HM5116160A/AL Series

1,048,576-word x 16-bit Dynamic Random Access Memory

The Hitachi HM5116160A/AL is a CMOS
dynamic RAM organized 1,048,576 words x 16
bits. It employs the most advanced CMOS
technology for high performance and low power.
The HM5116160A/AL offers Fast Page Mode as a
high speed access mode.

Feature

¢ Single 5.0V (= 10%)
+ High speed
— Acccss time
60 ns/ 70 ns/ 80 ns (max)
Low power dissipation
— Active mode
550 mW/495 mW/440mW (max)
- Standby mode 11 mW (max)
0.83 mW (max) (L-version)
Fast page mode capability
Long refresh period
— 4096 refresh cycles : 64 ms
128 ms (L-version)
* 4 varnations of refresh
~ RAS-only refiesh
— CAS-before-RAS refresh
— Hidden refresh
- Self refresh (L-version)
2CAS-byte control
Battery backup operation (L-version)

]

Preliminary

Ordering Information
Access

Type No. time Package
HMS5116160ANALJ-6 60 ns  400-mil, 42-pin
HM5116160AJ/ALU-7  70ns  plastic SOJ
HM5116160AJALS-8 80ns (CP-42D)
HASHBIR0ATT/ALTTS  60ns  400-mil,
HVSTM6160ATT/ALTT-7 70ns  S50-pin
HVSTBIE0ATT/ALTTS  80ns  plastic TSOP i

(TTP-50/44DC)
Pin Description
Pin name Function
Al o A11 Address input
ADto A1 Refresh address input
/00 to VO15 Data input/data output
RAS Row address strobe
UCAS, LCAS Column address strobe
WE ReadMrite enable
OE Output enable
Vee Power supply (+ 5.0 V)
Vss Ground
NC No connection

Note; The specifications of this device are subject 1o change without nolice. Please contact your nearest Hitachi's

Sales Depl. regarding specifications.

This specification is fully compatible with the preliminary 16-Mbit DRAM specifications from TEXAS INSTRUMENTS.
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HMS5116160A/AL Series HM5116160A/AL Series

Pin Arrangement

HM5116160AJ /AL JSeries HM5116160ATT/ALTT Series
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HMS35116160A/AL Series HMS5116160A/AL Series

Block Diagram
RAS| |ocas] | icas| WE | {oF |
RAS CAS OFE
Contro! Control Control Control
Circutt Circuit Qrfut Cmful
256k memany oefl arrary 256k memary cel armay
Seanse amp. & IO bus Eense anp. 3 IO bus [t — 100
256k memory odll array 256k memory celf amay
256k memary osf aTay Row 256k memory celf aray
Benco srp_ & HO bus decoder Sence amp & WO s 4—
266k memory off array 256k memory coll sy | | VO
255Kk memory ol aTay : 256K memory cel apvery buffer m
Sense amp & O bus nver Sense amp & WObus e—]
256k mamory ok aray 266k memcry colt array
256k memary celi aray 256k memory coll amay m
Sence amp &0 but Sense amp & WO buc et
256k mamory celt aTay 256k memory celf amay
»| Cokmn decoder & driver | | Column decoder & diver |
256k memory coll aTay 266k memery cefl amay
Seree ey & VO biis Senscang & WO Dus le1— m
256k memary cell amay 286k memory celf amay 1
256K memory colf aray Row 256k memaory colt amay
Saseamg & POus 4 jer Fense amp. & IO bus et — |
266k memory cell array 256k memory cell aay 0o
256k memory cell aay g' 256k memory coll amay —‘1 buffer m
Sense amp & WO bus ver | Eonspamp 8 UObUs  jei—
256 memory coll aray 256i memery cod armay
256k memory cell aay 256k memory celt wray _.@
Sense amp & O bus Sense amp. & WO bus et
256k memory ool aray 256K memory coll sTRy
2356k memory ceil aray 256k memory cef array
Serse emp & VO bus | Senseamp & IOtus 41—1 m
256k memcry coll ey 256k memcery cell aray
256K memory cell aray Row 256k memory cel aftay -
Bense amp & O bus ) 4 amp. fs+— m
256k mernory cell wray er 256k memory call aay o '_
& | —ant
256k memory ced amray driver 256k memory cof arry ‘J buffer - m
Tense smp 8 VOGS amp bus —
256k memory ceit sy 256k memory colt amay
206k mernory cedl amay 2364 memory cell avay
| Sersoomp OGS | Sense amp. & O burs ref—
256k memory ceft armay 256k memory celt sray
»| Column decoder & driver | [__Cotumn decoder & diver |
256k memory ceft amay 256k memory calf mrey ‘{
Bense amp & WO bus 1 Sense emp & HOBuE m
256% mernory ool anay 2§Gk < memory call aray ™
| [Rew it w07
256k memory cell armay Py er 256k memory csll aray 10} -
256k mernory coll wiay - 255 mermory cell wney buffer 1 >
Sence amp_ & IO bus driver —sanrsms EIO6E e} | Vo8
256k memory cell svey 256k memory celt amey —
256k memorny ool wray 256k memaory cell ey -
Bense amp & O bus Gense amp & U0 hus e
256k memory cel erray | Bekmemoryoierey |

. L
L Column address buffer | L———[ Row address bufier )
t )

AO—A7

[ Address AD—ATT ]

AD—A11
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HMS5116160A/AL Series HMS5116160A/AL Series
Truth Table

Inputs 1o
RAS LCAS UCAS WE OF VO0- ¥OT ¥O8- KO15  Operation Notes
H H H H H High-Z High-Z Standby 1,3
L H H H H High-Z High-Z Refresh ‘lf 3
L L H H L Dout High-Z Lowerbyteread 1,3
L H L H L High-Z Dout Upperbyteread 1,3
L L L H L Dout Dout Word read 1,3
L L H L H Din Don't care Lower bytewrite 1,2, 3
L H L L H Don't care Din Upper byte write 1,2, 3
L L L L H Din Din Word write 1,23
L L L H H High-Z High-Z 1,3
Htol L H - - High-Z High-Z CBR refresh 1,3
Hiol H L - - High-Z High-Z ;lf refresh
Hio L L L - - High-Z High-Z
Notes: 1. H: High{inactive) L: Low(active)

2. tws>0ns Early wirite cycle

twcg <0 ns Delayed write cycle

3. Moaode is determined by the OR function of the UCAS and LCAS. (Mode is set by the eadiest 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, LCAS =L, UCAS =H, then CAS-before-RAS refresh cycle is selected.

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg vy -1.0to+7.0 Vv
Supply voltage relative to Vgg Vee -1.0t0+7.0 Vv
Shert circuit cutput current lout 50 mA
Power dissipation Pt 1.0 w
Operating temperature Topr 0tc+70 °C
Storage temperature Tstg -55to +125 °C
4
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HMS5116160A/AL Series HM5116160A/AL. Series
Recommended DC Operating Conditions (Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Note
Supply voltage Vee 45 50 55 vV 1
Input high voltage ViH 24 — 6.5 Vv 1
Input low voltage Vi -1.0 — 0.8 Vv 1

Note : 1. All voltage referred to Vgg

DC Characteristics (Ta = 0 to +70°C, Ve = 5.0 V£ 10%, Vgg =0 V)

HM5116160A/AL

8 7 38
Parameter Symbol Min Max Min Max Min Max Unit Testcondiion Notes
Operating current  lceq — 00 — 90 — 80 mA  tgc =min 1,2
Standby current lce2 — 2 - 2 - 2 mA  TTL interface
RAS, UCAS, LCAS
=Vjy, Dout = High-Z
— 1 — 1 — 1 mA  CMOS interface
RAS, UCAS, [CAS >
Voo —0.2v
Dout = High-Z
Standby current — 015 — 015 — 015 mA CMOS interface
{L-version) RAS, UCAS, [CAS >
Ve -0.2v
Dout = High-Z
RAS-only leea — 100 — 80 - 80 mA  {re =min 2
refresh current
Standby current lees — 5 — 5 — & mA RAS =V, 1
TCRS, [LAS = v,
Dout = enable
CAS-before- BAS  Iccs — 100 — %0 — 80 mMA tgc=min
refresh current
Fast page mode lcc7 - 100 — 90 — 80 mA  tpc = min 1.3
cumrent
Battery back up lccio — 05 — 05 — 05 mA  CMOS interface
operating current Dout = High-Z
(Stand by with CBR refresh:
CBR refresh) tre =313 ps
(L-version) tras < 03 s
3 339 1
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HMS116160A/AL Series HMS5116160A/AL. Series
DC Characteristics (cont.)

HM5116160A/AL

8 -7 8
Parameter Symbol Min Max Min Max Min Max Unit Testcondition Notes
Self refreshmode  locqq — 300 — 300 — 300 pA CMOS interface
cument RAS, UCAS,
{L-version) LCAS 0.2V

Dout = High-Z

Input leakage Uk . =10 10 -10 10 -10 10 pA  OV<Ving7V
current
Output leakage o -10 10 -10 10 -10 10 PA  OVVout<7V
current Dout = disable

Quiputhighwvotage Vg 24 Voo 24 Voo 24 Voo V High lout = -5 mA

Quiputlowvdtage Vg O 04 0 04 0 04 V Lowlout=42mA

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

Capacitance (Ta = 25°C, Vo = 5.0 V£ 10%)

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address) Ci — 5 pF 1
Input capacitance (Clocks) Ci2 —_ 7 pF 1
Output capacitance (Data-in, Data-out) Cio — 7 pF 1,2

Notes : 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. UCAS and L CAS =V, to disable Dout
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HMS116160A/AL Series HMS5116160A/AL Series

AC Characteristics (Ta = 0 to +70°C, Ve = 5.0 V& 10%, Vgg =0 V) *1,¥2, 3, %19,
Test Conditions

Input risc and fall times : 5 ns

Input timing reference levels : 0.8 V, 24V

Output timing reference kvels : 0.4V, 24V

Output load : 2 TTL gate + Cy, (100 pF)
(Inchuling scope and jig)

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

HM5116160A/AL

=] 7 8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Random read or write tre Mo — 130 - 150 — ns
cycle time
RAS precharge time trp 0 — 50 — 60 — ns
CAS precharge time tcp 1 — 10 — 10 — ns
RAS pulse width tras 60 10000 70 10000 80 10000 ns
CAS pulse width tcas 15 10000 18 10000 20 10000 ns
Row address setup time tasr 0 — 0 — 0 — ns
Row address hold time tRAH 0 — 1 — 10 — ns
Column address setup time  tagc 0 — 0 — o — ns
Column address hold time  toay 1 — % — 15 - ns
RAS to CAS delay time treD 20 45 20 52 20 60 ns 4
RAS to column address fRAD 15 30 15 35 15 40 ns 5
delay time
RAS hold time trsH 1% — 18 — 20 — ns
CAS hold time tosH 60 — 70 — 80 — ns
CAS to RAS precharge time  tegp 5 — 5 — 5 — ns
OE to Din delay time toep 15 — 18 - 20 - ns 6
OE delay time from Din thzo 0 — 0 - 0 — ns 7
CAS delay time from Din thze 0 — 0 - 0 — ns 7
Transition time (rise and fall) {7 3 &0 3 50 3 50 ns 8
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HMS5116160A/AL Series HM5116160A/AL Series
Read Cycle

HM5118160A/AL

6 7 8
Parameter Symbol Min Max Min Max WMin Max Unit Notes
Access time from RAS trac — 60 — 76 — 80 ns 910
Access time from CAS tcac — 15 — 18 — 20 ns 10,11,18
Access time from address taa — 30 — 3 — 40 ns 10,1218
Access time from OE . topa 22— 15 — 18 — 20 ns 10
Read command setup time trcs 0 — 0 - 0 — ns
Read command hold ime toCAS ~ tgey o — 0 - 0 - ns 13
Read command hold time to RAS  tgpy 0o - 0 — 0 — ns 13
Column address to RAS leadime  tga = 30 — 3 — 4 — s
Column address to CAS lead ime  topp 30 — 3B — 40 — ns
CAS to output in low-Z tez 0o — 0 — 0 — ns
Output data hold time tou 3 - 3 — 3 — s
Output data hold time from OE too 3 — 3 — 3 — ns
Output buffer tum-off time torr — 15 — 15 — 15 ns 14
Output buffer tum-off to OE toEz — 15 — 15 — 15 s W
CAS to Din delay time tcob 15 — 18 — 20 — ns B
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HMS116160A/AL Series HMS5116160A/AL. Series

Write Cycle

HM5116160A/AL

. ] -7 8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write command setup time  tcs 0 — 0 — 0 - ns 15
Write command hold time  facn 10 —_ % - 1% — ns
Write command pulse width tap 10 — 1 — 10 —_ ns
Write command to RAS ~ tryut 5 — 18 — 20 — ns
lead time
Write command to CAS towL 15 — 18 — 20 — ns
lead ime
Data-in setup time tos 0 — 0 — 0 — ns 16
Data-in hold time toH 10 - 15 -— 15 —_ ns 16
Read-Modify-Write Cycle

HM5116160A/AL

6 =4 8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Read-modify-write cycle trwe 195 — 181 - 206 — ns
time
RAS to WE delay time tRwo 8 — 98 — 1m0 — ns 15
CAS to WE delay time tcwd 40 — 6 — 50 — ns 15
Column address to WE tawp 5 — 63 — 70 - ns 15
delay time
OE hold time from WE toeH 15 — 18 — 20 — ns
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HMS116160A/AL Series HM5116160A/AL Series
Refresh Cycle

HM5116160AJAL

£ 7 8
Parameter Symbol Min Max Min Max Min Max Unit Note
CAS setup time tcsr 5 — 5 — 5 — ns
(CBR refresh cycle)
CAS hold time tcHR 10 — 0 - 0 — ns
{CBR refresh cycle)
RAS precharge to CAS tépc 0 — 0 — 0 — ns
hold time
Fast Page Mode Cycle

HM5116160A/AL
6 4 8

Parameter Symbol Min Max Min Max Min Max Unit Notes
Fast page mode cycle time  tp¢ 40 — 45 — 5 — ns
Fast page mode RAS pulse trasp — 100000 — 100000 — 100000 ns 17
width :
Access time from TAS topa - 35 — 40 — 45 ns 10,18
precharge
RAS hold time from CAS ~ tcppi 35 — 40 — 45 — ns
precharge
Fast Page Mode Read-Modify-Write Cycle

HM5116160A/AL

£ -7 = ]
Parameter Symbol Min Max Min Max Min Max Unit Note
Fast page mode read- tPRWC 85 — % — 105 — ns
modify-write cycle time
WE delay time fromTAS  tepyy 60 — 68 — 75 — ns 15
precharge
10
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HMS116160A/AL Series HM5116160A/AL Series
Refresh
Parameter Symbol Max Unit Note
Refresh period tReF 64 ms 4096 cycles
Refresh period tREF 128 ms 4096 cycles
(L-version)
Sel-Refresh Mode

HM5116160AL

€ 7 ]
Parameter Symbol Min Max Min Max Min Max Unit Notes
RAS pulse width (seff refresh)  tgags 100 — 100 — 100 — s
RAS precharge time (selfrefresh)  trpg 110 — 130 — 150 — ns
CAS hold time (self refresh) tchs 50 — -50 — 50 — ns

M 449,203 002L029 857 M
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HMS5116160A/AL Series

HMS5116160A/AL Series

Notes: 1.

12

2.

N

10.
"
12.
13.
14.

15.

16.
17.
18.
1S.
20.
21.
23.

24,
25.

27.

AC measurements assume ty =5 ns.

An initial pause of 200 ps is required after power up followed by a minimum of eight initializa-
tion cycles (any combination of cycles containing RAS-only refresh or CAS-before-RAS
refresh).

Only row address is indispensable on address A8, A8, A10, A11.

Operation with the trep (max) limit insures that tgac (max) can be met, trep (Max) is
specified as a reference point only; if tgcp Is greater than the specified tpep (max) fimit, then
access time is controlled exclusively by tcac.

Operation with the tgap (max) limit insures that tgac (max) can be met, tppp {max) is
specified as a reference point anly; if trap is greater than the specified trap {max) limit, then
access time is controlled exclusively by tAA.

Either togp of topp must be satisfied.

Either tpzq of tpz¢ Must be satisfied.

Vi4 (min) and V) (max) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vjy (min} and V) (max).

Assumes that {pop < treop (Max) and trap < trap (Max). if tgep of trap is greater than the
maximum recommended value shown in this table, g4 exceeds the value shown.

Measured with a load circuit equivalent to 2 TTL loads and 100 pF. (Voy =24V, Vg =04V)
Assumes that tgcp > trep (Max) and trap < trap (Max).

Assumes that trep < trep (Max) and tgap > trapimax).

Either tpoy of thry Must be satisfied for a read cycles.

torr (Mmax) and topz (max) define the time at which the outputs achieve the open circuit
condition and are not referred to output voltage levels.

twes. tRwp: fowp: tawp and topw are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if tweg > twcs (min), the cycle is
an early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if trwp 2 trwp (min), towp > tewp (Min), and tawp > tawp (Min), or towp >
towp (min), tawp = tawp (Min) and topw 2 topyy (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.

trasp defines RAS pulse width in fast page mode cycles.

Access time is determined by the longer of taa of toac of topa.

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 togy > tow, the /O pin will remain open circuit (high
impedance), if {opy < towl, invalid data will be out at each 1/O.

When both LCAS and UCAS go low at the same time, all 16-bits data are written into the
device. LCAS and UCAS cannot be staggered within the same write/read cycles.
All the V¢ and Vgg pins shall be supplied with the same voltages.
s bwes, twen tosr @nd trpe are determined by the earlier falling edge of

, tean: tre
UCAS or LCAS.
tcRrP: tcHR. tReH. tacp and topw are determined by the later rising edge of UCAS or LCAS.
tow, toH. 1os and toHs should be satisfied by both UCAS and LCAS.

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 Vo c/Vgg line noise, which causes to degrade V) min/Vy max level.

Please do not use tgagg timing, 10 ps < tgags < 100 ps. During this period, the device is in
transition state from normal operation mode to self refresh mode. if tgagsg > 100 ps, then RAS
precharge time should use tppg instead of tgp.

if you use distributed CBR refresh mode with 15.6 ps interval in normal read/write cycle, CBR
refresh should be executed within 15.6 ps immediately after exiting from and before entering
into self refresh mode.
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HMS5116160A/AL Series HMS5116160A/AL Series

28. If you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 4096 cycles
of distributed CBR refresh with 15.6 ps interval should be executed within 64 ms 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.

Notes concerning 2CAS control

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

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

= T\ -
s \ j o
. L e
. \ S

(3) Closely separated upperfiower byte control is not allowed. However when the condition (top <ty )
is satisfied, fast page mode can be performed.

w T\ -

UCAS

LCAS \ /

13

B 4495203 0026031 405 A




HM5116160A/AL Series HM5116160A/AL Series
Timing Waveforms*30
Read Cycle
tre
e trRAS » e tRP
_ X 4 y
RAS X( 72 \—
tcsH tcrp
trReD trsH
tr tcas
_ y 4
UCAS x /
TEAS N
LCAS trAD tRAL .
- tonL
tASR - asd | load
- v
Address Row I Column
{RRH
‘RCS tRG"
w OO/ NN
WE
tDzC - tcon .
oK)
'zo, | | doE4. foeo
o OO | TTZOOOOOOO0
toEz
tcac > _toﬂo
taa iq‘.‘;
o 'RAC > ~
te AtOH
/ 5(
Dout Dout £

30: i
Note 30 @ HorL (H: Vyy {min) < Vi < Vi (max), L: V) (min) < Vi <V (max))

Invalid Dout

14
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HM5116160A/AL Series HM5116160A/AL Series
Early Write Cycle
trc
et tras > trp >
_ )
RS \ fON
le tcsy . tcrp -
trco tRsH .
t tcas
UCAS !\ ]l
[CAS K 7
tasr| trRAH tasc! |tcan
Address / Row Column
twes tweH
we QOO0 / XX/ XXX
N A
tps topH
Din Din
Dout High-Z™

* OF : Horl
= twes = twes (min)

15
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HM5116160A/AL Series HMS5116160A/AL Series
Delayed Write Cyde *19

trc
tras o trp
. B
s \ Jj N
tesu - tcrp
trRCD trRsH
tr tcas
UCAS j‘
LCAS K Yl
tasr! IRAH t tcan
Address Row Column WWC
tow]
ten
IRCS twp‘
o 7Y
we SR/ /XOOQO0X
\ \ Y,
tpzc tps ton
- o
VAN e e S J?(X?W
tnzo toen
- ~— - Ly
toED
o x ~C L'
ot JOUUUOOOOA |/ N
— loEz
LL?,_J‘_
Dout High-Z*

« tOEH 2 towL

16
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HM5116160A/AL Series HM5116160A/AL Series
Read-Modify-Write Cycle *19

trwe
tras L tre
_ ) }:
RAS
\ £ \
T
treD tcas S| tere |
\
UCAS x
[CAS " 1
trAD
tasr! krRAH tASC tc""-'l

{ k«“»<><><><: $
Address Row ( Column

i}
tRCS| jeb! towp » t‘ >
tawp | {thwt
trwD S twe
/X y JAY
" N VOO
N\ Y.
oze toH
- ——————
High-Z
- T gy
I.*DA - toen
_’ -
toea
= UA ‘ WO
OE
SOQUOVON 1/ )
teac
tAA | toEz
trac _ toHO
V! bz

= toEH Ztow

17
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HMS116160A/AL Series HMS5116160A/AL Series
RAS-Only Refresh Cycle CAS-Before-RAS Refresh Cycle
trc
i tras o le trp .
X y \
e \ A\
ty
tcrp trPC tcrp
UCAS / Y \ y
LCAS &/
tASR | tRaH

e O N

toFF
igh-Z
Dout ///// High
* OE,WE: HorlL
 Refresh address : AD - A11{RAD- RA11)
trC trc
trp tRas tRe | tRAS trp
tr
trPC iR tcrp

cp | tcsg| |teH tcp | tesrR| |, tcHR
UCAS y ) I{‘:::—:\
LCAS

N\
name. X XKL AAXRCOUOKX
Ltor=r=

High-Z

Dout W
L

St

18

* OELWE: Horl
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HMS5116160A/AL Series HM5116160A/AL Series
Hidden Refresh Cycle
tre « RC tre
LL—tRAS“_, trp t trRp tRAs trp
Ty /X
ws N / \_
tr
trsH tcHR {CRP
trcD
UCAS ‘ig /
[cAs K 7
trap 1 | {tRAL
tasR] &RﬁH :%g tcaH
Adress R”.mK Column ;X VAAAAA \WX
IrCs| tRRH
__ "X 11 ’
= LXK/ \NUOOOOOCOOCRNN
tpze teop
- 00 @
tpzo toep
tOEA‘
o 000N ZXX
tcac toEz
tAA N toHo
trac _ tore
tcrz ol
Dout Dout jS_—
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HM5116160A/AL Series HM5116160A/AL. Series
Fast Page Mode Read Cycle

tRASP
teere | L tRP
RAS N \
\ 1
i1
tcsH tpc tRSH
trcD teas | [ top | |teas,) |, tep | |tcas tCRA
UCAS \ /f SX Zf X f
LCAS K 7 K A XK ¥,
tRAL
tRAD | tcaL | tcal tcalL
ASR fRaH  lasg foad tasc fcan tAscl tcaH
/ Y 4 4
Address Row KCob.um 1 Column 2 KColumn N
tRCS trRCS tRRH
tlrcs | tReH trc trCH
_ Y \ i ¥
W \X/ 1
tu§ tnzg, toze
tcop tcon tcop
. K High-Z| | 7 High-Z| | /% High-Z y.
Din h 5 5‘& / A
t t t t t t
pzo | YOED DzQ) toED 9749} OED
o XA

Dout
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S

Dout

tps

toH tps | ton tos | ftou
1 "X‘GM»’X‘« Din N

t

High-2**
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HMS5116160A/AL Series HMS5116160A/AL Series
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HMS116160A/AL Series HMS5116160A/AL Series

Fast Page Mode Delayed Write Cyde *19
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HMS5116160A/AL Series

HM5116160A/AL Series

Fast Page Mode Read-Modify-Write Cycle *19
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HMS5116160A/AL Series

HMS5116160A/AL Series
Self Refresh Cycle (L-version) “26, 27, 28,29
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