HM514102C/CL Series

4,194,304-word - 1-bit Dynamic Random Access Memory

HITACHI

The Hitacht HMS14102C/CL is o CMOS dynamic
RAM oarganized 4.194.304-word x 1-bit.
HMS14102C/CL has realized higher density,
higher performance and various functions by
employing 0.8 pm CMOS process technology and
some new CMOS cireuit design technologies. The
HMS14102C/CL ofters Static Column Mode as a
high speed access mode. Multiplexed address
input permits the HMS14102C/CL to be packaged
in standard 300-mil 26-pin plastic SOJ and
standard 400-mil 20-pin plastic ZIP.

Features

* Single 5 V (210%)
* High speed
- Access time
70 ns/80 ns (max)
« Low power dissipation
— Active mode
S50 mW/A95 mW (max)
Standby mode [T mW (max)
(.55 mW (max) (1.-version)
» Static column mode capability
» 1,024 refresh cycles : 16 ms
1.024 refresh cycles - 128 ms (1.-version)
* 3 variations of refresh
- RAS-only refresh

— Hidden refresh

» Test function

* Battery back up operation
(I.-version)

Preliminary: This document contains information on a
new product. Specifications and information contained
herein are subject to change without notice.
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Preliminary

Ordering Information

Rev. 0.0
Oct. 20, 1994

Type No. Access time Package

HM514102CS/CLS-7
HM514102CS/CLS-8

HM514102CZ/CLZ-7

HM514102CZ/CLZ-8

70 ns
80 ns

70 ns
80 ns

300-mil 26-pin
plastic SOJ
(CP-26/20D)
400-mit 20-pin
plastic ZiP
(ZP-20)

| ADE-203-296(Z) |



HM514102C/CL Series

Pin Arrangement

HM514102CS/CLS Series HM514102CZ/CLZ Series
Din 1| | |26 vgg &5 o E:}*[* T A9
WE 2| 125 Dout Ve 4 - | 3 Dout
_ — = L Ss —T] )
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— A0 8 | C—.
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NC 10| (-]
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ol S o 15 VCC
Az 11 | J16 a8 A4 16|
— — T30 |17 A5
A3 12  J15 as a6 18] ]
Voo 13[ | Il |14 a4 A8 20 P — 119 A7
SR <11
(Top view) (Bottom view)
Pin Description
Pin name Function
AQto A10 Address input
AQ to A9 Retresh address input
Din Data-in
Dout Data-out
AS Row address strobe
CcS Chip select
WE Read/Write enable
Vee Power (+5 V)
VSS Ground
NC No connection
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HM514102C/CL Series

Block Diagram
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Address AO-A10
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Absolute Maximum Ratings

HMS514102C/CL Series

Parameter Symbol Value Unit

Voltage on any pin relative to Vgg V1 -1.0t0 +7.0 \Y

Supply vc:Itage rel-ative to Vgg Vee —71*.Ortoi+7A0 v o o
Short circuit output current lout s0 mA

‘Power dissipation Pr “ 1.0 7 W 7
Operating temperature - - Topr E 010 +70 o ”Ci 7
Storage temperature Tstg :5‘5 to +125 o HW’?’E -

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

Parameter Symbol Min Max Unit Note
Supply voltage Vgs 0 0 \
Vee 4.5 55 /V7W 7 1 -
Input high voltage ‘ Vil 24 767.5 i \Y 1 7
input low voltage ViL -1.0 0.8 v 1

Note : 1. All voltage referred to Vgg
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HMS514102C/CL Series
DC Characteristics (Ta = 0to +70°C, Ve =5V 2 10%, Vg =0 V)

HM514102C/CL
-7 -8
Parameter Symbol  Min Max Min Max Unit Test condition Notes
Operating current lcot — 100 — 90 mA  RAS, CScycling 1,2
tRC = min
Standby current lcoo — 2 — 2 mA  TTL interface
RAS, CS=V|y
Dout = High-Z
— 1 — 1 mA  CMOS interface
RAS,CS >V -02V
Dout = High-Z
Standby current — 100 — 100 pA CMOS interface 5
(L-version) RAS, CS =Vy
WE, Address and
Din = V|H or V|L
Dout = High-Z
RAS-only refresh current  Iggg — 100 — 90 mA  tpe = min 2
Standby current lccs — 5 — 5 mA  RAS=V CS=v 1
Dout = enable
CS-before-RAS lccs — 100 — 90 mA  tge = min
refresh current
Static column mode lcco — 100 — 90 mA  tgc =min 1,3, 4
current
Battery back up lccio — 200 — 200 pA  tpe=125ps 5
current tgas < 1Hs
(Standby with WE = V), CS = V|,
CBR refresh) Address, Din = VorV,
(L-version) Dout = High-Z
Input leakage current b -10 10 -10 10 A O0V<Vine?7V
Output leakage Lo -10 10 -10 10 A OV<Vout<7V
current Dout = disable
Qutput high voltage VoH 2.4 Vee 2.4 Voo V High lout = -5 mA
Output low voltage VoL 0 0.4 0 0.4 \ Low lout = 4.2 mA

Notes : 1. I depends on output load condition when the device is selected. |- max is specified at the
output open condition.

. Address can be changed twice or less while RAS = V..

. Address can be changed once or less while CS = V).

. Invalid address is prohibited during static column cycle.

. Vcch.ZV5V|H56.5Vand0V,<,V|L,<_O.2V‘

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

HMS514102C/CL Series

Parameter Symbol Typ Max Unit Notes
Input capacitance (Address, Data-in) Ciy — 5 pF 1
Input capacitance (Clocks) Ciz — 7 pF 1
Output capac;{e;ce (Data-out) Co — 7 pF 1,2
Notes : 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CS = Vy to disable Dout.
AC Characteristics (Ta = 0 to +70°C, V= 5 V £ 10%, Vgg = 0 V) *1. 717, *18
Test Conditions
* Input rise and fall imes : 5 ns
* Input timing reference levels : 0.8 V, 2.4V
» Outputload : 2 TTL gate + C_ (100 pF)
(Including scope and jig)
Read, Write. Read-Modify-Write and Refresh Cycles (Common parameters)
HM514102C/CL
-7 -8
Parameter Symbol Min Max Min Max Unit Notes
Random read or write cycle time  tgce 130 — 150 — ns
%prechargé time tpp 50 — 60 — ns
%;)ulst;mdth t;!AS 70 10000 V 80 10000 ns 21
Cis puls;;;i;; - tgp o 20 10000 20 10000 ns 22
;iow address setup time i tasr 0 — 0 — ns
Row address hold time ) traH 10 — 10 — ns
Column address setup time tAéw 0 — 0 — n;
Column address hold time » tamw 15 — 15 — ns
RAS to CS delay timeAW tReD 20 50 20 60 ns 8
RASt0column address delay tme  tgap 15 35 15 40 s 9
RAS r;ol;iwtiirme N tRsH 20 — 20 — ns -
C;é hold time ) tcsH 70 — 80 — ns R
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HMS514102C/CL Series

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

HM514102C/CL

-7 -8
Parameter Symbol Min Max Min Max Unit Notes
CS to RAS precharge time tsps 10 — 10 — ns
Transition time (rise and fall) tr 3 50 3 50 né 7 7
Refresh period e — 16— 16 oms
Refresh period (L-version) téEF = 128 — 12”87 d ms
Read Cycle

HM514102C/CL
-7 -8

Parameter Symbol  Min Max Min Max Unit Notes
Access time from RAS tRAC — 70 . 80 ns 2,3, 19
Access time from CS tacs — 20 — 20 s 7:73,747‘797
A;:cess time from address taa — 35 — 40 ns 3,5 14,19
Read command setup time tes O — O — ns
Headrtl,rorrnrrnandrfvur)rlrd time to CS 7 trcH 0 — 0 7 — ns éO 7
Read command hold time to RAS ~ tggy O — 0 —  ns 20
Column address to FAS lead time ~ tha, 35  — 40 — s
Output bufferrtru’rn-oﬂ time - 7toiF7F7 707 20 ) 707 20 o ;\; 6
RAStocolumn address hold time  tag 15 — 15—  ns 16
Output hold tlmefrom é-ci(j-r(;Ass‘VA taOH 5 — 5 — ns
Column addressihci)lgiﬂlirrnrewloiﬁﬂfé’ oﬁ reéd tAé 70 R 80 o ns
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HMS514102C/CL Series

Write Cycle

HM514102C/CL

-7 -8
Parameter Symbol Min Max Min Max Unit  Notes
Write command setup time twcs 0 — 0 — ns 10
Write command hold time tweH 15 — 15 — ns
Write command hold time to RAS  twcp 65 — 70 — ns
Write command pulse width twp 10 — 10 — ns .
Write command to RAS lead time gy 20 — 20 — ns
Write com'mand 10 CS lead time- towl 20 — 20 — ns 7
Se;;a-in setup time tps 0 — 0 - ns 1
Data-in hold 1}7&16 toH 15 — 15 » - ns " 7 7
Data-in hold time to RAS tOHR 65 - 70 — ns
Column address hold time tAawR 65 — 70 — ns
to RAS on write
Read-Modify-Write Cycle

HM514102C/CL

-7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
Read-modify-write cycle time trwe 155 — 175 — ns
RAS to WE delay time tRWD 70 — 80 — ns 10
CS to WE delay time lcwD 20 — 20 — ns 10
Column address to WE delay time tawD 35 — 40 — ns 10
Output hold time from WE twoH 0 - 0 - ns
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HM514102C/CL Series

Refresh Cycle

HM514102C/CL

-7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
CS setup time (CBR refresh cycle) lcsR 10 — 10 — ns
CS hold time (CBR refresh cyc]tS {cHR 10 :7 o 10 o — - n; 7 - o
RASprecharge 0 CSholdtime  tzpq 10— 10 —  ns
CS precharge time in normal mode 7 tSIN 10— 10 — ns
Static Column Mode Cycle

HM514102C/CL

7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
Static column mode cycle time tsc 40 — 45 — ns
Staic colurmn mode RAS puise widh  taasc  — 100000 — 100000 ns -
RASfosecond WE delaytime  tagwp 70 — 80  —  ns
Stafic column mode CS prechargetme tg 10— 10— ns
Write invalid time 7 . 7t\,;” 10 - 10 — ns
Static Column Read-Modify-Write and Mixed Cycle

HM514102C/CL
-7 -8

Parameter Symbol Min Max Min Max Unit  Notes
Static column mode cycle time tspw 75 — 85 - ns 12
on read-modify-write
/;ccess time from previous WiEii o {;LW — 70 - 80 77;1‘5 3 137,7155
Previous WE tocolumn address  fwap 20 35 20 40 ns 15
delay time
Column address hold ime to previous WE  tapy 70 — 80 —  ns
Output enable time from WE 1oy — 25— 25 s 1
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Test Mode Cycle

HM514102C/CL Series

HM514102C/CL

-7 -8
Parameter Symbol Min Max Min Max Unit  Notes
Test mode WE setup time tws 0 — 0 — ns
Test mode WE held time twi 10 — 10 — ns
Counter Test Cycle

HM514102C/CL

7 -8
Parameter Symbol  Min Max Min Max Unit  Notes
CS precharge time in counter test cycle  tgT 40 — 40 — ns
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HM514102C/CL Series

Notes: 1.
2.

oo s w

10.

11.

12.
13.

14.
15.

16.
17.

18.

19.

20.
21.
22.
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AC measurements assume ty = 5 ns.

Assumes that tgcp < trep (Max) and tgap < trap (Max). If trgp of trap is greater than the
maximum recommended value shown in this table, tgac exceeds the value shown.

Measured with a load circuit equivalent to 2 TTL loads and 100 pF.

Assumes that tgcp > trep (Max) and igap < tRaD (Max).

Assumes that tgcp < tpep (Max) and tgap > trap (Max).

torr (max) defines the time at which the output achieves the open circuit condition and is not
referred to output voltage levels.

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

Operation with the tgep (max) limit insures that tgac (max) can be met, trgp (max) is
specified as a reference point only, if tgep is greater than the specified trcp (Mmax) limit, then
access time is controlled exclusively by tacs.

Operation with the 1gap (max) limit insures that tgac (Mmax) can be met, tgap (max) is
specified as a reference point only, if tgap is greater than the specified tgap (max) fimit, then
access time is controlled exclusively by taa.

twes: tewo: tcwp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only: if tycs 2 tweg (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 2 trwp (MiN). towp > towp (Min) and tawp > tawp (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 CS leading edge in an early write cycle and to WE
leading edge in a delayed write or a read-modify-write cycle.

Ispw (Min) = Lawp (Min) +tyyap (Max) +ty

Assumes that {wap < tywap (max). If t wap is greater than the maximum recommended
value shown in this table, 15 yy exceeds the value shown.

Assumes that t \wap >t wap (max).

Operation with the t ywap (max) limit insures that ty w (max) can be met, tywap (max) is
specified as a reference point only, if tyap is greater than the specified t yap (max) limit,
then access time is controlled exclusively by 1aa.

tanr defines the time at which the column address hold.

An initial pause of 100 ps is required after power up followed by a minimum of eight
initialization cycles (RAS-only refresh cycle or CS-before-RAS refresh cycle). If the internal
refresh counter is used, a minimum of eight CS-before-RAS refresh cycles is required.

Test mode operation specified in this data sheet is 8-bit test function controlied by control
address bits - RA10, CA10 and CAOQ. This test mode operation can be performed by WE-and-
CS-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 eight test bits accord
each other, the condition of the output data is high level. When the state of test bits do not
accord, the condition of the output data is low level. Data output pin is Dout and data input pin
is Din. In order to end this test mode operation, perform a RAS-only refresh cycle or a CS-
before-RAS refresh cycle.

In a test mode read cycle, the value of tgac, tacs. 1aa. tow and ta w are delayed for 2 nsto 5
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.

Either tgcy or tggy Must be satisfied.

tras (Min) = trywp (MiN) + tgyy (Min) + t in read-modify-write cycle.

tgp (Min) = 1owp (Min) + tow (Min) + ty in read-modify-write cycle.



HMS514102C/CL Series

Timing Waveforms ™ 23

Read Cycle
F' t7F§F’ 7
— —
RAS \
—-
tI,,
(03]
t 1
i ASR ‘AHR
, [ JRRH
op W e
we AR/ AR
" RAC
Dout

U e S

Note 23: H or L (H: Vi (min) < V) < Vi (max), L: Vy (min) < Vi < V) (max)

Invalid Dout
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HMS514102C/CL Series
Early Write Cycle

tre
tRAS trp

RAS

CS

Address

Din Din

High-Z*

Dout

* twes  twes(min)
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HMS514102C/CL Series

Delayed Write Cycle

tac -
- 'R ~
tRAS
- -
RAS \
N
,,,,, . lesH
tReo tRgH
t
ol _otse
CS
Address

Ips | = ™

Dout

Hitachi 101



HM514102C/CL Series

Read-Modify-Write Cycle

[ -

|

102 Hitachi

- tRwC B
» tRAS ) < |RP j
7 ‘
RAS
t t
L SRS
e t—RCD -t tsp >
\
CS
tRAD
tRAH o
Address Row Column
I\
1 LAHW, | ?
1 RCS tewo | towe
L ol d
< tAWD tRwL
t t
» i RWD - <WP>4
toH
1 Ll
DS -
[ t
twon
tAcs i
taa o LoFF
tRAC -
2] >
Dout { Dout e >




HM514102C/CL Series

RAS

tws || twH

High-2Z
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HM514102C/CL Series

RAS-Only Refresh Cycle

- tRC ) o
tRAs e ... tRP
\ /
RAS \
tr
t
SRS tZ,RH.l FSHS o
!

* KX Y

tasr | | IRAH
SR e

Address \ Row

Dout High-Z

* Refresh address : AO — A9 (AX0 — AX9)
: " WE : HorL

104 Hitachi




HMS514102C/CL Series
Hidden Refresh Cycle

tRC + tRC o tRc
" tRAS o - tRe ', 'RAs < AP ‘
( \ (Refresh) | |

tsp
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HM514102C/CL Series

Static Column Mode Read Cycle

tRASC
] >
k R
RAS R
ty
> e tRsSH {
et
B tRcD . tsi ﬂ tsp ‘SRS
. - L IR S -
) W |
» AR . Jtrag |
« RAD < tsc . t
AHR|
.ﬁ i
Address Column 1 >< Column 2 Column N
b 4 “
} " tRcs tRRH
‘ B L.
tRcs‘< o tRCH ol o tRCH < o
e KR/

tRac

Dout
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HMS514102C/CL Series

Static Column Mode Write Cycle (1)

— ,
tRasC lRP 4
=l

! tr T |
‘ - tRcD . ‘ tshs \ ‘
‘ \ '\
(of} ‘ ‘ \\ ‘ \
\ ‘ towe :
‘ tawr - - ;
I~ tRwL |
tASHJ tRAH tasw FAHW tasw  tAHW tasw EAHW
i Bl - - - - -

- l‘ -l “
\ ‘gwcs‘ \lWCHJ twi Ltwe
- -\ twp ‘4
WE ‘ ! |
! T [ |
\ ‘ |

" twes T twes (min)

Hitachi 107



HMS514102C/CL Series

Static Column Mode Write Cycle (2)

f' tRasc
i
RAS
i ’J |
tesh N
L tRcD B ‘ ts)
CS
tAWR ‘ 3 |
1ASR  TRAH tasw TAHXV tasw | taHw tasw| taHw
- - - | -l - M
- N M C ;
Address ‘ Row }‘X‘ Column 1 Column 2><X><ColumnN
: | !
tRSWD ‘ ‘
| twer ‘ ‘ |
- bl t i
twes | | tweH WES Lltwen  twes |
| e . ‘ . lweH
o OOO000 VTN | /XX
‘ \ P
tDHR | ; ;
- B »- | ‘ !
tDs kDH tDS‘ toH tos | tDH
. oL 5 4‘ + PH
| |
High-Z*
Dout g
" twes T twes{min)
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HM514102C/CL Series
Static Column Mode Read-Modify-Write Cycle

k ) trasC —\L tRp g

RAS

tsp

tspw
cs .
[
i taHW L
Address Column 2
tLWAD
tRrecs

Dout
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HM514102C/CL Series

Static Column Mode Mixed Cycle

‘ tRasC
i »

trp

RAS ’——\ /7
e

-~ 1CsH
1= Toog tCWL tgpg
RCO - > - U
o ;
cs i ‘ - Wy
| ‘ |
tAHLW ¢
B t »
< Lwap
taSR itRaH  tASW|  tAHW v | tASW tAHW
| ! ; -
Address Row Woumnm Column 2 >< Column N ><
0] ! tcwp :
! . ' -y »
] ' |
tsc tawp
- o !
WE
Din Din N
tacs
> |- t :
JA“\» : - /'\<CS tOFF
tow taAA to "
| »l ra » WOH | 4 ,1‘
AW " taoH ‘
-
Dout Dout 2 Dout N
> Wnte > - Read P Read-Modity-Write
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HMS514102C/CL Series

Test Mode Cycle

\“Set Cycle e Test Mode Cycle

RAS

w \ /T A

* CBR or BAS-only refresh
** Address, Din: Hor L :

Test Mode Set Cycle
’ % tpp J<

| “Asf
;ZHHNT tcsR t:; |
e i

)< tSINH - WS

WE -

Address

High-Z

Dout
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HM514102C/CL Series
CS-Before-RAS Refresh Counter Check Cycle (Read)

RAS
tr
tcsr || tcHR | tsiT tRSH J
B - - - o sms
i ‘ ‘ | I SP H >l ‘ 1
> ;\_J i |
\ i
tRAL J 1AHR ‘
- ‘ - > ‘
|
tRCH
! -t
e tRRH
tws ‘ twH | trcs
.- e -
| |
: ‘ 1
\
| |
Ptap = " ‘
- - !
tOFF
-t -
I
\
Dout < Dout
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CS-Before-RAS Refresh Counter Check Cycle (Write)

HMS514102C/CL Series

tRp
|

RAS
1T> [ t
t t .t t SRS
dosA || CHR sSIT RSH - -
tsp
CSs
tAHW N
Address Column ><><><><><>
|
tws | IwH_;  twes tweH
-t >: i gl - ft
ips toH
Ll -
High-Z
Dout
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