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KM41C466 CMOS DRAM

64K x 4 Bit CMOS Dynamic RAM with Static Column Mode

FEATURES GENERAL DESCRIPTION
« Performance range: The Samsung KM41C466 is a CMOS high speed 65,536
bit x 4 Dynamic Random Access Memory. Its design is
trac teac tac optimized for high performance applications such as
KM41C466.7 Zons 20ns 130ns ;namframes .:and mini computers, graphics and high per-
KM41C466-8 80ns 20ns 150ns ormance microprocessor systems.
KM41C466-10 100ns 25ns 180ns The KM41C466 features Static Column Mode operation
which allows high speed random or sequential access
+ Static Column Mode operation within a row. Static Column Mode operation offers high
. @efore-RAS refresh capability performance while relaxing many critical system tim-
* RAS-only and Hidden refresh capability ing requirements for fast usable speed.

e TTL compatible inputs and output

+ Early write or Output Enable Controlled Write
* Single +5V=10% power supply

» 256 cycles/dms refresh

€S-before-RAS refresh capability provides on-chip auto
refresh as an alternative to RAS-only refresh. All inputs
and outputs are fuily TTL compatible.

wi

« JEDEC standard pinout The KM41C466 is fabricated using Samsung’s advanc-
s A vailable in Plastic DIP, PLCC or ZIP ed CMOS process.
FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (Top Views)
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. atca Veo
a7 — < Ag-As Address Inputs
DQ+-DQ, Data In/Data Output
W Read/Write Input
OE Data Output Enable
RAS Row Address Strobe
CSs Chip Select Input
Vee Power (+ 5V}
Vss Ground
N.C. No Connection
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KM41C466 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Item ‘ Symbol Rating Units
____Voltage on Any Pin Relative to Vss Vin, Vour —-1to +7.0 Vv
7\{9@96—;;‘,& Su pp;lryr EQEV:{O Vssr VCC' -1t0 +7.0 \)
7 Stgrage Tehperature ) Tsig . - 55 t6 +150 °C
| Power Dissipation Po 600 mw
B Shonr(ﬁircuit Output Current los 7 50 mA

*Note: Permanent device damage may occur of “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional oper-
ation should be restricted to the conditions as detailed in the operational sections of this data sheet. Ex-
posure to absolute maximum rating conditions for extended pericds may affect device reliability.

RECOMMENDED OPERATING CON D|T|0NS {Voltage reference to Vgs, Ta=0 to 70°C)

ltem ! Symbol Min | Typ \ Max Unit
Supply Voltage ! Vee 4.5 5.0 ! 55 v
,,Giound S 7\{5177 0 0 i 0 A
input High Voitage Vin 2.4 — ‘ Vec+ 1 v
Input Low Voltage Vi -1.0 — ' 08 \"
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
| — T T T v . 1
| Parameter Symbol Min | Max | Units
? Operating Current* KM41C466-7 — 65 mA
(RAS, CS, Address Cycling KM41C466-8 lect —_ 55 mA
@ tec = min.) KM41C466-10 — 45 mA
Standby Current _ A
(RAS = CS = V) locz 2 m
RAS-Only Refresh Current* KM41C466-7 = 65 mA
(CS=Vin, RAS, Cycling @trc=min ) KM41C466-8 lees Po— 55 mA
KM41C466-10 — 45 mA
Static Column Mode Current* KM41C466-7 — 40 mA
(RAS = CS =V, Address Cycling: KM41C466-8 locs — 35 mA
| tsc=min.) KM41C466-10 — 30 mA
Standby Current
(RAS = CS = Ve — 0.2V) lecs - o, mA
CS-Before-RAS Refresh Current* KM41C466-7 - 65 mA
(RAS and CS Cycling @tgc =min.) KM41C466-8 lecs — 55 ‘ mA
KM41C466-10 — 45 ‘ mA
Input Leakage Current
(Any input OV<Viy<6.5V, I -10 10 uA
all other pins not under test =0 volts)
Output Leakage Current
- 1 A
(Data out is disabled, 0<Vour<5.5V) lou 10 0 K
Output High Voltage Level _
(low = — 5MA) E Vou 24 i
Output Low Voltage Level [ _
(lou = 4.2mA) L Vo 04 v

* NOTE: lee1, locs, loca and lces are dependent on output loading and cycle rates. Specified values are obtained with
the output open. lec is specified as average current.
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KM41C466 CMOS DRAM
CAPACITANCE (r.=25°c)
Item Symbol Min Max Unit :
Input capacitance (Ac-A7) Cini — 6 pF |
Input capacitance (RAS, C5, W, OF) Cinz - pF
Output Capacitance (DQ;-DQy) Cour — 7 pr {\
AC CHARACTERISTICS (0°C<Ta<70°C, Voc =5.0V £ 10%. See notes 1, 2)
Y KM41C4656-7 KM41C466-8 ' KM41C466-10 ‘ ‘
Standard Operation Symbol - : : Unit | Notes |
Min | Max | Min | Max | Min | Max |
Random read or write cycle time tre 130 150 180 ns ‘
Read-modify-write cycle time thwe 185 205 245 ns B ‘
Static column Mode Cycle Time tse 40 45 55 ns | i
Static column Mode Read-Write Cycle Time | teawc | 100 110 13t ns '
Access time from RAS thac 70 80 100 | ns 3_,:1:_11
Access time from C5 tcac 20 20 25 ns :343;
Access time from column address taa 35 40 50 | ns ' 3N \
Access time from last write taw 65 75 95 nsr 3,12 {
CS to output in Low-Z torz ns | 3
Output buffer turn-off delay time torr 25 25 30 ns 7
Output data hold time from column address | taow ns B
Output data enable time from W tow 45 50 70 | ns
Transition time (rise and fall) tr 3 50 3 50 3 50 ns 2
RAS precharge time tep 50 60 70 ns
RAS pulse width tras 70 | 10000 | 80 | 10000 | 100 | 10,000 | ns
RAS pulse width (static column mode) trasc 70 {100000| 80 |100000| 100 |100000 ns
CS to RAS hold time tren 20 20 25 ns
RAS to CS hold time tesn 70 80 100 ns
C8 puise width tes 20 | 10000 | 20 | 10000 | 25 | 20000 \ ns
CS pulse width (static column mede) tesc 20 {100,000 20 1000000 25 |100000) ns I
RAS to CB delay time oo | 20 | 50 | 25 | 80 | 25 | 75 'ns 4 |
AAS to column address delay time two | 15 | 35 | 20 | 40 | 20 | 50 |ns| 11
CS to RAS precharge time torp 5 5 5 ns
CS precharge time (static column mode) tep 10 10 10 ns
Row address set-up time tash 0 0 0 ns N
Row address hold time tRan 10 15 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time toan 15 20 20 ns
FWrite address hold time referenced to RAS | tawn 55 65 75 ns 6
ICqumn Address hold time referenced toﬁﬁsl tan 85 | !7 95 | 7 l—1-15 | | ns \ |
114
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KM41C466 CMOS DRAM
AC CHARACTERISTICS (continued)

Standard Operation Symbol KarCaes K106 KMd1C466-10 Unit | Notes

Min | Max | Min | Max | Min | Max
Column Address to RAS lead time traL 35 40 50 ns
%rz::ddress hold time referenced to tan 10 10 10 ns
Last write to column address delay time tLwan 20 30 25 35 25 45 ns
Last write to column address hold time tarw 65 75 95 ns
Read command set-up time tacs v} 0 ns
Read command hold time referenced to CS trew 0 ns 9
Read command hold time referenced to RAS | tan 0 0 ns| 9
Write command hold time twen 15 20 20 ns
Write command hold time referenced to RAS | twca 55 65 75 ns 6
Write command pulse width twe 15 20 20 ns
Write command inactive time L 10 10 10 ns
Write command to RAS lead time trwL 20 20 25 ns
Write command to CS lead time towL 20 20 25 ns
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time ton 15 20 20 ns 10
Data-in hold time referenced to RAS tonHr 55 65 75 ns 6
Refresh period (256 cycles) trer 4 4 4 ms
Write command set-up time twes 0 0] 0 ns 8
CS to W delay time (read modify write cycle)| town 50 50 60 ns | 8
RAS to W delay time (read modify write cycle)| tmwo | 100 110 135 ns 8
Column address to W delay time taws 65 70 85 ns 8
CS setup time (CS-before-RAS refresh) tosn 10 10 10 ns
CS hold time (CS-before-RAS refresh) tor 20 30 30 ns
RAS to CS precharge time tarc 10 10 10 ns
CS precharge time teer 35 40 50 ns
RAS hold time referenced to OE troH 20 20 20 ns
OE access time toea 20 20 25 | ns
OE to data delay toeo 20 20 25 ns
Output buffer turn off delay time from OE toez 0 20 0 20 0 25 | ns
OE command hold time toen 20 20 25 ns
115
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KM41C466

CMOS DRAM

NOTES

1.

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

the cycle is an early write cycle and the data out pin
will remain open circuit throughout the entire cycle.
If towo>tewo(min) and tawo=trwo(min) and

2. Viu{min) and Vi (max) are reference levels for meas- tawo= tawo(min), then the cycle is a read-write cycle
uring timing of input signals. Transition times are and the data out will contain the data read from the
measured between Viu(min) and V, (max), and are selected address. If neither of the above conditions
assumed to be 5ns for all inputs. are satisfied, the condition of the data out is in in-

3. Measured with a load equivalent to 2 TTL loads and determinate.
100pF. 9. Either tpcw Or tsew must be satisfied for a read

4. Operation within the taco{max) limit insures that cycle. -
taacimax) can be met. taco(Max) is specified as a 10. These parameters are referenced to the CS leading
reference point only. If tacp iS greater than the edge in early write cycles and to the W leading edge
specified taco{max) limit, then access time is con- in read-write cycles.
trolled exclusively by tcac. 11. Operation within the taap{max) limit insures that

5. Assumes that trco2 treo(max). taacimax) can be met. tran{max) is specified as a

6. tawn, twcr, tonr are referenced to taap{max). reference point only. If taap is greater than the

7. This parameter defineds the time at which the out- specified trap{max) limit, then access time is con-
put achieves the open circuit condition and is not trolled by taa.
referenced to Vou O Vor. 12. Operation within the tiwap(max) limit insures that

8. twes, trwo, towp and tawp are non restrictive operat- taw(max) can be met. tiwap(max) is specified as a
ing parameters. They are included in the data sheet reference point only. If tiwap is greater than the
as electrical characteristics only. If twcs> twes(min) specified tiwap(max) limit, then access time is con-

trolled by taa.
TIMING DIAGRAMS (Continued)
READ CYCLE
tRC
trp
e ViH— tRAS
RAS
ViL— S Z tere \
tcsH
tcrRP
tRcD tRSH
_ ViH— t
cs ViL— _} —=—tRaD—— \ \ cs 2
tar
tasr tRAH tRAL tAH
ViH=—
T 1 1
—{ |——1tRCcH
tRCs tRRH
_ Vin—
taa
hyy— toEA
OE Vi—
tcac toFF
tRAC toez
VoH— ’
| VALID DATA
DQ1-DQ4 VoL— L I '
—tcLz

m DON'T CARE
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KM41C466

CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)

- _ - tRg- -
F————"- = -—tRAS — - trp
o ViH— —-taWR ~——
RAS Vi— ‘ \ Z \_—
- tcsH | tcrp
. tcrp
——— ——1¢b~- - == -~ --—1RsH -—t
_ Vin— ~ —lcs l
cs Vi — p———tRAD ——f E
tasm tRAH tasc tcan
Vi —
A V::— M ADHD%AE’SS COLUMN ADDRESS
| !
twes “tweh
- Viu— = T twe XX XX XN
w Vi AR AAKAAANNS
twer
towe
_ ViH—
CE Vi —
tOHR
tps toH
ViH—
DQ1-DQ4 Vi— 13 VALID DATA-IN E OPEN
WRITE CYCLE (OE CONTROLLED WRITE)
tRC
tRas trP
- e ——————
RAS :'” ;
—
t tcsH
CRP
| —trCD tRsH tche
_ Vip— tcs
s viL— _j |
tASR {RAH oL
Vin— ROW COLUMN
A Vi— ADDRESS ADDRESS
tasc
_ ViH—
w viL—
E o R
Vi 10ED | | tDS
—'-tDHA—{
Vin— VALID
DQyDQ: DATAIN

m DON'T CARE
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KM41C466 CMOS DRAM

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

tAwc A
RP
trAS —
L Vg e, taL
RAS Vo ‘ S \
| tcrp lcsH tcap
3 tReD tRSH
_ ViH— tcs
cs ViL— tRAD \
1
ASR tRAH tcaH
ViH— ROW
A ViL— m ADDRESS COLUMN ADDRESS
L tewn towL
tRwD tRwL
_ ViH— 1 e tWP —arl
W Vv !AWD——;-—S
n— ' taa
toEa
oE ViH—
ViL— toep
tcac ——
toez tos
; tRAG i |=—{ f——toH——
VioH — | VALID VALID
DQ-DQs vy — | DATA-OUT DATA-IN
! tcLz |
STATIC COLUMN MODE READ CYCLE
tRASC b tRP —mr|
s \ / \
ViL—
tasr tRAH tsC tsc tRAL taH
A Vin— ROW COLUMN COLUMN COLUMN
Vi — ADDRESS ADDRESS ADDRESS ADDRESS
RAD 11— toRp ——=——
tAR >—-—tc1=——j tRSH
_ ViH— tcsc ——tcsc——
tRAH
cs ViL— S Z
1 t
| trcs tReH ty tres RCH
— Vin— RARAXARAAANAA NS
W XX AAXS X
viL— A ‘..‘....A AAL A...A‘A.A'/ ‘
|
| troH
__ ViH—
CE Vie—
toEA toFF toea toEZ
1 [
t
tcac QEZ tha orr
taa "-—TAA——J
tAOH lcac
tRac
VoH— VALID VALI 2 VALID
DaDQs DATA DATA, 3 DATA
! I

tcz toLz
m DON'T CARE
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KM41C466 CMOS DRAM

TIMING D|AGRAMS (Continued) o
STATIC COLUMN MODE WRITE CYCLE (W controlled early write)

tRASC tRP ——]
— Vii— X
RAS v‘“ E \
L=
tRAD tRAL
t i tRaH tasc tcaH
ASR - t—tcaH l——-
A Vib— ROW COLUMN - COLUMN 7/ COLUMN
ViL— ADDRESS ADDRESS ADDRESS ADDRESS
|
tawr top—— tRSH
; tcsc tcp
trecp tasc | tcrp
Viy— |
Cs ViL— S &
lt T L i
sC K
—-—twcs| A fewt
tWeS —o] | twen | tRwL
- ViH— twe \ . twp—-
W Vi j -
I I twi
. ViH—
OE Vi—
tOHR
tps i
(——t—DH
V|H— \A/ \/\\ A VNN
DQ;-DQ " O OO0 VALID VALID VALID DO XXX
T v 0.00’0"0’00 DATA DATA DATA ’ "0‘0' 0’ 0’ X0
STATIC COLUMN MODE WRITE CYCLE (CS controlled early write)
t
tRaSC ils
P ViH— )
RAS Vi— S Z \_
tASR tRaH \ tcaH | tcan tRAL
ViH— ROW COLUMN COLUMN COLUMN
A ViL— ADDRESS ADDRESS ADDRESS ADDRESS
! * ,
tawr l'-"“'tCRP——-—
~—-1RAD \ lasc top—— tRSH —
- tasc
__ ViH— tesc tcse |
CS
ViL—
tRco tsc —towL
t | twes
twes twek W L tweH twi tRWL
W ViH— \ twp—— - twp—=—i - twes /
ViL—
3 Vi
ViL— «
toHR: .
tos et ton DS —-i»ton

Vin— VALID VALID VALID
DQi-DQs DATA DATA DATA

m DON'T CARE
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KM41C466 CMOS DRAM

TIMING DIAGRAMS (Continued)
STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE

SN P —
. tRASC “l
RAS ViH— S Z A '\

ViL—

tasr | 1RAH|

VIiH—
A H ROW COLUMN ADDRESS COLUMN ADDRESS

Vi— ADD

tCAH ——i| tcre
tRAD tsRWC tRAL

_ ~
cs Vin— tLwaD tawe j

ViL—

tRcD tcwn——---——J we
tAwD ’ 1AWD—"—I' b tOWL

W ViH—
w

ViL— trwD S - &L/

J— V —
OE V:S ) | N toep
- OED
toea tAle "
t
tcac tos OEZ
t tow +e—-
AA toez toH
tRaC toEA
v v
ViioH — —X ’
DQ1-DQ4 vy — Dout Din Dourt ’ .’ ". ' ’.

torz ———

STATIC COLUMN MODE MIXED CYCLE

Viy— ===
RAS ViL— /

tcep
r--—tRCD——l
_ ViH— tcsc 5
cs Vi —
I b tRAD n
LWAD
t tRAM
ASR) | IRAH Lt eodet {—— toaH—=—] AHLW
| L e
Y Vin ROW COLUMN COLUMN COLUMN
ViL— ADDRESS ADDRESS ADDRESS ADDRESS
tawr tawp tcaH
t
VIH— e— Wes = twp -~ e
W ViL— { toac -
AA — et
twer t
taw 0%
tOEA
— ViH—
OE ViL—
oz llosz
toHR \on
= tan—— tacH tpg =l D
tos toH
VoL —
D
DQ4-DQ4 Viion | — Din ouT Dout Din
|
WRITE READ I READ WRITE

m DON'T CARE
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KM41C466

CMOS DRAM

TIMING DIAGRAMS (Continued)

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

tRC

tRas [ P

_ T ——
RAS S

ViL—

tcrp

. Vii—
CS ViL—
ViH—
ViL—

tRAH

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

A

VYV WAANNAANNNN

tre

trp tras trP
_ ViH— &
RAS Vi— \
F——tRPCy
tcsh teHR
__ VIH—
cs ViL—
toFF

VoH—
D@1-DQ4 - OPEN

VoL— 4

DON'T CARE
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KM41C466

CMOS DRAM

TIMING DIAGRAMS (conti

HIDDEN REFRESH CYCLE (READ)

nued)

- -—-e - Stgg - T T - tRe— f——'—*g-\'
— - o lgag T - tRp——i !-—* ~tRAs — — —-'—‘I —tRP——J‘
ViH— \ ;
s \ |
ViL— X | |
= —taR —— -~ |
’ — -trRcp =—4+—- —lRsH
 tore
—tRAD~t— - | “lRaL— - ACHR——— — — lecRp——=—
s Vin— N y
ViL— ! |
r= = tRAH |
tasp—t~ i trRRH
j
ViH— VY VAL A AL A IV Y Y Y Y T YT YY T Y "BTATAY Y'Y ¥ v
ROW X ARX XXCKCOOOAAAAXLAAAARAAAA)
A COLUMN ADDRE
Vil— ADD @ 55 4 \""."""A"’"‘0‘......0‘ AOA A’A’A’A’A.A.A’A'A’A.A.AOA’A’A.
tRcs 4* taH
-~ Vig— \
W
Vip— tan
: | toEa
Vih— ‘
OE " tROH"!
ViL— / I
tcac L_+ .
—— ——— —tOFF
toLz . C ¢
OEZ h
tRAC
Von—
DQ-DQa VALID DATA-QUT K
VoL—
HIDDEN REFRESH CYCLE (WRITE)
—tre - tRg——— ——
tras tRp —=— = ——tRAS g————-—J tRp ——
ViH— .
AAE " ’S tawe
ViL— ! “ f
tcre trRcD / tRsH ‘—» lcv-m-——{ !—-—ﬁtcnp——-—
Vin— — | ]
cs 1 tRAD | & [
ViL— tASC: ‘
__J =i tRAH ! ltcam i
tasR- 1 . !
A Vin— ROW COLUMN
ADD ADDRESS
V= = ! r
WESHL ek J‘
W N
ViL—
twe
ViH—
OE
ViL—
toHR
tos —{ Fﬁlou
Vig— L
DQ1-DQ4 VALID DATA-IN 1[ OPEN
ViL— MDON'T CARE
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KM41C466 CMOS DRAM

EM'NG DlAGRAMS {Continued)
CS-BEFOBE-m REFRESH COUNTER TEST CYCLE

tras e tAP ——i
JE— -
RAS \\,lllt— S ZF \
1058\ town ’—tCPT—-—‘ tRSH ‘R
_ tcs
& w0 N ° 7
READ CYCLE tRAL tan
VIH'— VAWAVAY AV AV AV AV AW P VAV AV AV VAVAVLY ATV VAT, ]
SR Ll coLuN A0DRESS
tRCS tRcH
V Vin— AN/ ]
W o R XX e J1 KSR
AA RCH —
__ ViH— {oEA l
OF Vi l
oz, | o
]
DQ4-DQ4 :’I"”— ——h VALID DATA-OUT E____
oL—
)
WRITE CYCLE WS || tan—t-
Vin— \ v COLUMN
A ViL— ADDRESS
[
FME twer
_ v""' TAVATAVATAVAYAV AV VAVATATAVAVAYLY twp
W e QRN A
58 Vin—
ViL— X -
DO1-DQy4 :’,':: OPEN o  VALID DATA-IN >
READ-MODIFY-WRITE CYCLE ! toan—|=
VT, .. 20800000680
A ViL— 4
trcs : t\:vp
_ Vin— ey Y r
W ViL— "0A.A".A.A'A A’A‘A’L’A‘A‘A‘A’A’A’A.:’A.A.A.I' tcwD ‘ :
t towlL
Mo o
& S
ios) | toH
tas --top_zt—-
tcac)
terz |
ViroH— DATA: DATA- }
DQDAs ouT ﬁlN £

m DON'T CARE
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KM41C466

CMOS DRAM

DEVICE OPERATION
Device Operation

The KM41C466 contains 262,114 memory locations. Six-
teen address bits are required to address a particular
memory location. Since the KM41C466 has only 8 ad-
dress input pins, time multiplexed addressing is used
to input 8 row and 8 column addresses. The multiplex-
ing 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 KM41C466 begins by strobing in a valid
row address with RAS while CS remains high. Then the
address on the 8 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 KM41C466 cycle in
which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CS have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge
time (tse} requirement.

RAS and CS Timing

The minimum RAS and CS puise widths are specified
by tras(min) and tes(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, tqp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C466 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 enable
input (W) high during a RAS/CS cycle. The access time
is nomally specified with respect to the falling edge RAS.
But the access time also depends on the falling edge of
CS and on the vallid column address transition.

1f CS goes low before taep{imax) and if the column ad-
dress is valid before taap(max} then the access time to
valid data is specified by tmg(min). However, if CS goes
low after taco{max) or if the column address becomes
valid after trap{max), access is specified by tcac Of taa.
In order to achieve the minimum access time, trac{min),
it is necessary to meet both treo{max) and trap(max).

Write

The KM41C466 can perform early write and read-modify-
write cycles. The difference between these cycles is in
the state of data-out and is determined by the timing
relationship between W, OE and CS. In any type of write
cycle Data-in must be valid at or before the falling edge
of W or CS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The 4-bit wide data at the data
input pins is written into the addressed memory cells.
Throughout the early write cycle the outputs remain in
the Hi-Z state. In the early write cycle the output buf-
fers remain in the Hi-Z state regardiess of the state of
the OE input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cells appears at the outputs before and during
the time that data is being written into the same cell
locations. This cycle is achieved by bringing W low after
CS and meeting the data sheet read-modify-write cycle
timing requirements. The output enable input OE must
be low during the time defined by toes and togz for data
to appear at the outputs. If tewp and tewo are not met
the output may contain invalid data. Conforming to the
OE timing requirements prevents bus contention on the
KM41C466’s DQ pins

Data Output

The KM41C466 has a three-state output buffers which
are controlled by CS and OE. When either CS or OE is
high (V) 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.z 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. This
is true even if a new RAS cycle occurs (as in hidden
refresh). Each of the KM41C466 operating cycles is
listed below after the corresponding output state pro-
duced by the cycle.

Valid Output 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, Static
Column Mode Write, CS-before-RAS Refresh, CS-only
cycle.

Indeterminate Output State: Delayed Write
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KM41C466

CMOS DRAM

DEVICE 0PERAT|ON {Continued)
Refresh

The data in the KM41C466 is stored on atiny capacitor
within each memory cell. Due to leakage the data may
leak off after a period of time. To maintain data integri-
ty it is necessary to refresh each of the rows every 4
ms. Either a burst refresh or distributed refresh may be
used. 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 of the 256 row addresses,
{(AgAr).

C3S-before-RAS Refresh: The KM41C466 has CS-before-
RAS on-chip refresh capability that eliminates the need
for external refresh addresses. If CS is held low for the
specified set up time (tcsr) before RAS goes low, the
on-chip refresh circuitry is enabled. An internal refresh
operation automatically occurs. The refresh address is
supplied by the on-chip refresh address counter which
is then internally incremented in preparation for the next
CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CS active time and cycling RAS. The
KM41C466 hidden refresh cycle is actually a CS-before-
RAS refresh cycle within an extended read cycle. The
refresh row address is provided by the on-chip refresh
address counter.

Other Refresh Methods: 1t is also possible to refresh
the KM41C466 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 certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CS-
before-RAS refresh is the preferred method.

Static Column Mode

Static Column mode allows high speed read, write or
read-modify-write 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 read-modify-
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 H_A—S = V||_.

A Static Column mode write cycle starts as a normal
cycle. Additional cells within the selected row 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 triggered by the latter falling edge to W or CS.

CS-Before-RAS Refresh Counter Test Cycle

A special timing sequence using the CS-before-RAS
counter test cycle provides a convenient method of veri-
fying the functionality of the CS-before-RAS refresh ac-
tivated circuitry.

After the CS-before-RAS refresh operation, if 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 cel! can be addressed with
8 row address bits and 8 column address bits defined
as follows:

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

Column Address—B_iis A through A; are strobed-in by
the falling edge of CS as in a normal memory cycle.
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KM41C466

CMOS DRAM

PACKAGE DIMENSICNS

18-LEAD PLASTIC DUAL IN-LINE PACKAGE
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KM41C466 CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-PIN PLASTIC ZIGZAG-IN-LINE PACKAGE

Units: Inches (miltimeters)
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