SAMSUNG ELECTRONICS INC L?E D EE ?9L4142 0016251 7?69 EESMGK
KM44C4002 CMOS DRAM

4M x 4Bit CMOS Dynamic RAM with Static Column Mode

FEATURES GENERAL DESCRIPTION
* Performance range: The Samsung KM44C4002 is a high speed CMOS
4,194,304 < 4 Dynamic Random Access Memory. Its
tRac tcac trc Design is optimized for high performance applications
KM44C4002-6 60ns 15ns 110ns such as mainframe§ and mini computers, graphics and
high performance microprocessor systems.
KM44C4002-7 70ns 20ns 130ns
KM44C4002-8 80ns 20ns 150ns The KM44C4002 features Static Column Mode opera-
- X tion which allows high speed random or sequential ac-
* Static Column Mode operation cess within a row. Static Column Mode operation offers
¢ CS-before-RAS refresh capability - high performance white relaxing many critical system tim-
« RAS-only and Hidden Refresh capability ing requirements for fast usable speed.
s Fast parallel test mode Capability
¢ TTL compatible inputs and output CS-before-RAS refresh capability provides on-chip auto
* Common /O using Early Write refresh as an alternative to RAS-only refresh. All inputs
* Double +5V10% power supply and output are fully TTL compatible.
* 4096 cycles/6ams refresh
* JEDEC standard pinout The KM44C4002 is fabricated using Samsung’s advanc-
¢ Available in plastic SOJ, TSOP (ll) packages ed CMOS process.

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (1op views)

FAS » KM44C4002J *KM44C4002T
&A% —| CONTROL & DATA ) ( )
w— CLOCK BL”I:I*::[ER Vec (J10 24 tl Vss Vec (J10O 24 [ Ve
0Q, 2 23700, DGy ]2 23 [7bQ,
DQ; a3 221 DQs DQ: (3 22 [1DQ,
+—| REFRESH CONTROL & Dtg" ws 21158 w4 21[1¢C%
ADDRESS COUNTER Q. RAS 15 20[JOE RAS 5 20 D OE
AHEG 19:]A9 A"CS 19 :]AS
] coLumn DECODER %‘STA
- BUFFER A 7 18] As Aw[]7 18] A
[1] sense ampsa o fo )8 176 A Ads 17 A
ro—{ [ i B 167 Ae I 16 1A
. i & OF Az [}10 151 As Az []10 15[ As
Lla As 11 140 A A 14 1A,
2181 wmemory array O (o)
g § 4 154 304'x4 Calls Vee (12 130 vss Vee (12 133 Vss
§ g = Vec (TSOP(Il)-Forward)
. al]E = Vss
Ap—q < *KM44C4002TR
N . Vss []24 10Vee
Pin Name Pin Function ba, 23 (0] »Fba,
Ag-Aqy Address Inputs Da, 22 3[1DQ,
s 021 4JW
DQ,-DQ, Data In / Data out GEE 20 5 %m
W Read / Write Input A Qie 6 An
RAS Row Address Strobe i
70A
8 Chip Select Input A 17 8 %A:
Vee Power(+5V) :: E 1: 13 5’212
Ves Ground A4 o N (1A
— Vss [113 120 Vee
OE Data Out Enable - J
(TSOP (ll)-Reverse)
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SAMSUNG ELECTRONICS INC L7E D W 79bL4l42 D0Llb252 bTS WESNGK
KM44C4002 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

|

: Parameter Symbol Value Units
Voltage on Any Pin Relative to Vss Vin, Vout —110+7.0 Vv

. Voltage on Vcc Supply Relative to Vss Vee -1t0 +7.0 \Y
Storage Temperature Tstg —-55to +150 °C
Power Dissipation Pp 600 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (voitage reference to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 55 \
Ground Vss o] 0 0 Vv
Input High Voitage VIH 2.4 - Vec+1 "
{ input Low Voltage Vi -1.0 - 0.8 v

DC AND OPERATING CHARACTERISTICS (0°C<Ta<70°C. Veo=5.0v10%)

{Recommended operating conditions unless otherwise noted)

[}
Parameter Symbol Min Max Unit
Operating Current* KM44C4002-6 - 90 mA
(RAS, €8, Address Cycling @ trg=min) KM44C4002-7 Icct — 80 mA
, B ss Cycling RC KM44C4002-8 — 70 mA
Standby Current (RAS=CS3=V)ny) lcc2 — 2 mA
BAS-Only Refresh Current* &mzigzgggﬁ lecs _ gg 22
(C8=Vin, RAS, Address Cycling @ trc =min.) KMA404002-8 N _ 70 .
Fast Page Mode Current* Em:ﬁgigg%_g loca _ ?g 2?
(RAS=CS=V|L, Address Cycllng @tsc=min) KM44C4002-8 _ 60 mA
Standby Current (RAS=CS=Vcc—0.2V) lccs - 1 mA
C S-Before-RAS Refresh Current* KM44C4002-6 | - gg mﬁ
RAS and CS Cycling @ tre=min.) KM44C4002-7 cco - m
( : KM44C4002-8 — 70 | mA
Standby Current (RAS=V)y, CS=Vi_, Dout Enabie) lecr — 5 mA
Input Leakage Current (Any input O<Vin<6.5V, _
all other pins not under test=0 volts) li 10 ) 10 HA
QOutput Leakage Current (Data out is disabled, O<Vour<5.5V) loL -10 10 uA
Output High Voltage Level (lon=-—5mA) VoH 2.4 — Y
Output Low Voltage Level (loL=4.2mA) Vo — 0.4 \"

* Note: lcer, loes, locs and ooy are dependent on output loading and cycle rates. Specified values are obtained
with the output open. lec is specified as an average current. In lgcy, loca, address should be changed only
once while RAS = V.. In lecs, address should be changed only once while CAS = V4.
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SAMSUNG ELECTRONICS INC

L?E D NN 79b4L42 00LkL253 531 EESMGK

KM44C4002 CMOS DRAM
CAPACITANCE (ra=25°¢)
Parameter Symbol. Min Max Unit
Input Capacitance(Ag-Aq1) Cini — 6 pF
input Capacitance(RAS, G5, W, OF) Cinz - 7 pF
Output Capacitance(DQ4-DQy) Cina — 7 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Vee=5.0V+10%, See notes 1,2)

s gy

ELECTRONICS

KM44C4002-6 | KM44C4002-7 | KM44C4002-8
Parameter Symbol Units | Notes
Min| Max |Min| Max |Min| Max
Random read or write cycle time tre 110 130 150 ns
Read-modify-write cycle time trRwe | 155 185 205 ns
Access time from RAS trac 60 70 80| ns |3,4,11
Access time from CS tcac 15 20 20| ns |3,4,5
Access time from column address taa 30 35 40| ns | 3,11
CS to output in Low-Z toz 5 5 5 ns 3
Qutput buffer turn-off delay torr 0 15 0 20 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50§ ns 2
RAS precharge time trp 40 50 60 ns
RAS pulse width tRAS 60{10,000| 70(10,000| 80{10,000{ ns
RAS hold time tasH 15 20 20 ns
CS hold time tos 60 70 80 ns
CS pulse width tes 15/10,000| 20/10,000| 20|{10,000| ns
RAS to CS delay time trco 20 45| 20 50| 20 60| ns 4
RAS to column address delay time tRaD 15 30| 15 35| 15 40| ns 11
CS to RAS precharge time tcrp 5 5 5 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRaH 10 10 10 ns
Column address set-up time tasc 0 0 [¢] ns
Column address hold time tcan 15 15 15 ns
Column address hold time referenced to RAS | tar 50 55 60 ns
Column Address to RAS lead time tRAL 30 35 40 ns
Read command set-up time tacs 0 (] 0 ns
Read command hold time referenced to C3 | trcH 0 0 0 ns 9
Read command hold time referenced to RAS | treH 0 0 0 ns 9
Write command hold time twcH 15 15 15 ns
Write command hold time referenced to RAS | twcr 50 55 60 ns 6
Write command pulse width twp 15 15 15 ns
Write command to BAS lead time tawL 15 20 20 ns
Write command to CS lead time towL 15 20 20 ns
Data-in set-up time tps 0 0 0 ns 10
934
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KM44C4002 CMOS DRAM

AC CHARACTERISTICS (Continued)

j KM44C4002-6 | KM44CAa002-7 | KM44C4002-8
Parameter Symbol Units | Notes
Min | Max Min| Max |Min| Max

} Data-in hold time ton 15 15 15 ns 10
: Data-in hold time referenced to RAS tonn 50 55 60 ns 8
Refresh period (4,096 cycles) tacr 64 64 64| ms
) Write command set-up time twes 0 0 0 ns 8
: CS to W delay time towo 40 50 50 ns 8

RAS to W delay time tawp 85 100 110 ns 8
) Column address to W delay time tawp 55 85 70 ns 8

CAS setup time (CS-before-RAS refresh) tesr 10 10 10 ns

TS hold time (CAS-before-RAS refresh) teHr 10 15 15 ns

RAS to CS precharge time trec 5 5 5 ns

C3 precharge time (C-B-A counter test cycle) teer 20 30 30 ns

Static column mode cycle time tsc 35 40 45 ns

Static column mode read-write cycle time tsrwe 85 100 110 ns

Access time from last write tarw 55 65 75| ns 3,12

Qutput data hold time from column address taom 5 5 5 ns

Output data enable time from W tow 35 45 55 | ns

RAS pulse width (static column mode) trasc 60 | 200,000 | 70 | 200,000 | 80 | 200,000 | ns

CS pulse width (static column mode) tesc 16 [ 200,000 | 20 | 200,000 | 20 | 200,000 | ns

CS precharge time {static column mode) tep 10 10 10 ns

Write address hold time reference to RAS tawn 50 55 60 ns 6

Column address hold time referenced to RAS rise| taw 5 5 5 ns

Last write to column address delay time tiwao 20 251 20 30, 20 35| ns

Last write to column address hold time tarmw 55 65 75 ns

Write command inactive time twi 10 10 10| ns

Write command set-up time (test in) twrs 10 10 10 ns

Write command hold time (test mode in) twrh 10 10 10 ns

W to RAS precharge time (C-B-R refresh) twre 10 10 10 ns

W to RAS hold time (C-B-R refresh) twan 10 10 10 ns

RAS hold time referenced to OF trom 15 20 20 ns

OF access time toea 15 20 20! ns

OE to data delay toen 15 20 20 ns

Output butter turn off delay time from OE toez 0 15 0 20| 0 20| ns

OE command hoid time toen 15 20 20 ns

ELECTRONICS




SAMSUNG ELECTRONICS INC

KM44C4002

L7E D EE ?79b4l42 00lL255 304 EESMGK

CMOS DRAM

TEST MODE CYCLE

KM44C4002-6 | KM44C4002-7 | KM44C4002-8
Parameter Symbol Units | Notes
Min | Max (Min| Max | Min| Max

Random read or write cycle time tac 115 135 155 ns
Read-modify-write cycle time tawc 160 190 210 ns
Access time from RAS trac 65 75 85| ns | 34,10
Access time from CS teac 20 25 25| ns | 345
Access time from column address taa 35 40 45| ns 3,10
RAS puise width tras 65| 10,000 | 75| 10,000 | 85| 10,000 | ns
CS pulse width tcs 20| 10,000 | 25| 10,000 | 25| 10,000 | ns
RAS hold time task 20 25 25 ns
€3 hold time tos 65 75 85 ns
Column address to RAS lead time traL 35 40 45 ns
CS to write enable delay tewn 45 55 55 ns 7
RAS to write enable delay tawp 90 105 115 ns 7
Column address to W delay time tawo 60 70 75 ns 7
Static column mode cycle time tsc 40 45 50 ns
Static column mode read-modify-write tsrwe 20 105 115 ns
RAS pulse width (static column mode) trasc 65 | 200,000 | 75| 200,000 | 85| 200,000 | ns
Access time from last write taww 60 70 80| ns 3,12
C3 pulse width (static column mode) tese 20 | 200,000 { 25 | 200,000 | 25 | 200,000 | ns

NOTES

1.

~N OO,

An initial pause of 200us is required after power-
up followed by any 8 RAS cvcles before proper
device operation is achieved.

. ViHmin) and ViLmax) are reference levels for measur-

ing timing of input signals. Transition times are
measured between Viymin) and Viymax), and are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and

100pF

. Operation within the trcpmex) limit insures that

tRaCmax) can be met. trcomax) is specified as a
reference point only. If trcp is greater than the
specified trcoimax) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trRcp>tRCD(max)-
. tawn, twer, toHr are referenced to tRaD(max)
. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
refernced to Von or Vor.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If

11.

12.

twes=twes(min) the cycle is an early write cycle
and the data out pin will remain high impedance for
the duration of the cycle. If tcwp2tcwo(miny and
trwD2>trwbD(min) and tawp=tawpmin), then the cycle
is a read-write cycle and the data out will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either tgcH or trrH must be satisfied for a read
cycle.

. These parameters are referenced to the CS leading

edge in early write cycles and to the W leading edge

in read-write cycles.

Operation within the trapmax) limit insures that

trRac(max) can be met. trapmax) is specified as a

reference point only. If trap is greater than the

specified trapimax) limit, then access time is con-

trolled by taa.

Operation within the tuwapmax limit insures that

taLw(max) can be met. tiwap(max) is specified as a

reference point only. tiwap is greater than the

specified tiwapimax limit, then access time is con-

trolled by taa.

. These specifications are applied in the test mode.

s g

ELECTRONICS
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TIMING DIAGRAMS

READ CYCLE
tRC —{
tRp
_ Vin— """ RAS R
RAS ViL— S Z tcRP
' tcsH
| terp the N
- D ASH
; ViH— 1 \ tcs
cs ViL— / ——tRAD——{ \ Z
AR
tasR =1 tRaH tRAL 1am
;
Vin— ROW
A Vie— ADDRESS COLUMN ADDRESS
1 1
| o —1 t——1tReH
tRCs tRRH
ViH— CXXATTCOTTV X/
w OO0
w vii— QOOUOAO00 {ROH
taa ;
- Vi— OEA
ViL—
l—— tcac —— toFF
tRAC toez
DQ;-DQs VoH— | VALID DATA
VoL— -~10Lz S

m DON'T CARE

ELECTRONICS




L7E D ME ?9b4142 0016257 187 EESMGK
CMOS DRAM

SAMSUNG ELECTRONICS INC
KM44C4002

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)

tac
tRas tRp——=—
J— VIH— tawr
sl Co N / n
‘ tesH tcap
tcRP
trcD TRSHl
— - tcs—
cs z:f_ l——tRAD —] S : Z
tasr b=——t-1tRAH tasc F=——tcAH ——]
A \\/,':: ADORESS COLUMN ADDRESS
) !
twes twon
- ViH— A YWVVV YWYV Y YVYYYVYVYYY
W v X BEEKERRE
twer T
towl
_ Vin—
OE V-
toHR
tos oH
poroa; "~ { vauo paTaiN ) OPEN
I8
WRITE CYCLE (OE CONTROLLED WRITE)
,L— tac
tRas L-—!RP
- -
RAS z::_ \ Z \ -
tcap tosH
+——1rRcD tRSH Ltcnp
— ViH— tcs
cs Vi N i
tASR tRAH l—.LCA;H__
ViH— ROW COLUMN
A Vi— ADDRESS ADDRESS
tasc
_ ViH-
w ViL—
— ViH-
Vin— O XAAAAN VALID MAXALXAL O CAAL XX AAAAAA
D00 ViL— ‘?’f A’A’A"."iﬂ" ”'A’A’A’A A’A’A‘A’A’A’A’A A’A’A’A‘A”’A.A’A.“A‘A“’A

m DON'T CARE

s ungg

ELECTRONICS
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LPE D WR 7?9buluc

00lb258 013 EESNGK

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

RAS

D1-DQs

RAS

g

DQy-DQ4

tRwe
tRP
tRas
ViN— ‘S tRAL- ;
ViL— |
. 1
' tcrp CSH tcRp
; tRcD tRsH
ViH— tcs
Vig— traD \ I
}lA—BR. tRAH ]——‘— toan

ViH— ROW
ViL— ADDRESS

COLUMN ADDRESS

tewo tewL —
t— tacs tRWD tAwL
AWD
ViL— taa — 2
toea . )
ViH— j X "‘.(
ViL— | | _toep L toEH
L——tc»xc——- : |
t
trRac M _DS_ |—tDH
v l ’ V. .
HoH — | ; VALID VALID NNN
VioL — T o DATA-OUT DATA-IN 000 OOOOOX Mo
|
STATIC COLUMN MODE READ CYCLE
trasc —.._mp_._¢
Vin— 3‘ Z
ViL— ' \—
‘ASR—‘—— tRaM tsc tsc tRAL tan
Vin— ROW COLUMN COLUMN COLUMN
ViL— ADDRESS £ ADORESS ADDRESS ADDRESS
l |
lmo—-l 1 tcRP —=
AR —-—Icm—-# ~—— tRgH-—+4
ViH— l— —tcsc = tcsc ;
RRH
i ) 3 [
1
tRCs {AGH ——| h trcs RCH
VIH— ' p
A,
tROH—1—
ViH—
ViL— ¥
Logal torr ’ toea toez
teac toez tas ——]
e taa—od | et __{ torr
" taoH e tcac
tRac
Vorn— VALID VALI 7 VALID
Vo— \ DATA DAT. DATA
oLzt tez

m DON'T CARE

s ugg

ELECTRONICS
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SAMSUNG ELECTRONICS INC G?E D WM 7964142 0016259 T5T EESMGK
KM44C4002 CMOS DRAM

TIMING DIAGRAMS (continued) B
STATIC COLUMN MODE WRITE CYCLE (W controlled early write)

tRASC - trP

Vh— Ty
ViL—

3
P
72
> al

traD tRal

t t tcaH

ash—|—| |B8H | e N
A ViH— - ROW COLUMN COLUMN 7 COLUMN
Vi— \_ADDRESS J ADDRESS ADDRESS A ADDRESS

|
tawa tep——f ; . tRSH ——=ry
csC cP
= 1RCD - tAch‘—_— | tcap— ]
|
e VIH— icsg
cs ViL—
4 I ]
tsc twi 1
L tes cWL
twos—- L+ twew | tRwL
- Vin— twe twp
W \
ViL— | twi
ViH—
[e]3]
ViL—
L
k tonr . |
i L.E?._ jwat—1OH

Vin— AAAAAXAAAXARAAAA
SN R W R, R

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write)

IAAAAANY VWY VAN
RGOSR0

tRP
trasc
ViH—
RAS \ \
ViL—
YASR—%—- tRAH | tcaH l———-|—tcAH tRAL ——=—t
s
Vin— ROW COLUMN COLUMN COLUMN
A ViL— ADDRESS ADDRESS ADDRESS ADDRESS
! — |
tawr F—ttcre
trao tASC —eemd] tep tRSH ——t
+tasc |
= Vin— tese S tcsc [
ViL—
treD tsc =—1cwt
t | twes t
twcs twen W twew Wi tRWL ——=—
- Vin— . Ry —-A-iwcsg/—_
ViL— |
oE ViH—
o ViL—
toHR
4 t tos
L8 1t ton %2 -—‘» toH L toH
ViH— VALID VALID VALD WAXYX XXX
ST . TSI A
P | ) 1 |

m DON'T CARE
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SAMSUNG ELECTRONICS INC L7E D EE ?79&4lu4e 001b2LO 771 EESMGK

KM44C4002 CMOS DRAM

TIMING DIAGRAMS (Continued)
STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE }mp_.—(
|

RAS Vin— tRasC t
ViL—
tasn F=——tRaAH ‘
Vin—
A ig‘g A COLUMN ADDRESS '~ COLUMN ADDRESS
ViL— ) =7 =
L—a—l—thp

tasc tcaH
taao tsrwc tRAL

fpre—

cs Vin— S tuwap tRwL
+——1RcD towp

ViL— _y

| tRos tawo we ‘ tawp —-——tCWL-—j
e R i TR
3ku —-—tOEH twp

Z|

>l
T

== ViH—
OE ] ﬂ% :
ViL— toeo ! 2 OED
toEa ALW —
t taa toez
DS
= t
tan toEz t ow
tRac t on_ | —toEA
VioH — a —X ".v’v’v’v.v’v’v‘v.v’v.v’v
g D D D D
DQ1-DQ4 v — o N our N AN XAXXR

toLz ———i

STATIC COLUMN MODE MIXED CYCLE

N ViH— =
RAS Vii— i ’
1
p==—"tRCD—— cP
_ Vin— tcsc
cs ViL—
p— IRAD ~amrd s S
t
tasn|| tRan | LWAD
ASCH—{ |=— tCAH—=—
ViH— I
A V'”_ ROW COLUMN COLUMN COLUMN
I ADDRESS ADDRESS ADDRESS ADDRESS
L}
tawr 1RCs J] {— tawp ——1 tcaH
Vin— twes . *twp%
S i
Lo 1AA —faai ;
twer ' toe
f— taw &
I toEa
— ViH—
[8}3 viL—

tewz zoez
toH ——
" N o
"-‘01 taa—  taoH 1os 4
tos toH
VioL — ]
DQ+-DQs _._@ Din Dour DOUTH Din
Vion — d —d
i
! ! | ;
WRITE " READ READ ) WRITE ‘

m DON'T GARE

ELECTRONICS
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KM44C4002 CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
NOTE: W, OE = Don't Care trc

tRas tAp

RAS Vie—

tcrp tapc
o Vin— .
cs ViL—

Vin— *S

“—Asf— tRan
Vin— ROW
A Vi~ ADDRESS

CS-BEFORE-RAS REFRESH CYCLE
NOTE: W, OE, A=Don’t Care

1
tap tRas trp

J— ViH— R

AAS Vie— S 2 \
tRPC

F——trpPC
tcsR \cHR
s W OO ORTXXRXY
Ccs
viL— ‘ “ ‘ .
toFF
Vijop— ——
DG:-DQs 1OH L oPEN

VioL— f
m DON'T CARE

ELECTRONICS
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KM44C4002 CMOS DRAM

TIMING DlAGRAMS {Continued)
HIDDEN REFRESH CYCLE (READ)

tre 1RC
L"" tRas F—~—tRP—= = — —tpag ——— tRp——1

ViH— !
| s \ / \
3 ViL—
‘ tar
. tROD—f trRsH

tcre

" '—“ —tRAD—T——7 -tRAL = -tcHR tcRp
. )

s ViH— j Z
ViL—

== trRaH
tasr—1= ‘ A

ViH—
A m Aew COLUMN ADDRESS

ViL—

’ tRcs {RAH

_ Vin—
W

Vie— tan

i toEa

_ ViH— t, -
OE t ROH

V) —

* tcac N
loFF
toz
L | toez

v tRac

OH—
DQ1-DQy VALID DATA-OUT )

VoL—

HIDDEN REFRESH CYCLE (WRITE)

tre RC

tRAS th‘h—- p————tRA§ ———— tRp——|
ViH— =y
AS S taws I S \
ViL—

tcre -‘-— —— trReD——=t——"tRsH 1
Vik— }
cs j tRAD E Z
ViL—

tCHR tcrp

} tasc ! |
; b ——[ tRAH toAH |
ASRH—l
ViH— \
A ROW COLUMN
iL ADD ADDRESS
- |
[ twes| twon—
Vin— tawL
W V|
w—
twp————|
o ViH—
viL—
DHR
tDS——-} l——toH
ViH— N -
DQ+-DQ4 VALID DATA-IN 4 OPEN
ViL— m DON'T CARE

PSis unog h

ELECTRONICS
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KM44C4002 CMOS DRAM

EMING DlAGRAMS {Continued)
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRas | L—tre
T \
!_‘CkSR_% b= tCHR— e e tepT —amd | tReH - =1 | terp——e |
= W o
READ CYCLE \ tRAL AR
N YA AVAA ATAAAAYAYAYAVAVAVAVAVAVAV.AVAY. W,v.
C e RN coLum Aooness XX
tacs : tRCH
. Vin— X7
i - LOOUROCMRINRY |- iy ™o 1] X
= AR — | | t=1tRcH ——
. ViH— h ; toea ‘
OE Vi— QXX
touz L Cow ]
DOyDQ,  VOMT VALID DAT/‘\-OUTl e
VoL— ‘ ) , ‘
WRITE CYCLE pose i_*tw_k ;
A Ty A VA A AV W AVAVAT A AV W MaVATAY. VY V. .. = (NVVYY Y Y VYV ATARANAAANAANY
SR e T ARt
twes| | tweH
|
. ViH— X7ooY 290000088 vseeses twp d *BA S A avavararay vATAv L. vAVAT Y. v]
W i SRRSO ‘ R R
aE Vin— ‘
" N
DQ4-DQs :IH_ OPEN VALID DATAIN
L—
READ-MODIFY-WRITE CYCLE I toan—t—
A ( COLUMN ADDRESS
"Ji twp
w ’ = - ——towg — ———
} tewt!
——tRwWL——{

F
toeD

t toH
— ;_..1052’_03 —_ﬁ
DATA '}
IN
m DON'T CARE
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T|M|NG DlAGRAMS (Continued)

TEST MODE IN CYCLE
Note: OE. Address” Don't Care
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TEST MODE DESCRIPTION

The KM44C4002 is the RAM organized 4,194,304
words by 4 bit, it is internally organized 1,048,576 words
by 16 bits. In “Test Mode”, data are written into 16
sectors In parallel and retrieved the same way.
Column address bit Ag, Ay, are not used. If, upon read-
ing, 16 bits are equal (all *1"" or “0"s) the Q pin indi-
cates a ‘1",

If they were not equal, the Q pin would indicate a Q.

DON'T CARE

In “Test Mode”, the 16M DRAM can be tested as if it
were a 1M x 4 DRAM. W, CS-BEFORE-RAS Cycle (Test
Mode in Cycle) puts the device into “Test Mode’'. And
C5-BEFORE-RAS REFRESH CYCLE “or” RAS-only
Refresh Cycle" puts it back into “Normal Mode”. The
“Test Mode” function reduces test time (1/4 in cases
of N test pattern).

sy
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DEVICE OPERATION

Device Operation

The KM44C4002 contains 4,194,304 x 4 memory locations.
Twenty-two address bits are required to address a particular
4 bit word in the memory Array. Since the KM44C4002 has
only 12 address input pins, time multiplexed addressing is
used to input 12 row and 10 column addresses. The
The multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the chip select
input (CS) and the valid row and column address inputs.

Operation of the KM44C4002 begins by strobing in a
valid row address with RAS while CS remains high. Then
the address on the 10 address input pins is changed
from a row address to a column address and is strobed
in by CS. This is the beginning of any KM44C4002 cy-
cle in which a memory location is accessed. The specif-
ic type of cycle is determined by the state of the write
enable pin and various timing relationships. The cycle
is terminated when both RAS and CS have returned to
the high state. Ancther cycle can be initiated after RAS
remains high long enough to satisfy the RAS precharge
time (tqp) requirement.

RAS and CS Timing

The minimum RAS and CS pulse widths are specified
by taas{min} and tes(min) respectively. These minimum
pulse widths must be satisfied for proper device oper-
ation and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to satis-
fying the minimum RAS and CS pulse widths. In addi-
tion, a new cycle must not begin until the minimum RAS
precharge time, tap, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM44C4002 begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write ena-
bie input(W} high during a RASI/CS cycle. The access
time is normally specified with respect to the falling
edge of RAS. But the access time also depends on the
falling edge of CS and on the valid column address tran-
sition.

It CS goes low before tpep(max) and if the column ad-
dress is valid before trapimax) then the access time to valid data
is specified by tradmin). However, if CS goes low after
tacoimax) or if the column address becomes valid after
trap{max), access is specified by tcac Or taa. In order to
achieve the minimum access time, trac(min), it is
necessary to meet both tacp{max) and trap{max).

Write
The KM44C4002 can perform early write, late write and
read-modify-write cycles. The differece between these

cycles is in the state of data-out and is determined by
the timing relationship between W and CS. In any type
of write cycle, Data-in must be valid at or before the fall-
ing edge of W or CS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The data at the data input pin (D)
is written into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z state.
This cycle is good for common |/O applications because
the data-in and data-out pins may be tied together
without bus contention.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low af-
ter CS and meeting the data sheet read-modify-write cy-
cle timing requirements. This cycle requires using a
separate 1/O to avoid bus contention.

Late Write: If W is brought low after CS, a late write cy-
cle will occur, The late write cycle is very similar to the
read-modify-write cycle except that the timing
parameters, tawp, towp and tawp are not necessarily met.
The state of data-out is indeterminate since the output
can be either Hi-Z or contain data depending on the tim-
ing conditions. This cycle requires a separate /O to
avoid bus contention.

Data Output
The KM44C4002 has a tri-state output buffer which is
controlled by CS. Whenever CS is high (Vi) the output
is in the high impedance (Hi-Z) state. In any cycle in
which valid data appears at the output, the output goes
into the low impedance state in a time specified by tc.z
after the falling edge of CS. Invalid data may be present
at the output during the time after tc,; and before the
valid data appears at the output. The timing parameters
teac, trac @nd taa specify when the valid data will be
present at the output. The valid data remains at the out-
put until TS returns high. This is true even if a new RAS
cycle occurs (as in hidden refresh). Each of the
KM44C4002 operating cycles is listed below after the
corresponding output state produced by the cycle.

Valid Qutput Data: Read, Read-Modify-Write, Hidden
Refresh, Static Column Mode Read, Static Column
Mode Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Stat-
ic Column Mode Write, CS-before-RAS Refresh, C5-only
cycle.

Indeterminate Output State: Delayed Write

s v
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Refresh

The data in the KM44C4002 is stored on a tiny capaci-
tor within each memory cell. Due to leakage the data
may leak off after a period of time. To maintain data in-
tegrity it is necessary to refresh each of the rows every
64 ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
row address with RAS while CS remains high. This cy-
cle must be repeated for each row.

CS-before-RAS Refresh: The KM44C4002 has CS-
before-RAS on-chip refresh capability that eliminates the
need for extemal refresh addresses. If CS is held low
for the specified set up time (tcsp) before RAS goes
low, the on-chip refresh circuitry is enabled. An inter-
nal refresh operation automatically occurs. The refresh
address is supplied by the on-chip refresh address coun-
ter which is then internally incremented in preparation
for the next CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the out-
put by extending the CS active time and cycling RAS.
The KM44C4002 hidden refresh cycle is actually a CS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

QOther Refresh Methods: It is also possible to refresh
the KM44C4002 by using read, write or read-modify-
write cycles. Whenever a row is accessed, ali the cells
in that row are automatically refreshed. There are cer-
tain applications in which it might be advantageous to
perform refresh in this manner but in general RAS-only
or C8-before-RAS refresh is the preferred method.

Static Column Mode

Static Column Mode allows high speed read, write or
read-modity-write random access to all the memory cells
within a selected row. Operation within a selected row
is similar to a static RAM. The read, write or readmodify-
write cycles may be mixed in any order.

A Static Column mode read cycle starts as a normal cy-
cle. Additional cells within the selected row are writ-
ten by applying a new column address while W=V
and RAS =V,

A Static Column mode write cycle starts as a normal
cycle. Additional cells within the selected to are writ-
ten by applying a new column address while RAS =V,
and toggling either W or CS. The data is written into
the cell trigered by the latter fallin edge of W or C3.

CS-before-RAS Refresh Counter Test Cycle
A special timing sequence using the CS-before-RAS
refresh counter test cycle provides a convenient method
of verifying the functionality of the CS-before-RAS
refresh activated circuitry.

After the CS-before-RAS refresh operation, is CS goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CS-before-RAS counter test cycle
timing diagram. A memory cell can be addressed with
12 row address bits and 10 column address bits defined
as follows:

Row Address — Bits A, through A, are supplied by
the on-chip refresh counter.

Column Address — Bits A, through Ag are strobed-in
by the falling edge of CS as in a normal memory cycle.
The status of Ay, A, is don't care.

Suggested CS-before-RAS Counter Test
Procedure

The CS-before-RAS refresh counter test cycle timing is
used in each of the following steps:

1. Initialize the internal refresh counter by performing
8 cycles.

2. Write a test pattern of “lows” into the memory cells
at a single column address and 1024 row address.
(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycles, read the “lows” writ-
ten during step 2 and write “highs” into the same
memory locations. Perform this step 512 times so that
highs are written into the 512 memory cells.

4. Read the “highs” written during step 3.

5. Complement the test pattern and repeat steps 2, 3
and 4.

Power-up

If RAS = Vs during power-up, the KM44C4002. could
begin an active cycle. This condition results in higher
than necessary current demands from the power sup-
ply during power-up. It is recommended that RAS and
C3 track with Vec during power-up or be held at a valid
VIH in order to minimize the power-up current.

An initial pause of 200 usec is required after power-up
followed by any 8 RAS cycles before proper device oper-
ation is assured.
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PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millmeters)
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