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HIMISTI816SA/AL Series
1,048,576-word X 16-bit Dynamic Random Access Memory

Preliminary

HG E:U U Mar. 2%6\;9%(5)

The Hitachi HM5118165A/AL is a CMOS  QOrdering Information
dynamic RAM organized 1,048,576-word X 16-bit.
It employs the most advanced CMOS technology Access

for high performance and low power. The 1YPe No. time  Package
HMS5118165A/AL off_ers Extended Data Out HM5118165AJ-7 70ns  400-mil, 42-pin
(EDO) Page Mode as a high speed access mode. HM5118165AJ-8 80ns plastic SOJ
(CP-42D)
Feature HM5118165ALJ-7 70ns
HM5118165ALJ-8 80ns
» Single 5.0 V ( 10%) -
*» High speed HM5118165ATT-7 70ns  400-mil, 50-pin
— Access time HM5118165ATT-8 80 ns plasﬁc TSOP I
70 ns/ 80 ns (max) (TTP-50/44DC)

HM5118165ALTT-7 70 ns

+ Low power dissipation HM5118165ALTT-8 80 ns

~ Active mode
825 mW/715 mW (max)
~ Standby mode 11 mW (max)
0.83 mW (max) (L-version)

* EDO page mode capability
* Long refresh period

— 1024 refresh cycles : 16 ms

:128 ms (L-version)

* 4 variations of refresh

- RAS-only refresh

— CAS-before-RAS refresh

— Hidden refresh

— Self refresh (L-version)
» 2CAS-byte control
o Battery backup operation (L-version)

Preliminary: This document contains information on a new product. Specifications and information contained herein are
subject to change without notice.
This specification is fully compatible with the 16-Mbit DRAM specifications from TEXAS INSTRUMENTS.
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HMS5118165A/ALL Series

RAS Row address strobe
HM5118165AJ/ALJ Series HM5118165ATT/ALTT Series
7 Vee 1O 0[] vss
Voo [ 1 2 | v voo [ |2 40 | | vors
woo [ i 2 a1 |l Tvots vor [] s a8 [] wors
vor [ || 0 |[ ] wora . vo2 [ |4 a7 | | vois
voz [ || 4 30 || Jvota V°3E5 % [ ] vor
o3 5 38 Voo 6 45 vss
L ] vorz voe {17 4 | ] vont
Yoo [ 6 97l Tves vos [ |e 3 [ ] voro
vos || 7 3% ||| vort vs []o @[] v
vos [_|| 8 35 || Jvoto wor [ 10 o [ we
vos [_|| o a4 [ Jvoe N [ o[ ]n
vor [ || 10 3 || |vos
ne [ | 2 |[ Inc
31 LcA
EE:: SO%E‘E e [ % | | NC
we UCAS ne [] e 3 | | ©As
mas[ || 14 2 (| JoE we [ |17 s | | ocAs
ne [ |l 1s 28| |a ms [ e s | | oE
ne [ ite 27 || ] e ne [ 2| | a
a [ 17 2% || a7 ne [ 20 3 [ ] a8
a [ 18 25| Jae s ]2 30 [ | a7
ar [ e 20 [ ] as
a2 [ |1 24 || Jas
a2 [|os 28| | as
Az [l 20 2 | Jae m ] e 27 [ ma
vee [ 21 22 [ Jvg voec [ | 25 26 [ ] vgs
(Top view) (Top view)
UCAS, LCAS Column address strobe
WE Read/Write enable
OE Output enable
Pin Arrangememnt
Pin Description
Pin name Function
Pin name Function
A0 to A9 Address input
Vee Power supply (+ 5.0 V)
A0 to A9 Refresh address input
Vgs Ground
/00 to 11015 Data input/data output
NC No connection
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HMS5118L65A/AL Series

RAS Im”ml
v v

[Ras
Control
Circuit

WE OE
Control Control
Circuit Circuit

256k memory cefl array

256k memory cell amay

Sense amp. & /O bus
256k memory cell array

256k memory cell array
Sense amp. & VO bus

256k memory cell array

Sense amp. & /O bus Sense amp. & VO bus <+
256k memary cell array 256k memory cell array
256k memory celi array Row 256k memory cell array
Sense amp. & VO bus coder Sense amp. & /0 bus <+
256k memory cell array ge @ 256k memory celi array
256k memory cell array driver 256k memory cell array
i Sense amp. & VO bus Sense amp. & /O bus o]
256k memory cell amay 256k memory celt array
256k memory cell aay 256k memory cell amay
Sense amp. & VO bus | Sense amp. & /0 bus forl
256k memory cell array 256k memory cell array
L_Column decoder & driver | |_Column decoder & driver |
256k memary cell array 256k memory cell array
Sense amp. & /O bus Sense amp. & /O bus »a
256k memory cell array * 256k memory celt array
256k memory cell array Row 256k memory cell array
Sense amp. § /O bus decoder Sense amp. & YO bus [
256k memory cell amay & 256% memory celi array
256k mamory cell asray driver 256k memory cell array
Sense amp. & VO bus Sense amp. & 10 bus =
256k memory cell array 256k memory cell array
256k memory cell array 256k memory cell aray
Sense amp. & VO bus | Sense amp. & VO bus =a
256k memory cell amay 256k memory cell array
256k memory cell array 256k memory cell array
Sense amp. & /O bus Sense amp. & 1O bus 5a
256k memory cell array 256k memoary cell array
256k memory cell array Row 256k memory cell array
Sense amp. & VO bus decoder “Sense amp. & VO bus Fa
256k memory cell array & 256k memory cell array
256k memory cell array dri 256k memory cell array
Sense amp. & /O bus nver Sense amp. & /O bus I+
256k memory cell armay 256k memory celi array
256k memary cekl array 256k memory cell array
Sense amp. & 7O bus Sense amp. & /O bus [
256k memory cell array 256k memory celt array
Column decoder & driver _| { Column decoder & driver |
256k memory cell array 256k memory cell array
Sense amp. & 1/O bus Sense amp. & /0 bus =
256k memory celt array 256k memory cell array
256k memory cell array Row 256k memory cell array
Sense amp. & /O bus Sense amp. & VO bus =a
256k mernory celt array geCOder 256k memory cell array
256k memory cell array driver 256k memory cell array

256k memary cell array

256k memory cell array

256k memory cell array

7o

bufter

)

alala
o | L

o

bufter

o

buffer

Sense amp_& /O bus o8

Vo

buffer

Sense amp. & 17O bus I

L1 Column address buffer |
?

Y
\—l Row address buffer |
§

AO—A9 |

Address AC—AS |

AO—AS

/00

3

- VO1

L

«

O3

1/012

Lo
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HMS11816SA/AL Series

Truth Table
inputs Vo
RAS LCAS UCAS WE OE Vo0~ VO7 VOB- VOi5 Operation Notes
H H H H H High-Z High-Z Standby 1,3
L H H H H High-Z High-Z Refresh 1,3
L L H H L Dout High-Z Lower byteread 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 byte write 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 1,2,3
L L L H H High-Z - High-2 1,3
HtolL L H - - High-Z High-Z CBR refresh 1,3
HtolL H L - - High-Z High-Z grelf refresh
Htol L L - - High-Z High-Z2
Notes: 1. H: High(inactive) L: Low(active)

2. twcs=0ns Early write cycle

twes <0 ns Delayed writecycle
3. Mode is determined by the OR function of the UCAS and LCAS. (Mode is set by the earliest of

Absolute Maximum Ratings

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=HtoL, LCAS =L, UCAS = H, then CAS-before-RAS refresh cycle is selected.

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vr -1.0+7.0 \
Supply voltage relative to Vgg Ve -1.0+7.0 \
-Short circuit output current lout 50 mA
Power dissipation P 1.0 W
Operating temperature Topr 0to +70 °C
Storage temperature Tstg ~55to +125 °C
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HM5118165A/ALL Series

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

Parameter Symbo! Min Typ Max Unit Note
Supply voltage Vee 4.5 5.0 55 \
Input high voltage ViH 2.4 - 6.5 Vv
Input low voltage -1.0 _ 0.8 Vv

Note : 1. All voltage referred to Vgg

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

HM5118165A/AL
-7 -8
Parameter Symbol Min Max Min Max Unit Test condition Notes
Operating curremt  locq — 150 — 130 mA  igc=min 1,2
Standby current lccz — 2 — 2 mA  TTL interface
RAS, UCAS, LCAS
= VIH! Dout = High-Z2
—_ 1 —_ 1 mA  CMOS interface
RAS, UCAS, LCAS >
Ve -0.2v
Dout = High-Z
Standby current — 015 ~— 0156 mA  CMOS interface
(L-version) RAS, UCAS, LCAS >
Ve —0.2V
Dout = High-Z
RAS-only lces —_ 150 —_ 130 mA trc = min 2
refresh current
Standby current lccs — 5 — 5 mA  RAS=Vy 1
UCAS, LCAS = V_
Dout = enable
CAS-before-RAS  Iccs — 150 — 130 mA  tge=min
refresh current
EDO page mode  Igg7 — 165 — 150 mA  typc=min 1,3
current
Battery back up lcc1o - 0.5 - 0.5 mA  CMOS interface
operating current Dout = High-Z
(Stand by with CBR refresh:
CBR refresh) trc =125 us
(L-version) tras < 0.3 ps
5
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HMS118165A/AL Series

DC Characteristics (cont.)

HMS5118165A/AL :
-7 -8 ?
Parameter Symbol Min Max Min Max Unit Testcondition Notes
Self refresh mode  Iccqq — 300 — 300 pA CMOS interface
current RAS, UCAS,
(L-version) LCAS <0.2V
Dout = High-Z
Input leakage Iy -10 10 -0 10 HA 0VgVing?7V
cumrent
Output leakage Lo -10 10 -0 10 WA  OV<Vout<7V !
current i
Dout = disable
Output high voltage Vg 24 Voo 24 Voo \) High lout = -2 mA
Output low voltage Vo 0 0.4 0 0.4 v Low lout =2 mA

Notes : 1. Igc depends on output load condition when the device is selected. lcc 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 = Vy

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

Parameter Symbol Typ Maix Unit Notes
Input capacitance (Address) Ci — 5 pF 1
Input capacitance (Clocks) Ciz — 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 LCAS = V| to disable Dout.

AC Characteristics (Ta = 0 to +70°C, Ve =5 V £ 10%, Vgg =0 V)*1, %2, *3,*19
Test Conditiomns

* Input rise and fall time: 2 ns
* Inputlevels: Vi =0V, Vig=3.0V

< Input timing reference levels: 0.8V, 2.4V
* Output timing reference levels: 0.8 V,2.0V
> Output Load: 1 TTL gate + Cp_ (100 pF) (Including scope and jig)

M 4496203 002b74L 202 MW




HMS5118165A/AL Series

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

HM5118165A/AL
-7 -8
Parameter Symbol Min Max Min Mast Unit Notes
Random read or write tre 124 - 144 - ns
cycle time
RAS precharge time tRp 50 — 60 - ns
CAS precharge time tcp 13 — 15 — ns
RAS pulse width trAs 70 10000 80 10000 ns
CAS pulse width tcAs 13 10000 15 10000 ns
Row address setup time task 0 — 0 — ns
Row address hold time tRAH 10 — 10 - ns
Column address setup time tasc o - - 0 _— ns
Column address hold time tcaH 13 — 15 —_ ns
RAS to CAS delay time trco 20 45 20 53 ns 4
RAS to column address tRAD 15 35 15 40 ns 5
delay time
RAS hold time tRsH 18 — 20 - ns
CAS hold time tosH 58 — 68 — ns
CAS to RAS precharge time tcrp 5 — 5 — ns
OE to Din delay time toED 18 — 20 — ns 6
OE delay time from Din tpzo 0 — 0 — ns 7
CAS delay time from Din tpze 0 — 0 — ns 7
Transition time (rise and fall) tr 2 50 2 50 ns 8
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HMS5118165A/AL Series

Read Cycle

HM5118165A/AL

-7 -8
Parameter Symbol Min Mex  Min Max Unit Notes
Access time from RAS tRaC —_ 70 - 80 ns 9,10
Access time from CAS tcac — 18 — 20 ns 10, 11, 18
Access time from address taa — 35 — 40 ns 10, 12, 18
Access time from OE toEA — 18 — 20 ns 10
Read command setup time trcs 0 - 0 —_ ns
Read command hold time to CAS trcy 5 — 5 — ns 13
Read command hold time from RAS tgcyr 70 — 80 — ns
Read command hold time to RAS tgpy 0 — 0 - ns 13
Column address to RAS lead time tgaL 35 — 40 - ns
Column address to CAS lead time tcp 23 — 28 — ns
CAS to output in low-Z toLz 0 - 0 — ns
Output data hold time toH 3 - 3 — ns
Output data hold time fromOE o0 3 - 3 - ns
Output buffer turn-off time toFF - 15 — 15 ns 14
Output buffer turn-off to OE toez — 15 — 15 ns 14
CAS to Din delay time tcop 18 — 20 - ns 6
Output data hold time fromRAS  toR 3 — 3 — ns
Output buffer turn-off time to RAS  tgrR — 15 — 15 ns
Output buffer turn-off to WE twez — 15 — 15 ns
WE to Din delay time twep 18 — 20 — ns
RAS to Din delay time trRoD 18 — 20 — ns
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HMS118165A/AL Series

Write Cycle

HM5118165A/AL

-7 -8
Parameter Symbol Min Max  Min Max Unit Notes
Write command setup time twes 0 — 0 — ns 15
Write command hold time twcH 13 — 15 — ns
Write command pulse width twp 10 —_ 10 - ns
Write command to RAS lead time gy 13 — 15 — ns
Write command to CAS lead time  tow, 13 — 15 _ ns
Data-in setup time tps 0 — 0 — ns 16
Data-in hold time toH 13 - 15 - ns 16
Read-Modify-Write Cycle

HMS118165A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Read-modify-write cycle time trwe 175 - 199 —_ ns
RAS to WE delay time tRwD 95 — 107 — ns 15
CAS to WE delay time tewp 43 - 47 — ns 15
Column address to WE delay time tawp 60 — 67 — ns 156
OE hold time from WE toEH 18 — 20 — ns
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HMS118165A/AL Series

Refresh Cycle
HM5118165A/AL
-7 -8
Parameter Symbol Min Max Min Max Unit Notes
CAS setup time tcsh 5 — 5 — ns
(CBR refresh cycle)
CAS hold time {cHR 10 — 10 — ns
(CBR refresh cycle)
WE setup time twrP 0 — 0 — ns
{CBR refresh cycle)
WE hold time twRH 10 - 10 — ns
{CBR refresh cycle)
RAS precharge to CAS hold time  tgpc 0 — 0 - ns
EDOQO Page Mode Cycle
HM5118165A/AL
-7 -8
Parameter Symbol Min Max Min Max Unit Notes
EDO page mode cycle time thre 30 — 35 —_ ns 26
EDO page mode RAS puise width tpagp — 100000 — 100000 ns 17
Access time from CAS precharge icpa — 40 — 45 ns 10, 18
RAS hold time from CAS precharge icprH 40 — 45 — ns
Outoput data hold time from CAS low tpon 5 — 5 — ns 10, 18
CAS hold time referred OE tcoL 13 - 15 — ns
CAS to OE setup time tcop 5 —_ 5 - ns
Read command hold time from tRcHC 40 — 45 — ns

CAS precharge

M 4496203 002L?50 733 M
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B 4496203

HM5118165A/AL Series

EDO Page Mode Read-Modify-Write Cycle

HM5118165A/AL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
EDO page mode read-modify-write typpwc 90 —_ 99 —_ ns
cycle time
WE delay time from CAS precharge tcpwy 62 — 69 — ns 15
Refresh
Parameter Symbo! Mast Unit Note
Refresh period tReF 16 ms 1024 cycles
Self-Refresh Mode

HMS118165AL

7 -
Perameter Symbol Min Max  Min Max Unit Notes
RAS pulse width (self refresh) thass 100 — 100 — s
RAS precharge time (self refresh) tgpg 130 — 150 — ns
CAS hold time (self refresh) tcHs -50 — -50 - ns

0026751 7T W
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HMS5118165A/AL Series

Notes: 1.
2.

®No

10.
11.
12.
13.
14.

15.

16.
17.
18.
18.
20.

21.
22,

23.
24.

25.
26.

27.

28.

AC measurements assume tt = 2 ns.

An initial pause of 200 ys 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, AS.

Operation with the tggp (max) limit insures that tgac (max) can be met, tgep (max) is
specified as a reference point only; if tgop 2 tgap (Max) + taa (Max) — toac (max), then
access time is controlled exclusively by tcac.

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

Either togp or tcpp must be satisfied.

Either tpzo or tpzc must be satisfied.

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

Assumes that tgep < tgrop (Max) and trap < trap (Max). i tgep or trap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

Measured with a load circuit equivalent to 1 TTL loads and 100 pF.

Assumes that trgp > trap (Max) + taa(max) — toac (Mmax) and tgap < trap (Max).

Assumes that tpcp < trep (Max) and tgap > trap (Max).

Either tgop or tgry Must be satisfied for a read cycles.

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

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

Access time is determined by the longer of taa or tcac 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 toen > towy, the /O pin will remain open circuit (high
impedance); if toeH < toyy, 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 Vo and Vgg pins shall be supplied with the same voltages.

tasc, tcan: Incs: tehs twess twens tosr and Ippg are determined by the earlier falling edge
of UCAS or LCAS.
tere. toHR, tace and tepyy are determined by the later rising edge of UCAS or LCAS.
tcwi, oH, 1Ds and tcHs should be satisfied by both UCAS and LCAS.
tcpn and top are determined by the time that both UCAS and LCAS are high.
thec (min) can be achieved during a series of EDO page mode write cycles or EDO page mode
read cycles. If both write and read operation are mixed in a EDO page mode RAS cycle (EDO
page mode mix cycle (1), (2)), minimum value of CAS cycle (tcas + top + 2t1) becomes greater
than the specified typc (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 Vc/Vsg line noise, which causes to degrade V) min/V| max level.

Please do not use tragg timing, 10 ps < tgagg < 100 ps. During this period, the device is in
transition state from normal operation mode to self refresh mode. If tgagg 2 100 ps, then RAS
precharge time should use tgpg instead of tpp.

12
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HMSII8165A/AL Series

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

30. If you use RAS only refresh or CBR burst refresh mode in normal read/write cycle, 1024 cycles
of distributed CBR refresh with 15.6 ps interval should be executed within 16 ms immediately
after exiting from and before entering into the self refresh mode.

31. Repetitive self refresh mode without refreshing all memory is not allowed. Once you exit from
self fresh mode, 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
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\ S
=
-

Early write
LCAS \

" \

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

= T\ a

LCAS

13
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HMS5118165A/A. L Series

Timing Waveforms*>2
Read Cycle
" :RC
" RAS ol Lo AP
¥
RAS
RAS N /]
L tcsH o L tCRP
" tRecp | tRsH N
L il . tcas |
— X 4
UCAS N /
TEAS N
LCAS
, 'RAD | 1RAL o
L, fcaL |
tASR ¢ tasg | tcAH
RAH f<3—D>
—A
y A \ g \
SN \ .
Address Row jﬁZXX Column \ /< />\/ MW//
/ \, N\ K
tRRH
B tRcHR
t,:,cs'q___‘> ., IRCH
— \ /"'\ ’," \\. PN
WE X AN /\ Z /
tDzgQ tcop
] tRAD
f— >
~\ N \ N\ \ g K. 7/ S
oy XD Hn2 L
\/ v BAVERVERY “” K N\
. 1tDZ0| | | toEA toED -
—_ ,/‘ N, \\ 2 ‘\'\ /’. " /l"~ / \\. " N ,‘ / /“* PN ; N '/." /\ '
OE ; A YN / L SN
/} /> \/’/\ /N / \}\\/\- /\ A A ,’/ / //\.,_," .,/)\\ N
' |¢ toEz
1
tcac L loHo | .
w < torr | ]
LA TN < ton o
tRAC o toFr |
N tc toHr | |
twEz [+
4 \
Dout Dout }—
N 7

Note 32:

B HorL (H: Vi (min) < Vi < Vi (max), L: Vg (min) < Vi < V) (max)

V//‘ Invalid Dout
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HMS118165A/AL Series

Early Write Cycle
" tRc N
s trAsS o Lire |
- X
RAS
\ O
PR tesh ’< tcap .
o tRCD |, tASH .
il . tcas
X
UCAS \
LCAS X #
tasr| tRAH  tasc| [tcaH
\‘ .«’/ \ /,/ . / \\
Address X Row Yo

twes| | twen

tpH
A\ s R /’/‘\ AN /"\‘ /,”\ /'\\ /_,l ) AR /
S ,/)\\ /)\,> VAN TANANTANAY
High-Z**
Dout g
* OE : Horl

= twcs 2 twes (min)
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HIMS118165A/AL Series

Delayed Write Cycle *19
o tAc o
s tRAS ol o AP
"
RAS N N
N 7
" tcsH o tcRp
. treD 1 tRSH o
AT L tcas |
UCAS
LCAS N #
tasr| tRAH tascl |tcaH
Address Row Column .
VAR N '\ )
RCS

m

we (VO

tpze
[ <d—>|

‘ WAVAYAVAVAYA
Din )<\>//AV\ /\/\ />/

5_9_

tps

toeH

OF /\/X/ \)< v\/ AN

\/\

Dout

_tez)

Y \‘ " l/\ D " /.\\ ra /\_
T ¥
MVAVAVANACRNEVAY

High-Z*

» toEn ZtowL
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HMS5118165A/AL Series

Read-Modify-Write Cycle *19

» tRwC o
o 'RAS ol [ tRP
- 3
RAS \ \
_ £
AT
.. RCD 1 tcas - tcrp
A
N 7
t
<+ ¢

/'\.\ / /\ 7 / / AN .‘. 7 \
olumn / ( (Y Y Y \< Y >/ /\ y /
’ / VAVAVAVAVA / S \\, \/ Y VAVAY
t t
o lowo ) fony
tawp | tawe
» tRWD twep
- AN, /‘\.\ V y v -‘/’\\ N N /\\7
WE > W? \ X / X
AVAVAVAYAY Y/ L AVAVAVAVAYAY
]
it t
. toze t DH
D
/ AN AAN /\\ /T\m High-Z \
Din & YN Y D < Din ¥
R / N / N/ \7 :/ Y
toED
tozo| | {OEH
toea
L
—_— A A / /‘\“..,'/.‘\ / k // / l ‘\'- e / :\‘ R / !
OE D A A /’/\/\ o Y A
Vo '~/ A \ N/ " \ . '\‘// B f g
tcaC
tAA toez
L tRac| | toHo
4 ) High-Z*
Dout Dout |} igh-2
tciz —

* toEH Z towL
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HMS118165A/AL Series

RAS-Only Refresh Cycle CAS-Before-RAS Refresh Cycle
< tRc
ka— tRAS e tRP -
_ X 4 —
RAS N \
\___
tr
—t—ba—
tcrp trRPC tcrp

UCAS /
LCAS X/
t

ASR tRAH
/\/\ \ \
Address Row >\ VA Va\ \‘/(\ \
toFrF
High-Z
Dout A
* OE,WE: Horl
** Refresh address: AQ - A9 (RAO - RA9)
e tre tRe o
tap tRAs FJP_D tRAS trp
. .\ N
RAS / N N \
Tl
trp tRP tcrp
tce | 1 tcsm| {tcH tce | (tes tCHR
UCAS ‘/ 4
LCAS /'

NN N ANANANANNNN T T T T T T
Address >< X )\/ Yoo oy \>< >< A A A ,fl'/
NSNS RN ‘\‘ VAW '/ v . . - S 1

High-Z
Dout g

* OE,WE : HorlL
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HMS5118165A/AL Series

Hidden Refresh Cycle
e tRe tRe tRC o
" tRAS o [ 1RP 'RAg) 38R |, tRAS | |, tRp
RAS \
A 7 \ 7
tr
——te—
tRsH . tcHR lcrp,
o tRCD
— {%
UCAS 1& 7
LCAS K 7
tRAD tRaL
t?ég tcaH

Address Column

N

RACO000CX

-

XXX

<o tRRH
—qu— tRcH
A AN

twep
o 3000
- ) tRDD
ANINTOX High-2 —7
Din >< PR — Y/
AVASAVES 4 Y
tpzo
.
OEA
_— ,"r . / \ \ \// L
OE S A
L/ \ YNl
JdcAc .
tAA
¢ G ———————t
L, tRAC e
tcrz
/
Dout Dout
N

B 4496203 002L759 9LQ L
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HMS118165A/AL Series

EDO FPage Mode Read Cycle
tpe
1
as tRasp HPC [ \_
' \ thpc thpc tcPRH terp
T CSH tce tcp t tRsH
— : —
LCAS tcas \ tcas \_ tcas N _tcas
UCAS fhce || ., | tRCHC .
tRcs trcH FCS| Riliy
L P o] o lo—{tRcH
e ROV
traL .
AR ool JEAH ta5CL tcaH l tasc tCﬂ-l tasd tcan tasc.| LItcaH WED
Address w Row m Column 1 Column MXXXXXCOIumn 3 Column 4 x
tcal tcaL toaL tcaAL tRDD
tpzc tcop
o A H-Z )
(input) 4 \
tpzo tcol tcop
r.-> rent tOED
OE \ i ]
tOEA tcpa) tcpa torR
. tan £2 igpa tan :onn
tmc teac tM toez kel toEZ
AA fwep H - CAC cad L :OHO
trac = DoH tOEA OFF
o toHo tOH
Dout \ Dout 1 >—}Dout ZH Dout 22@<Dout 3 Dout 4 >—
A u p

20
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HMS118165A/AL Series

EDO Page Mode Read Cycle (2CAS type)

trp
T
RAS \ tFIASP \—
t t tHpg tHPC thpe tcRp
T CsH icp tcp fcp
F tRSH I
LCAS T tcas tcas Ntcas| |
UCAS teas W tacu
tacs I
tRRH
—eltRcH
"= QOO0
) tRAL
ASC t
Usheol | Pl O, || tascflo thsg [towy lascl,.| loM WD
Address @ Row m Column 1 Column ZKXXXXXXX Column 3 Column 4
toap t tRDD
tozg CAL t t
P_,l CAL cDD
Hi-Z
U0
input 4 jXXX
(nput) 10z0) tcoll !SS)P 5
1 ] ED
o \ |
t 'cpa torR
'OEIL CPal to
1
toac AA l0EZ taa o] tog;
taa R toHo oez caa == oo
RAC {i to—o] [+ B ddiy t
Do Loﬂ toHOR— (g:F
- TN 3 . T
L Dout —{ Dout 1 ut 2}——« Dout 2 }—“\ Dout 4 >——
e - -
fcpa,|
1ap tOEA
L, 1Ag) P
UD / 1 : >
out
\ Dout 1 Y Dout 3 H Dout 4

M 4495203 002b7bl 519 M
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HMSI18165A/AL Series

EDQ Page Mode Early Write Cycle

Address

Dout

trasp trp
—/
N 7 \_
ty
tcsH tHpC tRSH
tRcD tCAs tcp tcas tcp tcas | tCRP
R A
7
tASH FRAH tasd fcad tasc tcad tasd tcan
/ A/
ROW Column 1 Column 2 Column N h X
\WAVAVAVAN
twes| twen twes | fwed twes | twen

High-Z**

* OE : Horl
" twes Z twes (min)

22
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HMS5118165A/AL Series

EDO Page Mode Delayed Write Cycle *19

tRaspP R
|| tRP
— \
RAS |\ ] X
it
o tcp F_ }(CRP
trc o tRSH
tcas o . _tcas
&L 7 &L 7
JtASC _llqtAsC
tcan tcaH
y A g
Column 2 Column N[} /><>O<

tozc t
_tozc to

=1

- ) / A / A /; \‘ //A‘
X X X

tCle

High-z*

Dout
Invalid Dout Invalid Dout Invalid Dout

* toEH Z towe

23
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HMS5118165A/AL Series

EDO Page Mode Read-Modify-Write Cycle*19

tRASP o
trp
__[}Tf_
)
RAS N \_
UCAS
LCAS

Address

Dout

* toEH 2 towL

24
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HMS118165A/AL Serfes

EDO Page Mode Mix Cycle (1)

tRp
_ t
FAS RASP /
! / -
tcrp
tr tep tcp tep
LCAS teas ! toas tas Noteas | ff
UCAS ; ; . '
CSH tRsH
treo
tweg | tw pjmetiay
CH | == tRCH
WE CPW e {
tawp ]
t r ) tRAL
tash ool | AN |, tAH tasg| |t Ig loan tasdl, | Jican
Address @ Row m Column 1 mColumn 2 Column 3 Column 4
t tRDD
ta teaL CAL o tca \
tos 'DH 'pg oo
w10 , Hi-Z A
(input) Din1 — Din 3
toen |
H twep
e X000 '
[
lopy i e
s | toez s
toEA tAA cag 1 ‘oez
'»l ] o—=i toHo
tcAC 10AG! towo 10EA PR
tpoH t()FF
- " Ion
Dout 4 ) ﬁ>—~
U
Dout 2 [Dout Dout 4
/ i J
25
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HMS118165A/AL Series

EDQ Pzge M.cde Mix Cycle (2)

g

Dout

. lgp
’6 tRasp A \_
t tcrp
T Yosu L tce tcp tc
| —
leas J tcas tcas teas ||,
taco 3
YacHR tRsH
tres) twed | wen taRn
_ [ e | == tRCH
" B =
—H—T tRAL Y
: AH 1
gl Ll -2 ool boglion, || 4, o
. Address w Row m Column 1@ A Column 2 Column 3 Column 4 x XXXXX
' toaL tcal tcat teaL tRDD
tog;| ‘oH s |jton 1c00 -3
QS 0 |
Hi-Z f . N . /
\ L_I:)nn 2 , a -\ Din3
ot =1 ‘wep
o T z
OE | \
torr
tar tOEA o) bz
{OEA tcp -
TCAc toEz 1 loez
4 ‘ —! lono
RAC
toHo ™ :gFF
H
< Dout 2 {L Dout 4 >——

m 4496203 002b7bb oTo M
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AIMISIISIESA/AL Series

Self Refresh Cycle (L-version) *28, 29’ 30,31

Dout

,__trp | tRaSS o tRPg |
' -
RAS
s/ \ A N
tt L
tRPC _tchp
tcp | tcsm tcHs
UCAS ("
LCAS _/
tOFF1
High-Z

*Address, OE, WE: HorlL

M 4496203 0026767 T3? H
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