KM44C1000B

CMOS DRAM

1M x 4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
¢ Performance range:
trac teac tre
KM44C1000B-6 60ns 15ns 110ns
KM44C1000B-7 70ns 20ns 130ns
KM44C1000B-8 80ns 20ns 150ns

Fast Page Mode operation
CAS-before-RAS refresh capability
RAS-only and Hidden Refresh capability
Fast parallel test mode capability

TTL compatible inputs and outputs
Early write or output enable controlled write
Single + 5V +10% power supply

1024 cycles/16ms refresh

JEDEC standard pinout

Available in plastic DIP, SOJ, ZIP and
TSOP packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C1000B is a high speed CMOS
1,048,516 x 4 Dynamic Random Access Memory. its de-
sign is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM44C1000B features Fast Page Mode operation
which allows high speed random access of memory
cells within the same row. CAS-before-RAS refresh capa-
bility provides on-chip auto refresh as an alternative to
RAS-only Refresh. All inputs and output are fully TTL
compatible.

The KM44C10008B is fabricated using Samsung's ad-
vanced CMOS process.

ORDERING INFORMATION

RS Part No. Access Time Package
cAS — 8{’8&2“ 4 D?JA KM44C1000BP-6 60 ns
W BUFFER KM44C10008P-7 70 ns 300 mil, 20 DIP
oa KM44C1000BP-8 80 ns
REFRESH CONTROL & 1
ADDRESS GOUNTER to KM44C1000BJ-6 60 ns '
DQ, | KM44C1000BJ-7 70 ns 300 mil, 20 SOJ
KM44C1000BJ-8 80 ns
DATA
[-] COLUMN DECODER ouTt KM44C1000BZ-6 60 ns
[ SEnSE awps & 10 BUFFER KM44C1000BZ-7 70 ns 400 mil, 20 ZIP
ro— o KM44C1000BZ-8 80 ns
2 ] _
Co|E § OE KM44C1000BV-6 60 ns 20 TSOP ()
2181 wemor armay KM44C1000BV-7 70 ns (Forward)
@ | & | 10485764 Cells KM44C1000BV-8 80 ns
| Voo KM44C1000BVR-6 60
slo ns
a1 Ves KM44C1000BVR-7 | 70 ns 2 hovorce)
KM44C1000BVR-8 80 ns
KM44C1000BT-6 60 ns
KM44C1000BT-7 70 ns Z?FZ?S;;)")
KM44C1000BT-8 80 ns
KM44C1000BTR-6 60 ns
KM44C1000BTR-7 | 70 ns Z?RSSYZ;;"
KM44C1000BTR-8 80 ns
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KM44C1000B CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM44C1000BP * KM44C1000BJ * KM44C1000BZ
N4 )
DQy E [¢] 20| Vss e fim I 200 Vss [o14 5\ SRS
DOy E ’__9_] DG. DG, ]2 190 0Q, DQ3
= wQs 18 [H0Qa DQq
w[3] [18] 0@ RAS ¢ 17 eas Vss
BAS E Em Ag5 16 2 5F DGy DQy

AQE EGE RAS

Bl Els]E L]l
BIEEIEREIE]e] =[]

AOE EAa Ao ()6 15 [ As Ag A9
Ar E :]A A7 14 g A7
14] A7 AZE 8 13 El]Ae A2 As
A 8 A Az l]e 12H As
2 ]: E ® vee10 O 11HAs Vee As
A3 E 1__2] As As N
Vee [10 o EN A7 ®
Ag
* KM44C1000BV * KM44C1000BVR
oE[[]t © 20]T] Ae Ag [[J20 o ! 1) O
CAS [[]z 19T A7 A7 [ ]1e 211 ¢As
DQs )3 18[1] Ae ag[[]18 3|1} oes
0Qq [T]4 17|11 As as [[]17 4[] DQa
VssEE5 16:[]/\4 A4[E 16 SIVSS
pa: [[]s 15[TVee  vec 15 6 [ 1] DQy
pe. [[]7 14T A3 Az ]14 7| 1] 0Q;
wills 13[ ) A2 A []13 s[I1W
RAS(1e 12[J A a2 o[ 1) RAS
Ag[I]10 1T Ao Ag [T 11 101 As
« KM44C1000BT * KM44C1000BTR
Pin Names Pin Function
DQy 1 © 20 :D Vss ves 1] 20 1 ]J DQy
o Ag-Ag Address Inputs
bz []2 19[]] ey 0o, [I] e 2[T)pa:
wis 18[]] 00 00s (T} 18 spw RAS Row Address Strobe
mas (] s [ oxs eas [ o[58 CAS Column Address Strobe
As[[s 16[]] OF ot [T]s s[4 w Read/Write Input
OE Data Qutput Enable
A 15 15 s[1] A
N El[: : . %: t % ° ' Eg ~ | pa/a._| pata inData Out
2l
a2 (] 13[T14e ag T3 [Tl A2 Veo Power (+5V)
as[T]e 12[TAs As [[]12 o 9] As Vss Ground
vee [[]ro ° 5 []]m As [ 10[T] vee
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KM44C1000B - CMOS DRAM

[h]
4
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Value Units
Voltage on Any Pin Relative to Vss ViN, Vout -1 to +7.0 \
Voltage on Vcc Supply Relative to Vss Vee -1to0 +7.0 Vv
Storage Temperature Tstg —-55to +150 °C
Power Dissipation Po 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 Vece 4.5 5.0 5.5 \
Ground Vss 0 o] 0 \
Input High Voltage Vi 2.4 — Vee+1 \4
Input Low Voltage ViL -1.0 - 0.8 \

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions uniess otherwise noted)

Parameter Symbol Min Max Unit
N KM44C1000B-6 —_ 90 mA
Operating Current*
. . KM44 - I _ 0 A
(RAS, CAS, Address Cycling @ tre=min) KMMg:gggg.g cct - ?0 :A
Standby Current (RAS=CAS=V)y) lcc2 — 2 mA
RAS3-Oniy Refresh Current* Em::glg%gs lecs — gg 22
(CAS=V\4, RAS, Address Cycling @ tac =min.) KM44C1000B.8 cc - 70 mA
Fast Page Mode Current* :xﬁg}?’gggg e _ ég ::
(RAS=V,., CAS, Address Cycling @ tc =min.) KM44G10008:8 CCa _ it A
Standby Current (RAS=CAS=Vcc—0.2V) Ices — 1 mA
CAS-Before-RAS Refresh Current* Ex::g:ggggg locs — gg 2:
(RAS, CAS Cyciing @ trc=min.) KM44C10008-8 — | 70| ma
Standby Current (RAS=V\4, CAS=Vy, Doyt Enable) lec? — 5 mA
Input Leakage Current (Any input O<ViN<6.5V, | 10 10 A
all other pins not under test=0 volts) L H
Output Leakage Current (Data out is disabled, 0€Vout<5.5V) loL -10 10 uA
Output High Voltage Level (lon=—5mA) Vou 2.4 - \
Output Low Voltage Level (lo.=4.2mA) Vou — 0.4 \

*NOTE: lcc1, lcca, lccs, Icce are dependent on output loading and cycle rates. Specified value are obtained with
the output open. Icc is specified as an average current. In lcc1, lccs address transition should be changed
maximum two while RAS=V|_. In Iccs, address transition should be changed only once while CAS=V,y.
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KM44C1000B CMOS DRAM

CAPACITANCE (7.=25°¢)

Parameter Symbol Min Max Unit
Input Capacitance (A¢-Ag) Cing - 5 pF
Input Capacitance (RAS, CAS, W, OF) Cinz2 - 7 pF
Output Capacitance (DQ1-DQ4) Coa — 7 pF

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

KM44C1000B-6 | KM44C1000B-7 | KM44C1000B-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 tawc |155 185 205 ns
Access time from RAS tRAC 60 70 80| ns [3,4,11
Access time from CAS tcac 15 20 20| ns |3,4,5
Access time from column address taa 30 35 40| ns | 3,11
CAS to output in Low-Z towz 0 0 0 ns 3
Qutput buffer turn-off delay torr 0 15 0 20 0 20| ns 7
Transition time (rise and fall) tr 3 50 31 50 3 50| ns 2
RAS precharge time trp 40 | s0 60 ns
RAS pulse width tRas 60(10,000] 70(10,000| 80|10,000| ns
RAS hold time tRsH 15 20 20 ns
CAS hold time tosH 60 70 80 ns
CAS pulse width tcas 15(10,000| 20|10,000| 20({10,000| ns
RAS to CAS 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 1
CAS to RAS precharge time tcrp 5 5 5 ns
Row address set-up time tasr o] 0 o] ns
Row address hold time tRAH 10 | 10] | 10 ns
Column address set-up time tasc 0 o] 0 ns
Column address hold time tcan 15 15 15 ns
Column address hold time referenced to RAS | tar 50 55 60 ns 6
Column Address to RAS lead time tRAL 30 35 40 ns
Read command set-up time tres 0 0 o ns
Read command hold time referenced to CAS | trcH 0 0 0 ns 9
Read command hold time referenced to RAS | trre 0 0 0 ns 9
Write command hold time twcH 10 15 15 ns
Write command hoid time referenced to RAS | twer | 45 55 60 ns 6
Write command pulse width twp 10 15 15 ns
Write command to RAS lead time tRwL 15 20 20 ns
Write command to CAS iead time towe 15 20 20 ns
Data-in set-up time tos 0 0 0 ns 10
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KM44C1000B CMOS DRAM

AC CHARACTERISTICS (continued)

KM44C1000B-8 | KM44C1000B-7 | KM44C1000B-8

Parameter Symbol Units | Notes
Min| Max (Min| Max |Min| Max
Data-in hold time toH 15 15 15 ns 10
Data-in hold time referenced to RAS toHR 50 55 60 ns 6
Refresh period (1,024 cycles) trRer 16 16 16 | ms
Write command set-up time twes 3] o] 0 ns 8
CAS to W delay time towp | 40 50 50 ns 8
RAS to W delay time tawp | 85 100 110 ns 8
Column address to W delay time tawp 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh)| tcsr 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) | tour 10 15 15 ns
RAS to CAS precharge time trpc 5 5 5 ns
%g-gizﬁﬁ tt:te cycle) teer 20 % 30 ns
Access time from CAS precharge tcpa 35 40 45| ns 3
Fast page mode cycle time tec 40 45 50 ns
z;(s:lteptaigee mode read-modify-write tPRWG 80 95 100 ns
RAS pulse width (Fast Page Mode} tRASP 60|200,000| 70(200,000| 80|200,000| ns
CAS precharge time (Fast page mode) tcp 10 10 10 ns
RAS hold time from CAS precharge trHce | 35 40 45 ns
OE access time toea 15 20 20( ns
OE to data delay toep 15 20 20 ns
Output buffer turn off delay time from OE | toez 0 15 0 20 0 20| ns
OE command hold time toEH 15 20 20 ns
Write command set-up time (test mode 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 cycle) twrp 10 10 10 ns
W to RAS hoid time (C-B-R cycle) twri | 10 10 10 ns
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KM44C1000B CMOS DRAM

TEST MODE CYCLE

(Note. 12)
KM44C1000B6 | KM44C1000B-7 | KM44C10008-8
Parameter Symbol —————— Units| Notes
Min| Max |Min| Max |Min| Max

,Randowad or write cycle time tre 115 135 155 ns
Read-modify-write cycie timeﬂ trwe |160 190 210 L ns
Access time from RAS N | trac | 65 75 85| ns [3,4,11
Access time from CAS - | teac | 20 25 25| ns | 3,45
Access time from column address taa | 35 40 45| ns | 3,11
RAS pulse width o tras | 65| 10,000 75| 10,000| 85| 10,000 ns
)('EAipglse width | tens 20| 10,000| 25| 10,000| 25| 10,000| ns
RAS hold time trsH 20 25 25 ns
CAS hoid time tosn | 65 75 8 | ns |
Column address to RAS Iea_d time tRaL 35 40 45 ns
ICAS to write enable delay tcwp | 45 55 55 ns 8
|RASto write enable defay | tawp | 90 105 115 ns 8
Column address to W delay time tawp 60 70! 75 ns 8
(O dadiiess 10 VY deldy fime [ AwD | L
Fastmode cycle tme | tpc | 45 | 50 55 ns
Fast page mode read-modefy-write | terwc | 85 100 105 ns
RAS pulse width (Fast page mode) | trasp | 65|200,000| 75|200,000| 85/200,000| ns_|
Access time from CAS precharge | feea 40| 45 50| ns 3
OE access time toEA 20 25 | 25| ns
~ - .
OE to data delay | toep | 20 . 25 25 ns
OE command hold time toen 20 25 25 rns

NOTES

1.

An initial pause of 200us is required after power
up followed by any 8 CAS-before-RAS or RAS-only
Refresh cycles before proper device operation is
achieved.

. Vingminy and Vimaxy are reference levels for mea-

suring timing of input signals. Transition times are

duration of the cycle. If towp 2 towominy and tawo
2 trwoimin) @and tawp > tawocmin), then the cycle is
a read-modify-write cycle and the data out will con-
tain the data read from the selected address. If
neither of the above conditions are satisfied, the
condition of the data out is indeterminate.

measured between Vinminy and Viumax), and are 9. Either trcn or tarn must be satisfied for a read
assumed to be 5ns for all inputs. cycle.
3. Measured with a load equivalent to 2 TTL loads 10. These parameters are referenced to the CAS lea-
and 100pF. ding edge in early write cycles and to the W leading
4. Operation within the tacomax) limit insures that edge in read-modify-write cycles.
tracimax) ¢aN be met. frcommaxy IS Specified as a  11. Operation within the trap(max) limit insures that
reference point only. If taco is greater than the trac(maxy Can be met. traomaxy is specified as a re-
specified trco(max limit, then access time is cont- ference point only. If trao is greater than the spe-
rolled exclusively by tcac. cified trao(max) limit, then access time is controlled
5. Assumes that taco = trcp(max). by taa
6. tas, twer, tonr are referenced to traoimax). 12. These specifications are applied in the test mode.
7. This parameter defines the time at which the output ~ 13. In test mode read cycle, the value of trac, tas, tcac
achieves the open circuit condition and is not refer- is delayed by 2ns to 5ns for the specified value.
nced to Von or VoL These parameters should be specified in test mode
8. twes, tawp, towp and tawp are non restrictive ope- cycles by adding the above value to the specified
rating parameters. They are included in the data value in this data sheet.
sheet as electrical characteristics only. If twes > 14. torr(maxy and toez(maxy define the time at which the

twes(miny the cycle is an early write cycle and the
data out pin will remain high impedance for the

output achieves the open circuit condition and are
not referenced to output voltage level.

=1 v
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KM44C1000B CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
thc
tras =t
_— Ve — t,
RS N v /
Vi — \—
teap taco tRsk
EAS Vi — \\ teas /l
Vi — 3 2z
tesn
tasr tran tasc
i — [=tcan =
Vin = AOW R  cotumn
A Vi — ADDRESS ADDRESS
F=— tran tRaL tary —e=
|—hcs— tron

£

Vi —
o , K
AA
ot £
Vie —

toea [_tOFF ]
teac — = toez ——=
trac
Von—
DQ;-DQy OPEN VALID DATA-OUT 2_
Vo.—
b {1 7
DON'T CARE
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KM44C1000B CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY CYCLE)

tre

¢
tras i

RAS \F‘H tar
Ve — . = \

taco trsH
a— tosn

Vin — X ——t+—tes
orS Vi — M ——WAD—‘-J \ / /

tere

tasr tRan
e

fasc == = lcan—

A Vin = ROW ) COLUMN
Ve — ADDRESS | ADDRESS

’ twen

W Viu — - 'cw:w,, Vs \VAVAVAVAVAVAVAVAVAV,
BRI BB
twes i twﬂ__’______#
FE V\H —
t I tos ——-—{ ,‘(DHj
oa,ba, Y™~ { VALID DATA-IN

torr

WRITE CYCLE (OE CONTROLLED WRITE)

tre
thns e
Vi — —1
AA v AR
wo
1
s treo trsH
tesn
J— Vih — | 1,
CAS " CAS / /
Vi = ~—trap —= ~
tase t tasc Flcw
AH —=1
Vig — 3
A " " ROW COLUMN
Vi — ADDRESS | ADDRESS
traL
W Vin — twe
Vi —
tewt
. tawe

D

Vi —
DQ;-DQs Vl w VALID DATA-IN
L -

QXSS

m DON'T CARE
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KM44C1000B

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE

tawe
R~
4
iy — ﬁ\ RAS
RAS vy — \_
tere tar
]'— treo tasH
Vin — tcas /
CA3 Vi — tasr -—!RAD—_’ L
tcns
taaH oo tasc f—t tean
Viy —
A v ROW COLUMN
o= ]
tawo = trw
towo f— tow —
- twe
w Vi — tcac —ed j\
Vie = tawp K
tan
toea
Vi — 4
OE i / §
Vie ~ : toen 4 oS
F trac b toEz —or] fow
Von—
ba.. VALID VALID
Q-0 Vo, — DATA OUT DATA IN
oL
tewz
FAST PAGE MODE READ CYCLE
trasp be- trp
Vi — !\ H \_tRHCp___Z
RAS Vie — - —
temp tec tec tasn
r"‘ taco tce tep
G
Vi — R\ T lcas—— #F = tcas i P=—tcas 2
* W \ /N N / —\_
Vip —~ K f
f
tasr tRaH o tasc tean tasc tcan
fe—=  tagc tean ] o]
A Vi = ROW (" COLUMN N <"'couJMN g" COLUMN
Ve — ADD ADDRESS Y_ADDRESS ADDRESS
T T
1RAD ——d I tres — = tres tren
tres thcH = trew }— tran
v a—
Vi — e tAA ——ad] tan taa
i |
toea [ tcea tcpa
Vie — } ’ 79
4 i
toac = ]‘—‘ torr "—‘ toea I"—— torr l—— toea l—— tore
trac toez toac = = togz = toac— toez —
— TN
DQ:-DQy4 Yo VALID VALID VALID }_
17 -
Vou— DATA-OUT \_DATA-OUT | DATA-OUT
- tez teez toz

m DON'T CARE
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KM44C1000B CMOS DRAM

TIMING DlAGRAMS {Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
|

trase trp
FAS i b
- m
4 tec to
ia taco tep - tep thsH —
Vi — =——tcas —= —tcas — tCAs—'/
CAS tRan
Vi ] !‘SC'-+’_ tasc| [ tasc
tasr tosn o toan r- toan
ViH
A " ROW | COLUMN '] COLUMN COLUMN
Vo — ADD ADDRESS ADDRESS ADDRESS
r—— thap —=] b twen twes| twoH twes| ™ tweH =
twe:
w Vi = twe - twe t—+ twp —ef
Vi — % J X 49 _{
- towL
towe 1 towt - Mt —
Vin —
OE
Vie —
tos toH tbs ton tos fon
paoa, ™ T VALID VALID VALID
Ve — DATA-IN DATA-IN o DATA-IN
torr
FAST PAGE MODE READ-MODIFY-WRITE CYCLE
v taase
RS "o tan
Vi — ¢ -
o torwe = trsw tep
tosn fcp —
&R Vin —W thaH \ tcas \ tcas / /
Vi — l—F taco L= tasc
tasr tasc toan towe f~—+ towt
o l toan trRwi ——
- 4 N
A Vin ROW COLUMN " coLumn
Vi — ADD N ADDRESS \_ADDRESS
thao ] tRaL
t.._4 tres twe [
v N
W —
w N N
Vi — towo tewo
tawn tawo
tawe
Vin — ¥
oF (]
VL~ tos
)
DQ,-DQ Vion—
VioL— K\
\ VALID

VALID
DATA-QUT DATA-IN

m DON'T CARE
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KM44C1000B CMOS DRAM

TIMING DIAGRAMS (continued)

RAS ONLY REFRESH CYCLE
Note: W, OE=Don't Care

—tras

CR3 V= A W
V\L -

tasn tran

Vi~ £ row
A
v, — | ADDRESS |

CAS-BEFORE-RAS REFRESH CYCLE
Note: OE, Address=Don't Care

O
2
i
bl
a
9
a"
@
b4
&
g
)
i‘
%3 ]
O

twep twar

LB 5 S
e R —

)6& DON'T CARE
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KM44C1000B

CMOS DRAM

TlMlNG DlAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tre tre
e tp —] trp
tras b taas— .|
- - 3y
RAS Vi \ tan / \ N
Vip — b 9 -
torp taco trsH ——=1
A Vin — \\ _chﬂvﬁi
ik = e/ k
tasm taan tasc !
. b= toar =
A Vin = A Row COLUMN
Vi — . ADDRESS ADDRESS
trao twr ll:' twar
l——tgcs—— trrn
.o T
Vi -~
tan
Vi — L
teac —= [———%on
trac toez
Von — '
DQ;DQs VALID DATA-OUT ) q—
VoL = torz
HIDDEN REFRESH CYCLE (WRITE)
tre trc
e —e] the =
tras " ——tras —= i
VIH - tAR
m vlL - \ - \
lone thco tRsH——=]
Viy — ~—tcnm
CAS / \
Vi — N ;
tash taan tasc toan
Vin = ROW COLUMN
A Vi — ADDRESS ADDRESS
"'D—IRAD‘—‘
SR ——
= twes
W VlH - IWP
Vi —
5 Viy —
Vie —
tos .
DH
Yor = 4 { ) (XXXKXXK
-DQ. -
ooren 7 w o o I AR

tog —————————

DON'T CARE

XX
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KM44C1000B

CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

o]
[

Vi —

A
el
bl
8"
il

_
Vin

N

tRas

RN

term

tepr— RSH
\ teas

tRaL

tasc tean

COLUMN
ADDRESS

A VOH -
VIL -
READ CYCLE twrr

[ 'wm«—‘

tan

[ toac ——]

tacs

]——— traH

— Vih —
w
Vi —

le -
o8 o
Vi —
}——“‘ }__— tore
tosa N
0EZ ——=|
Von—
DQ,-DQ, VALID DATA-OUT }—
Vo, — tewz 1
tow
WRITE CYCLE twrp twhH tawt
t
. Vin — N twon ——=
w
Vig —
twe
ﬁ VIH -
Vi —
1
TR B I P
Vou— N
DQ,-DQ, OPEN { VALID DATA-IN
VoL— fow
READ-MODIFY-WRITE tawo
twre P twan tres ) [=— taw, —
iCwWD
1
_ Vi —
W N
Vi teac
I taa
oE Vv — toea e
Vie — toen
1 = ton
toez
towz = $ tos
Vion —
bA:-DQ VioL —
VALID DATA-OUT  VALID DATA-IN
DON'T CARE
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KM44C1000B

CMOS DRAM

TIMlNG DIAGRAMS (Continued)

TEST MODE IN CYCLE
Note: OE, Address: Don't Care

s { | N / \
N 7 R R
W R R TR I ZXRIRTS
DQ,-DQ, \\/,0”: } OPEN

TEST MODE DESCRIPTION

The KM44C10008B is the RAM organized 1,048,576 words
by 4 bit, it is internally organized 524,288 words by 8 bits.
In “Test Mode,” data are written into 8 sectors in parallel
and retrieved the same way. Column address bit A, is
not used. if, upon reading, two bits on one /O pin are
equai (all “1” or “0"s) the I/O pin indicates a *“1.” If they
were not equal, the I/O pin would indicate a“0.” in “Test

DON'T CARE

Mode,” the 1M x 4 DRAM can be tested as if it were a
512K x4 DRAM. W, CAS-BEFORE-RAS Cycle (Test
Mode in Cycle) puts the device into “Test Mode.” And
“CAS-BEFORE-RAS REFRESH CYCLE” or “RAS-only
Refresh Cycle” puts it back into “Normal Mode.” The
“Test Mode” function reduces test time (1/2 in cases
of N test pattern).

s v
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KM44C10008

CMOS DRAM

DEVICE OPERATION

The KM44C1000B contains 4,194,304 memory locations.
Twenty address bit are required to address a particuiar
4-bit word in the memory array. Since the KM44C1000B
has only 10 address input pins, time multiplexed ad-
dressing is used to input 10 row {As-Ag) and 10 column
(Ao-Ag) addresses. The multiplexing is controlled by the
timing reiationship between the row address strobe
(RAS), the column address strobe (CAS) and the valid
row and column address inputs.

Operating of the KM44C1000B begins by strobing in a
valid row address with RAS while CAS remains high.
Then the address on the 10 address input pins (Ag-Ag)
is changed from a row address to a column address and
is strobed in by CAS. This is the beginning of any
KM44C1000B cycle in which a memory location is ac-
cessed. The specific type of cycle is determined by the
state of the write enable pin and various timing relation-
ships. The cycle is terminated when both RAS and CAS
have returned to the high state. Another cycle can be
initiated after RAS remains high long enough to satis-
fy the RAS precharge time (tre) requirement.

RAS and CAS Timg_lgs

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas{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-
tying the minimum RAS and CAS pulse widths. In ad-
dition, a new cycle must not begin until the minimum
RAS precharge time, tsp, has been satisfied. Once a cy-
cle begins, internal clocks and other circuits within the
KM44C1000B 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-
ble input(W) high during a RAS/CAS 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 CAS and on the valid column address
transition.

1f CAS goes low before tacp(max) and if the column ad-
dress is valid before taac{max), then the access time to
valid data is specified by tmacimin). However, if CAS
goes low after tacp(max) or if the column address be-
comes valid after trap{max), access is specified by tcac
or taa. In order to achieve the minimum access time,
taac(min), it is necessary to meet both tscp(max) and
tran(max). The KM44C1000B has common data I/O pins.

The this reason an output enable control input (OF) has
been provided so the output buffer can be precisely con-
trolled. For data to appear at the outputs, OE must be
low for the period of time defined by toea and toez.

Write

The KM44C1000B can perform early write, iate 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, OE and CAS. In any
type of write cycle, Data-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pins
is written into the addressed memory cells. Through-
out the early write cycle the output remains in the Hi-Z
state. In the early write cycle the output buffers remain
in the three state regardless of the state of the OE input.

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 CAS and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate 1/0 to avoid bus contention.

Late Write: If W is brought low after (—)A—§, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, tawn, tewp @and tawp, are not necessarily met.
The state of date-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 I/O to
avoid bus contention.

Data Output

The KM44C1000B has a three-state output buffer which
is controlled by CAS and OE. Whenever CAS and OE
are high (Vin), the outputs are in the high impedance
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 ¢, after the falling edge of CAS.
Invalid data may be present at the output during the time
after tcz and before the valid data appears at the out-
put. The timing parameters tcac, taac and taa specify
when the valid data will be present at the output. The
valid data remains at the output until CAS returns high.
This is true even if a new RAS cycle occurs (as in hid-
den refresh). Each of the KM44C 10008 operating cycles
is listed below after the corresponding output state
produced by the cycle.
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DEVICE OPERATION (continued)

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Eily Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, OE con-
trolled write.

Indeterminate Output State: Delayed Write (towo O tawp
are not met)

Refresh

The data in the KM44C1000B is stored on a tiny capa-
citor 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
16 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 CAS remains high. This cy-
cle must be repeated for each row.

CAS-before-RAS Refresh: The KM44C1000B has CAS-
before-RAS on-chip refresh capability that eliminates the
need for extemal refresh addresses. |f CAS is heid low
for the specified set up time (tcsr) 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 CAS-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 CAS active time and cycling RAS.
The KM44C1000B hidden refresh cycle is actually a CAS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on-chip
refresh address counter.

" Other Refresh Methods: It is also possible to refresh
the KM44C1000B by using read, write or read-modify-
write cycles. Whenever a row is accessed, all 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 CAS-before-RAS refresh is the preferred method.

Fast Page Mode

Fast page mode provides high speed read, write or read-
modify-write access to all memory cells within a select-
ed row. These cycles may be mixed in any order. A fast
page mode cycle begins with a normal cycle. Then,

while RAS is kept low to maintain the CAS is cycled
to strobe in additional column addresses. This
eliminates the time required to set up and strobe se-
quential row addresses for the same page.

CAS-before-RAS Refresh Counter

Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of
verifying the functionality of the CAS-before-RAS refresh
activated circuitry.

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

This is shown in the CAS-before-RAS counter test cy-
cle timing diagram. A memory cell can be addressed
with 10 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 A, are supplied by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-before-RAS Counter Test

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

1. Initialize the internal refresh counter by performing
8 CAS-before-RAS 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 1024 times so
that highs are written into the 1024 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 = Vg5 during power-up, the KM44C1000B could
possibly begin an active cycle. This condition resuits
in higher than necessary current demands from the pow-
er supply during power-up. It is recommended that RAS
and CAS track with V¢c during power-up or be held at
a valid Vi in order to minimize the power-up current.
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DEVICE OPERATION (Continued)

An initial pause of 200 usec is required after power-up
followed by 8 initialization cycles before proper device
operation is assured. Eight initialization cycles are also
required after any 16 msec period in which there are no
RAS cycles. An initialization cycle is any cycle in which
RAS is cycled.

Termination

The lines from the TTL driver circuits to the
KM44C1000B inputs act like unterminated transmission
lines resulting in significant overshoot and undershoot
at the inputs. To minimize overshoot it is advisabie to
terminate the input lines and to keep them as short as
possible. Although either series or parailei termination
may be used, series termination is generally recom-
mended since it is simple and draws no additional pow-
er. It consists of a resistor in series with the input line
placed close to the KM44C1000B input pin. The opti-
mum value depends on the board layout. it must be de-
termined experimentally and is usually in the range of
20 to 40 ohms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transient
effects are minimized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients
generated by DRAMS. The impedance is minimized if

PACKAGE DIMENSIONS

all the power supply traces to all the DRAMS run both
horizontally and vertically and are connected at each in-
tersection or better yet if power and ground planes are
used.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage droop
on the Vg line can cause loss of data integrity (soft er-
rors). It is recommended that the total combined vol-
tage changes over time in the V¢ to Vss voltage
(measured at the device pins) should not exceed 500mV.

A high frequency 0.1xF ceramic decoupling capacitor
should be connected between the V¢c and ground pins
of each KM44C1000B using the shortest possible traces.
These capacitors act as a low impedance shunt for the
high frequency switching transients generated by the
KM44C1000B and they supply much of the current used
by the KM44C1000B during cycling.

In addition, a large tantalum capacitor with a value of
47uF to 100xF should be used for bulk decoupling to
recharge the 0.1uF capacitors between cycles, thereby
reducing power line droop. The bulk decoupling capa-
citor should be placed near the point where the power
traces meet the power grid or power plane. Even better
results may be achieved by distributing more than one
tantalum capacitor around the memory array.
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PACKAGE DIMENSIONS {Continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)

Units: Inches (millimeters)
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