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Description

The Hitachi HM5116160A Series, HM5118160A 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. The HMS5116160A Series, HM5118160A Series offer Fast Page Mode as a high speed
access mode. They have package variations of 42-pin plastic SOJ and 50-pin plastic TSOP 1.

Features

* Single 5V (210 %)
* High speed

— Access time: 60 ns/70 ns/80 ns (max)
* Low power dissipation

— Active mode: 550 mW/495 mW/440 mW (max) (HM5116160A Series)
935 mW/825 mW/715 mW (max) (HM5118160A Series)
— Standby mode : 11 mW (max)

: 0.83 mW (max) (L-version)
» Fast page mode capability
* Long refresh period
— 4096 refresh cycles : 64 ms (HM5116160A Series)
: 128 ms (L-version)
—— 1024 refresh cycles : 16 ms (HMS5118160A Series)
. 128 ms (L-version)
¢ 4 variations of refresh
— RAS-only refresh
— CAS-before-RAS refresh
~— Hidden refresh
— Self refresh (L-version)
* 2CAS-byte controt
e Battery backup operation (L-version)

This specification is fully compatible with the 16-Mbit DRAM specifications from TEXAS
INSTRUMENTS.
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HMS5116160A Series, HM5118160A Series

Ordering Information

Type No. Access time Package
HM5116160AJ-6 60 ns 400-mil 42-pin plastic SOJ (CP-42D)
HM5116160AJ-7 70 ns
HM5116160AJ-8 80 ns
HM5116160ALJ-6 60 ns ¢
HM5116160ALJ-7 70 ns
HM5116160ALJ-8 80 ns
HM5118160AJ-6 60 ns
HM5118160AJ-7 70 ns
HM5118160AJ-8 80 ns
HM5118160ALJ-6 60 ns
HM5118160ALJ-7 70 ns
HM5118160ALJ-8 80 ns
HM5116160ATT-6 60 ns 400-mil 50-pin plastic TSOP I} (TTP-50/44DC)
HM5116160ATT-7 70 ns
HM5116160ATT-8 80ns
HM5116160ALTT-6 60 ns
HM5116160ALTT-7 70 ns
HM5116160ALTT-8 80ns
HM5118160ATT-6 60 ns
HM5118160ATT-7 70 ns
HM5118160ATT-8 80 ns
HMS5118160ALTT-6 60 ns
HM5118160ALTT-7 70 ns
HM5118160ALTT-8 80 ns
HITACHI



HMS5116160A Series, HM5118160A Series

Pin Arrangement

HM5116160AJ/ALJ Series HM5116160ATT/ALTT Series
[\ |
Vg L 1 42| _]vgg vee L]10 50 ] Vsg
] ] oo ]2 49 [ 1015
oo |2 #1|_lvots
= vot |3 48| 1vo14
vo1 |3 40| 1yo1a
voz £ 4 a0/ ] voz [ 4 47 Jyvo13
L u vo13 vos []5 a6 [_1vo12
vos ] 5 38|l |yO12 Vo L6 45 ] Vvgg
Veg L6 37| ] vgg voa []7 4a[Jvot1
o4 [} 7 36|_] vo11 wos |8 43 lvoto
vos [_|| 8 350 _1voto voe []9 42 % 1109
vos [_||9 34| Jvoo vo7 L] 10 41 Jvos
vo7 | 10 33( ] vos ne L1 a0 INC
NG [ 11 32| NC
NC 12 31| | LCAS
NC [ | [CAS ne []15 36| INC
WE [} 13 30| 1 TCAS Nc []16 35| |LCAS
RASL ]| 14 29| JOE we []17 34[ ] UCAS
A1 [ 115 28|[ ] A9 RAS[]18 33| ]OE
Ato [_]| 16 27| ] A8 a11 []19 32 A9
a0 [||17 26( ] A7 ato []20 31 ]A8
A1 [ ]|18 25| ] A6 Ao []21 30 [JA7
A2 [ |19 24| A5 Al Ezz 29[ A6
A3 []|20 23| ] A4 A2 = gi 28 %:5
Voo L] 22| 1 vss o (25 gg ] v4
Vee ss
(Top view) (Top view)
Pin Description
Pin name Function
ADto Al Address input

— Row/Refresh address |AQ to A11
— Column address A0 to A7

I/00 to /015 - |Data input/Data output

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

OE Output enable

Vee Power supply

Vgs Ground

NC No connection
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HMS5116160A Series, HM5118160A Series

Pin Arrangement

HMS5118160AJ/ALJ Series

HM5118180ATT/ALTT Series

W
Voc L] 1 42| ] vss :;88 10 s0L] Vss
ool || 2 41 vois Vo1 =42 49[ ] :;gi
o1 3 40| ] wota voz = :’;% 013
vo2(|| 4 39| ] wo13 03 5 a6 [] V012
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Vec |6 37| ] Vsg 1104 [ 7 a4 ] vO11
o4 || 7 36| ] 1o11 05 [ 8 43[] vo10
vos[ || s 35| ] vot0 06 g 42 ] VO9
vos[ |l 9 34| ] vo9 Vo7 10 a1[] vos
o7l 10 33|} vos NC 11 a0 JNC
NC [ 11 32 ] NC
NC 12 31 LCAS
NC [] ] NC [1s 36 ] NC
13 30|] UCAS NG 16 25 [) [CAS
| RAS[ | 14 29| | OF WE [17 34[ ) UCAS
| NC [| 15 ZBQ AQ RAS 18 33| ] OF
NC [ 16 27\ A8 NC [J19 32[] A9
A0 [ 17 26| A7 NC [120 31 ] A8
Al []l18 25( ] A6 A0 [} 21 30 [] A7
A2 [T19 24| ] A5 A1 [le2 291 A8
A3 [ll20 23| ] A4 A2 [23 28| i AS
VCCE 21 zzj vV A3 E24 273A4
ss Vee O 2s 26! 1 Vg
; (Top view) {Top view)
I
Pin Description
Pin name Function
AO to A9 Address input
— Row/Refresh address|A0Q to A9
.— Column address AOto A9
/00 to VO15 | 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




HMS5116160A Series, HM5118160A Series

Block Diagram

[RAS] [ucas|[LcAs]
¥ R
RAS CAS
Control Control
Circuit Circuit

]
Vi OE

WE O
Control Control
Circuit Circuit

!
]

266k remory cell array 2564 memory cell array
Sense amp. & VO bus Sense amp. & VO bus -t 1100
258k memory cell array L 256k memory ceif array " r*—'
258k mamory cell array f Row 256k memory cefl aray i |
Sense amp. & VO bus . ldecoder| | Senseamp. &UObus et | i HO1
258k mamory cell aray Y 256k memory celf amay Y /8] .
256k memory cell array . 256k memory celt array buffer 7
Sense amp. & YO bus N driver = Sense amp. § WObus | vﬁi +|/o14
256k memory cell aray . 256k mamory Cell array
256k memory celt array i 256k memory celt array L O15
[ Sense amp. & /O bus — Sense amp. & O bus -t
256k memory cell aray : 256k memory cell array
‘"’*“’[ Column decoder & idriver f Column decoder & fd river
258k memory cell array 256k mamory celt array :
I Sensgamp. & VO bus | Sense amp, 8 VO bus “t—*}
256k memory cell aray 256k mamory cell array | [— o2
256k memory ceff amay Row 256k memory cell array —_I |
Sense amp. & VO bus decoder { __Senssamp. & /O bus | ! ,,,..
256k memory cell array & 256k memory cell array L_’ Hie} [~
256k memory celf array . 256k memory calt aay J buffer ",
Sorsaamp. EUOBs | driver | Sense amp. & WO bus ot ! vo12)
i 266k memory cell array | 256k memory cel array ; H
i : 256k memory cell avay 256k memory cofl aray L __,@01 3%
! ! Sense amp. & WObus | ; Sense amp. & VO bus -t
| | o2S6kmemorycellamey | | ostkmemorycelamay
256k memory celi aray 256k memory cefl array o
| . Senspamp &WObus | { | | _ Senseamp. §VObus e
256k memory celt array 258k memory cell array | V04
H . 256k meimory celi array Row 256k memory celt array | E
i [ Senssamp & VODus | decoder | Senseamp. &UQbus =t | 17105
256k merhory cell array 3 258k memory cell array Lo |
256K memory cell array . 256k memory cell array ! | buffer 7, -
Sense amp. 8 VO bus driver [ Hense amp. & HODus et J HO10
256k mamory cal array 256k memory celt array ! i
256k memory celt array 256k memory cell array ! Ot
[ Senge amp. & FO bus [ Sense amp. & Yo bus et
: 256k memory cell array i 256k memory cell array
{—Column decoder &_}driver I Column decoder & ldriver
‘f ; 256k memory cel) array 256k mamory cell array 1
% ! | Senseamp. & VObus [ Senseamp &WOBus i+t
268k memory celt array 256k memory celf array l
i 256k memory celt array Row ] 256k memory cail array
{ [ Senseamp. BWOBw ~ | | gornder! |-.Senseamp & VObus ‘T**-{
| 256k memory celt array a | 256k memory cell array . WO
256k mamory cell array dri 256k memory cell array | buffer
[T Senee amp. & VO bus river Sarse amp. & VObus et
256k memory cefl array 256k memory celf array :
256k memory cell array i 256k memory ceil array !
—____Sense amp. & VObus [ Senseamp &VObus e
256k memory cell amay L 256k memory cell array i
I -
‘ | —
w--—-T Column address buffer] ~ ——— { Row address buffer |
‘ i
| |
; Address : AQ to A7 : HM5116160A { Address : A0 to A11: HM5116160A
Address : AGto A9 : HM5118160A | Address : A0 to A9 : HM5118160A

SR |
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HMS116160A Series, HM5118160A 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 cycle
L H L 2 D Open Upper byte
L L L L*? D Open Word
L L H L*2 H Undefined Lowerbyte Delayed write cycle
L H L L*2 H Undefined Upper byte
L L L i H Undefined Word
L L H HtoL LtoH Vald 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
HtolL 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: 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.

HITACHI



HM5116160A Series, HM5118160A Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vg V; -1.01t0+7.0 v
Supply voltage relative to Vg Vee -10to+7.0 Vv

Short circuit output current lout 50 mA
Power dissipation P, 1.0 w
Operating temperature Topr Oto +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 voitage Vee 4.5 5.0 55 v 1,2
Input high voltage Vi 2.4 — 6.5 A 1
input low voltage Ve -1.0 — 0.8 \ 1

Notes: 1. All voltage referred to Vg

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

HITACHI



HMS5116160A Series, HMS118160A Series

DC Characteristics
(Ta=0t0 +70°C, Voo =5 V£ 10 %, Vi =0 V) (HM5116160A Series)
HM5116160A
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*' *? bees — 100 — 90 — 80 mA t,=min
Standby current leco - 2 - 2 — 2 mA  TTL interface o
RAS, UCAS, LCAS =V,
Dout = High-Z
— 1 — 1 — 1 mA CMOS interface
RAS, UCAS,
LCAS 2V, -02V
Dout = High-Z
Standby current loea — 150 — 150 — 150 upA CMOS interface
{L-version) RAS, UCAS,
LCAS >V ~02V
) Dout = High-Z
RAS-only refresh cumrent™® I, — 100 — 90 — 80 mMA ti,.=min
Standby current*' becs — 5 — 5 — 5 mA RAS =V,
UCAS, LCAS =V,
Dout = enable
CAS-before-RAS refresh lecs — 100 —~ 80 — 80 mMA ity =min
current
Fast page mode current*" ** |, — 105 — 95 — 85 mA t,=min
Battery backup current** P — 500 — 500 — 500 pA CMOSinterface
(Standby with CBR refresh) Dout = High-Z
(L-version) CBR refresh: t,. =313 us
taas 0.3 us
Self refresh mode current been — 300 — 300 — 300 uA CMOS interface
{L-version) RAS, UCAS, LCAS < 0.2V
Dout = High-Z
input leakage current I -10 10 -0 10 -10 10 pA OV<Ving7V
Output leakage current lo -10 10 -10 10 -10 10 puA OV<Vouts7V
Dout = disable
Output high voltage Vo 24 V. 24 Vi 24 Vi V High lout = -7 mA
Output low voltage Vo 0 04 O 04 0 04 Vv Low lout = 4.2 mA

Notes: 1.

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,0VV, <02V

HITACHI
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HMS5116160A Series, HMS118160A Series

DC Characteristics
(Ta=010 +70°C, Voo =5 V£ 10 %, V= 0 V) (HM5118160A Series)
HM5118160A
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current*’ *? boor — 170 — 150 — 130 mMA f,. =min
Standby current leco —_ 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 locs — 150 — 150 — 150 pA CMOS interface
(L-version) RAS, UCAS,
LCAS 2V, -02V
Dout = High-Z
RAS-only refresh current® |, — 170 — 150 — 130 mA i, =min
Standby current*' lees — 5 — 5 — 5 mA RAS =V,
UCAS, LCAS =V,
Dout = enable
CAS-before-RAS refresh focs — 170 — 150 — 130 mMA tg.=min
current
Fast page mode current™ *° |, — 170 — 150 — 130 mA t.,,=min
Battery backup current™ lecio — 500 — 500 — 500 pA CMOS interface
(Standby with CBR refresh) Dout = High-Z
(L-version) CBR refresh: t,c =125 s
thas S0.3 us
Self refresh mode current lecrs — 300 — 300 — 300 uA CMOS interface
(L-version) RAS, UCAS, LCAS <02V
Dout = High-Z
Input leakage current Iy -10 10 -10 10 -10 10 pA 0OV<=VINs7V
Output leakage current o -10 10 -10 10 -10 10 pA OV<sVout<7V
Dout = disable
Output high voltage Vo 24 Vg, 24 V. 24 Vo, V High lout = -7 mA
Output low voltage Vo 0 04 O 04 0O 04 V Low lout =4.2 mA

Notes: 1. !, 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,0VV <02V,

HITACHI



HMS5116160A Series, HM5118160A Series

Capacitance (Ta = 25°C, VCC =5V £ 10 %)

Parameter Symbol Typ Max Unit Notes

input capacitance (Address) Cy — 5 pF 1

Eut capacitance (Clocks) C. - 7 pF v_T*M -
Output capacitance (Data-in, Data-out) Cwo — 7 pF ' 1,2 )

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

HITACHI
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HMS5116160A Series, HM5118160A Series

AC Characteristics (Ta =0 t0 +70°C, Voo =5 V£ 10 %, V=0 V) 142 ¥18 %19 520

Test Conditions

* Input rise and fall time: 5 ns

* Input timing reference levels: 0.8 V,2.4V

¢ Output timing reference levels: 0.4 V,2.4V
*  Qutput load: 2 TTL gate + C, (100 pF) (Including scope and jig)

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

HM5116160A/HM5118160A
-6 -7 -8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write cycle time tae 110 — 130 — 150 — ns

RAS precharge time top 40 - 50 — 60 — ns -
CAS precharge time tep 10— 10— 0 — ns
RAS pulse width thas 60 10000 70 10000 80 10000 ns

CAS pulse width tone 15 10000 18 10000 20 10000 ns o
Row address setup time tasn 0 — 0] ‘ - 0 — ns R

Row address hold time taam 10 — 10 — 10 _— ns

Eo!umn address setup time tasc —6"# — 0 - 0 o ns 21 -
Column address hold time tean 10 — 15 — 15 — ns 21

RAS to CAS delay time twe 20 45 20 52 20 60 ns N
RAS to column address delay time 1o 15 3 15 35 15 40 ns 4
RAS hold time b 5 — 18 — 20 —  ns

CAS hold time tos 60 — 70 — 8 — ns 23

CAS to RAS precharge time - tone 5 — 5 — 5 — ns 22

OE to Din delay time e 5 —~ 18 — 20 — ns 5 i
OE delay time from Din tozo o — _— ns 6 o
CAS delay time from Din toze — — — ns 6
Transition time (rise and fall) t; 50 3 50 50 ns 7

HITACHI
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HM5116160A Series, HM5118160A Series

Read Cycle

HM51161 60AIHM51 18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS trsc — 80 — 70 — 80 ne 8,9
Access time from CAS teac — 15 — 18 — 20 ns 910,17
Access time from address taa — 30 — 35 —_ 40 ns 9,11,17
Access time from OE toga — 15 — 18 — 20 ns 9,25
Read command setup time thos 0 — 0 — 0 — ns
'Read command hold time to CAS tacn ) — 0 - 0 — ns 12,22
‘Read command hold time to RAS tes 5 — 5 — 5 — ns 12
Column address to RAS lead time t,, 30 — 3 — 40 —  ns
C‘c;lar;m address to CAS lead time t., 30 — 35 -— 40 — ns
_CTS to output in low-Z tez — 0 — *Ow — ns B
Output data hold time N ton h 3 — 3 — 3 — ns
‘autput data hold time from OE tono 3 — 3 —_ 3 — ns
Qutput buffer turn-off time tOF; — 15 — 15 — 15 ns 13
Output buffer turn-off to OE toes — 15 — 15 — 15 ns 13
TAS to Din delay time teoo %5 — 18 — 20 — ns 5
Write Cycle

HM5116160A/HM5118160A

-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 — 15 — 15 — ns 21
AQVrite command pulse width tw;, 10 — 10 — 10 — ns B
Write command to RAS lead time  tr, 15 — 18— 20 - ns
Write command to CAS leadtime  t,, 15 — 18 — 20 — ns 23
Bata-in setup time tos 0 —_ 0 — 0 — n§"ﬁ_1_ ?23 -
Data-in hold time tom 10 — 15 — 15 — ns 15,23

HITACHI
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HMS5116160A Series, HM5118160A Series

Read-Modify-Write Cycle

HM5116160A/HM5118160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time tawe 155 — 181 — 206 — ns
RAS to WE delay time two 85 — 98 — 110 — ns 14
CAS to WE delay time town 40 — 8 — 50 — ns 14
Column address to WE delay time ., 55 — 63 — 70w — ns 14 -
OE hold time from WE toen 5 — 18 — 20 — ns
Refresh Cycle

HM5116160A/HM5118160A

-6 -7 -8
Parameter Symbol Min Max Min Max Mi;; Max Unit Notes
CAS sstup time (CBR refresh cycle) te 5 — 5 — 5 — ns 21
TAS hold time (CBR refresh cycle) teum 0 — 10 — 10 — ns 22
RAS precharge to CAS hold time  tgec 0 — 0 - 0 — ns 21
Fast Page Mode Cycle

HM5116160A/HM5118160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time tec 40 -— 45 — 50 —_ ns
Fast page mode RAS pulse width g, — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge 1., — 35 — 40 — 45 ns a 9,17, 55
RAS hold time from CAS precharge tepm 35— 40 — 45— ns

HITACHI
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HMS5116160A Series, HMS5118160A Series

Fast Page Mode Read-Modify-Write Cycle

HM5116160A/HM5118160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write  toq, 85 — 96 -— 105 — ns
cycle time
WE delay time from CAS precharge g, 60 — 68 — 75— ns 14,22
Refresh (HM5116160A Series)
Parameter Symbol Max Unit Note
Refresh period taer 64 ms 4096 cycles
Refresh period {L-version) ter 128 ms 40896 cycles
Refresh (HM5118160A Series)
Parameter Symbol Max Unit Note
Refresh period taer 16 ms 1024 cycles
Refresh period (L-version) tper 128 ms 1024 cycles

HITACHI
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HMS5116160A Series, HM5118160A Series

Self Refresh Mode (L-version)

HM5116160AL/HM5118160AL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (Self refresh) trnss 100 — 100 — 100 — us 26
RAS precharge time (Self refresh)  t0¢ 110 — 130 — 150 — ns
CAS hold time {Self refresh) tons -50 — -850 - -50 ns

Notes: 1. AC measurements assume t; = 5 ns.

2. 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). Hf the intemnal refresh counter is used, a minimum of eight CAS-before-RAS
refresh cycles are required.

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

4. QOperation 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 controlled exclusively by 1,..

5. Either to, or ton, must be satisfied.
6. Either ty,, or t,c 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 tpc, < taep (Max) and to,, < tg. (Max). It OF ta.p is greater than the
maximum recommended value shown in this table, t,,. exceeds the value shown.

9. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. {V,, =24V, V, =04 V)

10. Assumes that t,, 2 toop (Max) and teep + teae (MaX) 2 teapy + tay (Max).

11. Assumes that to, 2t (Mmax) and teeg + toae (Max) < top + L, (Max).

12. Either tq,, or tge, must be satisfied for a read cycles.

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

14 tyesr tawor townr tawo @Nd tepy @re not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if t.q 2 tucs (Min), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if toup = tawo (MIN), towo = towp (MiN), and tap 2 tawp (MINY, OF towp 2 tewp (MIN), Ly 2 tawe
(min) and tepy 2 temw (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 leading edge in delayed write or read-modify-write cycles.

16. 1., defines BAS pulse width in fast 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 tg, 2 toy,, the /O pin will remain open circuit (high
impedance); if t, < to, iNvalid data will be out at each /0.

19. When both UCAS zgld__LC—A§ 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 V pins shall be supplied with the same voltages.

21 tuser toans tacs: twes: twow tosn AN trec are determined by the earlier falling edge of UCAS or
LCAS.

22 tenpr tonnr o teea N tepy are determined by the later rising edge of UCAS or LCAS.

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

HITACHI
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HM5116160A Series, HM5118160A Series

16

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

25. When output buffers are enabled once, sustain the low impedance state until valid data is
obtained. When output buffer is tumed on and off within a very short time, generally it
causes large V /V line noise, which causes to degrade V,, min/V, max ievel.

26. Please do not use tp.sq timing, 10 ps < tg,e0 < 100 us. During this period, the device is in
transition state from normal operation mode to self refresh mode. If s = 100 us, then RAS
precharge time should use t,.5 instead of tg,.

27. 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.

28. If you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 4096 or
1024 cycles (4096 cycles: HM5116160A Series, 1024 cycles: HM5118160A Series) of
distributed CBR refresh with 15.6 us interval should be executed within 64 or 16 ms (64 ms:
HM5116160A, 16 ms: HM5118160A) immediately after exiting from and before entering into
the self refresh mode.

29. 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.

30. Hor L (H: V,, (min) £V, <V, (max)}, L: V,_ (min) £ V,, £V, (max))

[ ] Invalid Dout

HITACHI



HM5116160A Series, HM5118160A 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. Bach 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 \\\ /

Delayed write

Early write

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

/__'

LCAS

-t

tuL

_/

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

HITACHI

17



HMS5116160A Series, HM5118160A Series

Timing Waveforms**
Read Cycle
!
E I tRC |
- tRas tRp
@*‘ e o
T L F A
RAS \K }[ ’\
tcsH _ temp »
A 'RCD v tRsH .
AN - toas )
N\ | ¥ ,
UCAS & / |
LCAS tRAD traL |
- - ey
- tcAL “
tASH tAsG | toaH,
\4—»‘ tRAH e
! > : - !
i ! ! !
: ; . [ trAH
tACS e—t——»| 5 {4 tRCH -
‘\ 1 < |
__ 7 | | % »
WE {
; I !
| !
tpzc tcop
o e,
: |
High-2 ||
I !
| |
PRLS Y PR
ii i
z -
= O0000000, | XXX
; / ! 7
] ! | | t0EZ
| % t elCAC L | toHo
i ’M_'}!L__g, tOFF
| trac . ;>
|
403, toH
| F—””_BK
; Dout Dout =
HITACHI
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HMS5116160A Series, HM5118160A Series

Early Write Cycle

. tRC .
‘ tRAS - | tRp
RAS ( \
\‘ 7
- tcsH ._lcRp .
» 'RCD - lASH
tr, . tcas |
UCAS %& ij
LCAS N 7
tasr| [tRaH tasci [tcaH
Address Row Column
twes twcH
K 7
tps toH
Din Din
High-Z**
Dout
* OE . HorlL
~ twes = twes(min)
HITACHI
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HMS5116160A Series, HM5118160A Series

Delayed Write Cycle*'®

- tRC .
tRAS tRP
— \
RAS N \
N A
» tesH ol | torp
e 'RCD 1 'RSH -
trl |, B tcas .
UCAS SX 7‘
LCAS N 7
tASR| tRAH tascl | tcaH
Address Row Column W

towl
tRWL

twp

Din

Din

toep

toEH

] tOEZ
ez

High-Z

Dout

Invalid Dout

HITACHI
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HM5116160A Series, HM5118160A Series

Read-Modify-Write Cycle*'*

- tRwC }
- tras L tRp ‘

RAS N

X
tr | |
. tRCD tcas ol el tCRP
‘ i,‘ﬂ—, ;
—_— \ |
UCAS \
LCAS N Yil

-]
/ ] N
Address umn
7 7 \

o L T =D X

T:W_

+

i

.

;

or TOOOOOOOIO0 /KK

High-Z

Dout

HITACHI

21



HM5116160A Series, HM5118160A Series

RAS-Only Refresh Cycle

- trc .
" tRAS [ | tRp .
T \ Y \
RAS N \
N _
t'r; »
tCcRP ML tcrp
UCAS / \ %
LCAS /
tasn tRAH
Address Row
d
3 High-Z
Dout } L
7
* OE,WE: HorlL
HITACHI
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HMS5116160A Series, HM5118160A Series

CAS-Before-RAS Refresh Cycle

tRC ol tRC .
e P b tRas 1\, WP I, 'RAS l.—ﬁap_.
T Ty T \
RAS / \ ; N K
N N
tr
jRPg Bl tcrP
tcp | |lcsh) lcHR tep, | |lcsh tcHR ]
UCAS / ) g
LCAS ) \
Address
toFF
X High-Z
Dout 7
Y
* OE,WE : HorlL
HITACHI
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HM5116160A Series, HM5118160A Series

Hidden Refresh Cycle
tpe R the i tRC _
tRAS
_ 3
BAS \
\
tT
<IRSH_ tcHR lerp,
- 'RCD
UCAS y Z‘ B
[CAS \ 7
LIRAD 1, | ItRAL 1
tASH [[RAH tasg| | lcaH
Address Row i Column :X
' N A
jros || o |
< L
——— £ .
WE
Joge, tooo,
High-Z 4
- tpzo OED,
toe
o SO /
tcac ot OEZ
BEY) - o loHo
tRAC . lorg
toLz oH,
4 b N
Dout out ——
~ 7
HITACHI
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HM5116160A Series, HM5118160A Series

Fast Page Mode Read Cycle
P tRASP
tCPRH IR
- N / 3
RAS N / \
N 7 N
tr
« tcsH ol le tpc - IRSH, ‘
tRed tcas, | [ tcP | |tcas,| |, tcp | |teas | | i foRA
s N N g 1
LCAS w 7
» 'RAL
<« 'RAD | | ltcAL le| |ICAL « tcaL .
ASR [RAH tasg (tCAH tascl ftcaH tasc fcAH
4 4 Y
Address Row Column 1 Column 2 Column N
N N N
tRCS 'RCS | |tRBRH
 frcs | tReH | | tRCH 1RCH
L 7 V\/ ¥ V¥ 5
WE
Jozg tozg, |, tozg, |,
tcopl | tepg tcop |
. . . /
. K High-Z| | 7 High-Z| | V% High-Z y
t t t t tpz OED T
ipzo |, toep J | tDzQy tOED tpzg R
— A ¥
OE % >_§ ;(
N s N r N
<« 'RAC . L _lteral [, i tcpAl | :
_taa tOH | taa tOH | taA| | || ton!
L g L Lal Lant Bl aad tolo
L [™IOHO | {Ar *MOHO | {~f e *r'
;ILOi:‘{\ | toEa | toEA !
teacl, | || |lorr ftecac || |torF [toac || JorF
tCLZ: { > —
/N
Dout Dout 1
N
HITACHI
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HMS5116160A Series, HM5118160A Series

Fast Page Mode Early Write Cycle

Dout

tRASP L tep |
| |
SN
[ / |
tt
| lcsH - tec tRsH,| 1
! tacp tcas| | tcp tcas | | tcp | tcas | fCRP]
] 1

High-Z**

* OE :

Horl

* twes z twes (min)

26
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HMS5116160A Series, HM5118160A Series

Fast Page Mode Delayed Write Cycle*'®

tRASP .
R
N \
mAS N )r\ X
N 7
tr| teRy 1, - tcrp
‘ lcsH , tpc - 'RSH
tcas -« lCAS «  lCAS
N 7
&i 7Z ~ X A
JlASC oLl tAsC SLldiAsc
tcAH tcan tcan
Column 1 Column 2 -Cotumn N
t ‘ t tc
CM } cw| c‘:m
AWL |
tRcs thes tRCS
v Y \ y
e X \ &'JM
twp twp twp P
T T i i
_ tpzc ps _|ipzc D tpzc tps
> e > e Sile iop
3 o o Din
on XXXE ! KN j@_
tpzo
ToED toED |
N |
toEH OEH e !
A N !
OF N /
tciz, | touz, . teez, |,
ol JOEZ | e OEZ loEZ
High-Z
Dout
invalid Dout invalid Dout Invalid Dout
HITACHI
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HM5116160A Series, HM5118160A Series

Fast Page Mode Read-Modify-Write Cycle*'

28

« tRASP .
N tRp
I y
RAS N
N A
it L tPRWC o
N tep [ tcp | | |« 'RSH tcRp
< 1RCD |, lcAs . 'CAS . lCAS ']
e i 1N N i
LCAS K ﬂ K 7
_tRaD _
1ASR, | tasC i ol 1ASC ol tASC
tRAH tcaH tcan tcaH
4 s
Address Row Column 1 ~Column 2 _“Column N
tawp  towl teew  toewl
-t ol s ol o
tawp tAwp .
Jtewn | tres) )| | tewp | [FCS] L
X N
WE N N
trcs, twp twp B
- t T F t hal L |
- tpzc DS | | tbzc DS,:
'oH
/ toep| M toep
tpzo| | || — tozg || || —+ |
LOEH la—>] LOEH
OE
I Z «lOHO | o | lelOHO I
tog;xl«- LOEA thA
tCACIe» tCAQ—™ tCAC
tanlet—» tcph’u\!: topilAAAé
*—tRac | B T
ol <
tc loez  teiP loez  teiZ ||l IloEZ
'\ A .
dou ) ) ez
tv il o K
Dout 1 Dout 2 DoutN
HITACHI
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Self Refresh Cyele (L-version)**® -2

. tmp tRASS || trps
/ N
RAS
_/ \"K 7 L
tt ||
tRPC_ R | tcrp
tgp |t '
. tcp | tcsm tehs|

UCAS / ¥ y
LCAS

toFF

X High-Z
V

*Address, OE, WE: HorL

HITACHI
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HM5116160A Series, HM5118160A Series

Package Dimensions

HMS5116160A J/ALJ Series
HMS5118160AJ/ALJ Series (CP-42D) Unit: mm

27.06
27.43 Max
42 22

imlninisiaisinfinisisieisinisininisiaininis]

N
10.16 £ 0.13
11.18 £ 0.13

U031 IO 0 J O O O NG S ) O O %

1 21

0.74
[(e)
N o~
° -
H Q
< >
1.3 Max 8_ = o
\ © | ———
l(ﬂﬁﬂ ﬂ 1
i =7 W/ b
0.43 + 0.10 H l 1.27 9.40 + 0.25
T T T
HITACHI
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HMS5116160A Series, HM5118160A Series

HM5116160ATT/ALTT Series
HM5118160ATT/ALTT Series (TTP-50/44DC) Unit: mm
20.95
21.35 Max
50 40 36 26
AARAANAAANR NAAANAAAARAAN
©
=

(o]

TRIATATRERIATAT T THUvvyvyyuy

1 11 15 o5

0.80
027007 || [$]0.13@) _11.76 £0.20
'
AR R ¥ __1g_5°
x 0w £l x 0-5
o 58 =
= o100 S .
AR ©
i 1.15 Max I ol S
O L.
05+0.1 |1,
HITACHI
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\ When using this document, keep the following in mind:

i ™~

hd

or Hitachi, Ltd.

: 1. This document may, wholly or partially, be subject to change without notice.

. 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

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.

i Such use includes, but is not limited to, use in life support systems. Buyers of Hitachi’s products are
i 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 Drawnby Approved by
0.0 Dec. 27,1993  Initial issue H. Yoshioka M. Yamamura
0.1  Jun.1,1994  Addition of HM5116160AL Series M. Mishima H. lijima B

Addition of Standby (L-version) max: 0.83 mW
Pin Arrangement

Addition of Description tor JEDEC pin number
DC Characteristics

Addition of |, (L-version) max: 0.15/0.15/0.15 mA
Addition of | ..,, (L-version) max: 0.5/0.5/0.5 mA
feery Max: 200/200/200 pA to 300/300/300 pA

AC Characteristics

Deletion of .., min: 20/20/20 ns
Deletion of note 25
Change of note 2

Timing waveforms

Deletion of CAS-before-RAS Refresh Counter
Check Cycle
Addition of Self Refresh Cycle

1.0 Feb. 2, 1995 Change of Package type name: M. Mishima H. lijima
TTP-44DC to TTP-50/44DC

DC Characteristics
fec; max: 100/90/80 mA to 105/95/85 mA
Change of Package Dimensions: TTP-50/44DC
EWO Aug. 30, 1995  Change format M. Mishima K. Hayakawa
Change format of truth table

Recommended DC Operating condition
Addition of note 2

DC Characteristics
Addition of note 4

AC Characteristics

tame Min: 0/0/0 ns to 5/5/5 ns

Change of notes 11, 12

Addition of note 25: t, is determined by the time
that both UCAS and LCAS are high

Package dimensions: CP-420
Package overhang: 1.265 mm to 1.3 mm Max

HITACHI
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Revision Record (cont)

Rev. Date Contents of Modification Drawn by Approved by
3.0 Jul. 2, 1996 Unification of HM5116160A/HM5118160A Series

Change format ‘

Addition of HM5118160A-6 Series

Pin Description ‘

Addition of Row/Refresh address and Column
address to address input

AC Characteristics

Deletion of note 3: Only row address is
indispensable on addrress A8, A8, A10, A1

Notes concerning 2CAS control
Addition of note 4
Timing waveforms

Deletion of note: togy 2 toe
Deletion of notes for RAS-only refresh cycle
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