HM51W16160A Series
HM51W18160A Series

1048576-word x 16-bit Dynamic Random Access Memory

HITACHI

ADE-203-217B (Z)
Rev. 2.0
Jul. 2, 1996

Description

The Hitachi HM51W16160A Series, HM51W18160A 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 HM51W16160A Series, HM51W18160A 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 II.

Features

* Single 3.3V (0.3V)
* High speed

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

— Active mode : 360 mW/324 mW/288 mW (max) (HM51W16160A Series)
: 612 mW/540 mW/468 mW (max) (HM51W18160A Series)
— Standby mode : 7.2 mW (max)

: 0.54 mW (max) (L-version)
¢ Fast page mode capability
* Long refresh period
— 4096 refresh cycles : 64 ms (HMS51W16160A Series)
: 128 ms (L-version)
— 1024 refresh cycles : 16 ms (HMS51W18160A Series)
: 128 ms (L-version)

This specification is fully compatible with the 16-Mbit DRAM specifications from TEXAS
INSTRUMENTS.
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HMS51W16160A Series, HM51W18160A 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
HM51W16160AJ-6 60 ns 400-mil 42-pin plastic SOJ (CP-42D)
HM51W16160AJ-7 70 ns

HM51W16160AJ-8 80ns

HM51W16160ALJ-6 60 ns

HM51W16160ALJ-7 70 ns

HM51W16160ALJ-8 80ns

HM51W18160AJ-6 60 ns

HM51W18160AJ-7 70 ns

HM51W18160AJ-8 80 ns

HM51W18160ALJ-6 60 ns

HM51W18160ALJ-7 70 ns

HM51W18160ALJ-8 80 ns

HM51W16160ATT-6 60 ns 400-mil 50-pin plastic TSOP 1l (TTP-50/44DC)
HM51W16160ATT-7 70 ns

HM51W16160ATT-8 80 ns

HM51W16160ALTT-6 60 ns

HM51W16160ALTT-7 70ns

HM51W16160ALTT-8 80 ns

HM51W18160ATT-6 60 ns

HM51W18160ATT-7 70 ns

HM51W18160ATT-8 80ns

HM51W18160ALTT-6 60 ns

HM51W18160ALTT-7 70 ns

HM51W18160ALTT-8 80 ns
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HMS51W16160A Series, HM51W18160A Series

Pin Arrangement

HM51W16160AJ/ALJ Series HM51W16160ATT/ALTT Series
Y
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(Top view) (Top view)

Pin Description

Pin name Function

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

I/00to 1/015  |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 No connection
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HM51W16160A Series, HM51W18160A Series

Pin Arrangement

HM51W18160AJ/ALJ Series HM51W18160ATT/ALTT Series
\
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(Top view) (Top view)
Pin Description
Pin name Function
A0 to A9 Address input
— Row/Refresh address A0 to A9
— Column address AOto A9
/00 to /015  |Data input/Data output
RAS Row address strobe
UCAS, LCAS |Column address strobe
WE Read/Write enable
OE Output enable
Ve Power supply
Ves Ground
NC No connection
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HM31W16160A Series, HM51W18160A Series

Block Diagram

[RAs

[Ras]  [ocas][icag]
v 3
QE

CAS WE

Control Control Control Control
Circuit Circuit CIFi:UIt Clri:UIt
2656k memory call array 256k memory cel array
Sense amp. & /O bus Sense amp. & /O bus 1
256k memory cell array 256k memory cell array
zsssk moemory cekt array Row 256k memory c;g array
ense amp. & VO bus Sense amp. & /O bus e
256k memory cell array geCOder 256k memory cell amay 1O
256k memory cell array . 256k memory cell array buffer
Sense amp. & VO bus driver Sense amp. & VO bus -
266k memory cell aray 256k memory cell array
256k mamory cell array 256k memory cell array
Sense amp_ & 0 bus Sense amp. & VO bus -]
256k memory cel aray 266k memory cell array
{_Column decoder & driver _] |__Column decoder & driver |
256k memory cell array 256k memory cell array
Sense amp. & VO bus Sense amp. & VO bus e
256k memory cell array 256k memory cell array
256k memory cell array Row 256k memory cell array
Sense amp. & VO bus Sense amp. & VO bus [
256k memory cell array g(eCOder 256k memory cell array 110
256k mamory cell array dri 256k memory cell array buffer
Sonse amp. & VO bus | nver Sense amp, & /O bus e
256k memory cell array 256k memory cell array
256k memory cell array 256k memory cell array
Sense amp. & /O bus Sense amp. & VO bus o
256k memory cell array 256k memory cell array
256k memory cell array 256k memory cell array
Sense amp. & VO bus Sense amp. & VO bus e
256k memory cell array 256k memory cell array
256k memory cell array Row 256K mamory call array
Sense amp. & VO bus decoder Sense amp. & VO bus e
256k memory cell array & 256k memory cell array 110
258k memory cell array driver 256K memory c1e7l_| array buffer
Sense amp. & IO bus Sense amp. &1/0 bus’ [
256k memory cell array 256k memory cell array
256k memory cell array 256k memory cell array
Sense amp. & /O bus Sense amp. & VO bus g
256k memory cell array 256k memory call array
| Column decoder & driver | {_ Column decoder & driver |
256k memory cell array 256k memory cell array
Sense amp. & /O bus Sense amp. & VO bus g /OB
256k memory cell array 256k memory cell array —
Seis amp. & IO i Fow Sonda 3 £ U0 Vo7
nse amp. s nse amp.
256k memory cell array geCOder 256k mamory cell array I{e] __I_.
256k memory cell array driver 256k memory cell array buffer [T 1_, /08
Sense amp. & /O bus Sense amp. & /O bus [
256k memory cell array 256K memory cell array
256k memory cell array 256k memory cell array /09
Sense amp. & VO bus Sense amp. & /0 bus [+
256k memory cell array 256k memory cell array
)
——{ Column address buffer | |—| Row address buffer |
Address : A0 to A7 : HM51W16160A Address : A0 to A11: HM51W16160A
Address : AO to A9 : HM51W18160A Address : A0 to A9 : HM51W18160A
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HMS1W16160A Series, HMS51W18160A 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* 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 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 HtolL 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. tws 20ns Early write cycle

twcs < Ons Delayed write cycle
Mode is determined by the OR function of the UCAS and LCAS. (Mode is set by the earliest

of UCAS and LCAS active edge and reset by the latest of UCAS and LCAS inactive edge.)
However write OPERATION and output HIZ control are done independently by each UCAS,

3.

LCAS.

ex. if RAS =Hto L, UCAS = H, LCAS =L, then CAS-before-RAS refresh cycle is selected.
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HMS1W16160A Series, HM51W18160A Series

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vg V; —0.5t0 V. + 0.5 (< 4.6 V (max)) \')
Supply voltage relative to Vg Vee —0.5t04.6 \Y
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 voltage Vee 3.0 3.3 3.6 Vv 1,2
input high voltage Vi 20 — Vee+03 V 1
Input low voltage Vi -0.3 — 0.8 Vv 1

Notes: 1. All voltage referred to Vg4

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

Vs pins must be on the same level.
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HM31W16160A Series, HM5S1W18160A Series

DC Characteristics
(Ta=0t0+70°C, V=33V +03V,V,=0V)HMS51W16160A Series)

HM51W16160A
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current™" * leet — 100 — 90 — 80 mA t.,=min
Standby current lecz — 2 - 2 - 2 mA TTL interface
RAS, UCAS, LCAS =V,
Dout = High-Z
- 1 — 1 - 1 mA CMOS interface
RAS, UCAS,
LCAS2V,-02V
Dout = High-Z
Standby current loca — 180 — 150 — 150 pA CMOS interface
(L-version) RAS, UCAS,
LCAS 2V, -0.2V
Dout = High-Z
RAS-only refresh current”® |, — 100 — 90 — 80 mA t,=min
Standby current*' lecs — 5 — 5 — 5 mA RAS =V,
UCAS,LCAS =V,
Dout = enable
CAS-before-RAS refresh locs — 100 — 90 — 80 mMA t,=min
current
Fast page mode current™ * |, — 100 — 90 — 80 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;; =313 us
s <03 us
Self refresh mode current lect — 260 — 250 — 250 pA CMOS interface
(L-version) RAS, UCAS,LCAS <0.2V
Dout = High-Z
Input leakage current L -10 10 -10 10 -10 10 pA O0OV<Vin<46V
Output leakage current o -10 10 -10 10 -10 10 pA OV<Vout<48V
Dout = disable
Output high voltage Vou 24 Vo, 24 Vi, 24 V. V High fout = -2 mA
Output low voltage Voo 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.
3. Address can be changed once or less while UCAS and LCAS =V,
4, V2V, -02V,0V<V, 02V.
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HMS1W16160A Series, HM51W18160A Series

DC Characteristics

(Ta=01t0 +70°C, Vo =3.3 V£0.3 V, Vi =0 V) (HM51W18160A Series)

HM51W18160A
-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Test conditions
Operating current™ 2 lecs — 170 — 150 — 130 mMA t,.=min
Standby current lecz — 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 loca — 180 — 150 — 150 pA CMOS interface
(L-version) RAS, UCAS,
LCAS 2V, -02V
Dout = High-Z
RAS-only refresh current”®  lee, — 170 — 150 — 130 mMA t,.=min
Standby current™ lecs — 5 — 5 — 5 mA RAS=V,
UCAS, LCAS =V,
Dout = enable
CAS-before-RAS refresh lecs — 170 — 150 — 130 mMA ty;=min
current
Fast page mode current*™™* |, — 170 — 150 — 130 mMA t=min
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
taus < 0.3 s
Self refresh mode current loc1s — 260 — 250 — 250 pA CMOS interface
(L-version) RAS, UCAS,LCAS <0.2V
Dout = High-Z
Input leakage current L -10 10 -10 10 -10 10 pA OV<Vin<46V
Output leakage current bo -10 10 ~-10 10 —-10 10 pA OV<Vout<48V
Dout = disable
Output high voltage Vou 24 Vo 24 Voo 24 Vo V High lout = -2 mA
Output low voltage Vo 0 04 O 04 O 04 V Low fout =2 mA

Notes: 1. I, depends on output load condition when the device is selected.

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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HMS51W16160A Series, HM51W18160A Series

Capacitance (Ta = 25°C, V..=33V*03V)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) C, —_ 5 pF 1
Input capacitance (Clocks) C, — 7 pF 1
Output capacitance (Data-in, Data-out) 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.
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HMS51W16160A Series, HM51W18160A Series

AC Characteristics
(Ta=0to +70°C, Vee=33VX03V, Vi=0V) *1 %2, %18, %19, %20
Test Conditions

¢ Input rise and fall time: 5 ns

* Input timing reference levels: 0.8 V,2.0V

* Output timing reference levels: 0.8 V,2.0V

* Output load: 1 TTL gate + C (100 pF) (Including scope and jig)

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

HM51W16160A/HM51W18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write ¢ycle time tac 110 — 130 — 150 — ns
RAS precharge time tap 40 — 50 — 60 — ns
CAS precharge time tep 10 — 10— 10 — ns
RAS pulse width taas 60 10000 70 10000 80 10000 ns
CAS pulse width toas 15 10000 18 10000 20 10000 ns
Row address setup time tsn 0] — 0 — 0 — ns
Row address hold time toan 10 — 10 — 10 — ns
Column address setup time tasc 0 — 0 — 0 — ns 21
Column address hold time toan 10 — 15 — 15 — ns 21
RAS to CAS delay time toeo 20 45 20 52 20 60 ns 3
RAS to column address delay time  t,,, 15 30 15 35 15 40 ns
RAS hold time tas 15 — 18 — 20 — ns
CAS hold time tosn 60 — 70 — 80 — ns 23
CAS to RAS precharge time tere 5 — 5 - 5 — ns 22
OE to Din delay time toeo 15 — 18 — 20 — ns 5
OE delay time from Din tozo 0 — 0 — 0 — ns 6
CAS delay time from Din toze ) — 0 — 0 — ns 6
Transition time (rise and fall) t 3 50 3 50 3 50 ns 7
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HMS31W16160A Series, HM51W18160A Series

Read Cycle

HM51W16160A/HM51W18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Access time from RAS toac — 80 — 70 — 80 ns 8,9
Access time from CAS tonc — 15 — 18 — 20 ns 910,17
Access time from address ta —_ 30 —_ 35 — 40 ns 911,17
Access time from OE toea — 15 — 18 — 20 ns 9,25
Read command setup time tres 0 — 0 — 0 — ns
Read command hold time to CAS  t, 0 — 0 - 0 — ns 12,22
Read command hold time to RAS  t.q, 5 — 5 — 5 — ns 12
Column address to RAS lead time  t, 30 — 35 — 40 — ns
Column address to CAS lead time  t,,, 30 — 3 — 40 — ns
CAS to output in low-Z oz 0 —_ 0 — 0 — ns
Output data hold time ton 3 — 3 — 3 — ns
Output data hold time from OE o 3 — 3 — 3 — ns
Output buffer turn-off time tore — 15 — 15 — 15 ns 13
Output buffer turn-off to OE toez — 15 — 15 — 15 ns 13
CAS to Din delay time teoo 15 — 18 — 20 — ns 5
Write Cycle

HM51W16160A/HM51W18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time tues 0] — 0 — 0 —_ ns 14,21
Write command hold time L 10 —_ 15 — 15 — ns 21
Write command pulse width tor 10 — 10 — 10 — ns
Write command to RAS lead time 15 — 18 — 20 — ns
Write command to CAS lead time  ty, 15 — 18 — 20 — ns 23
Data-in setup time tos 0 —_ 0 — 0 — ns 15,23
Data-in hold time tou 10 — 15 - 15 — ns 15, 23
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HMS51W16160A Series, HM51W18160A Series

Read-Modify-Write Cycle

HM51W16160A/HM51W18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle time towe 185 — 181 — 206 — ns
RAS to WE delay time tawo 85 — 98 — 110 — ns 14
CAS to WE delay time towo 40 — 46 — 50 — ns 14
Column address to WE delay time  t,,, 55 - 63 — 70 — ns 14
OE hold time from WE toen 15 — 18 — 20 - ns
Refresh Cycle

HM51W16160A/HM51W18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
CAS setup time (CBR refresh cycle) t.q, 5 — 5 — 5 — ns 21
CAS hold time (CBR refresh cycle) t.q 10 — 10 — 10 — ns 22
RAS precharge to CAS hold time  tg, 0 — 0 - 0 — ns 21
Fast Page Mode Cycle

HM51W16160A/HM51W18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time e 40 — 45 —_ 50 — ns
Fast page mode RAS pulse width  tyep — 100000 — 100000 — 100000 ns 16
Access time from CAS precharge  t., — 35 — 40 — 45 ns 917,22
RAS hold time from CAS precharge toop, 3 - 40 — 45 - ns
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HMS51W16160A Series, HMS1W18160A Series

Fast Page Mode Read-Modify-Write Cycle

HM51W16160A/HM51W18160A

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode read-modify-write  tpyc 8 — 96 — 105 — ns
cycle time
WE delay time from CAS precharge t.y 60 — 68 — 75 — ns 14,22
Refresh (HMS1W16160A Series)
Parameter Symbol Max Unit Note
Refresh period taer 64 ms 4096 cycles
Refresh period (L-version) taer 128 ms 4096 cycles
Refresh (HMS1W18160A Series)
Parameter Symbol Max Unit Note
Refresh period taer 16 ms 1024 cycles
Refresh period (L-version) taer 128 ms 1024 cycles
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HM351W16160A Series, HM51W18160A Series

Self Refresh Mode (L-version)

HM51W16160AL/HM51W18160AL

-6 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (Self refresh) taass 100 — 100 — 100 — us 26
RAS precharge time (Self refresh)  toes 110 — 130 — 150 — ns
CAS hold time (Self refresh) tous -50 — -50 — -50 - ns

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

2. Aninitial pause of 200 us is required after power up followed by a minimum of eight
initialization cycles (any combination of cycles containing RAS-only refresh or CAS-before-
RAS refresh). If the internal refresh counter is used, a minimum of eight CAS-before-RAS
refresh cycles are required.

3. Operation with the ty, (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 t.,.

4. Operation with the t,,5 (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 tp,, (max) limit, then access time
is controlled exclusively by t,,.

5. Either tyg Or t.pp Must be satisfied.

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

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

8. Assumes that ty; < thp (Max) and ty,, <t (Max). If tag, Or tayp is greater than the
maximum recommended value shown in this table, t,,. exceeds the value shown.

9. Measured with a load circuit equivalent to 1 TTL loads and 100 pF. (V,,=2.0V, V, = 0.8 V)
10. Assumes that thep 2 thep (Max) and tocp + toae (Max) 2ty + 14, (Max).

11. Assumes that to,, 2 ty,p (Max) and too + teae (MaX) <t + ta, (Max).

12. Either t,,, or tyq, must be satisfied for a read cycles.

13. 15 (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 tycs, tawos towor tawn @Nd tepy are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only; if tycs 2 tyes (Min), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; if tawp 2 tawp (MIN), towp 2 towo (MiN), and tuwg 2 Lo (MIN), OF towp 2 tewp (MIN), Liwo 2 Lo
(min) and tcpy = topy (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. t,,sp defines RAS pulse width in fast page mode cycles.
17. Access time is determined by the longest among t,,, toac and tsp,.

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 tog, 2 toy,, the /O pin will remain open circuit (high
impedance); if tog, < tow, 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 V¢ pins shall be supplied with the same voltages.

21 tisos toa tacs: twes twom tesr @nd tope are determined by the earlier falling edge of UCAS or
LCAS.

22 tonp, tonm thow topa @and tepy are determined by the later rising edge of UCAS or LCAS.
23.t.wu 1w @nd togshould be satisfied by both UCAS and LCAS.
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HMS1W16160A Series, HM51W18160A Series

24.1,; 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 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.

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

27.1f you use distributed CBR refresh mode with 15.6 ps interval in normal read/write cycle, CBR
refresh should be executed within 15.6 ps 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: HM51W16160A Series, 1024 cycles: HM51W18160A Series) of
distributed CBR refresh with 15.6 us interval should be executed within 64 or 16 ms (64 ms:
HM51W16160A, 16 ms: HM51W18160A) immediately after exiting from and before entering
into the self refresh mode.

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

30. XXX: H or L (H: VIH (min) < VIN < VIH (max)}, L: VIL {(min) < VIN < VIL (max))

/1/: Invalid Dout
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HM51W16160A Series, HMS1W18160A 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/LCAS should satisfy the timing specifications individually.

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

"\ S
—
p

Early write

LCAS \
WE \

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

-\ S

LCAS

tuL

4. Byte control operation by remaining UCAS or LCAS high is guaranteed.
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HMS51W16160A Series, HM51W18160A Series

Timing Waveforms**

Read Cycle
- 'RC >
» tRAS ol letBP
RAS \ / \
\ Y
< tesh 11. tcmrp
- tReD 1, tRSH
e tcas
- N /
UCAS & Z
LCAS . 4
< IRAD | tRAL .
- tcaL
tASR tasg | tcaH
tRAH >
—
4
Address Row Column
K
RRH
tRcs . tReH
S 4 \
WE
tozg . tcop

o
=
T
X
s
T
N
PN

< |tpzo|, | |loEA . toep
= XXX XX
N /
toEz
tcac toHo
tAA
N > tOFF
_ trac - -
tc _toH
N
Dout Dout /
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HMS51W16160A Series, HM5S1W18160A Series

Early Write Cycle
- tRC
- tRAS o l<IRP
—
RAS N \
N /
tcsH .| l_tcRp
thRed 1. tRsSH -
ol . tcas
UCAS ‘x 7‘
LCAS N yii
tasr| tRAH tasc| | tcaH
Address Row Column
twes| | tweH
m (OO0000 / RRRIIXXXXX
N 7
tps | | toH
Din Din
High-Z**
Dout g

* OE : HorlL
~ twes Z twes(min)
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HMS51W16160A Series, HMS51W18160A Series

Delayed Write Cycle*'®

» tRC .
» tRAS 1 tRP
TN
RAS N\ / \
- tcsH ol e tcrp |
tReD Ll tRSH -
trl e 3 tcas _
UCAS 7‘
LCAS N 7
tasr| tRAH tasc| |tcaH
Address Row Column
towll
tRWL
tRCS twp
A
WE
N Vi
tpzc tps tpH
- - -
tpzo toEH
- —> - »-
toep
C 4 T
OE \ /
] toEz
_terg)
High-Z
Dout g
Invalid Dout
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HMS1W16160A Series, HM51W18160A Series

Read-Modify-Write Cycle*!

tRwe >
tRAS »! € tRP
N
RAS
\ £ \
tr
taRcD tcas - tcRp
UCAS N\ 7‘
LCAS N 7
<« {RAD
tASR| tRAH tasc| | tCAH
¥
Address Row Column
N
t
tRCS| |es! |« tcwp M
tAwD tRWL
~ tRwD twp
4 )
w (000001 \_ /000K
N7
tozc toH
i - >
N
/

Din High-Z Din
t
JiDzO| | <OEH,
toea
. / R
OE ‘X XXX XXX XXX / N X X X X X X
LT
tcac
 haa toEz
tRAC > |¢_plOHO
4 5( High-Z
Dout Dout b
tcLz ——
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HMS1W16160A Series, HMS51W18160A Series

RAS-Only Refresh Cycle

- tRC .
‘ tRAS N tRp .
— N\ \
RAS N \
N
tt
tcrp trpc tCRP
UCAS / £ Y Y
LCAS X/
tASR tRAH
Address Row
flid
Dout %{ High-Z
7,
* OE,WE: HorlL
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HMS1W16160A Series, HM51W18160A Series
CAS-Before-RAS Refresh Cycle

Pl tRas 1, tRp || tRas

s \ \

tRPC
tcp | 1 tcsh

Jrrg <ICRP
tcHg tep | \lcs tcHR

UCAS 4 3 \ 4
LCAS

torg

Dout A

“

L gl

High-Z

* OE,WE : HorlL
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HMS51W16160A Series, HM51W18160A Series

Hidden Refresh Cycle
tRC >l tRC >l tRC >
tRAS JPRP,| | tRAS| [1RR tRAS tRp
T N
s N / \ \
N /
tr
< RSH, tcHR JCRP,
« IRCD
_ (__
UCAS 3& /
LCAS K 7
< tRAD 1 | |tRAL
tAsH [[RAH tA‘s_E | {cAH |
/ ]
Address Row Column
\ /
tres RRH) |
. 4 3
WE
Jbze < 1CDD
High-Z
tDzO | tOED
OEA _
o= JXX0XXXRL XX
\ /
<ICAC | JOEZ
1AA . o1 loHo
. !RAC . toFE
toLz toH_|
4 3
Dout Dout E—
N\ /
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HMS51W16160A Series, HMS51W18160A Series

Fast Page Mode Read Cycle
tRASP -
e CPRH I | tRP
S y / \
RAS N / \
N 7
tol e
tcsH tpc IRSH
« tReD  ltcas || tep ) iteas,| | tep f |deas | | 1 [fcRA
) N ONA NS
LCAS K 7 N / N 7
» tRAL
'RAD | tcAL le| [tCAL ‘ tcar |
ASH [RAH tasq ftcaH tasg ftcAH tasg RCAH
4 4 4
Address Row Column 1 Column 2 Column N
‘ uig
tRCS tRCS | {tRRH
trcs | tRCH | | tRCH tRCH |
_ 4 ) -[ N\ ¥ y
WE
fozg tozg, |, ozg, |,
tcop | tcop tcpD
Di K High-Z| | 4 High-Z| | A\/ % High-Z 7
n A \ NXAL N
_|tpzo |, toen |, | | tbzo| toED tpzQ {OED
/' \
A A i i ;(
OE / N }Z
N ¥ N N
. RAC . tcra tcpa
= . > ||}
_taal || {[tOH | 1A toH | taa| | | L ton
B N i - - toHO
_>
toea TTTOHO | toea TITTOHO | 1oa
tcacl, loFr [teAC torF [tcAC o |l JoFF
tc ¥4 tOEZ
Dout §_
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HMS51W16160A Series, HM51W18160A Series

Fast Page Mode Early Write Cycle

tRASP i tmp
_ y
RAS N \
N 7
tT,
tcsH tpc IRSH
tRch tcas tcp tcas | | tcp tcas | tCRP!
UCAS NX 4 5& / 5&
LCAS X 7[
tasc| ftcaH tasg ftcaH
Column 2 Column N
twes| tweH twes| tweH twcs| tweH
e (000

Din

High-Z**

Dout

* OE : HorlL
* twes = twes (min)
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HMS51W16160A Series, HM51W18160A Series

Fast Page Mode Delayed Write Cycle*!®

|

I
>
[72)

UCAS
LCAS

Din

Dout

trasp -
J <tRP
N
7N\
tr tch) 1. tehy 1, fcRP)
tesH . tpc > «_ RSH
trReD |, tcAs tcas « lCAS
\ A /]
&L 7Z X( 7 &( 7Z
tasc ol LetASC o JIASC
tcan tcan tcaH
Column 1 Column 2 Column N
towl] tewy towr
|1 [
tRWL
| trcs trcs
h A \
\ \ \
twp | twp | twp _
T* Te hat d
.| lltozctp tpzc to tozc tpg| |
Jop, | Lltop R
Gin E_ 6in E_ Gin
E 1 2 KN
tpzo Htozo‘ - H tpzo. -
' |toep toED toED
tOEH ] toEH tOEHIe>
4 4 X 7 3
=N N N K
torz,| toiz, | tolz, | o
ol JoEZ ol JOEZ L JOEZ
High-Z
Invalid Dout Invalid Dout Invalid Dout
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HMS1W16160A Series, HM51W18160A Series

Fast Page Mode Read-Modify-Write Cycle*'®

» tRasP
| ptep
— 3
RAS \ . \_
N 7
]l : tPRWC .
tcp tcp tRSH tCRP
«1RCD |, tcas - lCAS tcas
UCAS j\ an Zn& Zz
LCAS K 7 N 7 K 7
tRAD _|
tasR, |1 tAsC oLl tASC ol 1ASC
tRAH tcaH tcan tcan
Address Row Column 1 Column 2 Column N
B tawp (tc teew tcw&( tcpw ‘tcwkl
tAwD__, | tawp X tawp e«
RCS tRwL
town | [tresl Ll | tewp Lol [ towD
N N N
e X X XUM
tRcs,)! twe Ll 14 twell g twp :
tpzc tDS_ tpzc DS tpzc tos ||
fon fo o |0H
(i o |
Din ) ! ) XD N
4 1 2 /|
toEp, L toep N~ toep, N
tpzo| | || —> tbzo| | 1] —™ tozo || || —*
LOEH la-»{ tOEH ] tOEHe—»
4 4 A N
= OO0 N N X
T Z <1OHO <«!OHO | (Z <l0HO
tOIEA |<> TOIEA thA Lam]
tCACHe—] tCAQw—» tCAGw>]
tanle tanle tadler»
TRAG tcpale topal+ >
olla la le
torz 1L |11oEZ tc 1oEZ telz [ tOEZ
£ £ A High-Z
Dout i/ / /
N KA N7
Dout 1 Dout 2 Dout N
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HMS51W16160A Series, HM51W18160A Series

Self Refresh Cycle (L-version)** 27282

_ tRASS

R—AS_/ \

trrPs

Y

trRPC RN tcrp
:t > tesR la—
cp | tCHS
UCAS ' \
LCAS
- toFF
High-Z
Dout 7 éi\ 9

*Address, OE, WE: HorlL
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HMS1W16160A Series, HM51W18160A Series

Package Dimensions

HMS51W16160AJ/ALJ Series
HMS1W18160A)/ALJ Series (CP-42D)

Unit: mm

27.06
27.43 Max

42 22

minininisiaiaisiaisisizisinlisinisinininlis]

N/
10.16 £ 0.13
11.18 £ 0.13

o000 0o oo oo o o0
1 21
0.74

3.50+0.26

1.3 Max

0.63 Min

o~
-
o
H
o
0
ai

0.43+0.10 H 1.27
L)

T

9.40 £ 0.25
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HM31W16160A Series, HM51W18160A Series

HM51W16160ATT/ALTT Series

HM51W18160ATT/ALTT Series (TTP-50/44DC) Unit: mm

20.95
21.35 Max

50 40 36 26
AAAAAARAARR  AAARRARARAN

10.16

o]

TTTVTYVY u1 TTTIVYTYUVY
2

0.80
027 +0.07 || [©]0.13@) 11.76 + 0.20

1.15 Max

!

+0.078
—0.025

0.145 .

0.08 Min &

0.18 Max H
|
|
o
|
aQ

0.68

1.20 Max

0501 ||,
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