\,/~/HM51 16400 Series Product Preview

4,194,304-Word x 4-Bit Dynamic Random Access Memory

B DESCRIPTION

The Hitachi HM5116400 is a CMOS dynamic RAM organized 4,194,304 words x
4 bits. It employs the most advanced CMOS technology for high performance and
low power. The HM5116400 offers Fast Page Mode as a high speed access mode.

B FEATURES

¢ Single 5V (+£10%)
* High Speed 30CP24D
AccessTime ...................coiiae 60 ns/70 ns/80 ns/100 ns (max) (CP-24D)
* Low Power Dissipation HMS5116400Z, Series
Active Mode .................... 495 mW/440 mW/385 mW/330 mW (max)
Standby Mode ......... .. . e 11 mW (max)
* Fast Page Mode Capability
¢ Long Refresh Period
4096 Refresh Cycles ... ...t e e, (64 ms)
* 3 Variations of Refresh
RAS Only Refresh
CAS Before AAS Refresh
Hidden Refresh

HMS5116400J Series

H ORDERING INFORMATION a0zp24
(ZP-24)
Part No. Access Time Package
HMS51164005-6 60 ns S B PIN OUT
HMS1164001-7 70ns 400 mil 24-pin . .
HMS5116400J-8 80 ns Plastic SOJ HMS5116400] Series HM5116400Z Series
) (CP-24D)
S I :
. ns . . Vee [ ! 28] Vs CAS
HMS5116400Z-7 70 ns o5 mil 24pin w1 7 ) vos s
HMS5116400Z-8 80 ns astic voa
HMS116400Z-10 100 ns (@p-24) vo2 [3 | [26] vos
We 4| 25| cas Vee
B PIN DESCRIPTION RAS % 24]0¢ o2
Pin Name Function All |6 E] A9 RAS
Ap-Ayq Address Input A10
Ag-Aq Refresh Address Input A10 E E A8 a1
1/09-1/04 Data Input/Data Output A0 [10} l19] a7 .
RAS Row Address Strobe A 18] a6 v
CAS A2 [17) as s
CAS Column Address Strobe a5
WE Write Enable A3 [13] [16] aa
— Vee [14 E Vss A7
OE Output Enable
Vee Power ( + 5V)
21011 0101-2
Vss Ground (Top View) (Bottom View)
NC No Connection
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HM5116400 Series

B BLOCK DIAGRAM
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156k memory cell srray 256k memory cell arcay
Seneamp &0 buy Sente amp & U0 by L
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Seme amp & O buy Sense amp 8 10 bun Ly
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- 1/
236k memory cell aray decoder 256k memory cell array WO butter 02
Senyeamp & UQ byy Senye pmp B UQ Doy Lam
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Sense amp § 4D buy Sense amp & VO buy L
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Senye amp § 170 buy Sense amp B 110 buy +—
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| vo butter [€¥| vor
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Sanypamp L w0 buy 3enyz amp & 11O buy 1
256k memory cell array 256k memory celt array
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Serye amp 8 10 but Sanye amp & 10 bus T
256% memory cedl array 256k memory cell array
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B ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vsg Vr —10to +70 v
Supply Voltage Relative to Vgg Yec —=10to +7.0 \%
Short Circuit Output Current Tout 50 mA
Power Dissipation Pt 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Teg —55to + 125 °C

B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (T4 = 0 to +70°C)

HM5116400 Series

Parameter Symbol Min Typ Max Unit Note
Supply Voltage Vee 4.5 5.0 5.5 v 1
Input High Voltage Viu 24 — 6.5 A4 1
Input Low Voltage Vi —-1.0 — 0.8 \4 1
Note: 1. All voltage referenced to Vgs.
* DC Electrical Characteristics (T = 0to +70°C, Vgc = 5V +10%, Vgg = 0V)
HM5116400J/Z
Parameter Symbol -6 -7 -8 -10 Unit Test Conditions Note
Min | Max | Min | Max | Min | Max | Min | Max
Operating Current Icch — 90 — 80 — 70 — 60 | mA | trc = Min 1,2
TTL Interface
— 2 — 2 — 2 —_ 2 mA | RAS,CAS = Vg
Standby Current Icca Dou = HighZ
CMOS Interface
— 1 — 1 — 1 — 1 mA | RAS, CAS 2 Voo — 0.2V
Doy = High-Z
g‘i‘:gfly Refresh 1 pes | — | 0] — | 80| — | 0| — | 60 | mA | tre = Min 2
RAS = vy
Standby Current Iccs — 5 — 5 — 5 — 5 mA | CAS = Vi 1,4
Doyt = Enable
ASBAORAS lices | — |0 | — | o | — | 0| — | 60 [ mA|trc=Mn 4
Cast Page Mode eer | — | 0] — {6 | —|s0]| — | 4 | matpc=Min L3
g‘fr‘:;heakage It —10| 10| —w0] 10| -10] 10| -10] 10| pAjovevusv
8:2:{:[1‘““56 o | -10| 10| -10] 10]|-10] 10| -10] 10] pa %‘:j ZWD]‘.;JICV
Output High Voltage | Vou 24 | Voo | 24 | Vel 24 | Ve | 24 | Ve V High Iy, = —5SmA
Output Low Voltage | VoL 0 04 0 0.4 0 04 0 0.4 v Low [y = 42 mA

Notes:

VIL.
= Viu.

1. Icc 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 =
3. Address can be changed once or less while CAS

4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage.
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HM5116400 Series

e Capacitance (Tp = 25°C, Vo = 5Y £10%)

Parameter Symbol Typ Max Unit Note
Input Capacitance (Address) Cn — 5 pF 1
Input Capacitance (Clocks) Cr - 7 pF 1
Output Capacitance (Data-in, Data-out) Co - 10 pF 1,2
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Vig to disable Dy
® AC Characteristics (Ty = 0to +70°C, Vgg = 5V $10%, Vgg = OV)1. 2,3, 19, 20
Read, Write Read-Modify-Write and Refresh Cycles (Common Parameters)
HM5116400J/2
Parameter Symbol -6 -7 -8 -10 Unit | Note
Min Max Min Max Min Max Min Max
Random Read or Write Cycle Time tRC 110 — 130 — 150 — 180 — ns
RAS Precharge Time trRp 40 - 50 — 60 — 70 — ns
CAS Precharge Time tep 10 - 10 — 10 — 10 — ns
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 100 10000 ns
CAS Pulse Width tcas 15 10000 18 10000 20 10000 25 10000 ns
Row Address Setup Time tASR 0 — 0 — 0 — 0 — ns
Row Address Hold Time tRAH 10 - 10 — 10 — 10 — ns
Column Address Setup Time tasC 0 — 0 — 0 — 0 — ns
Column Address Hold Time tCAH 15 — 15 — 15 — 15 — ns
RAS to CAS Delay Time tRCD 20 45 20 52 20 60 20 75 ns 4
RAS to Column Address Delay Time | trap 15 30 15 35 15 40 15 55 ns
RAS Hold Time tRSH 13 — 18 — 20 — 25 — ns
CAS Hold Time tosy 60 — 70 — 80 — 100 — ns
CAS to RAS Precharge Time tCRP 5 — 5 — 5 — 5 — ns
OE to Din Delay Time tOED 15 — 18 — 20 - 25 — ns 6
OE Delay Time frem Din tozo 0 — 0 — 0 - 0 — ns 7
CAS Delay Time from Din tpze 0 — — 0 — 0 — ns 7
Transition Time (Rise and Fall) T k) 30 30 3 30 3 30 ns 8
Read Cycle
HMS5116400)/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max | Min Max | Min Max Min Max
_Acceas Time from RAS tRAC — 60 - 70 — 80 —_ 100 ns 9, 10, 21
Access Time from CAS ICAC — 15 — 18 — 20 — 25 ns 10,11, 21
Access Time from Address tAA — 30 — 35 — 40 —_ 45 ns 10,12,21
Access Time from OE tOEA — 15 — 18 — 20 — 25 ns 10, 21
Read Command Setup Time trCs ] — 0 — 0 — 0 — ns
Read Command Hold Time to CAS tRCH 0 — 0 — 0 — Q — ns 13
Read Command Hold Time to RAS tRRH 5 — 5 — 5 — 5 — ns 13
Column Address to RAS Lead Time | trar 30 — 35 — 40 — 45 — ns
Column Address to CAS Lead Time tcaL 30 — 35 — 40 — 45 — ns
CAS to Output in Low-Z tcLz 0 — 0 — 0 — 0 — ns
@ HITACHI
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HM5116400 Series

Read Cycle (continued)

HM51164003/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max Min Max Min Max Min Max
Output Data Hold Time toH 3 — 3 — 3 — 3 — ns
Output Data Hold Time from OE tOHO 3 — 3 — 3 — 3 — ns
Output Buffer Turn-off Time tOFF — 15 — 18 — 20 — 25 ns 14
Output Buffer Turn-off Time to OE | topz — 15 — 18 — 20 — 25 ns 14
CAS to Din Delay Time tcDD 15 — 18 — 20 — 25 — ns 6
Write Cycle
HM51164001/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max Min Max Min Max Min Max
Write Command Setup Time twcs 0 — 0 — 0 — 0 — ns 15
Write Command Hold Time twCH 15 — 15 — 15 — 13 — ns
Write Command Pulse Width twp s — | =T s <=5 =71 s/
Write Command to RAS Lead Time | trwr, 15 — 18 — 20 — 25 — ns
Write Command to CAS Lead Time | tcwp 15 — 18 — 20 — 25 — ns
Data-in Setup Time tps 0 — 0 — 0 — 0 — ns 16
Data-in Hold Time tDH 15 — 15 — 15 — 20 — ns 16
Read-Modify-Write Cycle
HMS5116400J/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max Min Max Min Max Min Max
Read-Modify-Write Cycle Time tRWC 150 — 176 — 200 — 245 — ns
RAS to WE Delay Time tRWD 80 —_ 93 — 105 — 135 — ns 15
CAS to WE Delay Time tcwp 35 — 41 — 45 — 60 — ns 15
Column Address to WE Delay Time tAWD 50 — 58 — 65 — 80 — ns 15
OE Hold Time from WE 1OEH 15 — 18 — 20 — 25 — ns
Refresh Cycle
HM5116400J/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max Min Max Min Max Min Max
?C‘:isllszzfl:c::‘gycle) 'CSR 10 B 10 - 10 B 10 B s
(CC%SRHIS:?I'Q]T(CZycle) ICHR 0 - 20 - 0 - 0 - ns
(‘zggelt{?:':c‘sl:lzycle) twrP 10 - 10 - 10 - 10 - s
(CBR Refrsh Cycl) e R N L L e L R
RAS Precharge to CAS Hold Time | tgpc 0 — 0 — 0 — 0 — ns
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HM5116400 Series

Fast Page Mode Cycle
HM5116400)/Z
Parameter Symbol -6 -7 -8 -10 Unit | Note
Min Max Min Max Min Max Min Max
Fast Page Mode Cycle Time tpc 40 — 45 — 50 — 55 — ns
Fast Page Mode RAS Pulse Width IRASP — 100000 | — 100000 | — 100000 | — 100000 ns 17
Access Time from CAS Precharge tcpa — 35 — 40 — 45 — 50 ns 18,21
WE Delay Time from CAS Precharge | topw 55 — 63 — 10 — 85 — ns
RAS Hold Time from CAS Precharge | tcprH 35 — 40 — 45 — 50 — ns
Fast Page Mode Read-Modify-Write Cycle
HM51164003/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max Min Max Min Max Min Max
Fast Page Mode Read-Modify-Write
Cycle Time tPRWC 80 — 91 — 100 — 110 — ns
Test Mode Cycle
HMS51164001/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max Min Max Min Max Min Max
Test Mode WE Setup Time tWTS 10 — 10 — 10 — 10 — ns
Test Mode WE Hold Time twTH 10 — 10 — 10 — 10 — ns
Counter Test Cycle
HM5116400J/Z
Parameter Symbol -6 -7 -8 -10 Unit Note
Min Max Min Max Min Max Min Max
CAS Precharge Time in _
Counter Test Cycle tcpT TBD — TBD — TBD TBD ns
Refresh (T; = 85°C, Vgg = 5V £10%)
Parameter Symbol Max Unit Note
Refresh Period {REF 64 ms 4096 Cycles
@ HITACHI
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Notes:

1.
. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination

w

10.
. Assumes that tpep 2 trep (max) and trap < trap (max).

12

t3.
14.

15.

21.

HM5116400 Series

AC measurements assume tt = 5 ns.

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.

. Only row address is indispensable on address A10 and All.
. Operation with the tgep (max) limit insures that tg oc (max) can be met, tgcp (max) is specified as a reference point only,

if trep is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.

. Operation with the tg o p (max) limit insures that tg Ac (max) can be met, tgap (max) is specified as a reference point only,

if trap is greater than the specified tg Ap (max) limit, then access time is controlled exclusively by taa.

. Either topp or tcpp must be satisfied.
. Either tpzg or tpzc must be satisfied.
. Vg (min) and Vpp (max) are reference levels for measuring timing of input signals. Also, transition times are measured

between Vg (min) and Vyp (max).

. Assumes that trep < trep (max) and trap < trap (max). If trep O traD is greater than the maximum recommended

value shown in this table, tg o exceeds the value shown.
Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

Assumes that tgcp < trep (max) and tRap 2 traD (max).

Either trcy or trRry must be satisfied for a read cycle.

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

twes, IRWD, tewDs tawD and tepw are not restrictive operating parameters. They are included in the data sheet as electri-
cal characteristics only; if twcs 2 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 trwp 2 trwp (min), tcwp 2 tewp (min) and tawp 2
tawp (min), or tcwp 2 tcwp (min), tawp 2 tawp (min) and tcpw 2 tcpw (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 referenced to CAS 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 tpoa or tcac or tcpa.

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

. Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses ... CAO and

CAL. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of four test bits on
each [/0 accord with each other, the state of the output data on the I1/0 is high level. When the state of four test bits on
the I/0 do not accord with each other, the state of the output data on the I/0 is low level. Data input and output pins are
1/01-1/04. If any refresh cycle is occurred, the test mode is reset.

In a test mode read cycle, the value of tRaC, taa, tcac and topy is delayed by 2 ns to S ns for the specified value. These
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet.
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HM5116400 Series
B TIMING WAVEFORMS

RAS X( t t 7V'—N§
o e '
AS X 7
oo, | |y (s J&ﬂ:m
Address 7 Row E@(i Column /
|l to3e teoo
B 7
|« toz0 toea t0ED
& 4 =ur
&%{ <£”_,—<
Dout (Dout T
VA  Don't care )
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HM5116400 Series

¢ Early Write Cycle

tre —
tras o |
— 7’( 3
RAS \ \ _
B yl
tesH - terp
treD tRsH -
tr tcas
ﬂ _
=S N 1%
N
tase | |taan lase! | Lean |
7A
;\,& tweH
_ y / /
e %//// %K ] / / /
|tos ton |
OPEN**
Dout
*~  Of :Don't care
e ;Don"L care
= twes 2 twes (Min)
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HM5116400 Series

¢ Delayed Write Cycle

RAS

Address /

Din

Dout

il J‘— R
SRS( /
tase | [taap ttasc| | tcan |

/ /%:, OPEN 7

toH
| |—————
Y
Din /

AR

toeK

_

¥

tez

nvalid

.

.

Dout

. % 1 Don't care

0101-6

596
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HM5116400 Series

¢ Read-Modify-Write Cycle

. _—t\_( - }; N

Rt
(e}
bl
m
=z
LS
=4
3

tpzo toen toeo toen
- %// % £ % /
OF / /// 72\
/ // s 7 zé_ 7/
teac |
lea toez
trac . toko
4 Y
Dout Z%i Dout E
toLz N

- % :Don’t care

0101-15
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HM5116400 Series
¢ RAS Only Refresh Cycle

RAS

Address

——___t:’x T_k X
-

* O_E,V-V_E :Don't care

b : Don't care

*** Refresh address: A0 - A11(RAO~RA11)

000000

598
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HM5116400 Serles

RAS
t
tRp trpC tere |
t t t t t t
cP CsR | | tcHr cP CSR CHR N
7 N
twrp tw twre twRrH

- O O
. @

M»
%

Y @
§m|

@ HITACH!
ica, Ltd. » Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 » (415) 589-8300 599




HM5116400 Series

¢ Hidden Refresh Cycle

- trc . tre tre
— tRas 1p | | tras | 28R | | tRAs | tap
T omma'
RAS N
- 4
g
lrsH teHr terp
trCD
N vy
CAS N /
trAD trAL .
[tasr| |tram fasc| | lean
p 174 Z
Address % Row 5@( Column }/// /
J X %
tRRH
trs treH
« EY |
- -
tozc tcoo
- EEE %
tozo loep
toea
o // %/ Z %//
G N 2 Z
tcac 1oz
laa toHo
taac torF
1CLL ton
4 !
Dout g Dout 75———
N
* % :Don't care
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HM5116400 Series

* Fast Page Mode Read Cycle

trasp
teprH trp
_ N 4 N
RAS Z
N y
T
LcsH tec 1RsH
treD Tcas | 1. tep teas tee tcas terp
N B 4 L é
RS VI N /] \ Y
S A N
TRAL
traD teal teal teal
tasr| [tran IASS tean tasc tEAH LASS tgen
4 % 4 % 4 %7
Address Row Column i %%i Column 2 é%i ColumnN //,////
N ‘éﬂ N 2 . 4 /
tacs tres ARRH
tres tacu _ tRrCH taey
. /i K727/ K77
WE / %%
fozg tozgf tozg
tcoo tcoo tcop
,
o %%5 S 3/ y oren L7 4 L %7
A4
j Z
tozo |, toed tozd, toep tozg) toeg
7 7 L |7 7
s v w Y
trac tepa .~ tepa
taa toH taa toH taal ton
H-
t
Il loHo
tota ™ |toHo toea > toko toea
T
tcac I toFF tsArg torr  fleag torF
‘tcL.? | [toez LGLz toez rtm,z . loez
i’ k N \ ¥ N
Dout v Dout 1 Dout 2 Dout N
s A 7 R 7
. % : Don't care
0101 -1
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HM5116400 Series

* Fast Page Mode Early Write Cycle

trase | trp

w N ZL_‘\_

it

1esH tpc tasH

tRreD tcas tep tcas | ter teas | [ tcre
N 4 N 4 \
RS N/ N N
7

Address

twes| | twen twes, | | twen twes | | twen

OPEN**
Dout
* OF :Don't care
bl % : Don't care
e tWCS;LWCS(mm)
0101-12
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HM5116400 Series
¢ Fast Page Mode Delayed Write Cycle

trasp
| {tre
_ Iz
m N
\ /
tr tep LI tere
1esH tpc tasH
taco teas - tcas . teas .
TAS N AN \ / y
- Y N 7 n 7
traD
tasg | tasc 1| Rasc 1] kasc
LR_&. tcaH tcaH | ECAH >
4
Address Row FCqumn 1 Column 2 Column N
j28 34 TJ&
rwi
tRQS TRCS Jer| tRCS |>-
y N \ \'S
twe twp twe
1 T T
kozc tos kozc  tos | | kozc tos
>0 o el
Din E [l;m ZL {;n g%gn
N R T
tozo0 tozo toen tozo toen
|
togn
toEH -4—,| toeH <->| toeH 4-»[
& Wi ‘Wi YR
7 00
tcLz tcuz oLz
1 pE2 loez toez
Dout 71—12 g 7 { 3
. -
K_ﬂ N4 k___7
Invahd Dout \nvalid Dout Invalid Oout
. % :Don't care
0101-13
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HM5116400 Series

* Fast Page Mode Read-Modify-Write Cycle

trasp
|_|tre
N
RAS / \
tr terwe
tep tep tcrp
treD tcas tcas - teas
N N /) n
RS / N y
N 7 N 7 A
trap
tAsR | tagc Lasc kasc
tcau tcau lcan
D, A i Z
Address Column 1 / Column 2 Column N
N N
- tRWD__ | t% - teow t% terw tQ’-"L
tawp tawp tawo trwi
tewp tacs [hesd| | LEWO tres el LSO,
! \ \
WE W N N N
tReS twe twe twe
1 1im | ™1 T
tozc tos | || fozc tps kpzc  tps
ok RDu tow
% 2 22 'a
Din /E ;%\%;m [;n Din
a4 1 - -LN
toz0 toz toen \—1 bz togn
! [
toen t t
> CPA|- CPA
foeal toey <->[ foeal oy -<->| 1OER ] 1oEH| <
z 4 4 o Z
S 00/ | 2\
Z ;
2N 24 ﬂ % Z
¢ -»|tcac —|tcac «»|lrac
AA
T taa tan
RAC tono loHo tono
teLz tpez tez toez tez toez
AN
7 ﬂ( Y, [},(
Dout YA ) / VNS
Dout 1 Dout 2 Dout N
- 7////‘ : Don't care
0101-14
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HM5116400 Series
® Test Mode Cycle

* xew
'

Set Cycle *** Test Mode Cycle Reset Cycle | Normal Mode

=\|/" |\ VN S

L

* CBRor RAS only refresh

il : Don’t care

*~* Address, Din, OF : Don't care

0101-24

sTest Mode Set Cycle

tre
trp tras | tre

4 A i 3

s 7 |

trec |1 tesR LCHR trec tcRp

— % y ) Z( %é

tep twrs twrH lep
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HM5116400 Series

CAS Before RAS Refresh Counter Check Cycle (Read)
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