

HM51W16165B/HM51W181658

-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 . / 1v :; — 15 — ns 21
Write command puise width tr 10 — 10 — 10 — ns )
Write command to RAS lead time  toy, 1 — 13 — 15 —  ns
Write command to CAS lead time  tg,, 10 — 13— 15 — ns 23
Data-in setup time tos 0 — 0] o 0 — ns 15,23
Data-in hold time ton 10 — 1‘3 — 15 — ns 15,23 )
Read-Modify-Write Cycle

HM51W16165B/HM51W18165B

-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 two 79 — 92 — 104 — ns 14 7
CAS to WE delay time te 34 — 40 — 44 — ns 14
Column address to WE delay time  t,,, 49 — 57 — 64 — ns 14
OE hold time from WE togn 15 — 18 — 20 — ns o
Refresh Cycle

HM51W16165B/HM51W18165B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) toe, 5 — 5 — 5 — ns 21
CAS hold time (CBR refresh cycle) te.q £ [0 J— 10 — 10 — ng 22
RAS precharge to CAS hold time  tan. o — 0 — 0 — ns 2 )
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EDO Page Mode Cycle

HM51W16165B/HM51W18165B

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode cycle time thec 25 — 30 — 35 — ns 25
EDO page mode RAS pulse width  tn.qp — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge g, — 35 — 40 — 45 ns 9,17
RAS hold time from CAS precharge 1, - J— 40 — 45 ns
Output data hold time from CAS low 1, 3 — 3 — 3 — ns 9,17
CAS hold time referred OE teor 10 — 13— 15 — ns
CAS to OE setup time teop 5 — 5 — 5 — ns
Read command hold time from thone 35 — 40 — 45 - ns
CAS precharge
EDO Page Mode Read-Modify-Write Cycle

HM51W16165B/HM51W18165B

£ -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode read-modify-write  t,.quce 68 — 79 — 88 — ns
cycle time
WE delay time from CAS precharge t.., 54 62 — 69 — ns 14
Refresh (HM51W16165B Series)
Parameter Symbol Max Unit Note
Refresh period ther 64 ms 4086 cycles
Refresh period (L-version) ther 128 ms 4096 cycles
Refresh (HM51W18165B Series)
Parameter Symbol Max Unit Note
Refresh period ther 16 ms 1024 cycles
Refresh period (L-version) taer 128 ms 1024 cycles

HITACHI
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Self Refresh Mode (L-version)

HM51W16165BL/HMS1W18165BL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (self refresh) thsss 100 — 100 — 100 — us
RAS precharge time (self refresh)  tges 110 — 130 — 150 —  ns o
CTAS hold time (self refresh) Aens 50 — 50 —  -50 —  ns -
Notes: 1. AC measurements assume t; = 2 ns.

2.

8.

9.

An initial 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).

Operation with the 1., (max) limit insures that 1., (max) can be met, t.., (max) is specified as
a reference point only; if taep 2 15, (Max) + t,, (max) - 1., (Max), then access time is controlied

exclusively by t.,.c.

controlled exclusively by t,,.
Either to, or t., must be satisfied.
Either ty,, Or 1y, must be satisfied.

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).

Assumes that t,, < ton (Max) and te,, < thao (Max). If t, o tg,, 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.

10. Assumes that ta, = thep (Max) and te, + to (Max) 2 ta,, + th, (Max).
11. Assumes that tps, = thap (Max) and toey + toae (Max) < o + tas (Max).
12, Either t,, or tys, must be satisfied for a read cycles.
13. toer (Max) and t,, (max) define the time at which the outputs achieve the open circuit condition
and are not referred to output voltage levels.
14, tyess tawnr towns tawn @Nd tepy are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if t,c 2 twes {min), the cycle is an early write cycle

15. These parameters are referred to UCAS and LCAS leading edge in early write cycles and to

16. thase defines RAS pulse width in EDO page mode cycles.
17. Access time is determined by the longest among t,,, tcac 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 t,g, = ., the /O pin will remain open circuit (high

and the data out pin will remain open circuit (high impedance) throughout the entire cycle; if
tawn = tawo (MIN), tows 2 towo (MIN), and tyy, 2 tys (MIN), OF toyp 2 tewo (MIN), tyyp = L (Min) and

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

terw = teow (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.

WE leading edge in delayed write or read-modify-write cycles.

impedance); if to,, <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 write/read cycles.
20 All the V; and V4 pins shall be supplied with the same volitages.
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21 tase: toam tacss twos: twon tese @Nd oo are determined by the earlier falling edge of UCAS or
LCAS.

22 temp, toum tacns tora @nd tep,, 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. 1, (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 (i, + tcs + 2 t;) becomes greater
than the specified t,,. (min) value.The value of CAS cycle time of mixed EDQ 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 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 t,, and t,,,, and between t,, and to.

28. Please do not use 1., timing, 10 us < a5 < 100 ps. During this period, the device is in
transition state from normal operation mode to self refresh mode. if .o, = 100 us, then RAS
precharge time should use tg,4 instead of tg;.

29. If you use distributed CBR refresh mode with 15.6 ps 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: HM51W16165B Series, 1024 cycles: HM51W18165B Series) of
distributed CBR refresh with 15.6 us interval should be executed within 64 or 16 ms (64 ms:
HM51W161658, 16 ms: HM51W18165B) 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, ali memory cells need to be refreshed before re-entering the self refresh mode
again.

32. )X HorL (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.

RAS \

UCAS \

LCAS

\

WE

\

=
-
-
-

Delayed write

Early write

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

—

LCAS

oy
%

-
-

tuL

_/

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

HITACHI
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Timing Waveforms**

Read Cycle
!
| tRC ol
y
— N : N
RAS ) A
X 7 N
lcsH . teRp -
tRCD tRSH -
tl tcas
L\ /
- §
_ trab | tRAL -
tcar
t i t t
dash. e asd <~9A_»11‘
; > 1
Address | Row | Column ; .
Y ! N
 IRRH_
tRCHR -
tacs 'RCH .
. \ ¥ N
WE X
twep
| |tpzd <. \cop
; ‘ <. \RDD -
| VAVAN
‘
< [tozo, | | Joey « toD
o X RXOXXN [ XXX
Il 7 A
- toez -
: ; t :
Jteac e o
AA - ton .
» tRac _ toFR .
" - >
<S5, -« JOHR
tWEZ a-»
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Early Write Cycle
- tRC
- tRAs | L tRp ]
-\ Y\
RAS N N
B £
- tcsH »| l<_tCRP .
tRep |, 'RSH .
7, . tcas
UCAS \ 74
LCAS K 7T
tasr| tRAH tasc! | tcaH
] |
Address Row Column
twes tweH
7 QOO000N
N 7
tps tpH
Din Din
High-Z**
Dout g
* OE : HorL

» twecs Z tweg(min)
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Delayed Write Cycle*"

- tRC .
- tRAS | 1. tRP
Y\
RAS N \
| g
» tcsH o el tcrp
e 'RCD ||, tRSH .
. » tCAS .
UCAS X& 7 |
LCAS " £ |
tASR| tRAH tascl | tcaH f
Address Row Column
tCWl_
tRwe

High-Z

Invalid Dout

HITACHI
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Read-Modify-Write Cycle*'®

tRwC -
'RAS | l<IRP
i
RAS N\ / \
tr | :
taRcb .. tcas - F;_ tcrp
N
UCAS g
LCAS BN 7
« [RAD |
i
t t it t
lasn] tRAH asg) | lea CAﬂj |
| 01 |
| L \
\/\ 8/
Address A (| D A Column &
' Y
, t
. tRCS! || |—o Ch Wb, ;
N tawp J tRWJ_ {
L tRwD o twp
- [ ol
y v \ A ANAA
WE >( \ /\ / 7 \ /NS ‘
IVAVAVAVAY v/ 7 VA
i i
! |
tpze | tp |
<—> |
e ‘
High-Z 4
i i
‘ toED! t
; <iozo| o e <OEHy
1 | : toEA
: IR
L W\XW\K / N
| A
a 7
| ‘ tCACA
| . taa loEZ
’ . tRAC . toHo
£\ High-Z
Dout 9
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RAS-Only Refresh Cycle
tRAS - tRP o
V \ 4 \
RAS / N \
t N
T
- tcrp tAPC tchRp
UCAS £ 3 ’
LCAS
tAsR_| | tRAH
Address Row ;&<
torFR
{OFF
5( High-Z
Dout

9
g

: Horl
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CAS-Before-RAS Refresh Cycle

RAS

UCAS
LCAS

1
‘1
. tRe tac .
. tRe ||, 'RAS tRp tRAS tRp §
/ \ 1 \ \
tt {
tRPC treg tcrp 1
< |tcp | | lesh| |icHR tcp | |1csR tCHR

A

toFR
et~
toFF
y High-Z

Dout } 'S

7
* OE,WE : HorlL
HITACHI
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Hidden Refresh Cycle
trc 'R L, 'RC -
- tRAS o 8P| [ tRAS| |iRR 'RAS || | RP
Y S
RAS R / \
N 7 K 7
tr
LRSH, tehr | || Ltere,
trcD
—_— l———
UCAS %X 7
LCAS K 7
< \RAD T tRAL
taspl [IRAH  tascl | tcaH |
7
trcs - 'tF‘Ft‘H
- > RCH
pr— [ -1
WE N
twED
_tDZCV -
. | tcop
) ~ tRDD
X High-Z >
Din y \
tpzo tOED
tOEA
OE [ X X X X X X X XN W;i
X il
JCAC toEz
1AA - twEZ
. tRAC . lorFe oro
tcLz L toH,
Dout Dout 5_
7
torFR
toHR
HITACH!
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EDO Page Mode Read Cycle
trp
_ t
RAS ] tRASP HPC FT 1
- ' |
N ¢ thpe Thpe tepaM tcrp
T CSH icp | tce YCP i tagn
f—ﬂ s x
UCAS . tcas | tcas tcas X tcas ||
CAS - tRCHR - 'Rcsi tRCHC .
RCS RCH
= =~ i "’t\RCH
" LY | Y | | GO0
H
| taaL i
tash amd PAH ASC] tcad | | asc) o tasg tcan. tasc | |LICAH (IWED |
| ] AF— i : 1 rlx X
5 1) 1 S KADI  EA AN
= ik ' ! T
i tcal i | teal ! l teat | 1T teal “
| | | =1+ tRDD
tozc 1 | | . tcop
Din iYa High-Z f : / /
l : : ! \
1bz0 tco, tcop | |
— ‘ == OED
Ok N' ! - ;x 4 YAV
toEA U tepa !‘; | lcpa | 'oFR |
‘ taa | || tcpa \ - lonR |
ICAG. ‘ tcAC [oFz REARY AL - loez |
taa wez T o - llteag lcAG s topo |
e ™ ltoea b U |
OFF
. tRAC | = toon| L toEA e ton
2 =S [ L 4 r i \ :
Dout | Dout {Dout 2| Doutzg Ypout 3}———{ D@——‘
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EDO Page Mode Read Cycle (2CAS)

tap
_ ¢ e
RAS o RASP '_;l[
» i
t Los : thpc . tHPC : thpe tcRp |
cP : __QP. CP thsH [
LCAS 'CAS_*__L &_ﬂ,_, tcas _,_,z '\j tcas *Z
> ' | trcrc
chs ! : :RRH
et 1 =—a IRCH ‘
w T i
/ ; &
: | | Hpa | |
tash el [RAHIASG l:}CAH | tasc {'CAH | tA_s_a tCAH. tascul LioAH | 11 twep |
e - e H < i
Address m Rowm Column 1 z Column 2 Column 3 Column 4 Y‘\W\){ X/\\
A ‘ O ! ‘ \ \
t Mt ‘* t
CAL | | tcar | CAL
‘ o I e e t tROD
‘ ; CAL
tnzc; ; = tCDD
i | ! -
) ﬁ High-Z | | AV
on AN [ | s A
tozo ’ tcou tcop
; o o] tOED
[ ;
[U— \ Y i /
e TR n ML
[ !, tcpa | I 'cpa YorR |
; Lo t i P ! ; { t !
Lt i 1!0521: | tha ] o
‘ M LJCAC e toEz =] OEz
3 Lt HO . lcag ~= tono |
| ‘poH tOEA | - el torF |
—tRAC_ il 4 o ‘ ton
‘ HO! e
L Dout Dout 1 X:XDout 2}— Dout 2 I Dout 4 ——
o CPA,
; tcac toea
[ 1 3 T boua |
U Dout \ Dout 1 SDout { Doutd ——
HITACHI
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EDO Page Mode Early Write Cycle

RAS

tt

UCAS
LCAS

tRASP . tmp
N A L
tcsH tHPC {RSH ‘
tRCD tcas tcp tcas | tep tcas | tcRP ‘
NN/ \j
N/ T :

tasg |fcan tasg fcaH

Column 2 Column NWW

twes| [tweH twes | |tweH twes | [tweH

Din

High-Z**

* OE : HorL
** twces = twes (min)
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EDO Page Mode Delayed Write Cycle*'®

| 9 tRASP N ‘
1
N |
RAS |
\( 7 \_
trl e toR) i 1R o 'cRP)
tesH - tHPC . tASH
_Rcp tcas . 'CAS | . fcas
UCAS #X ZDX N Zf
LCAS K 7 N 7 N 7
tAsc ol lolASC JIASC
tcan tcan | tecaH
Column 1 | Cotumn 2 Column N
! N
tew| tewe tewe
-
tRw
tacs, | trcs tacs
7 \ N
OO0 H x /XX
twp twp twp ‘
Lat T T L
| | |'pzctps| _, | tpzc tbs tozc tpg
=IDH . tDi . )]
. 7 Gm 65n N /‘lSin
D|n XXXE}_ 1 57 2 N
K N
tpzo tpzo tpzo
> > —> »
toED toED tOED
—
| tOEHle» LOEHIe— {OEH e+
. _ 7 / ) y y
OE N J N /]
tclz, | t fciz, |, t tcz, |, :
L JoEz S JoEZ ol 1lOEZ
High-Z
Dout
E‘ Invalid Dout invalid Dout Invalid Dout
HITACH]
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EDO Page Mode Read-Modify-Write Cycle*™

r

< 'RASP .
N
S\ L
RAS
i 72 N
tt [ - tHPRWC N
tep, [ | fcp o« !RSH tcRP
<BCD |, lcas . 'CAS . lcas
oS It 7\ 7 i
LCAS N 7 X 7
tRAD
ASR, | tAsG tasc oLl LASC
trAH tcaH tcan tcaH
Address Row Column 1 | Column 2 Column N
tawp  (tewd tcpw towd tcpw tcwg
< ro- = - ot} 2
tawp tawp tAwD | |,
tcwp | [trosl | |, towp | ftRos) f | tewp | | 'RWL
\ . N 4 N
XX | LA XK
trcs twp L twp twp »
bt » T et L
L tozc tos, tozc DS | tpzc DS,
toH foH toH
N ‘6: N 6 i
Din ¥ 1 /] | 2 / (N

toE toep toED
tpzo| | | £ tpz [ —> tpz |
LOEH le-»] LOEH e 1OEH<—»
A / 4 )
DO IRNAY IRNAY RV
I Z toHo rd toHo } N {OHO
toEA LN tOEA LOEA [e>
tCACe» tCAG«—» tCAQ >
‘AAE: > thsle tasl <>
“~—taac topale tcpal« >
la e
tciz | _L[|lorz  tciz N loez  taZ| loez
a A ALK High-Z
Dout / % p %
W K7 K
Dout 1 Dout 2 Dout N
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EDO Page Mode Mix Cycle (1)

trp
T t F
AS RASP 7 '
X - (.
‘ lcrp
tr [ tcp tcp tcp
_ 3 3 p T
UCAS tcas \._ tcas Ne teas o Nteas i)/ ‘
[CAS H ; C £ ]
CSH tRsH
¢
‘WCH “¢ﬁ_—~_’ %tRCS e tgg:
w T Wi
JATAR 1 - |ltawp =3 v /
¢ i tRAL
tASR lea! “tﬁ,\ﬁsf, tcaAH tasc | [tcan | tﬁ?(_ﬁ tean tascl, . toan
Address @ Howm Column 1 Column ZWCNumna Column 4><><><>< BC)<
N 3 Ty T T T %
| i i : i ! . :
| eAL ! [ iteal : tRDD
, t A
| tos DH% +——{ 1CDD
) High-Z f ll ‘ \Z§7
Din : Din 3)- >(
' oep ' ?
T S wep
OE ! S Y
‘ o0 JAAAMA
| t | || teea —1 loFR |
{ ™ tcPA { | tan ez
AA 1 toez A oy |
toEA taa s 'CAC OEZ :
+ .; - ~— toHo |
IcAG [04¢ |tono toea ey |
tDOHM ] P : OFF
b
Dout Dout 2
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EDO Page Mode Mix Cycle (2)
L T
RAS trasp 7: L
t \ tcrp
T CSH tcp tcp tcp
UCAS L. toas tcas L tcas \ 'cas Z
CAS taco g 2 » :
tacHR X tRsH
tacs tacn wes| tWCH\ tRCS RCS «:gg:
- 3 r 1 /
w T S
IE z e tRAL !
: ] uin
ascl| t ‘ : ! o |
tASR loe] ‘R&i._ﬁ.:@ﬂ’! #‘3‘5] l‘iﬁH | tisﬁ. tcan | taso tcan i
Address @( Row Column 1 Column 2 /<>C Column 3 Column 4 ‘ W
1 [~ \ t hY
f
toal | tcal H tcaL |
3
| -t tADD
tcoD |
I /
Din High-Z ;b ;XN){
TATAIAN
-~ twep
! tz A
: ‘**H»*! torR
tan : ‘ - twez
e 'CtOEA ; i'ﬁ ez |
AC i |
SAG = toHo
_tRac . —
tono!™™] b otono HOEA S :OFF
Dout /) N f . :
L Dout 1 7{* m \ Dout 4 ‘

31



HMS51W16165B Series, HMS1W18165B Series

Self Refresh Cycle (L-version)* 23031

tRp tRASS - tRPs
/ N\
RAS / ( | \
tt
trec | loRp
tep | tcsh teHs i
UCAS 4 ¥ l
LCAS /
JoFR
< IOFF
\ High-Z
Dout } 9
- 7

“Address, OE, WE: HorlL
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Package Dimensions

HM51W16165BJ/BLJ Series
HM51W18165BJ/BLJ Series (CP-42D) Unit: mm
27.06
27.43 Max
42 22
nintatfaiatnisinininisininivinininininining
ore
ol o
) H +
[{e] [+ 0}
S| -
00 J 0 O 0 0O O 000 0 O O IR I 1 O . 2
1 21
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(<o
Y o~
< b
+
£ +H
1.3 Max 3 = o
o 0 e}
Al g o
| - ) ]
0.4320.10 ‘[ | 127 9.40+0.25
I

33



HM51W16165B Series, HM51W18165B Series

HMS51W16165BTT/BLTT Series

HM51W18165BTT/BLTT Series (TTP-50/44DC) Unit: mm
20.95
21.35 Max
50 40 36 2
ANRARNAARNNR ANAARAARARR
©
=

O

FAUTATRIAVATAT] i UV TyyIvY

1 11 15 05
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0.27+0.07 || |$013 M 11.76 + 0.20
Y ,F:)\ °
5 5 —0-5
0 W — m
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2 [7]0.10 | 7 gl ©
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O -
05+£01 | |
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I‘When using this document, keep the following in mind:
' 1. This document may, wholly or partially, be subject to change without notice.

‘2. Allrights are reserved: No one is permitted to reproduce or duplicate, in any form,
the whole or part of this document without Hitachi’s permission.

3. 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.

4. 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. :

‘5. No license is granted by implication or otherwise under any patents or other rights of

' any third party or Hitachi, Ltd.

6. 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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