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Description

The Hitachi HM51W 16165 Series, HM31W 18165 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. HM31W16165 Series, HM351W 18165 Series offer Extended Data Out (EDO} Page Mode as a
high speed access mode. They have package variations of standard 400-mil 42-pin plastic SOJ and 400-mil
50-pin plastic TSOP.

Features

o Single 3.3V (£0.3 V)
*  Accesstime: 50 ns/60 ns/70 ns (max)
* Power dissipation
— Active mode  :396 mW/360mW/324 mW (max) (HM31W16165 Series)
1684 mW /612 mW /540 mW (max) (HMS51W 181635 Series}
— Standby mode : 7.2 mW (max)
: 0.54 mW (max} (L-version}
+ EDO page mode capability
* Refresh cycles
— 4096 refresh cycles: 64 ms (HM51W16165 Series)
: 128 ms (L-version}
— 1024 refresh cycles: 16 ms (HM51W18165 Series)
: 128 ms (L-version}

s 4 variations of refresh

— RAS -only refresh a
— CAS -before-RAS refresh p ,{\\\
— Hidden refresh ) r\’j'"”
— Self refresh (L-version) \\\ \/‘ o
¢ 2CAS-byte control \> R
* Battery backup operation (L-version} ’ ‘\// g
F \\//’

This Material Copyrighted By Its Respective Manufacturer




HMS1W1616S Series, HM51W1816S Series

Ordering Information

Type No. Access time Package
HM51W16165J-5 50 ns 400-mil 42-pin plastic 80J (CP-42D)
HM51W16165J-6 60 ns
HM51W16165J-7 70 ns
HM51W16165LJ-5 50 ns
HM51W16165LJ-6 60 ns
HM51W16165LJ-7 70 ns
HM51W18165J-5 50 ns
HM51W18165J-6 60 ns
HM51W18165J-7 70 ns
HM51W18165LJ-5 50 ns
HM51W18165LJ-6 60 ns
HM51W18165LJ-7 70 ns
HM51W16165TT-5 50 ns 400-mil 50-pin plastic TSOP Il (TTP-50/44DC)
HM51W16165TT-6 60 ns
HM51W16165TT-7 70 ns
HM51W16165LTT-5 50 ns
HM51W16165LTT-6 60 ns
HM51W16165LTT-7 70 ns
HM51W18165TT-5 50 ns
HM51W18165TT-6 60 ns
HM51W18165TT-7 70 ns
HM51W18165LTT-5 50 ns
HM51W18165LTT-6 60 ns
HM51W18165LTT-7 70 ns
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HMS1W16165 Series, HMS1W 18165 Series

Pin Arrangement

HM51W16165J/L) Series HM51W16165TT/LTT Series
I
Vee L] 1 42| vag vee 10 50 1Vsg
oo ]2 49171015
oo || 2 41|l o015 o1 O3 28 o4
ro1 |3 40| Jio14 E4 %
Iy 39| 1013 o2 =T
17102 1703 5 4611012
o3 [ |5 38|_] 012 Vee L6 45%\/33
vee L6 37| vsg o4 []7 44117011
voa [ || 7 36 ||| 11011 o5 L8 4311010
o5 || 8 35| 11010 1706 |9 42[ 1109
voe [_||9 34| |09 1707 L] 10 41 %IJOB
1707 [ 10 33| ] ivos NC L1 40 INC
NC [l 11 32| Ine
NC 12 31 ] icAs
Ne [] | CCAS Ne 115 36 NG
WE [ || 13 30| ] UCAS =
il haet NC E16 SS%LCAS
RAS[ ]| 14 29| 1GE wE 17 341 UCAS
A1 [][15 28| ] A9 RASL |18 33| OF
A10 [ _|l18 27| ] a8 a11 []19 320 ] A9
A0 [ |17 26| | A7 A10 [ 20 31_1A8
A1 [ |18 25| ] Ag A0 21 301 A7
A2 [ |19 24| ] A5 A1 22 29[ A6
sOe  now sER s
Voo L] 21 22| Jvgg A3
Voo 25 26 1vgg
{Top view) {Top view)
Pin Description
Pin name Function
AO0to A1 Address input
AOto A11
« Row/Refresh Alto A7
address

s Column address
1/0010 1/015  Data input/Data output

RAS Row address strobe
UCAS, LCAS  Column address strobe
WE Read/Write enable

OE Qutput enable

Vo Power supply

Vs Ground

NC No connection

HITACHI
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HMS1W1616S Series, HM51W1816S Series

Pin Arrangement

HM51W18165J/LJ Series HM51W18165TT/LTT Series
W
Vccl: 1 42 :‘ Vag VCC E 1O 50 j Vss
1700 [ 2 49[ ] 11015
l7oo[ || 2 41| | 1o1s o1 3 45 ] 11014
o1 3 40| ] 1014 102 [T 4 47[] 11013
1102 ]| 4 39| ] 1013 1103 = 5 46 ] 11012
1703[ || 5 38| ] 11012 Voo EG 45%\!33
Ve[l 37| ] Vgg 1104 7 a4 [ ] 10N
/o4l | 7 36| ] 11011 1705 g 43 ] /010
1105 || 8 35| ] 1010 1706 [ g 42[ ] /09
1706 _| 9 34| ] 109 1107 ] 10 4108
07| 10 33| ] wos NG 40 JNC
NC [ ]l 11 32| ] NC
NC []112 31| | LCAS NC 45 26 NG
E[ ]13 30| | UCAS NC [CAS
et NC [M1e 35 ]
RAS[ || 14 29| | OF WE 17 34 ] UCAS
NC [ ]/15 28| | A9 RAS [18 a3 ] OE
NC [[16 27| ] A8 NC [T 19 32 | A9
A0 [[17 26| | A7 NC [T 20 31 ] A8
A1 []|18 25| A6 2‘13 ] 21 30 ] A7
A2 [ |19 24| ] A5 " ] 22 29[ ] A6
A3 [ 20 23(] A4 " E23 23%2:
24
Ve [ 21 22| ] Vg Voo [ 27]\;
CC 25 26 55
{Top view) {Top view)
Pin Description
Pin name Function
AO0to A9 Address input
+ Row/Refresh ig :2 ig
address
s Column address
1/0010 1/015  Data input/Data output
RAS Row address strobe
UCAS, LCAS  Column address strobe
WE Read/Write enable
OE Qutput enable
Vo Power supply
Vs Ground
NC No connection
4
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HMS1W16165 Series, HMS1W 18165 Series

Block Diagram (HM51W 16165 Series)

RAS UCAS LCAS WE OFE
Timing and control
Al  E— Column decoder
—
A1 Column 1M array =
. 1M array —
o . address TM array =3
. | buffers 1M array =
- 1M array —
AT 1M array =
- 1M array -
. 5 1M array = 1100
. § 1M array | /O huffers to
= 1M array - > 1015
: R % 1M array —
aw | = 1M array —
address | 1M array =
I —
AR » buffers 1M array =
e TM array =
A0 —— P 1M array =
A1l —— P
Block Diagram (HM31W18165 Series)
RAS UCAS [CAS WE ©CE
Timing and control
AD EEEE— Column decoder
-
Al Column 1M array ¢
. 1M array —
o . address TM array e,
. | buffers 1M array =
- 1M array =
A9 1M array =
- 1M array (=}
5 1M array = Voo
. § 1M array —» /O buffers to
. o 1M array = 015
. Row g 1M array =
address | .| & 1M array —
buffers —— 1M array —
1M array =
1M array —
1M array -

Truth Table

HITACHI
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HMS1W1616S Series, HM51W1816S Series

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 L*? D Open Upper byte

L L L L*? D Open Word

L L H L*? H Undefined Lower byte Delayed write cycle

L H L L*? 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 Valid 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: HorL
2. t,.; =0ns Early write cycle
t..s < 0ns 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-BAS refresh cycle is selected.

HITACHI
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HMS1W16165 Series, HMS1W 18165 Series

Absolute Maximum Ratings

P arameter Symbol Value Unit
Voltage on any pin relative to V., vV, -05to V. +0.5 (< +H.6V (max)) v
Supply voltage relative to V', Vi -05t0 H.6 v
Short circuit output current lout 50 mA
Power dissipation P 1.0 W
Operating temperature Topr O0to +70 °C
Storage temperature Tstg -551t0 +125 °C
Recommended DC Operating Conditions (Ta= 0 to +70°C)

P arameter Symbol Min Typ Max Unit Notes
Supply voltage Vi 3.0 3.3 36 v 1,2
Input high voltage Vi, 2.0 — V.+03 WV 1
Input low voltage V. -0.3 — 0.8 v 1

Notes: 1. All voltage referred to V..

2. The supply voltage with all vV .. pins must be on the same level. The supply voltage with all V...,
pins must be on the same level.

This Material Copyrighted By Its Respective Manufacturer
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HMS1W1616S Series, HM51W1816S Series

DC Characteristics

(Ta=0to +70°C, Ve = 3.3 V0.3V, Vg = 0 V) (HMS1W16165 Series)

HM51W16165
-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*" ** oo — 110 — 100 — 90 mA tn; = min
Standby current loca - 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 loca — 150 — 150 — 150 LA CMOS interface
{L-version) RAS , UCAS,
LCAS =V . -02V
Dout =High-Z
RAS-only refresh current™ locs — 10 — 100 — 90 mA t.. = min
Standby current™’ locs — 5 — 5 — 5 mA RAS =V,
UCAS,LCAS =V
Dout = enable
CAS-before-RAS refresh loca — 10 — 100 — 90 mA t.. = min
current
EDO page mode current™ ** | — 105 — 95 — 85 mA t,rc =min
Battery backup current™ - — 400 — 400 — 400 pA CMOS interface
{Standby with CBR refresh) Dout =High-Z
{L-version) CBR refresh: t,. = 31.3
LS
tose 0.3 ps
Self refresh mode current — 250 — 250 — 250 LA CMOS interface
{L-version) RAS , UCAS,
LCAS =0.2V
Dout =High-Z
Input leakage current I, -10 10 -10 10 =10 10 LA 0V =Vin=46Y
Output leakage current I -10 10 -10 10 =10 10 LA 0V <Vout<4.6V
Dout = disable
Output high voltage Vo 24 V.. 24 ¥V 24 V. V High lout = =2 mA
Output low voltage Vo 0 04 0 04 0 04 V Low lout = 2 mA

Notes: 1. |.. 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=V, -02V. 0V =V <02V,

This Material Copyrighted By Its Respective Manufacturer
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HMS1W16165 Series, HMS1W 18165 Series

DC Characteristics
(Ta=0to+70°C, Ve =33V 0.3V, Vg = 0V) (HMS1W18165 Series)

HM51W18165
-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*" ** oo — 190 — 170 — 150 mA tn; = min
Standby current loca - 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 loca — 150 — 150 — 150 LA CMOS interface
{L-version) RAS , UCAS,
LCAS =V, .- 0.2V
Dout =High-Z
RAS-only refresh current™ locs — 190 — 170 — 150 mA t.. = min
Standby current™’ locs — 5 — 5 — 5 mA RAS =V,
UCAS,LCAS =V
Dout = enable
CAS-before-RAS refresh loca — 190 — 170 — 150 mA t.. = min
current
EDO page mode current™ ** | — 185 — 165 — 145 mA t,rc =min
Battery backup current™ - — 400 — 400 — 400 pA CMOS interface
{Standby with CBR refresh) Dout =High-Z
{L-version) CBR refresh: t,. =125
LS
tose 0.3 ps
Self refresh mode current — 250 — 250 — 250 LA CMOS interface
{L-version) RAS , UCAS,
LCAS =0.2V
Dout =High-Z
Input leakage current I, -10 10 -10 10 =10 10 LA 0V =Vin=46Y
Output leakage current I -10 10 -10 10 =10 10 LA 0V <Vout<4.6V
Dout = disable
Output high voltage Vo 24 V.. 24 ¥V 24 V. V High lout = =2 mA
Output low voltage Vo 0 04 0 04 0 04 V Low lout = 2 mA

Notes: 1. |.. 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, =V, -02V,0V=V <02V,

HITACHI
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HMS1W1616S Series, HM51W1816S Series

Capacitance (Ta=25°C, V=33V 0.3V)

P arameter 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) C — 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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HMS1W16165 Series, HMS1W 18165 Series

AC Characteristics (Ta=0to +70°C, V.. =33V £ 0.3V, V=0 V)*l 2 5l8 %15 520

Test Conditions

+ TInput rise and fall time: 2 ns

+ TInput levels: 0V, 3.0V

* TInput timing reference levels: 0.8 V, 2.0V

* Qutput timing reference levels: 0.8V, 2.0V

+ OQutput load: 1 TTL gate + C {100 pF) (Including scope and jig})

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

HM51W16165/HM51W18165

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time to: 84 — 104 — 124 — ns
RAS precharge time toe 30 — 40 — 50 — ns
CAS precharge time t.. 8 — 10 — 13 — ns
RAS pulse width b 50 10000 60 10000 70 10000 ns
CAS pulse width | PR 8 10000 10 10000 13 10000 ns
Row address setup time | 0 — 0 — 0 — ns
Row address hold time | P 8 — 10 — 10 — ns
Column address setup time | G 0 — 0 — 0 — ns 21
Column address hold time | P 8 — 10 — 13 — ns 21
RAS to CAS delay time toco 12 37 14 45 14 52 ns
RAS to column address delay time 1, 10 25 12 30 12 35 ns 4
RAS hold time toon 10 — 13 — 13 — ns
CAS hold time toe 3 — 40 — 45 — ns 23
CAS to RAS precharge time tone 5 — 5 — 5 — ns 22
OE to Din delay time oo 13 — 15 — 18 — ns 5
OE delay time from Din toz0 0 — 0 — 0 — ns 6
CAS delay time from Din tozo 0 — 0 — 0 — ns 6
Transition time (rise and fall) t, 2 50 2 50 2 50 ns 7

11
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HMS1W1616S Series, HM51W1816S Series

Read Cycle

HM 35116165/ HMS51VW18165

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS | P — 50 — 60 — 70 ns 8,9
Access time from CAS | P — 13 — 15 — 18 ns 9,10,17
Access time from address t.. — 25 — 30 — 35 ns 9,11, 17
Access time from OF toca — 13— 15 — 18 ns 9
Read command setup time tocs 0 — 0 — 0 — ns 21
Read command hold time to CAS  t,,, 0 — 0 — 0 — ns 12,22
Read command hold time from (- 50 — 60 — 70 — ns
RAS
Read command hold time to RAS  t,,, 0 — 0 — 0 — ns 12
Column address to RAS lead time 1, 25 — 30 — 35 — ns
Column address to CAS lead time 1, 15 — 18 — 23 — ns
CAS to output in low-Z to 0 — 0 — 0 — ns
Output data hold time to. 3 — 3 — 3 — ns 27
Output data hold time from OF tous 3 — 3 — 3 — ns
Output buffer turn-off time toer — 13 — 15 — 15 ns 13,27
Output buffer turn-off to OF - — 13 — 15 — 15 ns 13
CAS to Din delay time tooo 13 — 15 — 18 — ns 5
QOutput data hold time from RAS P 3 — 3 — 3 — ns 27
Output buffer turn-off to RAS torm — 13 — 15 — 15 ns 27
Qutput buffer turn-off to WE  f— — 13 — 15 — 15 ns
WE to Din delay time 13 — 15 — 18 — ns
RAS to Din delay time tooo 13 — 15 — 18 — ns
RAS next CAS delay time tanco 50 — 60 — 70— ns
12
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HMS1W16165 Series, HMS1W 18165 Series

Write Cycle

HM 35116165/ HMS51VW18165

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time | S 0 — 0 — 0 — ns 14, 21
Write command hold time S 8 — 10 — 13 — ns 21
Write command pulse width | . 8 — 10 — 10 — ns
Write command to RAS lead time  t,,, 8 — 10 — 13 — ns
Write command to CAS lead time  t,, 8 — 10 — 13 — ns 23
Data-in setup time P 0 — 0 — 0 — ns 15,23
Data-in hold time ts 8 — 10 — 13 — ns 15,23

Read-Modify-Write Cycle

HM51W16165/HM51W18165

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time P M1 — 135 — 161 — ns
RAS to WE delay time touo 67 — 79— 92 — ns 14
CAS to WE delay time touo 30 — 4 — 40 — ns 14
Column address to WE delay time 42 — 49 — 57 — ns 14
OE hold time from WE toes 13— 15 — 18 — ns

Refresh Cycle

HM51W16165/HM51W18165

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) ., 5 — 5 — 5 — ns 21
CAS hold time (CBR refresh cycle) t,, 8 — 10 — 10 — ns 22
RAS precharge to CAS hold time 1., 5 — 5 — 5 — ns 21
13
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HMS1W1616S Series, HM51W1816S Series

EDO Page Mode Cycle

HMS51W16165/HMS51 118165

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode cycle time tec 20 — 25 — 30 — ns 25
EDO page mode RAS pulse width  t,,.. — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge  t;., — 30 — 35 — 40 ns 9,17, 22
RAS hold time from CAS precharge t..., 30 — 3B/ — 40 — ns
Output data hold time from CAS low t,, 3 — 3 — 3 — ns 9
CAS hold time referred OF too 8 — 10 — 13 — ns
CAS to OF setup time tooe 5 — 5 — 5 — ns
Read command hold time from PR 30 — 3B/ — 40 — ns
CAS precharge
EDO Page Mode Read-Modify-Write Cycle

HMS51W16165/HMS51 118165

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
EDO page mode read-modify-write ... 57 — 68 — 79 — ns
cycle time
WE delay time from CAS precharge t., 45  — 54 — 62 — ns 14, 22
Refresh (HMS51W161635 Series)
P arameter Symbol Max Unit Note
Refresh period (- 64 ms 4096 cycles
Refresh period (L-version) (- 128 ms 4096 cycles
Refresh (HMS51W181635 Series)
P arameter Symbol Max Unit Note
Refresh period (- 16 ms 1024 cycles
Refresh period (L-version) (- 128 ms 1024 cycles
14
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HMS1W16165 Series, HMS1W 18165 Series

Self Refresh Mode (L-version}

HM51W16165L/HM51W18165L

-5 -6 -7
P arameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (self refresh) | PR 100 — 100 — 100 — LS 28, 29, 30,
31
RAS precharge time (self refresh) t,.. a0 — 110 — 130 — ns
CAS hold time (self refresh) P -50 — -50 — -50 — ns
Notes: 1. AC measurements assume t, =2 ns.

2.

10
11
12.

13.1

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 t.; (max) limit insures that t_,. (max) can be met, t,., (max) is specified as a
reference point only; ift., = t.., (max) +1,, (max) —t... (max), then access time is controlled
exclusively by t,...

Operation with the t.,, (max) limit insures that t,,. (max) can be met, 1., (max) is specified as a
reference point only; if t.,, is greater than the specified t.,, (max) limit, then access time is
controlled exclusively byt,,

Either t, ., ort.,, must be satisfied.

Either t., ort,.. must be satisfied.

. ¥, (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 thatt, , <t,., (max) andt.,, =t.., (max). Ift,., ort.,, 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 thatt, , = t,., (max) andt, , +t... (max) =t +1,. (max).
.Assumes thatt,,, = t,., (max) and ., +t... (max) <t,., +1,. (max).

Either t, ., ort.., must be satisfied for a read cycles.

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

tics tewos towos Lawn @Nd toy, @re not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if t,,.. = 1,,.. (min), the cycle is an early write cycle
and the data out p|n will remain open cwcuﬂ {high |mpedance) throughout the entire cycle; ift,,,
= tﬂwn (mm) tcmu[: = cmrn (mm) and tA\nu[: = Amrn (mm) or tcmu[: = cmrn (mm) tA\nu[: = A\.I'U'D (min) and tcpw z
t.q (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.

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.

t..c- defines RAS pulse width in EDO page mode cycles.

.Access time is determined by the longest among t,.,t... andt...

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

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 V, pins shall be supplied with the same voltages.

15
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HMS1W1616S Series, HM51W1816S Series

21.
22.

23

24.

25.

26.

27.

28.

29.

30.

31.

32.

16

t

t
Ao tons os @nd t,,. should be satisfied by both UCAS and LCAS.
t

t

ssos Yoans Yacss Lioss Yuons tosp @Nd Lo are determined by the earlier falling edge of UCAS or LCAS.
cres Youre tecns ops @Nd 1., @re determined by the later rising edge of UCAS or LCAS.

cr i determined by the time that both UCAS and LCAS are high.

4o (Miny 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 (. +1, + 2t,) 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).

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//, max level.

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 betweent,,, andt,,.

Please do not use t_, . timing, 10 ps <t,... <100 us. During this period, the device is in
transition state from normal operation mode to self refresh mode. Ift,,.. = 100 s, then RAS
precharge time should use t.. instead of ..

If you use distributed CBR refresh mode with 15.6 s interval in normal readAwrite cycle, CBR
refresh should be executed within 15.6 ps immediately after exiting from and before entering
into self refresh mode.

If you use RAS only refresh or CBR burst refresh mode in normal readfwrite cycle, 4096 or 1024
cycles (4096 cycles: HM51W 16165 Series, 1024 cycles: HM51W 18165 Series) of distributed
CBER refresh with 15.6 ps interval should be executed within 64 or 16 ms (64 ms: HM51W16165,

16 ms: HM51W18165) immediately after exiting from and before entering into the self refresh
mode.

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.

XXX: HorL (H: V', (min) =V, <V, (max), L: ¥V _(min) =V, =¥, (max))

M Invalid Dout

When the address, clock and input pins are not described on timing waveforms, their pins must
be applied ¥, or ¥/ .

HITACHI
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HMS1W16165 Series, HMS1W 18165 Series

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/T.CAS should satisfy the timing specifications individually.

2. Different operation mode for upper/lower byte is not allowed; such as following.

-\ /a
—
.

Early write
LCAS \
WE \

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

RAS \ /
UCAS \
LCAS /

tuL

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

17
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]

Timing Waveforms**

Read Cycle
- tpe
- tpag o e RP
\ 4 k
RAS
N A N
" togH ., fcrp
» tpco g, IRSH -
Il e tcasg
y 4
UCAS N /]
LCAS N
o [RAD I tpaL -
- o718
tasp ; Iast | tcaH
RAH i
e
s
Address R o Column
N
LRRH
» tRCHR -,
tRCS tRCH
XXXXX/ NXXXX
WE \
tweD
[ozg . lcop il
troD
3 High-Z v
onX XXX g
. k
_ |fpzo| | [ foEa » toED _
5 X XXXXXAXX OO0
K Fi
toEz
t
<ICAC tOHO >
tan - OFF -
- > - ton -
| tRac o N | forr
ic o OHR |
DWWEZ fat—m
4 N
Dout g%ﬁ( Dout ?57
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Early Write Cycle

_ tre N
- tras L tee
Y
RAS N N
N /|
tosh o e terp n
B trep e tosh |
tr L fcas
UCAS SX 74
LCAS X 7_
tasr | [tran tasc | | tcan
Address >< Row Column
twes || twed
o COLERRN /YLK
. J
tos ton
Din Din
High-Z*
Dout g
= twes Ztwes{min
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Delayed Write Cycle*!'®

- trc .
" tras L trp
E——
RAS N \
N 7
- tesH o el tCRP
- trcD 1o trsH .
tr | . tcas _
e \ /
UCAS \ 7
LCAS i 7
tasr | tRAH tasc) | tcad
\
Address Row Column
t ol
tRiL
IRCS fyp
7
WE
7
ibzc | tps tDH
N e )
tozg taeH
o — ] -t -
toED
L N 7 T
OF /
t — toez
CLz
High-Z
Dout g
Invalid Daut
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Series, HM51W 18165 Series

Read-Modify-Write Cycle*!®

This Material Copyrighted By Its Respective Manufacturer

_ trwe .
" tras ol lg RP
- 3 B
RAS N\ /
7 -
kT,
trecD tcas | Ll CRP
!
UCAS &
LCAS K 7
« RAD
fask| LRaH tasc| [tcaH
'
Address Row Calumn
™
t t
tRCS| [ WD ] [
tawp trnL
" tRwD | L |
7 )
we X )OO0 NN,
X £
toze toH
e - -
tos |
i .
High-Z .
toeD t
D20 — <25,
toes
| ' AL
oo JC0000O0ONN XXX
feac |
ol - t
. bas OEZ
tRAC | la_p OHO
2 5( High-Z
Daout _Dout k
teLz —
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RAS-Only Refresh Cycle

P tRC .
tras « trp
/ N 4 N
RAS / N \
t7
tcrp tRPC tcrp
UCAS A 3 y
LCAS
tasr | [tRaA
Address >< Row
torr
torg
High-Z
Dout %E 2
A
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CAS-Before-RAS Refresh Cycle

- tRc ol tRe .
o RP g tRas e tRP 1, tRAS trp
s \ \ \
tT
trPC tRPC tcrp
tep | (tosr| |teHR tcp | (tcs tcHR

UCAS v 3 \
LCAS X / 4 X

torr
torrF

High-Z
Dout %K 9
A
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Hidden Refresh Cycle

P tre tre p tre |
- tras R trag| trE| |, tRas || tRP
\ i —
RAS N N / N
I 7 N/
tT__ ‘
| LRSH o CHR | ] | fCRP,]
treD
R y o
UCAS & Z
LCAS K 7
o« RAD gl | IERAL
tasrl |tRAH t»‘ﬁ& tCaH
¥ _
Address R aw Calumn
N 7
S
tRes. | RREH
RCH
JXAK O
WE
tweD
_tozc -
o |fcon
trDOD
X High-2 - 7—
Oin ¥ y
tozo toED
| ToEA
== W
o QOO0 /O
iy /
tCAC_r_ ‘thEZ
-~ - - -l
| trac o toFE
tolz toH
/ y
Daut Daut E_
. i
torr
toHRr
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EDO Page Mode Read Cycle

t
tRNCD ; P
e e " tRasp HPC R
e [ -
i
tr : Fhpc Fpc ePRH teRP
C3H tcp Ich LCP ) thay
LR r LR X A [ r
UCAS eas eas fcas N fcas E
LOAS tRCHR || 4 [RCHC ;
tRes treH ROS RRH
o o *—{'RCH
T G i/ W
thal .
t
TASR e [FAH ti\s_(h CAH fasc| |toan tasg [LoaH tage | |[toaH ﬂ_{_\LVED
=y e B - r - E - - k|
Hddress m Row m Colurnn 1 | x Column ZW Column 3 Colurmn 4
|| teal toal N toal _J Loal
1
tROD
tpz g tCcDD
ft—-e7
oo KT -0 il
¥ \
tozo feay tCop
‘ | ! tOED
o AU . | IOXX
£ t
t CPA OFR
\EQE.A <A tcpa L
! taa | ltogz . taa| ™ OHR
CAL tear B4 togr -t [t tOEZ
LY ez ot fcAG fcag e tono
- toEA N toFF
tRAC —= tooH toEA, t
OH
== | oHQ)
Dout Daut 1 E iDout QE Daut 2 )@Dout $——{ Douts p—
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EDO Page Mode Read Cycle (2CAS control}

t trp
] RNCD [
BAS tpasp 7 )
kn ol {
t ¢ tHpe tHPC thpe terp
T CSH icp tep tcp
" IRsH
1, Iy 5l ; r 3 r
[CAS CAS | cas Nolcas ||
—_— A 18 LN [ 3 s
UCAS toas I
i J Ky gd _ ]
tRCHC
tros treH
foen —s{tRCH
= T T
tral .
t t N
{5 e £y 11450] o -CAH g Loy aeg lLoa, thsc o LgLCAH D
= 3 3 L) - L g ' 3
Address m Raw m Calumn 1 X Coalurnn ZXX)OOOOOO( Colurmn 3 Colurnn 4K
" tea | tcaL tea
| ul tear |7 tROD
tpzg - tCDD
(o
oo XU i
¥ !
tpzo Lofell tcop
‘ hate Pl EOED
o TR | VI o
t
toEA fepal " CRA tOFR
tan toEz t OHR
'cAg fcac toEz an ) toEZ
tas OHO teac) e Lo
tDOH toEA = . tOFF
tRac - e
toHQ OH
. = - _T HE _K 3 L
au au au au au ——
L Daut Daut 1 Dout 2§ Daut 2 Daut 4
tCpa,
[ ;
toan |, fOEA
U Daut { Dout 1 {Dout 2 Dout 4 —
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EDO Page Mode Early Write Cycle

F N
\ /E

tpase
N
RAS N
"\ /|
o e
tosy thrc trsy
» teep Ll teas | [ ter ) | teas, ) | fer
_ y AN AN
UCAS X X
LCAS K 7
tasc| [toa tasc| [teay
Column 2 Column N
twes | [twer wes | | wen wes | [twen
WW
N

Din

High-Z"

Dout

" twics = tycs (min)
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EDO Page Mode Delayed Write Cycle*!®

tRASP
o] _tRP
_ 3
RAS &( 7 \_
tr | | tcpy o tep — tCR’_F'_
« tesH ol tHPe - o [RSH
_ trcD tcas o L teas o L teas
e N AN \ i
LCAS 7 7 N 7
LASR) | o 25T L fasc ol g ASC
LeaH LeaH teaH
Address Column 1 Column 2 Column N
towg towg towL
o ol
{5
tres, | | IRCS tRCS -
7 y \ N
w00/} x /XX
i
typ twp STy =]
tozctos)| | toze tos © tozc tos| |
tDH_ tDL' tDﬂ
. g 6“ 6|n i 6”1
e N
tpzo tpzo tozo
- L . —- i E
toED toED toED
— i~
LOEH hat] L OEH - LOEHM-»
B 7 B 7 N 7
VYAV ERNA
Lozl 1y e Z,] o Loz, 1y
] [CEZ - __tOEZ N LOEZ
Z 7 N High-Z
Dout 4 s
Invalid Dout Invalid Dout Invalid Dout
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EDO Page Mode Read-Modify-Write Cycle*!®

" lRASP .
L LRF
N
K
tT
- tep, [
o [RCD toas
UCAS 33 Zﬁx
LCAS K 7 =
tRAD
task |l ] tasc ||, L Easc L tasc
tRAH toaH toaH toaH
Address R ow Column 1 :Column 2 >§ Column N >Q<><><
treD  towd tepwTowg tepwy te
o] e e o
tanp tann
oD I tResy U [ town ) Fresy
N N
WE N N
tRCs Lipyp Lipp
ol t - \ M
- tozc DS= tozc DS=
o =
. N 6i N 6in K
Din s 1 /] | 2 I
toED = toED h
tozo| | | —w toEgy | | ] —w™ Dzo) | | |
LOEH bt LOEH fw—w]
RV
oF >< Jﬂ /| / \/
[ [ > elCHO > | e lCHG [ T| #1elCHO
LoEA L» [OEA LOEA
. thqu—- . tcl,excq—- . tclAc---
B Ap | B4
- » topale tCF'AL‘-! >
TrRac I '
Lt - L
tez™ JOEZ fc 4OEZ  tcl o G OEZ
al a al High-Z
Dout s i h
hA N NS
Dout 1 Dout 2 Dout N
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EDO Page Mode Mix Cycle (1}

trp
-
e N tRASP il 3
Ley ud 1
¢ tcre
Tl _ tgp o tep tcp
UCAS Ta_tcas T tcas N feas  F Ttcas [[ ]
m _rt - H - | iy 1~ x|
CEH trzH
trop -
tWCS 1 t tRC tRRH
WCH | RCS | el thon
i s [CPwy Ll 1
WE ] tawD . Y
; r tRAL
ta 5 e LA b ICAH o tasg) |Loam g |foan tagcl, o [LOAH
1
= 3 3 L) - L _ LS 3
Address @ Raw m Calurnn 1 x X)(XColumn QWX)O(XXCGIumn SW Calurnn 4 W
- teaL | tcaL | tROD
t tcoD
s '0H tns |k
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tOEE].I»-— 1,
== LyED
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i OHO IDEA
CAG, toon ;OFF
—
=+ B = o OH
Dout
\r Dout 2 1}@(@0@ Dout 4 '
30
HITACHI

This Material Copyrighted By Its Respective Manufacturer
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EDO Page Mode Mix Cycle (2}

t
. fRNGD . RF
R 1 t =S
RAS 7 RASP g
- " \
; ; tgrE
T C5H top top tGF B
UCAS L tgas toas toas ] e tors || ]
LCAS tRCD = - = | - = a1 _t J
RCHR REH
t b [t thos 'RC torH
RCS tRCH g [MWCH t
s ottt ot— o] (e R CH
p il HE ‘Z— X1
e 4 - tRaL 1
tagc|| t
CAH t t t t
L pem L JRAR, s L iy e 45t
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| i f
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e t¢DD
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A
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o K00 | \ A XXX
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| : tOEZ Gag et
tRAC CAG
- o
toHo toHo  HOEA ;OFF
; i ? ] OH
Daut 4 Daut 1 Dout3 | Doutd >—
31

This Material Copyrighted By Its Respective Manufacturer




HMS1W1616S Series, HM51W1816S Series

Self Refresh Cycle (L-vergion)*? #2% %30 %31

. tgp trass - trps
/ \ \
RAS
_/ \K 7 \_
lT_ .
trpC_ ‘t_CF\}p
“tep |
L e tens|
UCAS 7 y
LCAS
torr
torr |
High-Z
Dout ﬁ} 2
7
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Package Dimensions

HMS51W16165J/L.J Series
HMS1W18165J/LJ Series (CP-42D)

Unit: mm

27.06

27.43 Max
42 22

I B B o B B B B o o e e e B o B o o o o

[y} [y}
o| o
) H| +H
o [0}
CD- -
[ N i (- — — — = =
1 21 ©
0.74 ™~ ™
< -
+ ©
o e +
1.30 Max P e 3
[ote] [}
© S |
@ ([l J
940+0.25
Hitachi Code CP-42D
JEDEC Conforms
Dimension including the plating thickness ElAJ —
Base material dimension Weight (reference value)| 1.75g
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HMS51W16165TT/LTT Series

HMS1WI18165STT/LTT Series (TTP-50/44DC)

20.95
21.35 Max

50 40 36 26
OONOOANTNANN  OANOAANanan

© 11 15

10.16

uooaouooyn oo oao
1 25

0.27 + 0.07 <
0.25 + 0.05 $[0.13(4)

% 1.15 Max

1176+ 0.20 _

0° - 5°

Unit: mm
0.80
|
i
o

3.20 ~0.10]

1.20 Max

Dimension including the plating thickness
Base material dimension

“‘—% 0.50 + 0.10

0.145+0.05
0.125+0.04
0.13+0.05

Hitachi Code TTP-50/44DC
JEDEC Conforms
ElAJ —

Weight (reference value)| 0.50 g
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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.
2. 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.

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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Revision Record

Rev.

Date

Contents of Modification Drawn by

Approved by

1.0

Sep. 30, 1996

Initial issue Y. Kasama

M. Mishima

2.0

Nov. 28, 1996

Addition of HM51W16165/MHM51W18165-5 Series Y. Kasama
Power dissipation (active)
468/414 mW(max) to 396/360/324 mW (max)
(HM51¥W16165 Series)
666/594 mW(max) to 684/612/540 mW (max)
(HM51¥W18165 Series)
DC Characteristics (HM51W16165 Series)
l.c; max: 135/115 mA to 105/95/85 mA
DC Characteristics (HM51W18165 Series)
l.c; max: 185/165 mA to 185/165/145 mA
AC Characteristics

..o min: 20420 nsto 12/14/14 ns

t.., min: 15/15 nsto 10/12/12 ns

t.., min: 15/18 nsto 10/13/13 ns

topy min: 0/0 nsto 5/5/5 ns

towe min: 136/161 ns to 111/135/161 ns
tee; min: 0/0 ns to 5/5/5 ns

Timing Waveforms

Addition of t, ., timing to EDO page mode mix
cycle (2)

M. Mishima

3.0

Feb. 24,1997

AC Characteristics Y. Kasama
topy min: 5/5/5 ns to 0/0/0 ns

Y. Matsuno

4.0

Nov. 1997

Change of Subtitle
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