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KM41C16000A/AL/ALL/ASL | CMOS DRAM

16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES GENERAL DESCRIPTION

« Performance range: The Samsung KM41C16000A/AL/ALL/ASL is a high
speed CMOS 16,777,216 bit x1 Dynamic Random

tRac toac tRe Access Memory. lts design is optimized for high

KM41C16000A/AL/ALL/ASL-5 | 50ns 13ns 90ns performance applications such as mainframes, mini

KM41C16000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns computers, graphics and high performance portable
computers.

KM41C16000A/AL/ALL/ASL-7 | 70ns 20ns | 130ns

‘ KM41C16000A/AL/ALL/ASL-8 | 80ns 20ns | 150ns The KM41C16000A/AL/ALL/ASL features Fast Page

Mode operation which allows high speed random

. access of memory cells within th me row.
« Fast Page Mode operation i € same ro

« CAS-before-RAS refresh capability

« RAS-only and Hidden Refresh capability
« Fast parallel test mode Capability

« TTL compatible inputs and outputs

« Common I/0 using Early Write

- Double+5.0V +10% power supply

+ 4096 cycles/64ms refresh

» 4096 cycles/128ms (Low Power & Self Ref.)
- 4096 cycles/256ms (Super Low Power)

+ JEDEC standard pinout

« Available in plastic SOJ and TSOP(ll)

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

The KM41C16000A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

FUNCTIONAL BLOCK DIAGRAM

RAS —
— Control Vec
CAS Clocks Vss
W —— Vee Generator
Data in
[ RefresnTimer | Row Decoder ™ Bufter R
i ]
0——L Refresh Control I 8
} Memory Array N Y
I Refresh Counter ] 16,777,216 X 1 5: »
Cells §
=1 Row Address Buffer &
L Data out
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| Col. Address Buffer |—~ Column Decoder
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KM41C16000A/AL/ALL/ASL

CMOS DRAM

PIN CONF'GURAT'ON (Top Views)

+ KM41C16000 AJ/ALJ/ALLJ/ASLY

AK/ALK/ALLK/ASLK
Vece 10O 241 Vss
DOz 23 E Q
NC O3 220 N.C
w4 21 CAS
RAS O 5 20 NC
A6 190 Ag
And 7 181 As
Ao 8 170 A7
Ao 160 As
A2 10 15[ As
Azt Q 141 Ag
Vee 12 131 Vss
—
J 1 400MIL
K : 300MIL

» KM41C16000 AT/ALT/ALLT/ASLT

AS/ALS/ALLS/ASLS

Vec T ] 10 24D Vss
D2 2abma

NC O3 22111 N.C

w o]+ 21| GAS

RAS] 5 20 NC
Ana]s 19 [ As
A3 7 18 1 As
Ao C] 8 17 | A7
amode 16 -0 As
Ax ] 10 15 [0 As
A1t QO 14 [ As
Vee T 12 13 {1 Vss

T : 400MIL(Forward)
S: 300MIL(Forward)

Pin Name Pin Function
Ao-A11 Address inputs

D Data In

Q Data Out

RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input

Vee Power(+5.0V)

Vss Ground

N.C. No connection

» KM41C16000 ATR/ALTR/ALLTR/ASLTR

ASR/ALSR/ALLSR/ASLSR

Vss ] 24 11 Vecc

Q@23 2fDD
N.C ] 22 311 NC
CAS T 21 ArFnwW

N.C ] 20 5{ T RAS
Ag 119 6 [ An
Ag T 18 7D A
Ay 3 17 8 [ Ao
As ] 16 9 [ A
As I 15 10 711 A2
As ] 14 1T As
Vss @ 13 12 11 Voo

TR : 400MIL(Reverse)
SR : 300MIL(Reverse)

L=s v
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KM41C16000A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -1to +7.0 v
Voltage on Vcc Supply Relative to Vss Vee -1to +7.0 Y
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Pp 1 w
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
absolute maximum rating conditions for extended periods may affect device retiability.

RECOMMENDED OPERATING CONDITIONS (voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 55 \
Ground Vss 0 0 0 \
Input High Voltage ViH 2.4 — vee + 1 \
Input Low Voltage ViL -1.0 — 08 \
DC AND OPERATING CHARACTER'STICS (Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
KM41C16000A/AL/ALL/ASL-5 90 mA
Operating Current* KM41C16000A/AL/ALL/ASL-6 lcct B 80 mA
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA
KM41C16000A/AL/ALL/ASL-8 60 mA
KM41C16000A 2 mA
Standby Current KM41C16000AL lcc2 B 1 mA
(RAS=CAS=W=ViH) KM41C16000ALL 1 mA
KM41C16000ASL 1 mA
o KM41C16000A/AL/ALL/ASL-5 90 mA
RAS-Only Refresh Current” KM41C16000A/AL/ALL/ASL-6 lcca ; 80 mA
(CAS=ViH, RAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA
) KM41C16000A/AL/ALL/ASL-8 60 mA
KM41C16000A/AL/ALL/ASL-5 80 mA
Fast Page Mode Current* KM41C16000A/AL/ALL/ASL-6 lcca R 70 mA
(RAS=Vi, CAS, Address Cycling @tpc=min.) KM41C16000A/AL/ALL/ASL-7 60 mA
KM41C16000A/AL/ALL/ASL-8 50 mA
KM41C16000A 1 mA
Standby Current KM41C16000AL oo ) 300 £A
(RAS=CAS=W=Vcc-0.2V) KM41C16000ALL 200 | pA
KM41C16000ASL 200 2A
KM41C16000A/AL/ALL/ASL-5 90 mA
CAS-Before-RAS Refresh Current* KM41C16000A/AL/ALL/ASL-6 lccs ) 80 mA
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA
KM41C16000A/AL/ALL/ASL-8 60 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, input High Voltage(ViH)=Vcc-0.2V
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS mj} g} ggggﬁ; loc? - ggg "ﬁ
Cycling or 0.2V Din=Don't Care Trc=31.54S(L-Ver) #
62.5¢S(SL-Ver), TRas<min~300ns

st 5
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DC AND OPERATING CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units

Self Refresh Current
RAS=CAS=0.2V
W=OF=Ao-A11=Voc-0.2V or 0.2V KM41C16000ALL lecs |- | 3001 #A
DQ1-DQs=Vce-0.2V, 0.2V or Open
Input Leakage Current }
(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 volts.) ) 10 10 KA
Output Leakage Current :

(Data out is disabled, 0V < Vour<Vcc) low 10 10 #A
Output High Voltage Level (IoH=-5mA) VOH 2.4 - v
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 v

*NOTE: Icc1, Iecs, Iccs and Iccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Iccs, Address can be changed maximum
two times while RAS=VIL. In Iccs, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (14-25°C, voc=5V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (D) CiNt - 7 pF
Input Capacitance (Ao-A11) Cinz2 - 6 pF
Input Capacitance (RAS, CAS, W) Cing - 7 pF
Input Capacitance (Q) Cout - 7 pF
AC CHARACTERISTICS (0°c <Ta<70°C, Vcc=5.0V£0.5V, See notes 1,2)
Parameter Symbol -8 -8 7 8 Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tawc | 133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80| ns | 34,11
Access time from CAS tcac 13 15 20 20| ns | 345
Access time from column address taa 25 30 35 40| ns | 31
CAS to output in Low-Z towz 5 5 5 5 ns 3
Output buffer turn-off delay toFF 0 13 0 15 0 20 0 20| ns 7
Transition time (rise and fall) r 3 50 3 50 3 50 3 50| ns 2
RAS precharge time trp 30 40 50 60 ns
RAS pulse width tras | 50| 10,000 | 60| 10,000 | 70| 10,000 | 80| 10,000 | ns
RAS hold time tsH | 13 15 20 20 ns
CAS hold time tesh | 50 60 70 80 ns
CAS pulse width tcas | 13| 10,000 15| 10,000 | 20| 10,000 | 20| 10,000 | ns
RAS to CAS delay time tReo | 20 371 2 45| 20 50| 20 60| ns 4
RAS to column address delay time tRAD 15 25| 15 30| 15 351 15 40| ns 1
CAS to RAS precharge time terp 5 5 5 5 ns

s v
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KM41C16000A/AL/ALL/ASL _ CMOS DRAM

AC CHARACTERISTICS (continued)

Parameter Symbol -8 8 7 -8 Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Row address set-up time tasr 0 0 0 0 ns
Row address hold time tan | 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time teAH 10 10 15 15 ns
Column address hold time referenced to RAS R 40 45 55 60 ns 6
Column address to RAS lead time traL | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9
Write command hold time tweH 10 10 15 15 ns
Write command hold time referenced to RAS twer | 40 45 55 60 ns 6
Write command pulse width twp 10 10 15 15 ns
Write command to RAS lead time twe | 15 15 20 20 ns
Write command to CAS lead time towe | 13 15 20 20 ns
Data set-up time tos 0 0 0 0 ns | 10
Data hold time toH 10 10 15 15 ns 10
Data hold time referenced to RAS DHR 40 45 55 60 ns 6
Refresh period (Normal) tREF 64 64 64 64 ms
Refresh period (Low Power & Self Ref.) tREF 128 128 128 128 | ms
Refresh period (Super Low Power) tREF 256 256 | - 256 256 | ms
Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time towo | 13 15 20 20 ns 8
RAS to W delay time tawp | 50 60 70 80 ns 8
Column address to W delay time tawp 25 30 35 40 ns 8
CAS set-up time (CAS-before-RAS refresh) tcs | 10 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) tcir | 10 10 15 15 ns
RAS to CAS precharge time tapc 5 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) teer | 20 20 30 30 ns
Access time from CAS precharge tcpa 30 35 40 45| ns 3
Fast Page mode cycle time . trc 35 40 45 50 ns
Fast Page mode read-modify-write cycle time tPRwC | 53 60 70 75 ns
CAS precharge time (Fast Page mode) tep 10 10 10 10 ns
RAS pulse width (Fast Page mode) tRasP | 50| 200K | 60| 200K | 70| 200K | 80| 200K ns
RAS hold time from CAS precharge tRHce | 30 35 40 45 ns
Write command set-up time (Test mode in) twrs 10 10 10 10 ns
Write command hold time (Test mode in) Wi 10 10 10 10 ns

LS msunig | 7
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KM41C16000A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (Continued)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
W to RAS precharge time (C-B-R refresh) twrp | 10 10 10 10 ns
W to RAS hold time (C-B-R refresh) twrH | 10 10 10 10 ns
RAS pulse width (C-B-R refresh) trass | 100 100 100 100 s | 15
RAS precharge time (C-B-R refresh) tRes | 90 110 130 150 ns 15
CAS hold time (C-B-R refresh) tows | -50 -50 -50 -50 ns 15
TEST MODE CYCLE (Note 12)
-5 -6 -1 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time tRc 95 115 135 155 ns
Read-modify-write cycle time trwc | 138 160 190 210 ns
Access time from RAS tRAC 55 65 75 85| ns | 34,11
Access time from CAS teac 18 20 25 25| ns | 345
Access time from column address taa 30 35 40 45| ns 3,11
RAS pulse width tras 55| 10,000 65| 10,000{ 75 10,000| 85| 10,000| ns
CAS pulse width tcas 18| 10,000 20| 10,000{ 25| 10,000 25| 10,000 ns
RAS hold time tRsH | 18 20 25 25 ns
CAS hold time tcsH | 55 65 75 85 ns
Column address to RAS lead time tRaL | 30 35 40 45 ns
CAS to Wdelay time tewo | 18 20 25 25 ns 8
RAS to W delay time twp | 55 65 75 85 ns 8
Column address to W delay time tawp | 30 35 40 45 ns 8
Fast Page mode cycle time tec 40 45 50 55 ns
Fast Page mode read-modify-write cycle time tprwc | 58 65 75 80 ns
RAS pulse width (Fast Page Mode) tRasp | 55 200,000| 65200000 75| 200,000 85| 200,000| ns
Access time from CAS precharge tcea 35 40 45 50 ns 3
8

s v
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KM41C16000A/AL/ALL/ASL

CMOS DRAM

NOTES

1.

An initial pause of 200gs is required after power-up
followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. VIH(min) and ViL{max) are reference levels for

measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads

and 100pF

. Operation within the trcp(max) limit insures that

trac(max) can be met. tRcp(max) is specified as a
reference point only. If tRcD is greater than the
specified trcp(max) limit, then access time is
controlled exclusively by tcac.

. Assumes that trcD >tRcD (max).
. tAR, tWCR, tbHR are referenced to tRAD(max).
. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to VoH or VoL.

. twcs, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the
data sheet as electric characteristics only. If twcs >
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp>tcwp(min), trRwp>
trwo(min) and tawp >tawp(min), then the cycle is a

10.

11.

12.
13.

read-write cycle and the data output 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 tRcH or tRRH must be satisfied for a read

cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trab(max) limit insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If tRAD is greater than the
specified trap(max) limit, then access time is
controlled by taa.

These specifications are applied in the test mode.
In test mode read cycle, the value of tRAC, taa, tcac
is delayed by 2ns to 5ns 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.

. torF(max) and toez(max) define the time at which

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

. 4096 cycle of burst refresh must be executed

within 64ms before and after self refresh, in order
to meet refresh specification.

L ms ungg
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KM41C16000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
—
o Vin — _—ﬁ\ tar
RAS Vi —
t
s theo -1 trsH
— Vin — tcas
cAs u . \\ / /
VIL —_ “‘—
— tesu
tash tRan tasc tonn
b= tean =
traL
A Vin = © Row 7 coLumn
Vi — ADDRESS L ADDRESS
=—— trRap ——={ trRH
L treH
tros
_ Vih —
w
teac .
I torr
taac ﬂ
Von —
Q OPEN VALID DATA-OUT 5____
Vou —
= toz

7 T\ -

Vi —

P

treo tasH

tcre

GAS Vi — teas
Vi — F=—— trAD ——=={ K

Y/

traL
tasr tRan tasc
toan——
Ve — o -
A ROW COLUMN
Vi — ADDRESS ADDRESS

towe

twes R
weH —————————=

twer

trwi

tos |=—ton

Vih — s
D " VALID
v — DATA-IN
L8

QBB

VAN

DON'T CARE

I tomr
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KM41C16000A/AL/ALL/ASL

CMOS DRAM

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

trwe

tras

RAS Vin — \ thsh /g \
VIL - 1 K
)—C—R*P— trco
Vin — tcas
Cas Vi — W t— trap —=| \t ,/ /
tesn
tasm \
RAL
tasc = tean
A = ROW 4~ coLumn
Vi — ADD ADDRESS
e t tawo trwL
. towo L towe 4!
— Vig — NN Y YN NY NN SN SNAANANSN
W ¢
v o N XIS
ton
Vig — NN NN NSAANN NNV
D VALID
“ o445 REOSOCOOCOEEEAS
teac
taa torr —|
Q Vor = "~ i VALID DATA J}—
Vo 7
——tcz
FAST PAGE MODE READ CYCLE
trasp F=—trp
J— Vi — T Y t
RAS " _ \ tar — RHCP /
teap trc
trep
R Viu — toas
cAs \
Vi — WL \ / } \—
i tegH
tass tran
— tasg=—r— = lcan=—
A Vin = ANF ROV:%@( COLUMN *}@
Vi — \ ADD \ ADDRESS
= trap —— troH
tacs == trch ns tran
p— V|H -
" RO
= tan ‘»I‘«A# ItM
e tCAC =] tepa i tora

t t t t
thac OFF CAC OFF . — tcac— OFF
Q Vor = VALID A~ vauD P  VALD ]
Vou — DATA-OUT DATA-OUT DATA-OUT )—
tewz

— touz - torz

!‘2‘2} DON'T CARE
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KM41C16000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

thasp trp
— Vin — N
RAS \ tar
v||. - 4/
tcre b te tec
. J:—— RCD tee tep— o tRgH —=i
S Vi — t—"tcas —= \——“tCAS H\-—lc,xs—-/
Vie — K~ N .
t
CT CsH tos |
tasr ASC toan tean tcan
Vi = ROW COLUMN COLUMN COLUMN '\
A Vi — ADD | ADDRESS ADDRESS DRESS
T
trap —= twes
twes = = tweH «4 ] -4 = twen
w Vin — twp ——f [t twe L—HWP
Vii — $PLL u
towe —I towL { -~-1ch——|
twer - tawL
t
tps f=—oi l—] ton Iy ‘DH+ tos ~—ﬂ f=-toH
o Vin — VALID VALID ) { vaup
Vo — DATA-IN p DATA-IN . DATA-IN
| toHR
FAST PAGE MODE READ-WRITE CYCLE
tre
taase
Vi — B t,
AAS N .
Vi —
tcre —1osH
terwe thsH
[ trco —+~ top 4=t
oV — tcas
RS H y \ \ tcas /
Vi — tran X 7 X 2
T tean
tasc tows [ —towL ——
t s ) N tasc tean
ASR =1 ] trwL
A Vi = A row COLUMN '\ COLUMN |
Vi — ADD \NADDRESS ADDRESS
trap I tawo
}.—— trcs traL
twe twe
" S s \
Vi — tewn
tawo ton tos
tos o] [ ton
b Vi — A" vaup ] = VALID
V. — DATA-IN DATA-IN
L
teac teac——
tan taa 'lgp_,:_
trac topa ——
Vo —
Q o VALID VALID
Vo — DATA-OUT DATA-OUT
F—tcz topsl—— L—fcu

m DON'T CARE
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KM41C16000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

tRC

ViH— !S

e tras
ViL—

XA

5AS \\:IH: 7 ——J
Vip— f VVVVVVVY
A 1, G

TAVAY

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

AN

tRC
trp trp
FAS ViH— ; S thas Z \-
Vs — trRPC trRPC
tcsh \aHR
Vih—
—_ *._
CAS
ViL— ] [ \
toFF
VioH — .
D,Q VioL — - OPEN
CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)
NOTE: W, OE, A=Don't Care
trp trps
mAE VW™ tRAsS N
RAS Vi~ / tApc §
trRPC
tep teHs
— Vih— V d K [lcsR
LCAS
ViL— / !
torF
Vow = ‘ OPEN
b.Q VoL — £

m DON'T CARE

s unyg
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KM41C16000A/AL/ALL/ASL

CM

OS DRAM

TlMlNG DlAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

CAS

=

Viy —
\

\

Vik
Vi

Vin
Vie

Vor —

VoL —

tac

—_—
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_/
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N\
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/
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{ Row COLUMN
ADDRESS | ADDRESS
- 4
traD RAL -
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HIDDEN REFRESH CYCLE (WRITE)
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B
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|
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>
o
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Vi
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\
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Vim
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Vi
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ROW COLUMN N
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T
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.H"L
twes twrH
F=—twoH—=  twrp
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‘A TAVAVAVAVA
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VALID DATA
'f .IJI IF
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Vor —
VoL —~
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KM41C16000A/AL/ALL/ASL CMOS DRAM

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

fetap
Vi — ¥ tras -
RS \ /
Vi — N P
tepr —=— trsH
tesr
=S Vik *_Y_‘ torr \ tcas /l
Vii — W,
tRaL
L toan
F=tasc —
A Vin = 7 COLUMN
Vi — . ADDRESS
twrp 4 tan =1 trar
READ CYCLE - _(WRH.1 RO e torg —— thon
Vin —
w Vi —
torr
Vo — s p
Q VALID DATA-OUT
Voo — twap toz
tawL
WRITE CYCLE -—twmﬂ fom
t
A %47 R - \
w
Vie —
twp ————q
Vor —
Q v OPEN
on —
1
DS _—‘DH—.
D Vin — N\
VALID DATA-IN
Vie —
I
—= twap tawo cwL
READ-MODIFY-WRITE trcs
twar tewo = tRwL
t
. Vih — y N e
_ \
[
fmm—— tcAC —e={ '
tan OFF
Von —
Q OPEN VALID DATA-OUT >—
VoL —
terz FtDH
tos

R Vih — 7
Vie = K. \

VALID DATA-IN
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KM41C16000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
Note: D, Address: Don’t Care

- be———tRp ~———
Y /
o o N R,
SO 55t I3 RSO RR
Q Yo D OPEN
Vo, — 4

TEST MODE DESCRIPTION

The KM41C16000A/AL/ALL/ASL is the RAM organized
16,777,216 words by 1 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 Ao, A1, A10 and At1 are not
used. If, upon reading, 16 bits are equal (all "1"s or "0"s)
the Q pin indicates a "1".

If they were not equal, the Q pin would indicate a "0". In

DON'T CARE

*Test Mode", the 16M DRAM can be tested as if it were
a 1M x 1 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 (1/16 in cases of
N test pattern).

i ii ELECTRONICS
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KM41C16000A/AL/ALL/ASL

CMOS DRAM

PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL)

)] 0.004(0.1) 1[

0.050(1.27) .
TYP

0.026(0.66)
[ 0.032(0.81)

’ 0.015(0.38) Al
[ 0.021(0.53)

rl'_lf_ll_|l_ll_\l_l l_lm[—llj[—ll‘lw
78
D Olsls
el Y]
&3
olo
O
| S [ NS (N N ) N oy | R D N U |
0.670 (17.02)
0.680 (17.27)
R

Units: Inches (millimeters)

0.027 (0.69)
MIN

0.260 (6.60)
0.275 (6.98)
0.330 (8.38)
0.340 (8.64)

0.008 (0.20)

0.012 (0.30)

0.128 (3.25)
| 0.145 (3.68)

0.050(1.27)
MAX

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type)

rFIF]HQI;H;I HHHHHH

003 (0.80)
TYP

0.298 (7.57)
0.302 (7.67)

D O

° v,
HEEEEE HEEEEE

0671 (17.04)
0679 (17.24)

Blooom] G HAHHHF—THAAAAD
0.048 (1.22) 0.012 (0.30)
0.052 (1.32) 0.020 (0.50) 0.037

0.039 (1.0)
0.047 (1.20)

(0.95)
TYP

0.324(8.22)
TYP

0.359 (9.12)

0.367 (9.32)

0.005 (0.13)

0.008 (0.20)

S

0.016 (0.40) |

0024 (0.60) I !

ELECTRONICS
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KM41C16000A/AL/ALL/ASL -CMOS DRAM

PACKAGE DIMENSIONS ,
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters)

o 0.025(0.64)
MIN
—

o e B B s o o A o O o A
e 5888 _
) Ol = s> 2 S
T i p
g 2839 g
S oleslo ©
o o
D e o g 00 g g s e e —
0.725(18.42) 0.144(3.66)
MAX
-~
I_Q. 0.004(0.1) %
0,050(1.27)‘ | ‘_l| 0.015(0.38) ‘J ‘ 0.026(0.66)
TYP ] [ 0.021(0.53) T 0.032(0.81)
0.050(1.27)
MAX
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE
(400MIL, Forward and Reverse Type)
003 (0.80)
TYP
HHHHHH HHHHHH —
( 3 [
= e 38
2|2 2la ¢ -
D O g5 o EE
3|9 g Qe
o|o =] oo
[0
\_ V.
HEHEEH EBEEBEHH] . —
g8
0.723(18.36) IS
0.727 (18.46) 818
Sls 0.005 (0.13)
0.008 (0.20)
[ \
Eleowem] AP
0.048 (1.22) 0012 (0.30) :
0.052 (1.32) 0020 (050) 0.037 (0.95)
TYP
0016 (0.40) | |
0024 (0.60) 7
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

4M x4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

» Performance range:

trac | tcac trc

KM44C4000A/AL/ALL/ASL-5 | 50ns 13ns | 90ns
KM44C4000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns
KM44C4000A/AL/ALL/ASL-7 | 70ns 20ns | 130ns
KM44C4000A/AL/ALL/ASL-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

» Double+5.0V+10% power supply

- 4096 cycles/64ms refresh (Normal)

« 4096 cycles/128ms refresh (Low power & Self Ref.)
« 4096 cycles/256ms refresh (Super Low power)
- JEDEC standard pinout

« Available in plastic SOJ and TSOP(ll)

FUNCTIONAL BLOCK DIAGRAM

P

g
i

GENERAL DESCRIPTION

The Samsung KM44C4000A/AL/ALL/ASL is a high
speed CMOS 4,194,304 bit x4 Dynamic Random
Access Memory. Its design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers.

The KM44C4000A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM44C4000A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

Control Ve
Clocks Vss
Ves Generator

)|

I Refresh Timer I

Row Decoder

I

]
ﬁ»——[ Refresh Comro|4,
1
I Refresh Counter J

AO-A11 _'::1 Row Address Buffer

Memory Array
4,194,304 x4

AO~A9 A__::l Col. Address Buffer I—— Column Decoder

Data in

Buffer
o
bl DQ1
& —re to
E DQ4
o [~
0
f=s
Q
[%]

Data out

Buffer l~— OE

s uigg
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

PIN CONF|GURAT|ON (Top Views)

» KM44C4000 AJ/ALJ/ALLJ/ASL) < KM44C4000 AT/ALT/ALLT/ASLT  « KM44C4000 ATR/ALTR/ALLTR/ASLTR
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR
Veced 10 24 b Vss Vee ] 19 24 t___ﬂ Vss vss 1] 24 1 Vee
ba g2 231 DQ4 DQ1 o 2 23 711 DQq DQs I423 QO 2 D pQy
DQ2( 3 220 DQ3 DQ; 1] 3 22 1) DQ3 DQ3z O] 22 3 |11 DQ2
W54 210 CAS W4 2110 CAS CAS T 21 4w
RAS Q5 20§ OF RAS [} 5 20 B OF ] 20 5@%
A1 ]e 190 Ag An]se 19 Ag Ag T] 19 6 Ay
Al 7 18fp As Ao ] 7 18 [0 As Ag 1] 18 7[00 A
An@a 170 A7 A ll] 8 17 D A7 A7 ] 17 8D Ao
Argg 160 As Ay 9 16 [0 As Ag 1T} 16 9D A
A2} 10 150 As A, 0] 10 15 [0 As As 1] 15 10 [ Az
Asgnn @O 1afg A AT 11 O 147D As AT 1a O 11D A;
Vee 12 13[ Vss Vee 12 13 [£0 Vss Vss M 13 12 1 Vee
—
J : 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse)
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse)
Pin Name Pin Function
Ao-A11 Address Inputs
DQ1~4 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
w Read/Write Input
OE Data Output Enable
Vce Power(+5.0V)

s v
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KM44C4000A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VN, Vout -1to +7.0 \'
Voltage on Vcc Supply Relative to Vss Vee -1to +7.0 \
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Pp 1 w
Short Circuit Output Current los 50 mA

*

Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functiona! operation

should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 v
Ground Vss 0 0 0 \"
Input High Voltage VIH 2.4 — Vee + 1 \
Input Low Voltage Vi -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

L= ung

ELECTRONICS

Parameter Symbol| Min | Max | Units
KM44C4000A/AL/ALL/ASL-5 90 mA
Operating Current* KM44C4000A/AL/ALL/ASL-6 lect } 80 mA
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA
KM44C4000A/AL/ALL/ASL-8 60 mA
KM44C4000A 2 mA
Standby Current KM44C4000AL loc R 1 mA
(RAS=CAS=W=Vix) KM44C4000ALL 1 mA
KM44C4000ASL 1 mA
KM44C4000A/AL/ALL/ASL-5 90 mA
ES-OnIy Refresh Current* KM44C4000A/AL/ALL/ASL-6 o3 } 80 mA
(CAS=ViH, RAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA
KM44C4000A/AL/ALL/ASL-8 60 mA
KM44C4000A/AL/ALL/ASL-5 80 mA
Fast Page Mode Current* KM44C4000A/AL/ALL/ASL-6 loce R 70 mA
(RAS=ViL, CAS, Address Cycling @tpc=min.) KM44C4000A/AL/ALL/ASL-7 60 mA
KM44C4000A/AL/ALL/ASL-8 50 mA
KM44C4000A 1 mA
Standby Current KM44C4000AL locs R 300 rA
(RAS=CAS=W=Vcc-0.2V) KM44C4000ALL 200 #A
KM44C4000ASL 200 HA
KM44C4000A/AL/ALL/ASL-5 90 mA
CAS-Before-RAS Refresh Current* KM44C4000A/AL/ALL/ASL-6 locs ) 80 mA
(RAS and CAS Cycling @trc=min.) KM44CA000A/AL/ALL/ASL-7 70 mA
KM44C4000A/AL/ALL/ASL-8 60 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage(ViH)=Vce-0.2V
Input Low Voltage(vit)=0.2v CAS=CAS-Before-RAS };mjg:gggﬁgl_ lccr - ggg /‘2
Cycling or 0.2V Din=Don't Care TRc=31.25¢S(L-Ver.) #
62.54S(SL-Ver), Tras = min~300ns
21




DC AND OPERATING CHARACTERISTICS (continued)
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units

Self Refresh Current
RAS=CAS=0.2v
W=OE=Ac-At1=Vce-0.2V or 0.2V KMA44CA000ALL lcs | - ] 3001 A
DQ1-DQ4=Vce-0.2V, 0.2V or Open
Input Leakage Current B
(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 volts.) o 10 10 HA
Output Leakage Current R
(Data out is disabled, OV <VouT<Vcc) low | A0 | 10| A
Output High Voltage Level (loH=-5mA) VoH 24 - v
Output Low Voltage Level (loL=4.2mA) VoL - 04 v

*NOTE: lcct, lccs, Icc4 and Iccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Iccs, Address can be changed maximum
two times while RAS=VIL. In Iccs, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (1a=25°C, Vcc=5V, f=1MHz)

Parameter Symbol Min Max Unit

Input Capacitance (Ao~A11) CiNt - pF

Input Capacitance (RAS, CAS, W, OF) CiN2 - pF

Input Capacitance (DQ1~DQ4) Coba - pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+0.5V, See notes 1,2)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Random read or write cycle time RC 90 110 130 150 ns
Read-modify-write cycle time tawe | 133 155 185 205 ns
Access time from RAS trRAC 50 60 70 80| ns | 34,11
Access time from CAS toac 13 15 20 20| ns | 345
Access time from column address 7Y 25 30 35 40| ns 31
CAS to output in Low-Z tcz 0 0 0 0 ns 3
Output buffer turn-off delay toFF 0 13 0 15 0 20 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50 3 50| ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS 50 | 10,000 | 60 | 10,000 | 70 | 10,000 | 80| 10,000 | ns
RAS hold time tRsH | 13 15 20 20 ns
CAS hold time tosH | 50 60 70 80 ns
CAS pulse width tcas 13| 10,000 | 15| 10,000 20| 10,000 | 20| 10,000 ns
RAS to CAS delay time tReo | 20 37| 2 45 20 50 20 60| ns 4
RAS to column address delay time tRAD 15 25| 15 30| 15 3| 15 40| ns 1
CAS to RAS precharge time tore 5 5 5 5 ns
Row address set-up time tASR 0 0 0 0 ns

s ugg
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KM44C4000A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (Continued)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Row address hold time tRaH | 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time tcaH 10 10 15 15 ns
Column address hold time referenced to RAS tar 40 45 55 60 ns 6
Column address to RAS lead time tRAL 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 0 ns
Write command hold time tweH 10 10 15 15 ns
Write command hold time referenced to RAS twer 40 45 55 60 ns 6
| Write command pulse width twe 10 10 15 15 ns
Write command to RAS lead time trwL | 15 15 20 20 ns
Write command to CAS lead time tow | 13 15 20 20 ns
Data set-up time tos 0 0 0 0 ns 10
Data hold time toH 10 10 15 15 ns 10
Data hold time referenced to RAS DHR 40 45 55 60 ns 6
Refresh period (Normal) tREF 64 64 64 64 ms
Refresh period (Low power & Self Ref.) tREF 128 128 128 128| ms
Refresh period (Super Low power) tREF 256 256 256 256 | ms
Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time towp | 36 40 50 50 ns 8
RAS to W delay time tRWD 73 85 100 110 ns 8
Column address to W delay time tawp 48 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) tchr | 10 10 15 15 ns
RAS to CAS precharge time treC 5 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) tcer | 20 20 30 30 ns
Access time from CAS precharge tcpa 30 35 40 45| ns 3
Fast Page mode cycle time trC 35 40 45 50 ns
Fast Page mode read-modify-write cycle time tPRWC | 76 85 100 105 ns
CAS precharge time (Fast Page mode) tcp 10 10 10 10 ns
RAS pulse width(Fast Page mode) trasp | 50 | 200000 60 | 200000, 70 | 200000 | 80 | 200000 | ns
RAS hold time from CAS precharge tRHCP | 30 35 40 45 ns
O access time toEA 13 15 20 20| ns
OE to data delay toED 13 15 20 20 ns
Output buffer turn off delay time from OF toEz 0 13 0 15 0 20 0 20| ns
OE command hold time tOEH 13 15 20 20 ns
23
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KM44C4000A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (Continued)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Write command set-up time (Test mode in) twrs 10 10 10 10 ns
Write command hold time (Test mode in) tWTH 10 10 10 10 ns
W to RAS precharge time (C-B-R refresh) twee | 10 10 10 10 ns
W to RAS hold time (C-B-R refresh) twrH | 10 10 10 10 ns
RAS pulse width (C-B-R self refresh) trass | 100 100 100 100 us 15
RAS precharge time (C-B-R self refresh) tRes | 90 110 130 150 ns 15
CAS hald time (C-B-R self refresh) tows | -50 -50 -50 -50 ns | 15
TEST MODE CYCLE (Note.12)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time tRC 95 115 135 155 ns
Read-modify-write cycle time trwe | 138 160 190 210 ns
Access time from RAS™ tRAC 55 65 75 85| ns | 3,411
Access time from CAS teac 18 20 25 25| ns 34,5
Access time from column address taa 30 35 40 45| ns 3,11
RAS pulse width trAS 55| 10,000 65| 10,000| 75| 10,000| 85| 10,000 ns
CAS pulse width tcas 18| 10,000| 20| 10,000 25| 10,000f 25| 10,000 ns
RAS hold time tRsH | 18 20 25 %5 ns
CAS hold time tcsH | 55 65 75 85 ns
Column address to RAS lead time tRaL | 30 35 40 45 ns
CAS toW delay time towp | 41 45 55 55 | ns 8
RAS to W delay time trwp | 78 90 105 115 ns 8
Column address to W delay time tawp | 53 60 70 75 ns 8
Fast Page mode cycle time trc 40 45 50 55 ns
Fast Page mode read-modify-write cycle time tPRwe | 81 90 1056 110 ns
RAS pulse width (Fast Page Mode) trasP | 55| 200,000 | 65 | 200,000 75 | 200,000| 85 | 200,000| ns
Access time from CAS precharge tcpa 35 40 45 50| ns 3
OE access time tOEA 18 20 25 25| ns
OE to data delay toeo | 18 20 25 25 ns
OE command hold time toeH | 18 20 25 25 ns
24
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

NOTES

1.

oo

o]

An initial pause of 200xs is required after power-up
followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. ViH(min) and ViL(max) are reference levels for

measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads
and 100pF
. Operation within the trcp(max) limit insures that

trac(max) can be met. trcp(max) is specified as a
reference point only. If trcD is greater than the
specified trcp(max) limit, then access time is
controlled exclusively by tcac.

Assumes that trRcp > trReD (max).

. tAR, tWCR, tDHR are referenced to tRAD(mMax).
. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to VoH or VoL.

. twes, trwp, tcwp and tawp are non restrictive

operating parameters. They are included in the
data sheet as electric characteristics only. If twcs >
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp>tcwp(min), trRwp >
trwo(min) and tawp >tawp(min), then the cycle is a

10.

11.

12.
18.

14.

15.

read-write cycle and the data output 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 tRcH or trRRH must be satisfied for a read

cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

Operation within the trRap(max) limit insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If tRAD is greater than the
specified trap(max) limit, then access time is
controlled by taa.

These specifications are applied in the test mode.
In test mode read cycle, the value of trac, taa, tcac
is delayed by 2ns to 5ns 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.

torF(max) and toez(max) define the time at which
the output achieves the open circuit condition and
are not referenced to output voltage level.

4096 cycle of burst refresh must be executed
within 64ms before and after self refresh, in order
to meet refresh specification.

L ms ugg
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KM44C4000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
tras = trp =
__ —|
ms " N twn N
Vie —
tcrp trco trsH
&iS Viu — 3 tcas / /
Vii — \ Y Z
tesH
tasr tran tasc
— F=tcAn =
Vi = " Row  COLUMN
A Ve — ADDRESS ADDRESS
=—trr0 tRaL tRAH —=={

t
I_tncs__ RCH

_ ViH —
w

ViL — tan
— VIH -
OE

VIL -

toea ]—tow-ﬁ
toac — toez
trac

Vou—

DQ4-DQq v OPEN VALID DATA-OUT }—-—
oL—
b—tciz

DON'T CARE

o %
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY CYCLE)

tre

4 trp —=
RAS
V\H - :
RAS \ tan N\
VIL -
teap taco trsH
tesw
. Ve — teas
CAS N
Vii — =——traD X
¢
t tran RAL
s tasc = tcan —
A Vi — " ROw COLUMN
Vi - ADDRESS ADDRESS
twon
towe
Vie —
twer
twes =
trwi
O_E le -
Vie —
tns——‘ ‘—tDH
oa,pQ, VW T 7
T (| vALID DATAN )
Vi — '
torr
WRITE CYCLE (OE CONTROLLED WRITE)
tre
tras e —
Vih — 3 N
R—AS V \ tAR
([N t,
il troo trsh
tesw
oRE Vin — j é 5 z:asj tas /
Vi = —— trap —=
tasn tasc
tran [— toar —=—
Vi —
A ROW COLUMN
vy — ADDRESS ADDRESS
tRAL J
w Vi — twe
Vii
towe
. tawL
Vin —
OE t t
Vi — WP‘D Cid L
tps h—‘lou

DQ4-DQa

Vi —
Vi —: : s&s;sz

(  VALID DATA-IN Mtz’v‘z’v’"’"z‘z‘z“’;’;"’z‘;’;’;g

KX

DON'T CARE
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE

RAS

DQy-DQ4

VlH
Vi

tawe

FAST PAGE MODE READ CYCLE

Py
(2

CAS

g

DQy-DQs

trp —=—
.—_ﬂ\ tras \_
terp tan
I'—‘ treo tasH
— X tcas
tasm ——‘RAD——‘ P
tens
traH fud tasc et tcan
rd
ROW COLUMN
tawo — tawe
tewo towt —]
twp
I tcac —=| \
'Hlvu \d
tan
t
‘QEA \
/ toen los |
' f tou
I trac f— togz —=f
- VALD VALID
DATA OUT DATA IN
oz
tRasp b= trp
’R tan trvc /
~ f
tere tec tec J— trsH —=—
treo tep tee
W \ [——tcas —-J/'- —\-— teas 3 \——ICAS 7
— 4
tesn
t t 1t t [
ASR tran tasc toan ASC CAH ASC CAH
ROW " coLumn (COLUMN ,z" COLUMN
ADD ADDRESS tADDF*ESS ADDRESS
T T
——-—'RAD—‘J _‘ }— tres . —1trcs ::1 tRow
f tReH =1 %
RCS RCH -i- RoH tRRH
" R
-—-tm\—-* —-—-——txlu tan
i
toea —1cpa tcra
{ T ﬁll m
=T
b teAC torr ’——'- toea l——~ tore toea ,——_] torr
trac toez tecac |- toez = tcac torz
— J—
VALID VALID VALID }_
| DATA-OUT _DATA-OUT | DATA-OUT
—= tez tez towz

m DON'T CARE
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trase tre
BAS tar
! t
tcrp thoo PC - PC: o trsH —]
_ Vi — —tcas —= =—tcas — toas —
CAS v, — tran \ /
(8 -—ﬂ tasc-ett—" A tpse| ——]  trsc
tasm toan F=1 | tom
ViH —
A " ROW ] COLUMN '] COLUMN
VL — ADD ADDRESS ADDRESS
f— tRAD —] e twoH —o twos = twer =
twe!
R N
Vi — %9
pet—- towL —I
towe | 1 trwL —
J ViH —
OE
Vie —
tos ton tos ton tos ton
payoq, M T VALID VALID VALID
Vi — DATA-IN ‘ t DATA-IN o DATA-IN
toHR —————|
FAST PAGE MODE READ-MODIFY-WRITE CYCLE
trase
Vi — =y
RAS \ tar
Vi — :
il teAwC f thsH tap
CsH tep
_— \ ! ¢
T N
Vi — I+ trcp v tasc
tasm tasc tean tewe =+
!
- 4 N J
A Vin row T coLumn " coLumn
Vi — ADD ) ADDRESS \_ADDRESS
trap [
p— trcs twe
— Vin — N 4
w Vi — tewo \
L S
trwo
tawo
oF Vg — a
Vo — tos
—»—tAIA t cPa
toea =1 ogA =1
teac ot I—tCAc-"
tRac AR
pa;-0Q, oHT
VoL — AN
terz
oz ) ez \ yaLD

VALID
DATA-OUT

VAL
DATA-IN

VALID
DATA-IN

@ DON'T CARE

DATA-OUT
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KM44C4000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

trc
- tRp
— Vin— —_JS trRas oy
T Y .
tcrp trRPC
N ViH—
CAS
ViL— \_/
|tk |tRaH)
ViH— s
A ViL— m\ﬁow ADD‘
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V}, OE, A=Don’t Care
tRC
trp tRp

ViH—

RAS RAS R Y
i ViL— —/——tnpc# S t Z tRPC \—
L—tc-sﬁ-l tcHR

cAs ViL— / - [ *_\

toFr

OPEN

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)
NOTE: W, OE, A=Don't Care

trp: trPs
e Vin ™ trass
RAS v _ / tRre \ ]
f————-tRPC P——
tcp tcHs
- tcsr
N ViH o 3
LCAS /- %“
ViL—
torr | '
Von — N
1-DQ4 OPEN
pa VoL ~— P
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KM44C4000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

4, trp
| tras P e taas——|

Ve — tan | G
w A N

Vi -

ferp taco thgH ——=1

CAS Vin — g \\ F=—tcHr j/_r 7 A—

T

tasr tRaH tasc '
1 b= tcan ~

A Vi = ROW COLUMN

Vi - ADDRESS ADDRESS

f=— traD twre ]]= twrn
I—— trcs —= tran
— Vin —
w
tan ————
VlL nd
- tors— ——Jtors
trac toez

Vou — ) d
DQ;-DQ, VAUD DATA-OUT —

VoL — torz k.

HIDDEN REFRESH CYCLE (WRITE)
tre tre

!

tRp —=—t tRp
tras il [ tras —— RP
—_ Tmm————y
Vin \ tan \ N
Vie

RAS _
terp treo tRsH —=
— Vih — r=—tcwm
CAS
Vie — N '
tash tra tasc toan
Vi = " Row COLUMN
A Vi — \_ ADDRESS ADDRESS
"—tﬁAD—‘{ twre
L tyon—] twhn
[~ twcs —

g
s 5
[
:

los ,—'bn —
ROttt TR S

- tonr

DON'T CARE

PLamsunc "
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KM44C4000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE _:qu
. Vi — . t -
RAS V"L ~ !\( RAS Z

. topr —=f RSH
tesr
- Vin — 1 t
CAS H _Y— cHR \ cas / 2
Vi — \ N /|

traL

tasc tean

Vig — 4
Vi — \. ADDRESS ]
taa |— trrH

t
READ CYCLE AP -tpr..I tacs F=——tcac tacH
N i ®
VL —
Vin —
o o
Vi —
)’FEA tj tore
toez

Von—
DQ,-DQ4 VALID DATA-OUT }—
oL torz e
c towe
WRITE CYCLE twre lwnu“ tawe
t
Vig — |weg twer ——=
VL —
twe
oF Vi —
ViL —
s L ooy
Vou— - 3
DQ,-0Q, OPEN {_ vaooatain |-
VoL— A tewL
READ-MODIFY-WRITE tawp
twrp F=— twan thes N = taw %
tewo

_ Vi — - \ twp
W N
Vii — .
" teac

I tan

T SEEEEEELIELEE LN /] e

toez

torz — —1 ! tos
Vo —
DQ;-DQs -
VoL —

VALID DATA-OUT  VALID DATA-IN

DON'T CARE
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

TlMlNG DIAGRAMS (Continued)

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

SIS/ S _
= T TN IR
R R R
pa,ba, O T ) OPEN

Vou 2

TEST MODE DESCRIPTION

The KM44C4000A/AL/ALL/ASL 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 Ao and A1 are not used. If,
upon reading, four bits on one D/Q pin are equal (all
"1"s or "0"s) the D/Q pin indicates a "1". If they were
not equal, the D/Q pin would indicate a "0". In "Test

DON'T CARE

Mode", the 4M x4 DRAM can be tested as if it were a
1M x 4 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 (1/4 in cases of N test
pattern).

s v
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL)

rITI——H—II'_II"‘II_I I_'II—']J—“IF*IFTIT‘
' g
Ols's
[To RN}
P &8
oo
° )
\
1 S B A O O
0.670 (17.02)
0.680 (17.27)

Elewen] W:H

0.050(1.27) }
TYP

0.026(0.66)
[" 0.032(0.81)

| 0.015(0.38)
[ 0.021(0.53)

Units: Inches (millimeters)

0.027 (0.69)
MIN

812812 g[8
Clg s|D cle
Qlow Q|9 N
818 8|8 8la
Olo o|© o|o

0.128 (3.25)
| 0.145 (3.68)

0.050(1.27)

MAX

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type)

r};H;H;H;H;]H HHHHHH

5|8
s
D o HE
sl

° J
FHEHEHH HHEHHBH[
9|«
0671 (17.04) oz
0679 (17.24) 8|3
oo

\

[©] 0003 (0.08) | {j g

0.048 (1.22) 0.012 (0.30)
0.052(1.32) 0.020 (0.50) 0.037 (0.95)

TYP

0.03 (0.80)
TYP
—~ [N
8 g|s
Sla T T
3F &8
o ojc
JR
0.005(0.13)
0.008(0.20)

0.016 (0.40)

s

l

0.024 (0.60)

=
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KM44C4000A/AL/ALL/ASL

CMOS DRAM

PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL)

[_5 0.004(0.1)

8 A A l_|l_|[""lf7('*ll——1‘

Units: Inches (millimeters)

0.025(0.64)
MIN

D O

o

—

0.400(10.16)
0.360(9.10)
0.380(9.65)
0.430(10.90)

0.008(0.20)

AN N UG B (NN (D (A Lo o) o

0.725(18.42)

4

0.050(1.27)

| 0.015(0.38)

TYP

| 4 AH 0.026(0.66)
] |~ 0.032(0.81)

[~ 0.021(0.53)

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE
{(400MIL, Forward and Reverse Type)

I

0.144(3.66)
MAX

‘1 0.445(11.30)

.

0.050(1.27)

MAX

0.03 (0.80)
TYP
HHBHHHH FH%HHFIE\ —
= ] e glg
D Ol s S i
g8 S
clo © S lo
(o]
\, e
HHEHHH HHBBHH| . —t
e«
0.723 (18.36) c =
0.727 (18.46) 8|3
Sio 0.005 (0.13)
0.008 (0.20)
[ \
(Blowsem] T HHHE
0.048 (1.22) 0.012 (0.30) L
0.052 (1.32) 0020 (0.50) 0.037 (0.95)
TYP

0016 (0.40)
0.024 (0.60)
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

4M x4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

» Performance range:

trac tcac trRc

KM44C4100A/AL/ALL/ASL-5 | 50ns 13ns 90ns
KM44C4100A/AL/ALL/ASL-6 | 60ns 16ns | 110ns
KM44C4100A/AL/ALL/ASL-7 | 70ns 20ns | 130ns
KM44C4100A/AL/ALL/ASL-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 controlied write

« Double+5.0V+10% power supply

« 2048 cycles/32ms refresh (Normal)

* 2048 cycles/128ms refresh (Low power & Self Ref.)
» 2048 cycles/256ms refresh (Super Low power)
« JEDEC standard pinout

« Available in plastic SOJ and TSOP(li)

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C4100A/AL/ALL/ASL is a high
speed CMOS 4,194,304 bit x4 Dynamic Random
Access Memory. Its design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers.

The KM44C4100A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM44C4100A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

RAS —1
] Control Ve
Clocks Vss
W — Ves Generator
Datain
l Refresh Timer | Row Decoder ™1 Buffer
1 [}
]
o——l Refresh Control I < DQ1
1 Memory Array é | 1o 1o
l Refresh Counter I 4,194,304 x 4 < | DQ4
Cells 3
1 Row Address Buffer 3
L Data out
AO~A10—9 L] _
_‘_I Col. Address Buffer I—— Column Decoder Buffer |- GF

s v
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

PIN CONFIGURATION (top Views)

+ KM44C4100 AJ/ALJ/ALLJ/ASLY

Vee O
bQr
DQ2

W Q
RAS OO
N.C [

A
Ao
A1 [
A2
Az}
Vee O

« KM44C4100 AT/ALT/ALLT/ASLT

AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS

10 24 Vss Vec T 19 24 Vss
2 23 DQa DQy I 2 23 1 b
3 220 DQg DQy T 3 221 DQ3
4 211 CAS = 211 CAS
5 2001 6 RAS [Tl 5 20 O
6 19;#«9 NC[I:‘B 19;%
7 181 As A7 18ED Ag
8 17p A7 Ao 8 17 [ A7
9 16[1 As A ]9 16 [0 As
10 150 As Ap ] 10 15 [0 As
110 140 As AT O 14T A
12 131 Vss Vee I 12 13 [0 Vss
~——

J : 400MIL T : 400MIL(Forward)

K : 300MIL S : 300MIL(Forward)

« KM44C4100 ATR/ALTR/ALLTR/ASLTR

ASR/ALSR/ALLSR/ASLSR
Vss (] 24 1D Vee
DQs T 23 O 2 Dy
DQ3 1] 22 3|1 D@2
CAsS 1] 21 oW
5 T4 20 5 RAS
Ao [q 19 6 E N.C
Ag 1] 18 71 Ao
A7 T 17 81 Ao
As 1] 16 9 [ Ay
As 0] 15 10 [0 As
AT ]14 O 111 A3
Vss 1] 13 12 -0 Vee

TR : 400MIL(Reverse)
SR : 300MIL(Reverse)

Pin Name Pin Function
Ao-A10 Address Inputs

DQ1-~4 Data In/Out

Vss Ground

RAS Row Address Strobe
CAS Column Address Strobe
w Read/Write Input

OE Data Output Enable
Vce Power(+5.0V)

N.C No Connection

s v
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KM44C4100A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -1t0 +7.0 \
Voltage on Vcc Supply Relative to Vss Vce -1to +7.0 Vv
Storage Temperature Tstg -55to + 150 °C
Power Dissipation Pp 1 w
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vece 4.5 5.0 55 \
4 Ground Vss 0 0 0 v
Input High Voltage ViH 2.4 — vece+ 1 \
Input Low Voltage Vi -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

s uigg

ELECTRONICS

Parameter Symbol | Min | Max | Units
KM44C4100A/AL/ALL/ASL-5 110 mA
Operating Current* KM44C4100A/AL/ALL/ASL-6 et _ 100 mA
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA
KM44C4100A/AL/ALL/ASL-8 80 mA
KM44C4100A 2 mA
Standby Current KM44C4100AL loc R 1 mA
(RAS=CAS=W=VH ) KM44C4100ALL 1 mA
KM44C4100ASL 1 mA
s KM44C4100A/AL/ALL/ASL-5 110 mA
RAS-Only Refresh Current* KM44C4100A/AL/ALL/ASL-6 loca ~ 100 mA
(CAS=ViH, RAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA
KM44C4100A/AL/ALL/ASL-8 80 mA
KM44C4100A/AL/ALL/ASL-5 90 mA
Fast Page Mode Current* KM44C4100A/AL/ALL/ASL-6 locs _ 80 mA
(RAS=ViL, CAS, Address Cycling @tpc=min.) KM44C4100A/AL/ALL/ASL-7 70 mA
KM44C4100A/AL/ALL/ASL-8 60 mA
KM44C4100A 1 mA
Standby Current KM44C4100AL locs R 300 2A
(RAS=CAS=W=Vcc-0.2V) KM44C4100ALL 200 1A
KM44C4100ASL 200 #A
KM44C4100A/AL/ALL/ASL-5 110 mA
CAS-Before-RAS Refresh Current* KM44C4100A/AL/ALL/ASL-6 locs ) 100 | mA
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA
KM44C4100A/AL/ALL/ASL-8 80 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V
Input Low Voltage(ViL)=0.2vV CAS=CAS-Before-RAS Emigﬂ gg:;L lecr - ggg H 2
Cycling or 0.2V Din=Don't Care Trc=62.54S(L-Ver) #
1254 S(SL-Ver.), TRas <min~300ns
38



KM44C4100A/AL/ALL/ASL

CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units
Self Refresh Current
RAS=CAS=0.2V
W=OE=A0-A10=VCe-0.2V of 0.2V KM44C4100ALL lccs - 300 #A
DQ1-DQ4=Vce-0.2V, 0.2V or Open
Input Leakage Current
(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 volts.) o -10 10 HA
Output Leakage Current
(Data out is disabled, OV < VouT <Vcc) low) -10 10 #A
Output High Voltage Level (Ior=-5mA) VoH 24 B \
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 v

*NOTE: Icc, lccs, Icca and Iccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Iccs, Address can be changed maximum
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (1:-25°C, Vec=5V, =1MHz)

Min Max Unit

Parameter Symbol
Input Capacitance (Ao~A10) CiNt 6 pF
Input Capacitance (RAS, CAS, W, OE) CiNz pF
Input Capacitance (DQ1~DQa) Coa 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, Voc=5.0V+10%, See notes 1,2)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRwc | 133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80| ns | 34,1
Access time from CAS tcac 13 15 20 20| ns | 345
Access time from column address taa 25 30 35 40| ns 3,11
CAS to output in Low-Z towz 0 0 0 0 ns 3
Output buffer turn-off delay toFF 0 13 0 15 0 20 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50 3 50( ns 2
RAS precharge time trp 30 40 50 60 ns
RAS pulse width tRas 50 | 10,000 | 60| 10,000 { 70| 10,000 | 80| 10,000 { ns
RAS hold time trsH | 13 15 20 20 ns
CAS hold time tesh | 50 60 70 80 ns
CAS pulse width tcas 13 10,000 | 15| 10,000 | 20 10,000 | 20| 10,000 | ns
RAS to CAS delay time trRCD 20 37| 20 45| 20 50| 20 60| ns 4
RAS to column address defay time tRAD 15 251 16 30 15 3B 15 40| ns 1
CAS to RAS precharge time tcrp 5 5 5 5 ns
Row address set-up time tAsR 0 0 0 0 ns

L= unig
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KM44C4100A/AL/ALL/ASL CMOS DRAM

AC CHARACTERISTICS (Continued)

Parameter Symbol 3 6 7 8 Units | Notes
| Min| Max | Min| Max | Min| Max | Min| Max
Row address hold time tRAH 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time tcaH 10 10 15 15 ns
Column address hold time referenced to RAS tAR 40 45 55 60 ns 6
Column address to RAS lead time taL | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 0 ns
Write command hold time tweH 10 10 15 15 ns
Write command hold time referenced to RAS twer | 40 45 55 60 ns 6
Write command pulse width twp 10 10 15 15 ns
Write command to RAS lead time tw | 15 15 20 20 ns
Write command to CAS lead time tow | 13 15 20 20 ns
Data set-up time tos 0 0 0 0 ns 10
Data hold time | tou 10 10 15 15 ns 10
Data hold time referenced to RAS tDHR 40 45 55 60 ns 6
Refresh period (Normal) tREF 32 32 32 32| ms
Refresh period (Low power & Self Ref.) tREF 128 128 128 128| ms
Refresh period (Super Low power) tREF 256 256 256 256 | ms
Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time tewp | 36 40 50 50 ns 8
RAS to W delay time twp | 73 85 100 110 ns 8
Column address to W delay time tawp | 48 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) tesr | 10 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) tewr | 10 /10 15 15 ns
RAS to CAS precharge time tRPC 5 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) teer | 20 20 30 30 ns
Access time from CAS precharge tcea 30 35 40 45| ns 3
Fast Page mode cycle time trc 35 40 45 50 ns
Fast Page mode read-modify-write cycle time tRwc | 76 85 100 105 ns
CAS precharge time (Fast Page mode) tcp 10 10 10 10 ns
RAS puise width(Fast Page mode) trasp | 50 | 200000| 60 | 200000 70 | 200000 | 80 | 200000 | ns
RAS hold time from CAS precharge tRHeP | 30 35 40 45 ns
OE access time toeA 13 15 20 20| ns
OE to data delay toeo | 13 15 20 20 ns
Output buffer turn off delay time from OE toez 0 13( -0 15 0 20( 0 20| ns
OE command hold time toen | 13 15 20 20 ns

T 4°
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KM44C4100A/AL/ALL/ASL CMOS DRAM

AC CHARACTERISTICS (Continued)

Parameter Symbol 3 -8 ! -8 Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Write command set-up time {Test mode in) twrs 10 10 10 10 ns

Write command hold time (Test mode in) twth | 10 10 10 10 ns

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

Wto RAS hold time (C-B-R refresh) twid | 10 10 10 10 ns

RAS pulse width (C-B-R self refresh) trass | 100 100 100 100 us 15
RAS precharge time (C-B-R self refresh) tres | 90 110 130 150 ns 15
CAS hold time (C-B-R self refresh) tcws | -50 -50 50 -50 ns 15
TEST MODE CYCLE (Note.12)

Parameter Symbol -8 -8 7 -8 Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Random read or write cycle time trRC 95 115 135 185 ns
Read-modify-write cycle time tawc | 138 160 190 210 ns

Access time from RAS tRaC . 55 65 75 85| ns | 34,11
Access time from CAS tcac 18 20 25 25| ns | 345
Access time from column address taa 30 35 40 45, ns 31
RAS pulse width tas | 55| 10,000{ 65| 10,000) 75| 10,000{ 85| 10,000/ ns

CAS pulse width tcas | 18| 10,000| 20| 10,000| 25| 10,000 25| 10,000| ns

RAS hold time tRsH | 18 20 25 %5 ns

CAS hold time tesH | 55 65 75 85 ns

Column address to RAS lead time tRAL 30 35 40 45 ns

CAS to W delay time town | 41 45 55 55 ns 8
RAS to W delay time trwp | 78 %0 105 115 ns 8
Column address to W delay time tawo | 53 60 70 75 ns 8
Fast Page mode cycle time tec 40 45 50 55 ns

Fast Page mode read-modify-write cycle time trrwC | 81 90 105 110 ns

RAS pulse width (Fast Page Mode) trasp | 55| 200,000 | 65| 200,000 75| 200,000 85| 200,000 ns

Access time from CAS precharge tcPA 35 40 45 50| ns 3
OE access time toea 18 20 25 25| ns

OE to data delay toeo | 18 20 25 25 ns

OE command hold time toen | 18 20 25 25 ns

@ v ' M
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

NOTES
1

. An initial pause of 200us is required after power-up

followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. VIH(min) and ViL(max) are reference leveis for

measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads

and 100pF

. Operation within the trRcb(max) limit insures that

trac(max) can be met. trco(max) is specified as a
reference point only. If tRCD is greater than the
specified trRcp(max) limit, then access time is
controlled exclusively by tcac.

. Assumes that trCD >tRcD (Max).
. tAR, twCR, tDHR are referenced to traD(max).
. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to Vo or VoL.

. twcs, tRwD, tcwD and tAawD are non restrictive

operating parameters. They are included in the
data sheet as electric characteristics only. If twcs >
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp>tcwbp(min), tRwp>
trwD(min) and tawb >tawb(min), then the cycle is a

10.

12.
13.

read-write cycle and the data output 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 trcH or tRrRH must be satisfied for a read

cycle.

These parameters are referenced to the CA_§
leading edge in early write cycles and to the W
leading edge in read-write cycles.

. Operation within the trap(max) limit insures that

trac(max) can be met. trap(max) is specified as a
reference point only. If traD is greater than the
specified trap(max) limit, then access time is
controlled by taa.

These specifications are applied in the test mode.
In test mode read cycle, the value of tRAC, taa, tcac
is delayed by 2ns to 5ns 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.

. toFF(max) and toez(max) define the time at which

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

. 2048 cycle of burst refresh must be executed

within 32ms before and after self refresh, in order
to meet refresh specification.

s g
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
trc
tras e
_— i~
ms N tan
Vi — X A
tcre treo trsH
|
— Vi — AS
CAS " \ /
ViL —
tesn
t t t
ASR RAH ASC btonn J ’
Vin = © row  COLUMN
A Vi — ADDRESS ADDRESS
r—tmn tRaL trRH ]
!—tqcs._ tRcH
_ Vin —
W
ViL —
L 'M—_’
— VIH -
OE
vlL -
toea ]:t
OFF =]
———"1cac = toez ——
trac
Von—
DQ;-DQs4 OPEN VALID DATA-OUT Q—
VoL—
~tcLz

DON'T CARE

s ungg
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

TIMING DlAGRAMS (Continued)
WRITE CYCLE (EARLY CYCLE)

CAS

|

DQ¢-DQ4

Viu — 3\

tre

tras

trsH

tesn

tasr

tcas

bm— toAH —=1

traL

—

s

—\

VALID DATA-IN
£

m{ ROW COLUMN
ADDRESS ADDRESS
twen
towe ™~
RSB 4
twer
twes —=
trwi
tos ton
-

torr

WRITE CYCLE (OE CONTROLLED WRITE)

RAS

g

DQ;-DQ4

Vin
[

N

tac

tras

=

treo

trsH

tes

teas

trRAD —=] N
tasm taan tsc| | toan —
ROW COLUMN
ADDRESS ADDRESS
traL
typ————]
Z
towL
. tRwL
toeo toen
tos ={ f— toH ——o]

A A

CTT ORI

LANONONNINN

DON'T CARE

L wsuieg
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

T|M|NG DlAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE

tawe
t tp ——]
—_— RAS
e N .
RAS ViL —
tere tan
|'_‘ trco tasH
Vin = l\ teas /
CAS Vi — tasn | f=—traD —= o j
tens
tRAH f=—o] tasc = F—= tcan
Vi ROW * coLum
COLUMN
A Vi — 1 9
tawo }-—fRWL-—l
town f—— towl ——f
twe
V - A |
w ™ ——tCAc——1
Vie — trwo -
tan
toea
Viy — N
oF H / ¢
Vi — ) ——toeo 28
!— trac |— toez —| tor
Von—
DQ;-DQ. VALID VALID
1 4 Vo DATA OUT DATA IN
tez
FAST PAGE MODE READ CYCLE
trase |~ trp
- X
o Vin \ tar taHce /
RAS Vi — 45
terp tee tec I trsH —=]
r_‘ taco tep tee
v t 'S 1 4% 4
H— K\ [ teas—=— 7 cas [=— tcas P
o " N NN\
ViL — £ /|
t
tasr tran o tasc tean tasc tean
et tasc tean e ey
A Vi = ROW >@<’ COLUMN @{%OLUMN ,i" COLUMN W
Vi — ADD L ADDRESS p ‘_ADDRFSS ADDR!ESS
b tRAD —= JI— trcs [—+tgcs j tacH
t; t -t trcH -
Ros [~ RCH -t— o i trRH
S VI R
ViL — f—— tan —| t‘[“ ta
1
toea t—— tcpA tepa
. £ LR
Vi 1 T =T
= toac = |"— tore |'—‘ toea l-*——* torr |-~ toea }*—— torF
trac toez toac~ == toez toac—= togz ~=]
DQ;-DQ You~ VALID A vALD 1 "}_
1 4 VoL— DATA-OUT . DATA-OUT o DATA-OUT
— toz tez toz

\VAVAY

KX

DON'T CARE
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

RAS

CAS

=l

DQ;-DQs4

trase tap
- tan
— 4
t trc 1
CRP trco top i tep le— tRSH —ud
Vi —W \'—'cas—" [=—tcas — ——fCAs—ﬁ
tran \ \ \ /
Vi ] lAsc—-. 7 tasc A tasc k. z
tasr CsH P — |t
tean caH CAH
Vi —
" ROW COLUMN ') COLUMN COLUMN
Vi — ADD ADDRESS ADDRESS ADDRESS
= tRAD —| twew wes| twen T twes| I twen =
two:
B e TGN
W ! T N towe
+—+ tow!
tCWL——-l tcwr———[—’ T tawe—
VIN -
Vi — 4
tos ton tos I ton | tos ton
Vi = VALID VALID VALID
Vv, — DATA-IN DATA-IN \ DATA-IN
L
tonr

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

Py
D
(72

Vin — 5\
Viu

tam

trasp

tere

terwe

tes

Vin

teas

J/m\
tasH t,

¢
i

tRan

>

]

DQ;-DQs

Vi

4

tm—v- tRCD 4

RP

tasr

tasc

toan

tow

tasc

1

[
Vi

128 X

COLUMN:
ADDRESS

A N

trap

trcs

toan

4 COLUMN
ADDRESS

‘VV

7

A AA‘A VA

traL

A

QUL

Vin
ViL

\;J/

tewo

tawo

Vion—

VioL—

VALID
DATA-OUT

VALID
DATA-IN

VALID VALID
DATA-OUT DATA-IN

m DON'T CARE

sy
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
RAS-ONLY REFRESH CYCLE

Note: W, OE = Don’t care

RAS e _-_-J&‘ tRAS —
oS n= f L

ViL— ___/ i \_/
S BN

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V, OF, A=Don’t Care

1

trRp

trAs

tRC

trp

__ ViH— L
RAS ] S J\_
ViL— ~fich«j tRPC
1 | tesr teHR |
o ViH— j \
CAS f
ViL— !
[
OFF
Vilon — X
DQrDQs  yyo — ) OPEN

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)

NOTE: W, OE, A=Don't Care

|—=——tRPS

BAS Vin \ tRass N
RAS
ViL — trec
trrC
tcp tcHs
ViH — : r'ﬂ tcsr
[CAs / \L—“ §\
e torF | !
VoH —
DQ1-DQ4 } OPEN
VoL — -

m DON'T CARE

s v
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KM44C4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

tre tre "
RP
tras PP Lt
vy, _ J—
s tae / \ \
Vie — o
1
ks trco trgy ——=
Vi — =—tcHR
CAS " / \ j} ;
Vi —
tasr tRaH tasc Lt '
A Vi = ROW COLUMN
Vi — | ADDRESS ADDRESS
F— trao twep L
T twan
T .
f— le -
L -
tan ———f
oF Vin — toea
Vii —
=——tcac —— l'—' torr
trac toez
Vo — 3
DQ;-DQq VALID DATA-OUT
VoL —

tre thc
tras e — -‘tm\s-——ﬂ il
J— Vi = \ tar \
RAS Vi — =
tcre treo tagH—t
— Viu — 4 LQCHRj ,—7_—.
CAS \
ViL — _/ N
tasm tRaH tasc tean j
Vi = ROW COLUMN
A Vi — ADDRESS ADDRESS
a0 —-{ twee twan
tweH—=]
)-'lwcs— r—— weH
— Vi — 1,
W wp
Vie —
5 Vik —
Vi =
tog ‘__
ton—
i Vor — o ] ‘vvvvvvvvv’v’v v‘v vvvvv‘v’vvv’v‘
covon 1 w Dl R R NY

tpHR ————————

X

DON'T CARE

=
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KM44C4100A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE I tre
RAS V.‘H - —_1\ tra Zr4\-
ViL — N i
tepr—— = RSH
P Vin — fosn teHr teas 2
w TN /[ N 7
tasc toan s
Vi — - ADDRESS
READ CYCLE ['-Wi’— =t '-——’““ e i tRT:CH
Vin —
w
T RS N

oE £
VIL -
e

toez
Von— B
DQ;-DQ, VALID DATA-OUT }—
VoL — toz
towe
WRITE CYCLE

twrp twaH a’ tawL

twes

Vin — 7 SRALS g S S p——
ViL — =

oE :'” -
DQ,-DQ4 z::': OPEN ): VALID DATA-IN } —
READ-MODIFY-WRITE . : thuo : —
N 0/ 4%% W NI
T KELEEEEEELEKEEN N ey | L.

t')EZ ( ‘DS

T
» torz —+
Vion = }_@
DQ-DQs ~ N

VALID DATA-OUT  VALID DATA-IN

M DON'T CARE

s v )
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KM44C4100A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (continued)

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

tre

trp ————f
tras

Vi —
RAS \
Vg — .
tRPC ——=d

tee

| LI

tosk
Vi — y
CAS - /
Ve — )

twrs twrh

—_ Vih —
V\L -

ILKIKIKLKKIKLKAKK

torr

DQ;-DQs4

TEST MODE DESCRIPTION

The KM44C4100A/AL/ALL/ASL 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 Ao and A1 are not used. If,
upon reading, four bits on one D/Q pin are equal (all
"1"s or "0"s) the D/Q pin indicates a "1". If they were
not equal, the D/Q pin would indicate a "0". In "Test

OPEN

Mode", the 4M x 4 DRAM can be tested as if it were a
1M x 4 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 (1/4 in cases of N test
pattern).

s v
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KM44C4100A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSIONS

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (miliimeters)
! 0.027 (0.69)
MIN
I O e O A o 101 L\
[ g2 838z g3
S S Slg sl gle
D Olss tleslz g
oo S l|o oo olo
\ (@]
TJ T T 7T J D L O
0.670 (17.02) ‘ 0.128 (325
0.680 (17.27) I 0.145 (3.68)

(| 0.004(0.1)
0.050(1.27)' i 0.015(0.38) J Lo.oze(ose)
TYP o [~ 0.021(0.53) [~ 0.032(0.81)

0.050(1.27)
MAX

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type)

0,03 (0.80)
TYP

W

HAAAAAA HBABAR. —
5|8 S
D O g3 T[
0 R T
HEEEEHE HEHHHBH —

0671 (17.04)

0.039 (1.0)
0.047 (1.20)

0679 (17.24)
0.005 (0.13)
0.008 (0.20)
— ﬁ
[Elowem] UQ (HHFAR
0.048 (1.22) 0.012 (0.30)
0.052 (1.32) 0.020 (0.50) | 0.037(0.95)
TYP
0016 (0.40) l N
0.024 (0.60) |
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KM44C4100A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSIONS

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters)
0.025(0.64)
. MIN
Y A o e O o O I
: "Eii g
D Ol e
LO J ; °° ; ; §
J D U N [ (S )y | U I B IO Ay B —
0.725(18.42) 0. 144(3 66)
MAX
’E 0.004(0.1)
0.050(1. 27)J ﬁ“ 0.015(0.38) ‘J ‘ 0.026(0.66)
TYP | 0.021(0.53) [~ 0.032(0.81)
0.050(1.27)
MAX
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE
(400MIL, Forward and Reverse Type)
0.03 (0.80)
F—T‘
BI;H;H;!F%Q HHHHHH —
W = [ e g8
sle = P
D O s5 S
& § ‘g b
( ° _J
HHEEEH HHBEHHEH| _ L u
0.723(18.36) § g
0.727 (18.46) 3|3
clo 0.005 (0.13)
0.008 (0.20)

i

r
(D[ 0.003 (0.08) t] [:]

B A“ 0.048 (1.22) 0012 (0.30) '
0.052(1.32) 0020 (0.50) 0.037 (0.95)
TYP

0016 (0.40) | -
0.024 (0.60) IR

Phimsuneg *
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

« Performance range:

GENERAL DESCRIPTION
The Samsung KM48C2000A/AL/ALL/ASL is a high

trRAC tcac trc

speed CMOS 2,097,152 bit x 8 Dynamic Random
Access Memory. Its design is optimized for high

KM48C2000A/AL/ALL/ASL-5 | 50ns 13ns | 90ns

performance applications such as mainframes, mini

KM48C2000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns

computers, graphics and high performance portable
computers.

KM48C2000A/AL/ALL/ASL-7 | 70ns 20ns | 130ns

KM48C2000A/AL/ALL/ASL-8 | 80ns 20ns | 150ns

The KM48C2000A/AL/ALL/ASL features Fast Page

- Fast Page Mode operation

- Byte Read/Write 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
- Double+5.0V+10% power supply

« 4096 cycles/64ms refresh (Normal)

Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM48C2000A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

« 4096 cycles/128ms refresh (Low power & Self Ref.)

= 4096 cycles/256ms refresh (Super Low power)
« JEDEC standard pinout
« Available in plastic SOJ and TSOP(ll) packages

FUNCTIONAL BLOCK DIAGRAM

Control Vce
Clocks Vss
W —— Ves Generator

l

Refresh Timer J

1 1
Refresh Control ,

i

I
,.’

I Refresh Counter ]
o=

AO-AT1 _ Row Address Buffer

A0-A8 ——] Col Address Buffer |

Data in
Row Decoder Buffer
e}
j DQ1
Memory Array cEl o to
2,097,152 x 8 < |.q DQ8
Q
Cells @
Q
1%}
Data out
Buff l— O
Column Decoder uher OE

s ung
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KM48C2000A/AL/ALL/ASL CMOS DRAM

PIN CONFIGURATION (top views)

« KM48C2000 AJ/ALJ/ALLJ/ASLY « KM48C2000 AT/ALT/ALLT/ASLT . KM48C2000 ATR/ALTR/ALLTR/ASLTR

Vec 1 ©O 28 [ Vss Vec ] 1 © 28 [ Vss Vss ] 28 1[0 Vee
pQs ] 2 27 {1 DQg DQy ] 2 27D DQg DQg ] 27 O 2|1 oa;
DQ, 3 26 [7DQ7 DQ2 I 3 26 1) DQ7 DQ7 [T 26 3 [0 bQ:
DQs ] 4 251 DQs DQ3 (1] 4 2511 DQg DQg ] 25 LY millelely
DQs [ 5 243 DQs DQ4 ] 5 24{T1DQs DQs [T]24 5 11 DQ4
w e 23[1CAS w o6 231 T CAS CAS 23 6 W
RAS []7 22[JCE gAS ] 7 2211 GE OE ] 22 7 [ RAS
A ]s 2117 Ag A ] 8 211 Ag Ag [T} 21 8 [ An
Ao ]9 20{Ag A ]9 2010 As Ag ] 20 9 [T Ao
Ao 10 191 A7 Ao T 10 19 A7 A7 ]19 10 [ A¢
A 11 18] As A1 18 70 As A ] 18 11 [0 A
As ] 12 171As Az [T]12 17 [ As As ] 17 121N A2
Az 13 o 16 [1A4 Az T3 16 [0 As Ay T 16 131D A3
Vee (] 14 151 Vss Vee 0} 14 O 150 Vss Vss ] 15 O 14D Vee
Pin Name Pin Function
Ao-At1 Address Inputs
DQ1-~-8 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
OF Data Output Enable
Vece Power(+5.0V)

T 54
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KM48C2000A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vee -1to +7.0 \
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Pp 1 w
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 45 5.0 5.5 \
Ground Vss 0 0 0 \
Input High Voltage ViH 2.4 — vee + 1 \
Input Low Voltage Vi -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

s ung

ELECTRONICS

Parameter Symbol| Min | Max | Units
KM48C2000A/AL/ALL/ASL-5 90 mA
Operating Current* KM48C2000A/AL/ALL/ASL-6 Icet } 80 mA
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA
KM48C2000A/AL/ALL/ASL-8 60 mA
KM48C2000A 2 mA
Standby Current KM48C2000AL cca ) 1 mA
(RAS=CAS=W=VIH) KM48C2000ALL . 1 mA
KM48C2000ASL 1 mA
KM48C2000A/AL/ALL/ASL-5 90 mA
RAS-Only Refresh Current* KM48C2000A/AL/ALL/ASL-6 locs A 80 mA
(CAS=ViH, RAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA
KM48C2000A/AL/ALL/ASL-8 60 mA
KM48C2000A/AL/ALL/ASL-5 80 mA
Fast Page Mode Current* KM48C2000A/AL/ALL/ASL-6 \cca ) 70 mA
(RAS=ViL, CAS, Address Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 60 mA
KM48C2000A/AL/ALL/ASL-8 50 mA
KM48C2000A 1 mA
Standby Current KM48C2000AL lccs ) 300 2A
(RAS=CAS=W=Vcc-0.2V) KM48C2000ALL 200 2A
KM48C2000ASL 200 A
KM48C2000A/AL/ALL/ASL-5 90 mA
CAS-Before-RAS Refresh Current* KM48C2000A/AL/ALL/ASL-6 lccs i 80 mA
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA
KM48C2000A/AL/ALL/ASL-8 60 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS ﬁmggggggﬁa Iccr - ggg #2
Cycling or 0.2V DIn=Don't Care Trc=31.251S(L-Ver) i #
62.51S(SL-Ver,), Tras < 300ns
55



KM48C2000A/AL/ALL/ASL CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued)

Parameter Symbol| Min | Max | Units
Self Refresh Current
RAS=CAS=0.2V
W=OE=Ao-A11=Vcc-0.2V or 0.2V KM48C2000ALL lccs - 300 uA
DQ1-DQs=Vce-0.2V, 0.2V or Open

Input Leakage Current

(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 volts.) o -10 10 #A
Output Leakage Current ;

(Data out is disabled, 0V <Vout <Vcc) low 10 10 #A
Qutput High Voltage Level (IoH=-5mA) VoH 2.4 - v
Output Low Voltage Level (loL=4.2mA) Voo - 0.4 \

*NOTE: Icct, lees, lccsa and Iccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and lcca, Address can be changed maximum
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (1a-25°C, Vec=5V, i=1MHz)

Parameter Symbol Min Max Unit

Input Capacitance (Ao~A11) CiNt - 6 pF

Input Capacitance (RAS, CAS, W, OF) Cinz - 7 pF

Input Capacitance (DQ1~DQsg) Coba - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vco=5.0V+0.5V, See notes 1,2)
-5 -6 -1 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max |.

Random read or write cycle time tRe 90 110 130 150 ns
Read-modify-write cycle time tawe | 133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80| ns | 3411
Access time from CAS tcac 13 15 20 20| ns | 345
Access time from column address ta 25 30 35 40| ns | 3M
CAS to output in Low-Z tcz 0 0 0 0 ns 3
Output buffer turn-off delay toFF 0 13 0 15 0 20 0 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50 3 50| ns 2
RAS precharge time trp 30 40 50 60 ns
RAS pulse width tRAS 50 | 10,000 | 60 | 10,000 | 70 | 10,000 | 80| 10,000 | ns
RAS hold time tRsH | 13 15 20 20 ns
CAS hold time tesh | 50 60 70 80 ns
CAS pulse width teas | 13 10,000 | 15 10,000 | 20| 10,000 | 20| 10,000 | ns
RAS to CAS delay time treo | 20 37| 20 45| 20 50| 20 60| ns 4
RAS to column address delay time RAD 15 25| 15 30| 15 3| 15 40| ns 1
CAS to RAS precharge time tcrp 5 5 5 5 ns
Row address set-up time tAsR 0 0 0 0 ns

T 56
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KM48C2000A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (Continued)
Parameter Symbol 8 -8 i 8 Units | Notes
Min{ Max | Min| Max | Min| Max | Min| Max
Row address hold time tRAH 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time toaH 10 10 15 15 ns
Column address hold time referenced to RAS tar 40 45 55 60 ns 6
Column address to RAS lead time tRaL | 25 30 35 40 ns
Read command set-up time trRCS 0 0 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 0 ns
Write command hold time tweH 10 10 15 15 ns
Write command hold time referenced to RAS twer | 40 45 55 60 ns 6
Write command puise width twe 10 10 15 15 ns
Write command to RAS lead time fRWL 15 15 20 20 ns
Write command to CAS lead time fowL 13 15 20 20 ns
Data set-up time tos 0 0 0 0 ns 10
Data hold time toH 10 10 15 15 ns 10
Data hold time referenced to RAS OHR 40 45 55 60 ns 6
Refresh period (Normal) tREF 64 64 64 64| ms
Refresh period (Low power & Self Ref.) {REF 128 128 128 128 | ms
Refresh period (Super Low power) tREF 256 256 256 256 | ms
Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time towp | 36 40 50 50 ns 8
RAS to W delay time WD | 73 85 100 110 ns 8
Column address to W delay time tawp 48 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) tesr | 10 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) teim | 10 10 15 15 ns
RAS to CAS precharge time tRpC 5 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) teer | 20| 20 30 30 ns
Access time from CAS precharge tcea 30 35 40 45| ns 3
Fast Page mode cycle time trc 35 40 45 50 ns
Fast Page mode read-modify-write cycle time tPRWC | 76 85 100 106 ns
CAS precharge time (Fast Page mode) tcp 10 10 10 10 ns
RAS pulse width(Fast Page mode) trasp | 50 | 200000 | 60 | 200000 | 70 | 200000 | 80 | 200000 | ns
RAS hold time from CAS precharge trHcP | 30 35 40 45 ns
OE access time toea 13 15 20 20| ns
OF to data delay toeo | 18 15 20 20 ns
Output buffer turn off delay time from OE toEz 0 13 0 15 0 20 0 20| ns
OE command hold time toen | 13 15 20 20 ns
57

L= 1msung

ELECTRONICS




KM48C2000A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (continued)

Parameter Symbol -8 8 7 8 Units | Notes

Min| Max | Min| Max | Min| Max | Min| Max

Write command set-up time (Test mode in) twrs 10 10 10 10 ns
Write command hold time (Test mode in) tWTH 10 10 10 10 ns
W to RAS precharge time (C-B-R refresh) twep | 10 10 10 10 ns
W to RAS hold time (C-B-R refresh) tweH | 10 10 10 10 ns
RAS puise width (C-B-R self refresh) trass | 100 100 100 100 #s 15
RAS precharge time (C-B-R self refresh) taes | 90 110 130 150 ns 15
CAS hold time (C-B-R self refresh) tois | -50 -50 -50 -50 ns 15
TEST MODE CYCLE (Note.12)

Parameter Symbol -8 -8 7 8 Units | Notes

Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time trRC 95 115 135 155 ns
Read-modify-write cycle time tRwe | 138 160 190 210 ns
Access time from RAS tRAC 55 65 75 85| ns | 3411
Access time from CAS tcac 18 20 25 250 ns | 345
Access time from column address taa 30 35 40 45| ns 31
RAS pulse width trAS 55| 10,000 65| 10,000| 75| 10,000 85 | 10,000 ns
CAS pulse width tcas 18| 10,000 | 20| 10,000 25| 10,000 25| 10,000 ns
RAS hold time tRsH | 18 20 25 .25 ns
CAS hold time tesH | 55 65 75 85 ns
Column address to RAS lead time RAL 30 35 40 45 ns
CAS to W delay time towo | 41 45 55 55 ns 8
RAS to W delay time tRwp | 78 90 105 115 ns 8
Column address to W delay time tawp 53 60 70 75 ns 8
Fast Page mode cycle time trc 40 45 50 55 ns
Fast Page mode read-modify-write cycle time tPRWC | 81 \90 105 110 ns
RAS pulse width (Fast Page Mode) trRasP | 55| 200,000 65 | 200,000 75| 200,000( 85 |200,000| ns
Access time from CAS precharge tcPa 35 40 45 50| ns 3
OE access time toea 18 20 25 25 ns
OE to data delay toeo | 18 20 25 25 ns
OE command hold time toen | 18 20 25 25 ns
58 .
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

NOTES

1. An initial pause of 200us is required after power-up
followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

2. ViH(min) and ViL(max) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

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

4. Operation within the trcp(max) limit insures that
trac(max) can be met. trep(max) is specified as a
reference point only. If trcD is greater than the
specified trcp(max) limit, then access time is
controlled exclusively by tcac.

5. Assumes that tRcD >tRcb (max).

6. taR, twCR, tDHR are referenced to tRAD(Max).

7. This parameter defines the time at which the
output achieves the open circuit condition and is
not referenced to VoH or VoL.

8. twcs, trRwD, tcwp and tawp are non restrictive
operating parameters. They are included in the
data sheet as electric characteristics only. If twcs>
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp>tcwp(min), trRwp>
trwp(min) and tawbp >tawp(min), then the cycle is a

TIMING DIAGRAMS

read-write cycle and the data output 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.

9. Either trRcH or tRRH must be satisfied for a read

cycle.

10. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

11. Operation within the trab(max) limit insures that

trac{max) can be met. tRAD(Max) is specified as a
reference point only. If tRAD is greater than the
specified trRap(max) limit, then access time is
controlled by taa.

12. These specifications are applied in the test mode.
13. In test mode read cycle, the value of tRac, taa, tcac

is delayed by 2ns to 5ns 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.

14. torFr(max) and toez(max) define the time at which

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

15. 4096 cycle of burst refresh must be executed

within 64ms before and after self refresh, in order
to meet refresh specification.

READ CYCLE
tRc
trAS p———1tRP
RAS VIH—
ViL— \—% AR ————|
¢ tcsH ‘
" CRP tRCD - tRsH |
tcas
e ViH— / \ \
CAS
ViL— ¢ F—tRAD tRAL— —
ASR_| [ tran a5 .
CAH
ViH— ROW
A Nt coLUWN.
~——-tRCH
tres
H tRRH
W Vin— OOCXXXAXXXXX XX XXX
W vie ESOESOBXIOSED
T—-tan
oOF ‘\:IH" — toEa~— ]
L—
I torF
tcac-——— r._*
trac toez
DQ,-DQ, :Z:: OPEN VALID DATA-OUT

F tez

m DON'T CARE

s ungg
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)

trc
A tRAS il
RAS " taR \
ViL—
tcrp tnop tosH o
CAS :I:: l tRAH \ tcas 7 \
lt_Asn‘ tasc taar ) RAL
ViH—
R 1 5 ! QT
' — tRAD—| o
WL
twes L twoH =
w Vin— twp
ViL—
twer
tRwL
oE ViH—
viL—
I“—;(DHR
tps = toH—
DQy-DQs \c:: L vaup paTaIN OPEN
WRITE CYCLE (OE CONTROLLED WRITE)
tRAs = trRP
w T e S
tesH
oR? tRcD tRsH
— ViH—
CAS e __/ - \ \ tcas f / \_
tASR | | tpaH ree - o tRAL
ViH—
A Vl:_ m RobREss ( ADDRESS
= towL
tRwL
— Vin— l
|toen
ViH—
OF Vie toeD s 0" .’”."’.’. 00 0.”.’.’.’." ".‘ ’.."
t~— tpH ——
Vie— VALID DATA-IN
DQ4-DQs ViL—

m DON'T CARE

L 1msuvig
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
READ-MODIFY-WRITE CYCLE

trwe e e —77——;:}
tRas trP
o Vin— X .
RAS - AR
ViL—
: e e e {OSH
CRP
!—-— trcD tRSH
SR N [T\
ViL— 7
tasr | {tRAH tasc tcAH
|
A ViH— ROW COLUMN
Vi — \ ADDRESS ADDRESS A\
= o WD ]
= tRAD =1 tocwp = tCWL
_ tRwD = tRwL
w ViH—
: - R
Vie— tAa
v toEA
— H=— —
OE /
ViL— ; | toeo
tcac— t
| DS "
e S toez +=— = tok
ViioH = i VALID VALID N XK XX KK
DA%y — —X)Apatacur paran_ XOCOKESOGOOAEOEN
FAST PAGE MODE READ CYCLE
trp
trasP
_ ViH— ——
RAS " E 1AR 2
ViL—
taHce
t
tcrp Fe f=— tRSH —et
i iy = tor ] .
_— ViH— tcas )
CAS \ tcas —=— tcas ﬂ
ViL— f tRAD \ 2 \ .
———ﬂ tcsH tRAL
task tRaH  tasc | lcAH tasc| | tcaH tasc| | tcan
I |
A ViH— W COLUMN TOLUMN COLUMN
Vi— ADD ADDRESS ADDRESS ADDRESS
, - i
tRcs t i
RCH l":‘ l—rﬂncs ,l L»ﬂacs ded = tRcH
W ViH— y “ \ V_ 3
Vie— )7 taA N L tan tan tRAH
toeA| 'CPA
Vv toEa toea
o H— y
0 ViL— / 1 ?
tcac
thac toFF tcac |toFE | tcac e ! toFF
t
toLz OEZ tewz QEZ tcz |- togz =
bQ,-5Q Vor— LN VALD VALID /" VALID
e VoL— Y\ DATA-OUT, DATA-OUT, DATA-OUT

@ DON'T CARE
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRASP |1RP_|
RAS \ taR |
#
(—tpC. tRSH-———
t RSH
CRP ———tRCD- t— tep —
CAS j : \ tcas 2 S-—-—'CAS j \—— lCAS—'_*/ 7 \
K t t© “toaH t tcan 1RAL
t |- tRaH ASC
Ash ] K SE_ . tasc| [ toan
A ROW COLUMN COLUMN COLUMN
ADD ADDRESS ADDRESS 7 ADDRESS
{_tRAD towt | twes JF_tCWL tWCS*J:I:tCWL
i twon WeH tRwL
|- twes—| !
W Wp~—— —
" TR m ‘ /XWXW
oF XX D XX) K XXX
o R
tc* 1 I
tps | ton tps || toH tos tDH
e i N i e PR
VALID VALID
DQ;-DQs M DATA-IN DATAAIN DATRIN ""“’Q""’Q"“"‘Q
) AR
FAST PAGE MODE READ-MODIFY-WRITE CYCLE
trp
- trasP f
RAS s " 12 ‘
! >
' tesH
i ~——tPRWC - tRsH
‘ |t ' tcp
| RCD CAS L teas ‘ [T p—
_ CAS-
CAS ‘ a0 A\ / /
tRAH
tcaH
tasr I’TASC f— tasc|! |tcam tRAL
L [ l i ASC '———toAH
A 0! coL COL coL
ADD. ADD ADD ADD
N v I
tRWD | tRWL —|
tros p—_— tCWD—:4 towe tcwp— ——tcwp——
! -' towL - L
| 1 ” tewL
tAWD g tawo 4 tawp
wp twep
L~ taa—] . — L— — twp —
toea toea | [ _ L toea
/T N
OE toep ; tops ) Ht toeD
PA—— ¢ CPA —]
tcac| | ’7 I QED toac
togz || oo 1| x|
tRAC —— toez toE:
’ l IS p _-1
DS
L t -
| tos| |—toH 1T = toH '-,)S ! toH
DQ;-DQs u N ) 0K i~ —00ou N )
——r1—toiz tcz — torz

m DON'T CARE

L= v
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

tre
tRp

ViH— —_—'-‘S

tRAS

RAS Vie—
toRp tRPC
— ViH— [
CAS
ViL—

tasr| [trAH

SO 11 G Ot

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V|y, OE, A=Don't Care

tRc
trp

: ‘RAS‘-__‘__? —‘_
1| tRPC \—

[ trp

— ViH— 7
RAS / S“"” -

Vi —trPC

tcsr tonR
|

ViH—
CAS

ViL—

|
toFF
Vion — 9

DQi-DAs  vyoL — r OPEN

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)

NOTE: W, OE, A=Don't Care

[=———tRP§ ———=—|

B Vin / \
RAS
ViL— tRPC

tRass /

tcp

ViH — #X | losR
viL— —/ |

tnPc————4

tcHs

toFF

VoH —

Nt

DQ:-DQs )

OPEN

m DON'T CARE

L ms v
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

tre

trc

tras ——tRp —— tras tRP ——|
S ST e \
tcrp 4= |=——-tRCD ———~——tRSH tcHR
_ ViH—
CAS Vie— j tRAD \ / \-
tasr 1= —:j?:;x: B oA
ViH— v
n e OO ey
tres «J-— tRRH
— ViH- i v Y v Y YaAYAYAYAY AVAY) ¢
W o SO [ | XA XK
Vin— oFA 7 Vavavs 008 Y s
&, ‘ RSB EBNNK
:CSAC toFF
tRAC f~—toez —
DQ;-DQg Vor— / VALID DATA-OUT )
VorL— 7
HIDDEN REFRESH CYCLE (WRITE)
tRAS re tRp—— , " tRPT,—,
AAS ViH— \ taR J \ tras
ViL— 7
P«— tRsH —
tcre t——tRCD —— f——tcHR
_ ViH—
CAS Vip— _/ ——tRAD — \\ / \
taspr — ‘:zfu_ - tcan
Vin—
C e X e
j'Twcs Fg — twon —
— ViH— —’ e NV A NNNNANAANANNAANANNNNNN NN NN NNNNNN NN/
e m KRR
o ViH— |
OE ViL—
tos toH
DQ4-DQg \\:I:: WALID DATA
toHR —————— @DON’T CARE

s vy
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KM48C2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

S ViH— ﬁg

ViL—

tras

a

tosr
teHr

ViH—

T\

CAS
ViL—

tRsH

an

ViH—

VAV \VVVVVWW AV ANV AN F
’ o BN RER KRN

READ CYCLE

tcas /

tRAL

tasc |- tcAH ——t

COLUMN
ADDRESS

taa

¥
’ tRRH

trCH

’—Lcs tcac
. ViH—
w i
ViL— tROH——
ViH— toea
OE
ViL— i
+ toFF
, |
cLz i t?EZE:
VoH— -
DQ;-DQs o OPEN VALID DATA-OUT O
VoL— 7

WRITE CYCLE

tRwL

towt

. Vii— YAV AN VNV NN AN Itwes| 1
L AN

o \ | |
OE Vi

L ‘(334 }—i o

ViH— N t
DQ,-DQs Vi— OPEN VALID DATA-I g —
READ-MODIFY-WRITE — tawo —

4+ towp

ViH— twp

w V,:_ tcac \
—— taa
OE :'H_ e / toeo
- )
teac toez tos| | toH
toLz— T

Vijon— v VALID '}

DQ;-DQg VioL— / DATA-IN
VALD _ / '
DATA-OUT

@ DON'T CARE

s v
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KM48C2000A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSION

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
0.720(18.29) 0.027(0.69)
0.730(16.54) MIN
|
Imiminininininininini 1/ P_‘:) —
2|3 s 58 &8
O S|o N glo ZIT
pancl Bt [=2=} o |0 B5ls
D ]k 2ls 85 953
8l g5 sle 2
O L
-
L SN [ S I N N N N N O B I |
0.026(0.66)
0.032(0.81) ‘ 0.140(3.56)
0.148(3.76)

| 0.004(0.1)

0.050(1.27)

0.016(0.41) i 0.050(1.27) |
0.020(0.51) | TYP |

MAX

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type)

Units: Inches (millimeters)

0.740 (18.80) 0.03 (0.80)

MAX

HHHAHHHHHHHASH

o

0.398 (10.11)
0.402 (10.21)
0.423 (10.76)
0.459 (11.66)
0.466 (11.86)

u

Z]

CEEREREEREELELEEERE N——

0.005 (0.13)

0.722 (18.36) 0037 (0.95) 0.008 (0.20)

0.726 (18.46) {—004”1—05)

O] 0.08 MAX

0.037 (0.95) | o022 | 0A01e(o.40)’
[ 0.052(1.32) [~ 0020(0.50

’ 0.016 (0.40)
0.024 (0.60)
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KM48C2100A/AL/ALL/ASL

CMOS DRAM

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

- Performance range:

trAC tcac trc

KM48C2100A/AL/ALL/ASL-5 | 50ns 13ns 90ns
KM48C2100A/AL/ALL/ASL-6 | 60ns 16ns | 110ns
KM48C2100A/AL/ALL/ASL-7 | 70ns 20ns | 130ns
KM48C2100A/AL/ALL/ASL-8 | 80ns 20ns | 150ns

- Fast Page Mode operation

+ Byte Read/Write operation

« CAS-before-RAS refresh capability

+ RAS-only and Hidden Refresh capability

« TTL compatible inputs and outputs

- Early write or output enable controlled write

» Double+5.0V+10% power supply

« 2048 cycles/32ms refresh (Normal)

« 2048 cycles/128ms refresh (Low power & Self Ref.)
» 2048 cycles/256ms refresh (Super Low power)
- JEDEC standard pinout

« Available in plastic SOJ and TSOP(ll)

FUNCTIONAL BLOCK DIAGRAM

. Control

GENERAL DESCRIPTION

The Samsung KM48C2100A/AL/ALL/ASL is a high
speed CMOS 2,097,152 bit x8 Dynamic Random
Access Memory. Its design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers. '

The KM48C2100A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM48C2100A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

Vee
Clocks Vss
W —— Ves Generator

l

I Refresh Timer I

Row Decoder

I

1
ci Refresh Control I
1

I Refresh Counter I

L
AO~A10 __::I Row Address Buffer

Memory Array
2,097,152 x 8
Cells

A0-~A9 _‘:l Col. Address Buffer I—-— Column Decoder

Data in
Buffer
Q
] DQ1
2
E- e to
<
T |-q DQ8
0
c
[
%]
Data out
Buffer |~ &

s ung
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KM48C2100A/AL/ALL/ASL CMOS DRAM

PIN CONFIGURATION (Top Views)

+ KM48C2100 AJ/ALJ/ALLJ/ASLJ » KM48C2100 AT/ALT/ALLT/ASLT  + KM48C2100 ATR/ALTR/ALLTR/ASLTR

Vee 1 © 28| Vss Vee 1 © 28|11 Vss Vss ] 28 1D Vee
pa: ] 2 271 00s 0Q; ] 2 27fmDQs posm]2zz O 2| pay
DQ; [ 3 26 [[1DQ7 DQ2 1] 3 26 11 DQ7 DQy ] 26 3|0 bQ2
DQ3 l: 4 25171 DQg DQ3; ] 4 25111 DQg DQg M) 25 41T DQ3
pDQs 5 24[7 DQs DQs (1] 5 24[ T DQs DQs [T 24 511 DQ4
w s 23{1CAS w6 23T CAS CAS ] 23 60 W
RAS 7 221 GE RAS(]7 22T OF OE ] 22 7 [T RAS
NC 8 217 A9 NCcOd8 21T Ag Ag ] 21 8T NC
Ao 9 201 As Ao ]9 20[T1 As Ag [T]20 9 A
Ao 10 191 A7 Ao T} 10 1911 A7 A7 ] 19 10 [ Ao
A O 11 181 As A 181 As Ag ] 18 11 [0 A4
Az 12 17048 Ay ] 12 17D As As ] 17 1211 A2
A3 13 o) 16 [ A4 A3 [T]13 16 [0 A4 Asl]16 1310 A3
Vee (] 14 15[ Vss Vee ] 14 O 151 Vss Vss ] 15 O 141 Vco
—
Pin Name Pin Function
Ao-A1o0 Address Inputs
DQ1~8 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
w Read/Write Input
OE Data Qutput Enable
Vce Power(+5V)

o 68
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KM48C2100A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vce -1to +7.0 \
Storage Temperature Tstg -55to + 150 °C
Power Dissipation Po 1 W
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 v
Ground Vss 0 0 0 \
Input High Voltage ViH 2.4 — Vee + 1 \
Input Low Voltage Vi -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

s ungg

ELECTRONICS

Parameter Symbol| Min | Max | Units
KM48C2100A/AL/ALL/ASL-5 110 | mA
Operating Current* KM48C2100A/AL/ALL/ASL-6 . B 100 mA
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 ! 90 mA
KM48C2100A/AL/ALL/ASL-8 80 mA
KM48C2100A 2 mA
Stanaby Current KM48C2100AL \cca R 1 mA
(RAS=CAS=W=VH) KM48C2100ALL 1 mA
KM48C2100ASL 1 mA
KM48C2100A/AL/ALL/ASL-5 110 | mA
RAS-Only Refresh Current* KM48C2100A/AL/ALL/ASL-6 lccs : 100 | mA
(CAS=ViH, RAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA
KM48C2100A/AL/ALL/ASL-8 80 mA
KM48C2100A/AL/ALL/ASL-5 90 mA
Fast Page Mode Current* KM48C2100A/AL/ALL/ASL-6 lcc B 80 mA
(RAS=VIL, CAS, Address Cycling @tpc=min.) KM48C2100A/AL/ALL/ASL-7 4 70 mA
KM48C2100A/AL/ALL/ASL.-8 60 mA
KM48C2100A 1 mA
Standby Current KM48C2100AL lccs B 300 1A
(RAS=CAS=W=Vcc-0.2V) KM48C2100ALL 200 | pA
KM48C2100ASL 200 LA
KM48C2100A/AL/ALL/ASL-5 110 mA
CAS-Before-RAS Refresh Current* KM48C2100A/AL/ALL/ASL-6 ccs ) 100 | mA
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA
KM48C2100A/AL/ALL/ASL-8 80 mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage(Vit)=Vcc-0.2V
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS Emggzlggﬁa Icc7 - ggg “ :
Cycling or 0.2V DiN=Don't Care Trc=62.5xS(L-Ver) H
1254 S(SL-Ver.), TRas<300ns
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KM48C2100A/AL/ALL/ASL CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units

Self Refresh Current
RAS=-CAS=0.2v
W-OE=Ac-A10=Vce-0.2V or 0.2V KM48C2100ALL lccs - 300 #A
DQ1-DQs=Vcc-0.2V, 0.2V or Open
Input Leakage Current _
(Any input 0<VIN <Vcc+0.5V, all otherpins not under test=0 volts.) v 10 10 #A
Output Leakage Current

[ -10 10 A
(Data out is disabled, 0V <VouTt<Vcc) o “
Output High Voltage Level (loH=-5mA) VoH 2.4 - \
Output Low Voltage Level (loL=4.2mA) Vou . 0.4 \

*NOTE: lIcct, lces, Icca and Iccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Icca, Address can be changed maximum
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (1h-25°C, Vco=5V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (Ao~A10) Cint - 6 pF
Input Capacitance (RAS, CAS, W, OE) Cing - 7 pF
Input Capacitance (DQ1-DQs) Coba - 7 pF
AC CHARACTERISTICS ('c<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)
Parameter Symbol -5 - 7 8 Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time trRC 90 110 130 150 ns
Read-modify-write cycle time trwc | 133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80| ns | 34,11
Access time from CAS tcac 13 15 20 20| ns | 345
Access time from column address taa 25 30 35 40| ns KAR
CAS to output in Low-Z towz 0 0 0 0 ns 3
Output buffer turn-off delay torF 0 13 0 15 0 20 0 20| ns 7
Transition time (rise and fall) fr 3 50 3 50 3 50 3 50| ns 2
RAS precharge time tap 30 40 50 60 ns
RAS pulse width tRaS 50 | 10,000 | 60 | 10,000 | 70 | 10,000 | 80| 10,000 | ns
RAS hold time | tRsH 13 15 20 20 ns
CAS hold time tcsH | 50 60 70 80 ns
CAS pulse width tcas 13| 10,000 | 15| 10,000 | 20 | 10,000 | 20| 10,000 | ns
RAS to CAS delay time tRCD 20 37, 20 45| 20 50| 20 60| ns 4
RAS to column address delay time tRAD 15 25| 15 3] 15 3% 15 40| ns 11
CAS to RAS precharge time tcrp 5 5 5 5 ns
Row address set-up time ASR 0 0 0 0 ns

o 7°
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KM48C2100A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (continued)
Parameter Symbol 8 -8 ! 8 Units | Notes
Min{ Max | Min| Max | Min| Max | Min| Max

Row address hold time tRAH 10 10 10 10 ns

Column address set-up time tasc 0 0 0 0 ns

Column address hold time tcad | 10 10 15 15 ns

Column address hold time referenced to RAS R 40 45 55 60 ns 6
Column address to RAS lead time tRaL | 25 30 35 40 ns

Read command set-up time tRCS 0 0 0 0 ns

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9
Read command hold time referenced to RAS {RRH 0 0 0 0 ns

Write command hold time tweH 10 10 15 15 ns

Write command hold time referenced to RAS twer | 40 45 55 60 ns 6
Write command pulse width twp 10 10 15 15 ns

Write command to RAS lead time tRWL 15 15 20 20 ns

Write command to CAS lead time tow. | 13 15 20 20 ns

Data set-up time tos 0 0 0 0 ns 10
Data hold time toH 10 10 15 15 ns 10
Data hold time referenced to RAS {DHR 40 45 55 60 ns 6
Refresh period (Normal) tREF 32 32 32 32 ms

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 | ms

Refresh period (Super Low power) tREF 256 256 256 256 | ms

Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time towp | 36 40 50 50 ns 8
RAS to W delay time twp | 73 85 100 110 ns 8
Column address to W delay time tawp 48 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) tesr | 10 10 10 10 ns

CAS hold time (CAS-before-RAS refresh) tchr | 10 10 15 15 ns

RAS to CAS precharge time trPC 5 5 5 5 ns

CAS precharge time (C-B-R counter test cycle) terr | 20 20 30 30 ns

Access time from CAS precharge tcpa 30 35 40 45| ns 3
Fast Page mode cycle time trc 35 40 45 50 ns

Fast Page mode read-modify-write cycle time tPRWC | 76 85 100 106 ns

CAS precharge time (Fast Page mode) tcp 10 10 10 10 ns

RAS pulse width(Fast Page mode) trasP | 50 | 200000 | 60 | 200000 | 70 | 200000 | 80 | 200000 | ns

RAS hold time from CAS precharge tRHCP | 30 35 40 45 ns

OE access time t0EA 13 15 20 20| ns

OE to data delay toe0 | 13 15 20 20 ns

Output buffer turn off delay time from OF t0Ez 0 13, 0 15 0 20 0 20| ns

OE command hold time toen | 13 15 20 20 ns

71

<

ELECTRONICS




KM48C2100A/AL/ALL/ASL ‘ CMOS DRAM

AC CHARACTERISTICS (continued)

Parameter Symbol 0 -8 7 -8 Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

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

Write command hold time (Test mode in) tWiH 10 10 10 10 ns

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

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

RAS puise width (C-B-R self refresh) trass | 100 100 100 100 us 15
RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15
CAS hold time (C-B-R self refresh) tows | -50 -50 -50 -50 ns 15
TEST MODE CYCLE (Note 12)

Parameter Symbol i -8 | 7 -8 Units | Notes
Min| Max | Min| Max [ Min| Max | Min| Max

Random read or write cycle time tRe 95 115 135 155 ns
Read-modify-write cycle time tawe | 138 160 190 210 ns

Access time from RAS tRAC 55 65 75 85| ns | 34,11
Access time from CAS tcac 18 20 25 25 ns | 345
Access time from column address taa 30 35 40 45| ns 3N
RAS pulse width tRAS 55| 10,000 65| 10,000 75| 10,000{ 85| 10,000( ns

CAS pulse width tcas 18| 10,000 20| 10,000 25| 10,000| 25| 10,000 ns

RAS hold time tsn | 18] 20 25 25 ns

CAS hold time tos | 55| 65 75 85 ns

Column address to RAS lead time tRaL 30 35 40 45 ns

CAS to W delay time towo | 4 45 55 55 ns 8
RAS to W delay time tRwp | 78 90 105 115 ns 8
Column address to W delay time tawp 53 60 70 75 ns 8
Fast Page mode cycle time trc 40 45 50 55 ns

Fast Page mode read-modify-write cycle time tPRwc | 81 90 105 110 ns

RAS pulse width (Fast Page Mode) trasp | 55| 200,000 65| 200,000 75 200,000 85| 200,000 ns

Access time from CAS precharge tora 35 40 45 50| ns 3
OF access time toea 18 20 25 25| ns

OE to data delay toeD | 18 20 25 25 ns

OE command hold time toen | 18 20 25 25 ns

ELECTRONICS




KM48C2100A/AL/ALL/ASL

CMOS DRAM

NOTES
1. An initial pause of 200us is required after power-up
followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. ViH(min) and ViL(max) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

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

10.

read-write cycle and the data output 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 trcH or trRRH must be satisfied for a read
cycle.
These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

4. Operation within the trcp(max) limit insures that 11. Operation within the trRaD(max) limit insures that
trRAC(max) can be met. treo(max) is specified as a trRac(max) can be met. trap(max) is specified as a
reference point only. If tRcD is greater than the reference point only. If trRaD is greater than the
specified tRcp(max) limit, then access time is specified trap(max) limit, then access time is
controlled exclusively by tcac. controlled by taa.

5. Assumes that tRcD > trep (max). 12. These specifications are applied in the test mode.

6. tAR, tWCR, tDHR are referenced to tRaD(max). 13. In test mode read cycle, the value of tRAC, taa, tcac

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value.
output achieves the open circuit condition and is These parameters should be specified in test mode
not referenced to VoH or Vot. cycles by adding the above value to the specified

8. twcs, tRwp, tcwb and tawp are non restrictive value in this data sheet. .
operating parameters. They are included in the 14. torF(max) and toez(max) define the time at which
data sheet as electric characteristics only. If twcs> the output achieves the open circuit condition and
twes(min) the cycle is an early write cycle and the are not referenced to output voltage level.
data output will remain high impedance for the 15. 2048 cycle of burst refresh must be executed
duration of the cycle. If tcwp>tcwp(min), tRwp> within 32ms before and after self refresh, in order
tRwD(min) and tawb >tawp(min), then the cycle is a to meet refresh specification.

TIMING DIAGRAMS
READ CYCLE
tre
tRAS. trp
AAS ML
¢ tesH
CRP, trch tRSH
tcas
J— Vig— /
cAS V‘H_ —/ . \ \ W
L tas —;—ASAD tRAL
~— tasci tcaH
Vik— ROW
* o K RBthess goLany
. | l—{-tRCH
Fﬁ tRRH
W s IRV
w ViL— tROH
e | taA
Vih— — toea—{
OF
ViL— ]
tcac- I tore
trac toez

DQ,-DQs z°”_ OPEN VALID DATA-OUT

oL—
y r——tctz —

m DON'T CARE

L msung
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KM48C2100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY WRITE)

trc
o Wy ey tRAS il
RAS Vi— tar \
torp fosH
trco tRsH
— Vin—
CAS Vi i tRAH j} tcas / \
| thsr | tasc 15ar] 1RAL
ViH— AR
* o .
‘RAD-'{ \
e cwL
bvet VIH— VAVAY. WAvAVAY.W V. VY,
" v e LR
twer
tRwL
— ViH—
OE
viL—
!—- tDHR
tbs p=—1 = toH—
DQ,-DQs \\/,':: { vALID DATAN )= OPEN
WRITE CYCLE (OE CONTROLLED WRITE)
tras - tre
T e N
tesH
il trRco tRsH
— ViH—
CAS Vit _/ L tan—] &\ thAS / / \_
f tasr | | tRaH Cltaso L oan— RAL
ViL— ADDRESS ADDRESS
= towi
tRwt
— VIH_ (NVY VVVVVVVVVVVYV\NAN\AANNN
" e eSO
|‘OEH
— ViH— v
* e SOOOOBESN reee . 1T RSSO
VI_ ANV VY YV VVY VYT VYV VYV VY YV VY VY
b0ty vaup oarain XEX GOSN

m DON'T CARE

L s v
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KM48C2100A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (continued)
READ-MODIFY-WRITE CYCLE

tRWEC———— - e - e e
tRas tRP——
. ViH— X N
RAS \ — AR———
ViL— 1
e e e e b togg— o —————————
tcrp ]
!—*- if”* tReD ———— " tRsp—
CAS Vin= ‘ — tcas /- 7 \
ViL—
tasr | {tRAH tasg tcaH

ViH— v VY VVAAAAN VANV VAAANNAAAAAAANA N/
g e XK sooRess Sobness RSOSSN

!
. - L tawp— e |
= tRaD—] T-_—‘ towp—————— = 1CW._A-‘ i
i
S B trRwD ——— tRWL——j

L R w— R
N H— WWVWVVVY VYWV VVW ANV ™

o . SOOEOEOEEREEEON. | /o,
‘ ,-. tcAc—] e "ﬂ tos o, __{

sl

= tRaC T~
v} - . | YAV, 9 9, VAVAVAVAVAVAV W VAvaT,Y,
O X

FAST PAGE MODE READ CYCLE

tRP
trasp
P Vig— .
RAS " tAR ?
ViL— —f4—

tpc

tcRP frmw—— tRGH ——m

1 = tcp—| B
— ViH— t
L

1 tRAL
tash thaH  tasc | loAH tasc| | toan tasc| | toaH
g i T ——
A Vin— OV COLUMN TOLUMN COLUMN
Vie— ADD ADDRESS ADDRESS ADDRESS
|
4 1 ]
J-F"'('\fl e L“j H’“‘RCS P2 *! {A’HRCS I = tReH
v g |V v
ViL—
taa ' tan D taa tRRH
toea CPA : toEa
o Vin- OEA
OE v
: — ank
tcac ! i
taac torr. tcac torg tcac et torF
toizd toez toLz OEZ tcLz | tOEZ =]
0Q.-CQ Vor— VALID _NSVALD /~ VALID
1M VoL— DATA-OUT. Y A DATA-OUT, DATA-OUT

m DON'T CARE
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KM48C2100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRasP (L
% (k tAR !
t : tpc
oA tRep top —|
CAS j ! ‘{qftc;xs__
L tosH
- tRaH | ioan tasc ||
tasrR - tasc | t Thes
A ROW COLUMN COLUMN COLUMN
\ ADD ADDRESS ADDRESS 4 ADDRESS
thaD towL——— “Iwos —i:——!cwt. twcs_#—‘:lcwu.:’h
- twes ——| L twe - | [_twen ! ‘—'"ﬂ-
WCH
o X R X X XXX (XX Ty XX XXX XX KX XYY
o8 R AR R
_tp_sl_Dj’HR tDH |“£ LE)H_{ tos ] toH
mai il Jummt
VALID VALID VALID V’V VVYV V‘V \/ V.V‘V.V‘V
FAST PAGE MODE READ-MODIFY-WRITE CYCLE ‘
tRasP =
e — = —
; s tPrRWC - f——————1RsH
|- thcD—|—— toas —— P I tcas tcRP ——
; tcas-
CAS tRAD \ 2 / /‘
] tRAH |
tasr ‘ tasc .IC,AE tascl [tcam sc ‘11 trRAL
. -~ [+tcAH
|| r ! |
A O COoL COL coL
ADD. ADD ADD ADD
tRWD: ' ' tRWL—]
tfﬁs- —— towo—— Hﬁcu—tcwo—‘ towe | [T toWo = | Ltcm
w gWJ — I/ \
tawp bww tawp j tWPF L tawp
L~ t — L twp—
ice, oo W T H o]
o /. ’*ﬁ v
OED H | toen
L tepa——] -
e e
1———— toez tcac l
tRAC ———| ‘ ’ ! fala — toE:
[
‘t tos 4——-
0S| +—toH —-toH 1 ——-ﬂ—!m«
DQ4-DQs U IN H;._ U N p——
tcLz = toLz

m DON'T CARE
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KM48C2100A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

trc
- trp

ViH— 3 ]
— tRas l
RAS ViL—

tcrp trRPC

— ViH— ‘
CAS ‘

ViL—

tAsR| [traH

S 1 G MO

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V, OE, A=Don't Care

tRC
trp

trP

Vin—

RAS tras Z -‘\—
ViL— -tRPC tRPC
| tosr

| tcHR
ViH—
T\ / \
ViL—

1 toFF,

ViioH — \*

VoL — ya

|

DQ;-DQg OPEN

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)
NOTE: W, OE, A=Don't Care

trp t=——tRPS
RAS \C: : / _— \ tRass /
tcp tcHs P
cAs ViH— g tcsr
= torr | !
DQ,-DQq ://g:‘ : >- OPEN

m DON'T CARE
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KM48C2100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

tRe tre
tRAS ——tRP —— tRAS ‘RP—-—-‘
o Vin— = . =
RAS Vi \ AR —— ] K
tcrp f=—— tRCD ——}———tRSH tCHR
o T e (N / \
tASC —1 — N
tasR # | tran can
ViH—
A o KO0 M sose
|
trcs t— tRRH
_ ViH— . Y V TaVAVAYAAYaaYA")
SO A L
_ ViH— toea
OE Vi— L‘
tcac
terz —toFF
tRAC ___1 (——10Ez —
DQ;-DQg \;°H_ mf VALID DATA-OUT gt
oL—
HIDDEN REFRESH CYCLE (WRITE)
trRe trRe
tRAs — tRp—| l Ftnp——
RAS \CH: \ tar / \ tRas \
tcrp ~t—— trco ——-hﬁ e o L——— tCHR -———-{
ViH—
CAS ViL— —tRAD — \ / \
tasR — u::is:ﬂ B toan
ViH— 0 N TAVAVAVAVAV AVAVAVAVAV AV AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
C e QOO s OO
| twes —‘ — | —twen —
ViL— | A\
. ViH—
OE Vi—
tos _| tpH ——
ViH—
DQ4-DQg VALID DATA
ViL—
toHR m DON'T CARE

“ ELECTRONICS

78



KM48C2100A/AL/ALL/ASL

CMOS DRAM

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

CYCLE

tras -~ tRp
RAS ViH— NS z
ViL— .
o5 tcHR tepr— b—————-— tRSH —_
CAS :::: x 12 S‘—f“* tcas-——— *——(/
, " tasc 7‘CAH;( ST ]
IH— COLUMN
SRy
| tRRH
READ CYCLE tros | [ M0 =2
_ ViH— ;
" ViL— " ‘ . ‘ . ‘ ‘ —-\f ~— tROH-—— . M
_ ViH— toea
OE Vi— ] !‘ ‘
tcz ‘ —— tl’sz[::, 0FF
DQ;-DQg \\/IOH_ OPEN VALID DATA-OUT 1&——
oL—
WRITE CYCLE e
-————— towL-
= ViH— \A |twes t
I S R,
I [
_ ViH—
OE Vi
s g
DQ4-DQg \;:H_ OPEN ) VALID DATA-IN [
- towL
READ-MODIFY-WRITE tawo . ‘”““4
Pﬁi 4 tcwb
_ ViH— twp
" - - LRBRERBEREE
tan
_ ViH— toea|
OE Vi . J toD |
teac toez tos| | toH
toLz— e Baas
ViioH— VALID '\
DQrDA / 4 DATAIN
VALID ../
DATA-OUT

m DON'T CARE
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KM48C2100A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSION

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millmeters)
0.720(18.29) | 0.027(0.69)
0.730(18.54) MIN
imininininininininiwiminia (q —
3R s 58 88
S|lo 88 gsle |z
|z c »B|lvw =z
D O 88 g 85 83
oo g g °e° ofs
= )
-

LR S O N [N [ N N o

0.026(0.66) '
0.032(0.81) 0.140(3.56)

[ 0.148(3.76)

_ﬂ

Sl ow0i01]

0.050(1.27)
MAX

0.016(0.41) l

l_v 0.050(1.27) '
0.020(0.51) | TvP [

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type)

Units: Inches (millimeters)

0.740 (18.80) 0.03 (0.80)
MAX

HHHHHHBHEBHABHAER =

=
1

0.402 (10.21)
0.423 (10.76)
0.459 (11.66)
0.466 (11.86)

0.398 (10.11)

¢
sEEEEEEHEHEEEEHH

[
il

0.005 (0.13)

0.722 (18.36) 0.037 (0.95) 0.008 (0.20)

0.726 (18.46) [ oaiqos)
0.016 (0.40)

0.037 (0.95) 0.048 (1.22)
0.052 (1.32) 0.020 (0.50)
0.016 (0.40)
0.024 (0.60)
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KM41V16000A/AL/ALL/ASL

CMOS DRAM

16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

« Performance range:

trAC tcac trC

KM41V16000A/AL/ALL/ASL-6 | 60ns 16ns | 110ns

KM41V16000A/AL/ALL/ASL-7 | 70ns 20ns | 130ns

KM41V16000A/AL/ALL/ASL-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

» Common I/O using Early Write

« Double+3.3V+0.3V power supply

- 4096 cycles/64ms refresh{Normal)

« 4096 cycles/128ms refresh(Low power & Self Ref.)
» 4096 cycles/256ms refresh(Super Low power)

« JEDEC standard pinout

- Available in plastic SOJ and TSOP(ll) packages

FUNCTIONAL BLOCK DIAGRAM

Control
Clocks

GENERAL DESCRIPTION

" The Samsung KM41V16000A/AL/ALL/ASL is a high

speed CMOS 16,777,216 bitx 1 Dynamic Random
Access Memory. Its design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers.

The KM41V16000A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM41V16000A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

} Vbb
Vss
W —— Ves Generator

l

I Refresh Timer I

1] |

o——-[ Refresh Control I

i
l Refresh Counter I

"—i Row Address Buffer

AO~A11—+¢

Row Decod Data in
ow Decoaer r"‘ Buffer L 5
Q
o3
Memory Array ‘é ¢
16,777,216 x1 <
o [
Cells S
]
Dataout [—Q
1 Buffer

| Col. Address Buffer I——- ~ Column Decoder

L= ung
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KM41V16000A/AL/ALL/ASL CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM41V16000 AJ/ALJ/ALLJ/ASLY - KM41V16000 AT/ALT/ALLT/ASLT - KM41V16000 ATR/ALTR/ALLTR/ASLTR

JAK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR
T )
Voo 10O 241 Vss Voo 1 O 24 T Vss vgs ] 24 110 Voo
DQg2 3P Q D2 23fma Qs © =2fDbD
NC Qg3 22 N.C NC I3 2211 N.C N.C 03 22 3 [0 NC
wQs 211 CAS w4 21 [T CAS CAS T 21 sFOwW
RAS 5 20[1 N.C RAS O] 5 20 [0 N.C N.C I 20 5|10 RAS
A1 (g6 190 Ao AT} 6 19 [0 Ag Ag IT] 19 GEAQ
A 7 18[1 As A7 18 [0 As Ag 1] 18 71D A
Ao Qs 171 Az Ag]8 17 010 A A7 I 17 s A
A9 160 A A9 16 [0 As Ag ] 16 s A
A2[] 10 1500 As A, ] 10 15 [0 As As [T 15 10D A2
Asgu O 14p A A1 O 14D As A4 O MDA
VDDH 12 13 Vss Voo 0] 12 13 {0 Vss Vss I 13 12 [ Voo
J 1 400MIL T : 400MIL{Forward) TR : 400MIL(Reverse)
K': 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse)
Pin Name Pin Function
Ao-At1 Address Inputs
D Data In
Q Data Out
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
Vee Power(+3.3V)
Vop Ground
N.C. No connection

o 82
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KM41V16000A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -05~4.6 Vv
Voltage on Vbb Supply Relative to Vss VoD -0.5~4.6 \
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Po 1 w
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vnp 3.0 3.3 3.6 \
Ground Vss 0 0 0 "
Tput High Voitage VIH 2.0 — Voo + 0.3 Vv
l Input Low Voltage Vi -0.3 — 0.8 \Y

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

s v

ELECTRONICS

Parameter Symbol| Min  Max | Units
Oerating Current' KM41V16000A/AL/ALL/ASL-6 80 | mA
(ﬁ‘;@ amf CAS Cyoling @1Ro=min) KM41V16000A/ALALLASL-7 | lcct - 70 | mA
yeling @trc=min. KM¢1V16000A/AL/ALL/ASL-8 60 | mA
KM41V16000A 2 | mA
Standby Current KM41V16000AL \ce2 _ 1 mA
(RAS=CAS=W=Vi) KM41V16000ALL 1 mA
KM41V16000ASL 1 mA
i . KM41V16000A/AL/ALL/ASL-6 80 | mA
(RCATSS'_O\;H Refreer g;"eg‘tRC_min ) KM41V16000AAUALLASLT | lecs | - | 70 | mA
=Vi, yoling @tre=min. KM41V16000A/AL/ALL/ASL-8 60 | mA
. KM41V16000A/AL/ALL/ASL-6 70 | mA
%E?%iﬁi@:c ding @tro=min) KM41V16000N/ALALLASL-T | loce - 60 | mA
=V LAS, yeling @tpe=min. KM41V16000A/AL/ALL/ASL-8 50 | mA
KM41V16000A 11 A
Standby Current KM41V16000AL s ) 300 | xA
(RAS=CAS=W=-Vbp-0.2V) KM41V16000ALL 200 | A
KM41V16000ASL 200 | pA
- S . KM41V16000A/AL/ALL/ASL-6 80 | mA
%ﬁ;"%’f zie:es; ts;_’:i'.:) KM41V16000ALALL/ASL-7 | Iccs - 70 | mA
yeling @ tRo=min. KM41V16000A/AL/ALL/ASL-8 60 | mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage (ViH)=Vop-0.2V
Input Low Voltage (Vi)=0.2V CAS=CAS-Before-RAS Cycling Em}\\ﬂ gggg:;l_ lecr - ggg “ :
or 0.2V Din=Don‘t Care Tro=31.25uS(L-Ver) #
62.51S(SL-Ver), Tras=Tras min.~300ns
Self Refresh Current
RAS=CAS=0.2V
O A Vo002 or 0.2V KM41V16000ALL locs - 250 | pA
D, Q=Vop-0.2V, 0.2V or Open
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KM41V16000A/AL/ALL/ASL CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units
Input. Leakage Current . ~ I 10 10 4A
(Any input 0<VIN <Vpp+0.3V, all other pins not under test=0 volts.)
Output Leakage Current
(Data out is disabled, OV <VouT <Vbp) low 100 10 #A
Output High Voltage Level (loH=-2mA) VoH 2.4 - \
Output Low Voltage Level (loL=2mA) VoL - 0.4 \

*NOTE: Icct, Iccs, Icca and Iccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icct and Iccs, Address can be changed maximum
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (14-25°C, Vop=3.3V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (D) CiNd - 7 pF
Input Capacitance (Ao-A11) CiNz2 - 6 pF
Input Capacitance (RAS, CAS, W) Cin3 - 7 pF
Input Capacitance (Q) Cout - 7 pF

AC CHARACTERISTICS (0°c <Ta<70°C, Vbp=3.3V+0.3V, See notes 1,2)
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF

Parameter Symbol -6 7 -8 Units | Notes
: Min | Max | Min | Max | Min | Max

Random read or write cycle time tRC 110 130 150 ns
Read-modify-write cycle time trwe | 155 185 205 | ns
Access time from RAS tRAC 60 70 80| ns | 34,11
Access time from CAS tcac 15 20 20| ns 3,45
Access time from column address taa 30 35 40 ns 3,11
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay torrF 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 tRsH 15 20 20 ns
GAS 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 tRoo | 20 45| 20 50| 20 60| ns 4
RAS to column address delay time tRAD 15 30 15 35 15 40| ns 11
CAS to RAS precharge time tcrp 5 5 5 ns

s ungg i
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KM41V16000A/AL/ALL/ASL

CMOS DRAM

AC CHARACTERISTICS (continued)

s v

ELECTRONICS

Parameter Symbol 6 -7 -8 Units | Notes
Min | Max | Min | Max | Min | Max
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 0 ns
Column address hold time tCAH 10 15 15 ns
Column address hold time referenced to RAS tAR 45 55 60 ns 6
Column address to RAS lead time tRAL 30 35 40 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 ns 9
Write command hold time tweH 10 15 15 ns
Write command hold time referenced to RAS tWCR 45 55 60 ns 6
Write command pulse width twe 10 15 15 ns
Write command to RAS lead time tRWL 15 20 20 ns
Write command to CAS lead time towL 15 20 20 ns
Data set-up time tos 0 0 0 ns 10
Data hold time toH 10 15 15 ns 10
Data hold time referenced to RAS tDHR 45 55 60 ns 6
Refresh period (Normal) tREF 64 64 64| ms
Refresh period (Low power & self Ref.) tREF 128 128 128 ms
Refresh period (Super Low power) tREF 256 256 256 | ms
Write command set-up time twes 0 0 0 ns 8
CAS to W delay time towo | 15 20 20 ns 8
RAS to W delay time tRWD 60 70 80 ns 8
Column address to W delay time tawD 30 35 40 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) toHR 10 15 15 ns
RAS to CAS precharge time trRPC 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) [ 20 30 30 ns
Access time from CAS precharge tcpa 35 40 45| ns 3
Fast Page mode cycle time trc 40 45 50 ns
Fast Page mode read-modify-write cycle time tPRwC | 60 70 75 ns
CAS precharge time (Fast Page mode) tcp 10 10 10 ns
RAS pulse width (Fast Page mode) tRASP 60 | 200,000 | 70 | 200,000 80| 200,000 ns
RAS hold time from CAS precharge tRHCP | 35 40 45 ns
Write command set-up time (Test mode in) twTs 10 10 10 ns
Write command hold time (Test mode in) tWTH 10 10 10 ns
W to RAS precharge time (C-B-R refresh) tWRP 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
RAS pulse width (C-B-R refresh) trass | 100 100 100 us 15
RAS precharge time (C-B-R refresh) tars | 110 130 150 ns 15
CAS hold time (C-B-R refresh) tcHs | -50 -50 -50 ns 15
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KM41V16000A/AL/ALL/ASL

CMOS DRAM

TEST MODE CYCLE (Note.12)
-6 -7 -8
Parameter Symbol Units | Notes
Min} Max | Min| Max | Min| Max

Random read or write cycle time trC 115 135 156 ns
Read-modify-write cycle time trRwc | 160 190 210 ns

Access time from RAS tRAC 65 75 85 ns | 34,11
Access time from CAS tcac 20 25 25! ns | 3,45
Access time from column address taa 35 40 45\ ns 3,11
RAS pulse width trRAS 65| 10,000 75| 10,000| 85| 10,000 ns

CAS pulse width tcas 20| 10,000 25| 10,000 25| 10,000f ns

RAS hold time tRSH 20 25 25 ns

CAS hold time tosH 65 75 85 ns

Column address to RAS lead time tRAL 35 40 45 ns

CAS to W delay time town 20 25 25 ns 8
RAS to W delay time tRwp | 65 75 85 ns 8
Column address to W delay time tawp 35 40 45 ns 8
Fast Page mode cycle time trC 45 50 55 ns

Fast Page mode read-modify-write cycle time tPRWC | 65 75 80 ns

RAS pulse width (Fast Page Mode) trasp | 65| 200,000 75| 200,000 85| 200,000| ns

Access time from CAS precharge tora 40 45 50| ns 3

NOTES

1. An initial pause of 200¢s is required after power-up
followed by any 8 CBR or ROR cycles before

proper device operation is achieved.

2. VIH(min) and ViL(max) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are

assumed to be 5ns for all inputs.

3. Measured with a load equivalent to 100pF and

Voh=2.0V(louT=2mA), Voi=0.8V(lout=2mA)

4. Operation within the trcb(max) limit insures that
tRAC(max) can be met. trReb(max) is specified as a
reference point only. If trco is greater than the
specified trco(max) limit, then access time is

controlled exclusively by tcac.

5. Assumes that tRco >tReD (max).
6. tAR, tweR, toHR are referenced to tran(max).

7. This parameter defines the time at which the
output achieves the open circuit condition and is

not referenced to VoH or VoL.

8. twcs, tRwD, tcwp and tawb are non restrictive
operating parameters. They are included in the
data sheet as electric characteristics only. If twcs>
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp >tcwb(min), tRwb >
trwD(min) and tawp >tawp(min), then the cycle is a

read-write cycle and the data output 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.

9. Either trcH or tRRH must be satisfied for a read

cycle.

10. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

11. Operation within the trap(max) limit insures that

traC(max) can be met. tRaD(max) is specified as a
reference point only. If trAD is greater than the
specified trRap(max) limit, then access time is
controlled by taa.

12. These specifications are applied in the test mode.
13. In test mode read cycle, the value of trRAC, taa, tcac

is delayed by 2ns to 5ns 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.

14. torFr(max) and toez(max) define the time at which

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

15. 4096 cycle of burst refresh must be executed

within 64ms before and after self refresh, in order
to meet refresh specification.

L ms v

ELECTRONICS

86



KM41V16000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE

Py
>
wl

Vih — ——ﬂ\
.

tac

T

Vi —
terp .
thco trsH
CAS Vin — \\ teas / /
Vi —
tesm
tasr tRan tasc L o]
traL
A N ROW%@(-F COLUMN
Ve — ADDRESS \  ADDRESS
p—— trAD ——] trrn
troH
trcs
__ Vih — T
" - ] &KL
F—-rtcac .
= torF
trac ]
Vou ~— iV
Q OPEN VALID DATA-OUT
Vou —
l=-tcLz
WRITE CYCLE (EARLY WRITE)
tac
trp ——f
Vi — tras v
RAS " tan x
Vi —
treo thsH
tcrp tosm
w —T
Vi — e trAD ——=] N 2
traL
tasr tran _h_‘ic_ L toan——]
Vi — 2 a
N T
towu
twes twert
W Ve — twp
ViL —
twer
trwe
tos p=—ton —~
Vin — YNV VYV VY'Y VN NN NNNNNNINNINNNINS
) VALID () XX XX XXX XKXXKK)
“ - I 02000000 %

I tonr

DON'T CARE
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KM41V16000A/AL/ALL/ASL

CMOS DRAM

TlMlNG DIAGRAMS {Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

oo/
[z

=

FAST PAGE MODE READ CYCLE

CAS

|

Vi — B

VIL

V|H
\

Vin
Vi

Vi

tawe
t
tras i
VlH - N t
\ ASH /
t
I_Eﬂ b thco——=]
teas
W r— tran \L /
- tosn
tasr ¢
RAL
tasc =] b= tcan—
ROW 4 column
ADD ADDRESS
h—‘ traH tawo f tawL
tewo towe
\ twe
bs| X 2
ton
N NN/NININININN NN NNN/N/N/
o3 RGOS
WA LNNNINNNNINNNNN
tcac
taa
trac
Vs -
VALID DATA
——tcLz
trase b= trp
\ tar tRce
£ ¢
4 $—
tere tec tee
r_. treo tep = e top = t_— tRsH ——f
W \ --—tms——z \% tcas ‘yt—‘h\ lmsj i ;F \
) tosk
t t
(2o | [t tAst—-(— — asc | | team tasc tcan
" mow ) COLUMN COLUMN "} F " COLUMN
ADD | ADDRESS | ADDRESS | . ADDRESS
I
f——— trap ~—= *+ tres tres tren
tres troH = trcH } - tran
taa —4 t;le — IM
L toac = e tcpA ———ed Y pam——
t 1 ¢
tanc cac orr | | tonc =t ore
VALID A~ vALD >_ L  vaup )
&ATA-OUT DATA-OUT DATA-OUT J
- toz — tez —~1 terz

=1 unyg

ELECTRONICS

88



KM41V16000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp trp
BAS Vi — tar
RAS v
— . 4 7
t t
to pC pC
t.—RP— treo tep tep=  f=—trsH —=
Viu — K\ ——teas—- ~——tcas Y e toas—
AS Vi — 7 \ \\- P
1
traH ¢ ’_051 l,Ls_C_ tasc
f_lfm ’_—‘ ASC_"_ tean toan tcan
Vi = ROW COLUMN COLUMN 7~ COLUMN
A - ADD ADDRESS ADDRESS ADDRESS
\
T J
— trap —= twes twes =
twes =t b= twon =] = twor —= [= tweH
L 1 o N M S A 1"
Vi — 5. 2
towL -{ towe
twer
t
tos =] tor =2 ‘.'DHﬁ
N Vi = VALID VALID
v — DATA-IN DATA-IN
i
toHR

FAST PAGE MODE READ-WRITE CYCLE

trp

trase
a5a Vi =T tar
RAS \
Vi — X 7
tere tesH
terwc trsH
=— tacp ——= tcp 4=+
s Vi — y R, tens \ tm—j/ /
Vi — traH - 7
Tl toan
tase towe =1 —towt
t e tasc toan
ASR f=—nr] l trwL
A Vin = A row COLUMN COLUMN )
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trap F— | tawo
|——-— tres trat
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s
s 5
[
g
-
%"fg
e
SN

tawo tos
tos tow
b Vi — VALID VALID
Vv, — DATA-IN DATA-IN
w ! ! d
teac tcac
tan taa torr
taac tcpa
Vou — L
Q o VALID VALID R
v DATA-OUT DATA-OUT
oL —
—rtcz tore H p—tcz

!‘2‘2‘ DON'T CARE
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KM41V16000A/AL/ALL/ASL

CMOS DRAM

T|M|NG DlAG RAMS (Continued)

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

tRe

ViH— —_-\&

- trRAs

RAS Vi—
icrRp ° tRPC
=" -
I ViH— )
CAS
ViL—

tash| |tRan,
ViH— f
A
ViL— AN

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

ROW ADD

VVVVVVV Y

SORRNODRMMDNMDRNASY:

tRC
tap

tRa;

trRrc

tcHR

trP
Vin—
RAS 2 S
Va— —trpc
tcsr
ViH—
CAS
ViL— -

‘ toFr
Vijon — A\L

OPEN

Q ViioL — %

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)

NOTE: W, OE, A=Don't Care

be—— tpp———r] SR I~ S——

==  VinT / \ tRASS /
RAS

ViL— trrC p

trrPc
tcp tcHs

ViH — 4 |lcsR
LCAS /

VL= torr | !

Von — N
D, OPEN
Q VoL — )F

s uyg
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KM41V16000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)
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tra e tRp —=
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HIDDEN REFRESH CYCLE (WRITE)
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KM41V16000A/AL/ALL/ASL  CMOS DRAM

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

l=—trp
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s \ /
Vi — F
tept —= "_—_tns‘*_—‘——J
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twe
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KM41V16000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)

TEST MODE IN CYCLE
Note: D, Address: Don’t Care

taas

ml

>

(%]
< <
- I
[
5

3

[¢]
/4‘

Vi — N fosn L_tCHR
= i RS TR
LA " A
Q ZZ’:— 7} OPEN

TEST MODE DESCRIPTION

The KM41V16000A/AL/ALL/ASL is the RAM organized
16,777,216 words by 1 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 Ao, A1, A10 and A11 are not
used. If, upon reading, 16 bits are equal (all “1"s or “0"s)
the Q pin indicates a "1".

If they were not equal, the Q pin would indicate a "0". In

DON'T CARE

"Test Mode", the 16M DRAM can be tested as if it were
a 1M x1 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 (1/16 in cases of
N test pattern). :

ﬂ Ci EATDNANNC
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" KM41V16000A/AL/ALL/ASL

CMOS DRAM

PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL)

| e | I—H_Jl_lljf_llj’

Units: Inches (millimeters)

._.l

TN
do Y
0.295 (7.49)
0.306 (7.75)

W,
LS 0 | T J 0 0 J
0.670 (17.02)
0.680 (17.27)

‘_l L 0.026(0.66)
| 0.032(0.81)

E 0.004(0.1) A

0.050(1.27) | |
Yp | ]

| 0.015(0.38)
[T 0.021(0.53)

0.027 (0.69)
MIN

0.275 (6.98)
0.330 (8.38)
0.340 (8.64)
0.008 (0.20)
0.012 (0.30)

0.260 {6.60)

0.128 (3.25)

0.050(1.27)

MAX

0.145 (3.68)

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(l) (300MIL, Forward and Reverse Type)

HAAARAAA HEBHABAAE

<le
5%
) O 2|5
@ [N
(=3}
&3
o |o

o )
HEBEBHSEH HHBHBSH

0671 (17.04)
0679 (17.24)

0.039 (1.0)
0.047 (1.20)

\

i
o] 0003008 | \J [

TYP

0.048 (1.22) 0.012 (0.30)
0.052(1.32) 0.020 (0.50) 0.037 (0.95)

0.03(0.80)

TYP

0.324(8.22)

i
t

TYP
0.359 (9.12)
0.367 (9.32)

0.005 (0.13)

0016 (0.40)

0.008 (0.20)

o

L

0.024 (0.60)
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KM41V16000A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSIONS

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters)
i 0.025(0.64)
o MIN
O Y O o e [ 11 10 f_1 [
( =\
@ 3888 _
) Ol 5s2r 8
- Sc|z
g s ¢
o ©l®ole 9
O ;o
S g e e e e e e e s e e =
0.725(18.42) 0.144(3.66) “
MAX
—_

! 0.026(0.66)

i

0.050(1.27) \ 4| 0.015(0.38)
Tve | ] [ 0.021(0.53) |~ 0.032(0.81)
0.050(1.27)
MAX
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE
(400MIL, Forward and Reverse Type)
003 (0.80)
TYP
BQI;HQI;H;I P;H;H;U;H;H% —
& e g2
) O 2z Zle ElT
28 SF 35
g 5| 3
kO
-
HeEHHBHHBHE HaBHBEHH _ —
8]
0.723 (18.36) g« -
0.727 (18.46) 818
Slo 0.005 (0.13)
0.008 (0.20)
I~
Blosew] G H A HHHTHE :
_ 0.048 (1.22) 0012 (030) L
] 0.052 (1.32) 0020 (0.50) 0.037 (0.95)
TYP

0016 (0.40) I i
0024 (060) =
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

4M x4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

» Performance range:

trac tcac tre

KM44V4000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns
KM44V4000A/AL/ALL/ASL-7 | 70ns | 20ns | 130ns
KM44V4000A/AL/ALL/ASL-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

« Double+3.3V + 0.3V power supply

*» 4096 cycles/64ms refresh (Normal DRAM)

« 4096 cycles/128ms refresh (Low power & Self Ref.)
+ 4096 cycles/256ms refresh (Super Low power)
« JEDEC standard pinout

+ Available in plastic SOJ and TSOP(Il)

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44V4000A/AL/ALL/ASL is a high
speed CMOS 4,194,304 bit x4 Dynamic Random
Access Memory. lts design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers.

The KM44V4000A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM44V4000A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

RAS —=
— Control VoD
CAS — Clocks Vss
W —] Ves Generator
Data in
r Refresh Timer I Row Decoder Buffer
] {
Q
c»—r Refresh Control I ‘:2 .
i Memory Array a | to
r Refresh Counter ] 4,194,304 X 4 E n 0Q4
Cells 3
L 7y
] Row Address Buffer [%]
AOfAﬁ :l Data out
Col. Add f I-. Buffer O
A0~A9 _:r ol. ress Buffer Column Decoder

<z
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM44V4000 AJ/ALJ/ALLJ/ASLY

+ KM44V4000 AT/ALT/ALLT/ASLT

» KM44V4000 ATR/ALTR/ALLTR/ASLTR

/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR
<7 )
Voo 10 241 Vss Voo [} 10 2417 Vss vss ] 24 1 |F1 Voo
DQi[] 2 231 DQq bQim] 2 23 [0 DQq DQs ] 23 O 2 [0 DOy
DQ2 (] 3 22[1 DQ3 DQp ] 3 22 11 DQ3 DQz 1] 22 3 1 pa.
wra 21p CAS w4 21711 CAS CAS ] 2 s w
RAS O 5 200 N.C RAS ] 5 20 N.C - N.C ] 20 51 RAS
A6 190 Ag A [I] 6 19 1 Ag Ag T 19 6 [T A1
Al 7 18[1 As Aqp T 18 [0 As Ag ] 18 70 Ao
Ao 8 170 A7 AgI] 8 17 [ A7 A7 1} 17 81 Ao
Argoe 160 Ag Ay o 16 [ As As 1] 16 9 [T A
A2 10 150 As Ap I 10 15 [0 As As ] 15 10 1 A2
Asgnn O 140 As AT QO 14T A AT} 14 O 1110 A3
Voo 12 13 Vss Voo 12 13 [N Vss Vss 1] 13 12 |- Vop
—
J 1 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse)
K: 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse)
Pin Name Pin Function
Ao-A11 Address Inputs
DQ1-4 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
OE Data Output Enable
Voo Power(+3.3V)

s ugg
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KM44V4000A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, VouTt -0.5~4.6 \"
Voltage on Vbb Supply Relative to Vss Voo -0.5~46 \"
Storage Temperature Tstg -55to + 150 °C
Power Dissipation Pp 1 w
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

s v

ELECTRONICS

Parameter Symbol Min Typ Max Unit
Supply Voltage Vbp 3.0 3.3 3.6 \"
Ground Vss 0 0 0 \
Input High Voltage ViH 2.0 — Vob+ 0.3 \Y
Input Low Voltage ViL -0.3 — 0.8 \
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
Operating Current* KM44V4000A/AL/ALL/ASL-6 80 mA
N . ’ KM44V4000A/AL/ALL/ASL-7 Icct - 70 mA
(RAS and CAS Cycling @tro=min) KM44V4000A/AL/ALL/ASL-8 60 | mA
KM44V4000A 2 mA
Standby Current KM44V4000AL I ) 1 mA
(RAS=CAS=W=VH) KM44V4000ALL 1 mA
KM44V4000ASL 1 mA
== . KM44V4000A/AL/ALL/ASL-6 80 mA
(F:?TSS'?\;’IE’ *;%ezh C“Lr']"egm_min ) KM44V4000A/AU/ALL/ASL-7 locs - {70 | mA
=/, ycling @ tre=min. KM44V4000A/AL/ALL/ASL-8 60 | mA
Fast Page Mode Current* KM44V4000A/AL/ALL/ASL-6 70 mA
(R_As-vlgL SRS, Addiross Cycling @tpoemin KMA44VA4000A/ALALL/ASL-7 lcca - | 60 mA
- ! yeling =min) KM44V4000A/AL/ALL/ASL-8 50 mA
KM44V4000A 1 mA
Standby Current KM44V4000AL locs B 300 LA
(RAS=CAS=W=Vbp-0.2V) KM44V4000ALL 200 EA
KM44V4000ASL 200 #A
] = a . KM44V4000A/AL/ALL/ASL-6 80 mA
f%ss'gﬁfa_g“g Rl‘i*:esé‘tgé‘_":]m) KM44VAODONALALLASL-T | fcos | - | 70 | mA
yoling @tre=min. KM44V4000A/AL/ALL/ASL-8 60 | mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage (Vin)=Vbp-0.2V
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling mﬁmgggﬁgl_ lecr - ggg “ 2
0r 0.2V Dn=Don't Care Trc=31.254S{L-Ver) #
62.54S({SL-Ver), TRas=Tras min.~300ns
Self Refresh Current
RAS=CAS=0.2v
W=OE=Ao-A11=VoD-0.2V or 0.2V KM44V4000ALL Iccs - 250 LA
DQ1~DQ4=VbD-0.2V, 0.2V or Open
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued)

(Recommended operating conditions unless otherwise noted)

Symbol| Min | Max | Units
Input Leakage Current
(Any input 0 <VIN <VDD+0.3V, all other pins not under test=0 volts.) ey -10 10 1A
Output Leakage Current o
(Data out is disabled, OV < VouT<Vop) G| 10 10 kA
Output High Voltage Level (loH=-2mA) Vo 2.4 - \
Output Low Voltage Level (loL.=2mA) Vou - 0.4 \

*NOTE: Icc1, Ices, Iccs and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Icca, Address can be changed maximum

two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (1r=25°C, Vop=3.3V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (Ao~A11) Cint B pF
Input Capacitance (RAS, CAS, W, OE) CiN2 - pF
Output Capacitance (DQ1~DQa4) Coba - pF
AC CHARACTERISTICS (0°'c<Ta<70°C, Vop=3.3V 0.3, See notes 1,2)
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF
Parameter Symbol 6 7 8 Units | Notes
Min | Max | Min| Max | Min | Max
Random read or write cycle time trC 110 130 150 ns
Read-modify-write cycie time trwe | 155 185 205 ns
Access time from RAS tRaC 60 70 80| ns | 34,11
Access time from CAS tcac 15 20 20| ns | 345
Access time from column address taA 30 35 40| ns 3,11
CAS to output in Low-Z tez 0 0 0 ns 3
Output buffer turn-off delay toFF 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 trRAS 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 tRCD 20 45| 20| - 50| 20 60| ns 4
RAS to column address delay time tRAD 15 30 15 35 15 40| ns 11
CAS to RAS precharge time tcRp 5 5 5 ns
Row address set-up time tASR 0 0 0 ns

L ms v
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KM44V4000A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (continued)
Parameter Symbol -6 7 -8 Units | Notes
Min | Max | Min| Max | Min| Max
Row address hold time tRAH 10 10 10 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 10 15 15 ns
Column address hold time referenced to RAS tar 45 55 60 ns 6
Column address to RAS lead time tRAL 30 35 40 ns
Read command set-up time trRCs 0 0 0 ns
Read command hold time referenced to CAS tRCH 0 ns
Read command hold time referenced to RAS tRRH 0 0 ns
Write command hold time tweH 10 15 15 ns
Write command hold 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 lead time towL 15 20 20 ns
Data set-up time tos 0 0 0 ns 10
Data hold time toH 10 15 15 ns 10
Data hold time referenced to RAS {DHR 45 55 60 ns 6
Refresh period (Normal DRAM only) tREF 64 64 64| ms
Refresh period (Low power & Self Ref.) tREF 128 128 128| ms
Refresh period (Super Low power) tREF 256 256 256! ms
Write command set-up time twes 0 0 0 ns 8
CAS 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 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 ns
CAS hold time (CAS-before-RAS refrgsh) tcr | 10 15 15 ns
RAS to CAS precharge time tRPC 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) tepT 20 30 30 ns
Access time from CAS precharge tcra 35 40 45| ns 3
Fast Page mode cycle time tec 40 45 50 ns
Fast Page mode read-modify-write cycle time tpRwc | 85 100 105 ns
CAS precharge time (Fast Page mode) tcp 10 10 10 ns
RAS pulse width (Fast Page mode) trRasp | 60 | 200,000 ( 70 |200,000f 80 |200,000{ ns
RAS hold time from CAS precharge tRHP | 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 commend hold time toEH 15 20 20 ns
100

L ms v
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KM44V4000A/AL/ALL/ASL . CMOS DRAM

AC CHARACTERISTICS (continued)

T I

Parameter Symbol - ‘ d -8 Units | Notes
Min | Max | Min, Max | Min| Max

Write corﬁmand set-up time (Test mode in) twrs 10 10 10 ns

Write command hold time (Test mode in) twTH 10 10 10 ns

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

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

RAS pulse width (C-B-R self refresh) trass | 100 100 100 ©s 15
RAS precharge time (C-B-R self refresh) taps | 110 130 150 ns 15
CAS hold time (C-B-R self refresh) | tcHs ‘ -50 -50 -50 ns 15
TEST MODE CYCLE (Note.12)

Parameter Symbolly 6 ‘ - ! -8 Units | Notes
Min | Max | Min| Max | Min| Max

Random read or write cycle time tRC 115 135 155 ns
Read-modify-write cycle time trwe | 160 190 210 ns

Access time from ﬁﬂS tRAC 65 75 85| ns | 34,11
Access time from CAS tcac 20 25 25| ns | 3,45
Access time from column address taa 35 40 45| ns 3,11
RAS pulse width . trAs 65 | 10,000 75| 10,000 85| 10,000 ns

CAS pulse width tcas 20| 10,000 25| 10,000| 25| 10,000 ns

RAS hold time tRSH 20 25 25 ns

CAS hold time tcsH 65 75 85 ns

Column address to RAS lead time tRAL 35 40 45 ns

CAS to W delay time towo | 45 55 55 ns 8
RAS to W delay time tawD | 90 105 115 ns 8
Column address to W delay time tAWD 60 ¢ 70 75 ns 8
Fast Page mode cycle time trc 45 50 55 ns

Fast Page mode read-modify-write cycle time tprRWC | 90 105! 110 ns

RAS pulse width (Fast Page Mode) tRASP 65 1200,000 75 200,000/ 85200000 ns

Access time from CAS precharge topa ‘ 40 ! ‘K 45 50| ns 3
OE access time - ‘ 20 25 25| ns

OE to data delay o0 | 20 L 25 25 ns

OE command hold time toEH 20 25 .25 i ns

ELECTRONICS



KM44V4000A/AL/ALL/ASL

CMOS DRAM

NOTES

1.

An initial pause of 200¢s is required after power-up
followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. VIiH(min) and ViL(max) are reference levels for

measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 100pF and

Voh=2.0V(lout=2mA), Voi=0.8V(lout=2mA)

. Operation within the trRco(max) limit insures that

trac(max) can be met. trRcp(max) is specified as a
reference point only. If trcD is greater than the
specified trRcb(max) limit, then access time is
controlled exclusively by tcac.

. Assumes that tRCD >tRCD (max).
. tAR, twcR, toHR are referenced to trRab(max).
. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to VoH or VoL.

. twes, trwp, tcwb and tAwbD are non restrictive

operating parameters. They are included in the
data sheet as electric characteristics only. If twcs >
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwb >tcwn(min), tRwp >
trwD(min) and tawp >tawp(min), then the cycle is a

10.

12.
13.

read-write cycle and the data output 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 tRcH or tRRH must be satisfied for a read

cycle.

These parameters are referenced to the CAE
leading edge in early write cycles and to the W
leading edge in read-write cycles.

. Operation within the trRaD(max) limit insures that

trac(max) can be met. trRab(max) is specified as a
reference point only. If tRaD is greater than the
specified trab(max) limit, then access time is
controlled by taa.

These specifications are applied in the test mode.
In test mode read cycle, the value of tRAC, taa, tcAC
is delayed by 2ns to 5ns 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.

. torr(max) and toez(max) define the time at which

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

. 4096 cycle of burst refresh must be executed

within 64ms before and after self refresh, in order
to meet refresh specification.

s v
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
tans e tep —==]
_— —
ms " N ta ] \
V\L -
torp trco trsH
Vih — X tcas
CAS
Ve — N Z
tosk
tasr tran tasc L toan =
Ve = ROW "N - COLUMN
A Vi — ADDRESS ADDRESS
L A k.
F=— traD tRaL | tRAH —=t
4 tacH
I— RCS —{

N

l—tOFF -

p———— togz ———1

VALID DATA-OUT

_ Vi —
w
Vi —
L 'Mﬁ
_ Vi —
OE
VIL -
toea
tcac —=
trac
v —
pa,-D, M OPEN
VoL—
=terz

DON'T CARE

s ugg
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY CYCLE)

tac

tans
R
RAS Vir tam \
Vie — "
terp taco trsH
'——‘ tesn
Vin — tcas
Vi — M —trao—=]
tasr tRan thaL
tasc == tean —=
A Vi~  row N\ " CoLuMN )
Ve — ADDRESS ADDRESS
L k. k.
twen
towe
Vi — 2
twer
twes =1 Yt
OE Vih —
Vie —
tos ton
V -
0Q;-DQs ™ ' vauLD DATAIN by
Vi — . 7
Pt ——————
WRITE CYCLE (OE CONTROLLED WRITE)
trc
tras tap —
Vin — B
RAS v - \ tar N
[ t
i taco [
tesn
— Vin — \ t
CAS " cAs /
Ve = [ tRAD —
task tasc
1 [t~ [=—toan —

COLUMN
ADDRESS

Vig —
A " ROW |
Vi — ADDRESS

w z‘“ '"’""'0‘0"‘0‘0“‘0‘0"‘70‘0‘0‘0‘0‘0‘ I e
o v, — . RWL
Vi —
00 7 QUG vao oaram DSBS

@ DON'T CARE

1 unyg
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KM44V4000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (cContinued)
READ-MODIFY-WRITE CYCLE

tawe

tre -

— tras
Vi —

terp tan

l'_‘ treo tasH
ViH — Y tcas /__

CAs Vi — tasp | [ tRaD—= \

tens
tran ’-—A tasc F-J toan
Vi — o
A v ROW | COLUMN
L =
tawo k—tRWL_—I
tcwo —;— tew —
V!H -— -\ WP
w f— tcac —= \
ViL — trRwD
taa
t
o Vi — OEA
Vi — ) toen tos
!— trac toez
Vou— o
DQ;-DQy4 VALID VALID D____
VoL — DATA OUT _ DATA IN
teiz
FAST PAGE MODE READ CYCLE
trasp b~ trp
—
. Vin \—-——— tm-———-ﬂ tRrce Z
RAS Vi —
L ), - 7#
terp tec tec b tRsH —={
m—_ T tee tee
Vin — —tcas— 4 = toas dar N ST y
= Y NN \ /
VL — 7
tesw
t t t t
ASR RAH tasc tomn ASC CAH tasc tcan
— J J .
A Vi ROW " COLUMN " CoLUMN (" CoOLUMN
Vi — ADD L ADDRESS p ‘_ADDRESS ADDRESS
) y N
b tRAD ——meef -~ tres ——-H— [ treH
tres tRcH = -l-- trew trAH
. d G
Vi =  — tan——f 'TA tan
toea fo— topa —— tcea _*T
% " Zm Am m
VL —
1 T A
I=tcac = |"'“ tore ‘-—— toea I-—— torr toea l-—-‘ torr
trac toez tcac - toez toac — togz —~
Vo — | ~ —
DQ,-DQ. o VALID d VALID VALID
U VI \_DATA-OUT | _DATA-OUT | DATA-OUT
—= tewz tewz tez

@ DON'T CARE
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KM44V4000A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trase tre
R_AS - tar
— 4 —
t 4 -
tcre thco PC - pC: o trsH —d
_ Vin — [~ tcas — le—toas — toas —
CAS Vi — tran \ \k /
- ] tasc=rr— tasc 7 tasc 2
tasr tosn tcan P [toan
tean
Vin — R e N
A oW COLUMN COLUMN COLUMN
Vii — ADD ADDRESS ADDRESS ADDRESS
e tRAD —en] ke twoH t— twen twes| twon =
twe:
o ~ =
- towt ——
towe al towL | 1 trwe —=
— Viy —
OE
Vi —
tos ton tos toH tos ton
pa.ba, M T ( VALID VALID VALID
vV, — DATA-IN DATA-IN DATA-IN
(8 N, 7
toHR —————=y
FAST PAGE MODE READ-MODIFY-WRITE CYCLE
trase
— Vi — =y
RAS \ tar
Vi 4
are terwe = trsH tae
I"‘ tosH tep
. Viu —W tran ) toas \ tcas / ;
CAS b
Vi — __Llacp——-r tasc ~
tasr tasc tean towL =+ towL
tcan tRwL
Vg — £ \ B "
Row COLUMN coLuMn TREX X X XX X XXX XXX XX XXX
A Vi - ADD /Y ADDRESS ADDAESS AKX XX XX XXX XXKXAXXX
trap ] tRaL
I--—- tacs | twe | twe |
— Vi — p / N
w Vi — towo NLL tewo \ L
tawo tawo
tawp
Vig — "
% . _/ _/‘
Vi — tos tos
—rtaa -t —~1cea t
toea oA~
teac pm—=rt teac
trac AA
pQ,DQ, VrerT
VoL =
forz — toz

VALID VALID
DATA-OUT DATA-IN

m DON'T CARE
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

tRC

- tRp — J
SO 11, G R

CAS-BEFORE-RAS REFRESH CYCLE

NOTE: W=V, OE, A=Don't Care

tRc—

tRp ————— !

trpc

tap
ViH—
RAS ] - tRas
Vi — tRPG
tcsr ‘
‘ [
Vin—
CAS ‘
Vi — j L
 torF
I
ViioH —
DQi-DQs v, — / OPEN

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)

NOTE: W, OE, A=Don't Care

I tRPS ——=]

tcHs

tRp——
=— ViH — L——‘——'RASS [ ——
RAS
Vi — trrc
tcp
Vi — X |lcsh
LCAS /
= torr | !
vV —_ B
pat-oas O° OPEN
VoL — ,(

DON'T CARE

L ms v
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KM44V4000A/AL/ALL/ASL

'CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

trc tre :
taas Pt tas T
RAS Vin — \ t,m—————a-i /'F \
Vi — 3 - \
tore treo trgH ——=]
. \ Y
Vie — 4
tasr tRan tasc tom
A Vi = ROW COLUMN
Vi — ADDRESS ADDRESS
lRAD 'vvnr ;7 ‘WRN
|———tRcs trrH
LA A NUGEEOEEOE0E
Vie = .
AA
Vie —
—tac— T tore
trac toez
pa-bas VALID DATA-OUT —
Vou = torz
HIDDEN REFRESH CYCLE (WRITE)
trc trc
tRp —= trp =
tras —-——1ms———{
Vin — 3\ tan \
Vi —
forr tRCD ————afe—— tRgH ]
I Vi — t=— tcHr
CAS \\
Vi —, ¢
tasn tRaH tasc toan
A ROW COLUMN
A v — \_ ADDRESS ADDRESS
(i
[— tRap ——I twrp twem
I p—
= twes —
w Vi — twe
Vi —
OF Vin —
Vie —
tos N—
o YR RIITITITLITL
oaroa. o oxra OGS ERXRXKAHIKIXANK
= torr

DON'T CARE
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

TlMlNG DlAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

= tae
— Vin — R tras N\
RAS V‘n_ _ t Z
tepr ——f RSH
tosr
JE— Vi — terr tcas / -
CAS Ve — —\t'_' / \_t 17
traL
tasc tcan
Vi — - ADDRESS
twre 1 tha ] e
READ CYCLE rW_J ,tWRH_I ROS 1 e teac treH
"o W
o8 Viy —
Vi —
SEN=C
Von—
DQ;-DQ, o i VALID DATA-OUT A}—
VoL — terz
towt
WRITE CYCLE twre ‘WRH-‘ thwi
Vih — 7 -tﬁ = tweH ——=
w — XXX
twe
oF Vin —
ViL —
tos = toH —=
ba-ba, T OPEN J; VALID DATA-IN }
Vo~ | Jov ]
READ-MODIFY-WRITE tawp
twrp = twrH tres N = trwL —
cwD’
twp
— Vin — \
teac
tan
L RN /[
.~ SREEELEEELLLEESESEN /| e
toez
torz =+ }
Vion — &
DQ;-DCs VyoL ~—

VALID DATA-OUT

VALID DATA-IN

DON'T CARE

N

o
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KM44V4000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

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

tre

trp ————=f

tras

Vi —
RS " \
Vii — tepo —]

tep
tcsh
VIH -
CAS /
Vii —

Y S—

twrs twr

—_ Vi —
Vii —
torr
v —_
DQ,-DQ4 o } OPEN
oL — —A

TEST MODE DESCRIPTION

The KM44V4000A/AL/ALL/ASL 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 Ao and A1 are not used. If,
upon reading, four bits on one D/Q pin are equal (all
"1"s or "0"s) the D/Q pin indicates a "1". If they were
not equal, the D/Q pin would indicate a "0". In "Test

DON'T CARE

Mode", the 4M x 4 DRAM can be tested as if it were a
1M x 4 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 (1/4 in cases of N test
pattern).

L= 1ms v
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KM44V4000A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MiL) Units: Inches (milimeters)

0.027 (0.69)
MIN

Al e o o Y e O e e
g5 81282 g8
) NS Cle ©|S sle
Qln of|le |
Olsls gl8gls 8
Sla olo ol ol|o
(@)
J
D I B D [ P
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) [ 0.145 (368)

0.050(1.27) ' | 0.015(0.38) ‘_‘ 0.026(0.66)
TYP [ 0.021(0.53) [T 0.032(0.81)

0.050(1.27)
MAX

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type)

003 (0.80)

TYP

r};H;H;HQQE I;H;IFIF%HEIw
D O |13 (%
Lo -,
HHEEHBEH HbBgaHgH —
sers 720

Blomen] GOAHAAHIIHHAARE

0.048 (1.22) 0.012 (0.30)
0.052 (1.32) 0.020 (0.50) 0.037 (0.95)
. TYP

0.016 (0.40) |
0.024(0.60) 1

N N
5le & - |®
S sl S
® N Fi> aln
<1 D] ©
&8 SF &
S|o IS cl|c

0.039(1.0)
0.047 (1.20)

0.005 (0.13)
0.008 (0.20)
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KM44V4000A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSIONS _
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (milimeters)

0.025(0.64)
MIN

rrlf'—lf_'ll_lf_"l[j I O I A | [
g 3538 _
D Ol ¢ 5lo S|z 8§
g 282 3
; olo slo 8.
o) J o
S N U N OO | N S N (D [ N S —_—
0.725(18.42) 0.144(3. es;
MAX
IE 0.004(0.1) %A
0.050(1. 27)| ‘_“ 0.015(0.38) ‘_’ ’ 0.026(0.66)
TYP [ 0.021(0.53) I~ 0.032(0.81)
0.050(1.27)
MAX
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE
(400MIL., Forward and Reverse Type)
0.03(0.80)
TYP
HHHHHH FIHFH;H;H%W —
cl5 g g8
gle Sla |z
D O :k Sk EE
g ¢” B¢
ol|c © oo
L ©
HEHHEH HHHHHE] —
g
0.723 (18.36) g— E
0.727 (18.46) 8
olo 0.005 (0.13)
0.008 (0.20)
Elewom] UOHAAAFTHRAAAR
0.048 (1.22) 0.012 (0.30)
0.052 (1.32} 0.020 (0.50) 0.037 (0.95)
TYP

0016 (040) l
0024 (060) D
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

4M x4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
« Performance range:

trac | tcac trc
KM44V4100A/AL/ALL/ASL-6 | 60ns 15ns | 110ns
KM44V4100A/AL/ALLU/ASL-7 | 70ns 20ns | 130ns
KM44V4100A/AL/ALL/ASL-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

« Double+3.3V+0.3V power supply

» 2048 cycles/32ms refresh (Normal DRAM)

« 2048 cycles/128ms refresh (Low power & Self Ref.)
» 2048 cycles/256ms refresh (Super Low power)
- JEDEC standard pinout

« Available in plastic SOJ and TSOP(ll)

FUNCTIONAL BLOCK DIAGRAM

RAS —

— Control

CAS Clocks
W —

GENERAL DESCRIPTION

The Samsung KM44V4100A/AL/ALL/ASL is a high
speed CMOS 4,194,304 bit x4 Dynamic Random
Access Memory. Its design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers.

The KM44V4100A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM44V4100A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

Voo
Vss
Ves Generator

l

AG~A10 —4

Data in
[ Refresh Timer I Row Decoder Buffer
1 1 o
1»—{ Refresh Control I % DQ1
i Memory Array al—te to
[ Refresh Counter I 4,194,304 x 4 E N DQ4
Cells %
"’I Row Address Buffer &
L Data out
Buffer |— B
I Col. Address Buffer ]—— Column Decoder

s v
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KM44V4100A/AL/ALL/ASL | CMOS DRAM

PIN CONFIGURATION (top Views)

+ KM44V4100 AJ/ALJ/ALLJ/ASLY « KM44V4100 AT/ALT/ALLT/ASLT - KM44V4100 ATR/ALTR/ALLTR/ASLTR

/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR
Voo 1 © 241 Vss Voo ] 10 241 Vss vss (] 24 1[FD Voo
DQ1 32 23 DQ3 bQio] 2 23 11 DQ4 DQ4 ] 23 [} 2 |Fn DQ1
pQ2d3 221 DQ4 DQ2] 3 22 1 DQ3 DQ3 0] 22 3 [En bQ2
wQs 21 CAS w4 . 2110 CAS CAS 1] 21 Am W
RAS 5 201 N.C RAS O] 5 20 O N.C N.C I 20 5|0 RAS
N.C(Ose 193 A N.CO} 6 19 [ Ag Ag I 19 6 [0 N.C
Aod 7 181 As A7 18 [ As Ag T 18 7D Ao
Apg s 173 Ar Agll] 8 17 [ A A7 T 17 s Ao
Ao 160 As Ay 39 16 |0 As Ag (] 16 9 |0 Ay
Ax]10 15[7 As Ay ] 10 15 [ As As ] 15 10 |0 A2
Az 11 0 140 Ag A1 O 14 [0 As AIT]14 O 1| Ay
Voo q 12 131 Vss Voo (] 12 13 |0 Vss Vss ] 13 12 |1 Voo
—
J : 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse)
K': 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse)
Pin Name Pin Function
Ao-A10 Address Inputs
DQ1-4 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
OE Data Output Enable
Vop Power(+3.3V)
N.C No Connection
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KM44V4100A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -0.5~4.6 \
Voltage on Vob Supply Relative to Vss Vbp -0.5~4.6 \
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Pp 1 w
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vbb 3.0 3.3 3.6 \
Ground Vss 0 0 0 \"
Input High Voltage ViH 2.0 — Vop+ 0.3 \"
Input Low Voltage ViL -0.3 — 0.8 \

DC AND OPERATING CHARACTERISTICS {Recommended operating conditions unless otherwise noted)

0 ms ugg

ELECTRONICS

Parameter Symbol| Min | Max | Units
Operating Current* KM44V4100A/AL/ALL/ASL-6 100 mA
(R%s a;g 5AS Cyciing @tho=in) KMA44V4100A/AL/ALL/ASL-7 lecH - 9% | maA
yeling @tRe=min. KM44V4100A/AL/ALL/ASL-8 80 | mA
KM44V4100A 2 mA
Standby Current KM44V4100AL lcc R 1 mA
(RAS=CAS=W=Vi) KM44V4100ALL 1 mA
KM44V4100ASL 1 mA
=R N KM44V4100A/AL/ALL/ASL-6 100 mA
P Only Reftesh Curent: KM44V4I00AALALUASL7 | lecs | - | 90 | mA
(CAS=Vii, RAS Cycling @tro=min) KM44V4100A/ALALU/ASL-8 80 | mA
. KM44V4100A/AL/ALL/ASL-6 80 mA
Fast Page Mode Cureerit ‘ KM4VAIOONAUALUASLT | lccs | - | 70 | mA
(RAS=ViL, CAS, Address Cycling @tpc=min.) KMd4V24100A/AL/ALL/ASL-8 60 mA
KM44V4100A 1 mA
Standby Current KM44V4100AL locs ~ 300 uA
(RAS=CAS=W=Vpp-0.2V) KM44V4100ALL 200 uA
KM44V4100ASL 200 #A
=~ == " KM44V4100A/AL/ALL/ASL-6 100 mA
CAS-Before-RAS Refresh Current KM4QVA10ONAUALUASLY | locs | - | 90 | mA
(RAS and CAS Cycling @tRo=min.) KM44V4100A/AL/ALL/ASL-8 80 | mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage (Viv)=Vop-0.2V
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling ﬁmj:zﬂ 88':; lcc7 - ggg Fﬁ
or 0.2V DiN=Don't Care Trc=62.54S(L-Ver) .
1254S(SL-Ver), Tras=Tras min.~300ns
Self Refresh Current
RAS=CAS=0.2v
W=OF= As-Ato =VDD-0.2V or 0.2V KM44V4100ALL lccs - 250 HA
DQ1~DQa=VpD-0.2V, 0.2V or Open
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol | Min | Max | Units
Input' Leakage Current . ) 10 10 #A
(Any input 0<VIN <VbD+0.3V, all other pins not under test=0 volts.)
Output Leakage Current
(Data out is disabled, 0V <Vout <Voo) low | 10} 10 | A
Output High Voltage Level (loH=-2mA) VoH 2.4 = \
Output Low Voltage Level (loL=2mA) VoL - 0.4 \

*NOTE: Icc, lces, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (1a=25°C, Vop=3.3V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (Ao~A10) CiNd pF
Input Capacitance (RAS, CAS, W, OF) CiNz pF
Input Capacitance (DQ1~DQ4) Coa pF
AC CHARACTERISTICS (0°C<Ta<70°C, Vop=3.3V£0.3V, See notes 1,2)
Test Condition : Vin/Vi=2.0V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF
Parameter Symbol -6 -8 Units | Notes
Min | Max | Min| Max | Min| Max
Random read or write cycle time trC 110 130 150 ns
Read-modify-write cycle time trRwe | 155 185 205 ns
Access time from RAS tRaC 60 70 80| ns | 34,11
Access time from CAS tcac 15 20 20| ns 3,45
Access time from column address taa 30 35 40| ns 3,11
CAS to output in Low-Z tewz 0 ns 3
Output buffer turn-off delay toFF 0 15 20 0 20| ns 7
Transition time (rise and fall) tr 3 50 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 tRsH 15 20 20 ns
CAS hold time tcsH 60 70 80 ns
CAS pulse width tcas 15| 10,000 | 20| 10,000 | 20| 10,000| ns
RAS to CAS delay time tRCD 20 45| 20 50| 20 60| ns 4
RAS to column address delay time tRAD 15 30 15 35 15 40| ns 11
CAS to RAS precharge time tcap 5 ns
Row address set-up time tasr 0 0 ns

s v
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KM44V4100A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (Continued)
Parameter SymbolT -6 -7 -8 Units | Notes
Min | Max | Min| Max | Min, Max

Row address hold time tRAH 10 10 10 ns

Column address set-up time tasc 0 0 0 ns

Column address hold time tcAH 10 15 15 ns

Column address hold time referenced to RAS taR 45 55 60 ns 6
Column address to RAS lead time tRAL 30 35 40 ns

Read command set-up time tRCS 0 0 0 ns

Read command hold time referenced to CAS tRCH 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 ns 9
Write command hold time tWCH 10 15 15 ns

Write command hold time\referenced to RAS tWCR 45 55 60 ns 6
Write command pulse width twe 10 15 15 ns

Write command to RAS lead time tRWL 15 20 20 ns

Write command to CAS lead time towt 15 20 20 ns

Data set-up time tos 0 0 0 ns 10
Data hold time toH 10 15 15 ns 10
Data hold time referenced to RAS toHR 45 55 60 ns 6
Refresh period (Normal DRAM only) tREF 32 32 32| ms

Refresh period (Low power & Self Ref.) tREF 128 128 128| ms

Refresh period (Super Low power) tREF 256 256 256 | ms

Write command set-up time twes 0 0 0 ns 8
CAS to W delay time tcwo | 40 50 50 ns 8
RAS to W delay time tRWD 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) tcHR 10 15 15 ns

RAS to CAS precharge time tRPC 5 5 5 ns

CAS precharge time (C-B-R counter test cycle) tcet 20 30 30 ns

Access time from CAS precharge tcpa 35 40 45( ns 3
Fast Page mode cycle time trc 40 45 50 ns

Fast Page mode read-modify-write cycle time tpRWC | 85 100 105 ns

CAS precharge time (Fast Page mode) tcp 10 10 10 ns

RAS pulse width (Fast Page mode) tRASP 60 | 200,000 | 70 | 200,000 | 80| 200,000 ns

RAS hold time from CAS precharge tRHCP 35 40 45 ns

OE access time toEA 15 20 20| ns

OE to data delay toED 15 20 20 ns

Out put buffer turn off delay time from OE toez 0 15 0 20 0 20| ns

OE commend hold time toEH 15 20 20 ns
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KM44V4100A/AL/ALL/ASL CMOS DRAM
AGC CHARACTERISTICS (continued)

Parameter Symbol -6 -7 -8 —— Units | Notes

Min | Max | Min| Max | Min| Max

Write command set-up time (Test mode in) twrs 10 10 10 ns
Write command hold time (Test mode in} twTH 10 10 10 ns
W to RAS precharge time (C-B-R refresh) twrp 10 10 10 ns
W to RAS hold time (C-B-R refresh) tWRH 10 10 10 ns
RAS pulse width (C-B-R self refresh) trass | 100 100 100 “s 15
RAS precharge time (C-B-R self refresh) trrs | 110 130 150 ns 15
CAS hold time (C-B-R self refresh) tchs | -50 -50 -50 ns 15
TEST MODE CYCLE (Note.12)

Parameter Symbol 6 7 8 Units | Notes

Min | Max | Min| Max | Min | Max
Random read or write cycle time trC 115 135 155 ns
Read-modify-write cycle time tRwe | 160 190 210 ns
Access time from RAS tRAC 65 75 85| ns 34,11
Access time from CAS tcac 20 25 25| ns 345
Access time from column address taa 35 40 45| ns 3,11
RAS pulse width trAS 65| 10,000 75| 10,000| 85| 10,000| ns
CAS pulse width tcas 20| 10,000 25| 10,000 25| 10,000| ns
RAS hold time tRSH 20 25 25 ns
CAS hold time tcsH 65 75 85 ns
Column address to RAS lead time tRAL 35 40 45 ns
CAS to W delay time tewo | 45 55 55 ns 8
RAS to W delay time tRWD 90 105 115 ns 8
Column address to W delay time tAawD 60 70 75 ns 8
Fast Page mode cycle time trc 45 50 55 ns
Fast Page mode read-modify-write cycle time trRwc | 90 105 110 ns
RAS pulse width (Fast Page Mode) tRASP 65 | 200,000 75|200,000f 85|200,000f ns
Access time from CAS precharge tcPA 40 45 50{ ns 3
OE access time tOEA 20 25 25| ns
OE to data delay toen 20 25 25 ns
OE command hold time toEH 20 25 25 ns
118
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

NOTES

1.

{%;]

An initial pause of 200¢s is required after power-up
followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. ViH(min) and ViL(max) are reference levels for

measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 100pF and

Voh=2.0V(louT=2mA), Voi=0.8V(louT=2mA)

. Operation within the trcp(max) limit insures that

trac(max) can be met. treb(max) is specified as a
reference point only. If trRcD is greater than the
specified trcp(max) limit, then access time is
controlled exclusively by tcac.

. Assumes that tRcD > treD (max).
. tAR, twCR, tDHR are referenced to trab(max).
. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to VoH or VoL.

. twcs, trwp, tcwp and tawD are non restrictive

operating parameters. They are included in the
data sheet as electric characteristics only. If twcs>
twcs(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp>tcwb(min), tRwp>
tRWD(min) and tawp >tawp(min), then the cycle is a

12.
13.

15.

read-write cycle and the data output 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 trcH or tRRH must be satisfied for a read

cycle.

. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

. Operation within the trRaD(max) limit insures that

trac(max) can be met. tRaD(max) is specified as a
reference point only. If trAD is greater than the
specified trRan(max) limit, then access time is
controlled by taa.

These specifications are applied in the test mode.
In test mode read cycle, the value of trRac, taa, tcac
is delayed by 2ns to 5ns 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.

. toFr(max) and toez(max) define the time at which

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

2048 cycle of burst refresh must be executed
within 32ms before and after self refresh, in order
to meet refresh specification.

s v
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS
READ CYCLE

P/
>
17

VIL -

tac

tras

I

tar

terp trep tRsH
— Vi — tcas "4
CAS \ /
Vi — 2
tesn
tasr tran tasc
f—f e
Vi — ™ Row - COLUMN
A Vi — ADDRESS ADDRESS
=—1RaD tRaL tRRH —=]
’-—tacs.—( treH
W
Vi —
L tan
_ Vin —
- A
Vi —
toea I.’
OFF -t
toac —= = togz ——=
trac
Von—
DQ;-DQs OPEN VALID DATA-OUT 2—
VOL— -
= tcLz

DON'T CARE

L 1ms v
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY CYCLE)

tac
tras tap
-3
RAS Vin \ tam \
VIL -
terp treo tasH
tesn
= N /1 /
Vie = r=— tRAD —= A
tasr tran traL
neml tasc = = tcar—=
A Vie = " Row ) 7/ coluMN N
Vi — ADDRESS ADDRESS
L 7
v —
tewe
w Vi — twe
Vi —
twer
twes =1
tawL
OE Viu —
VIL -
tns———‘ FIDH
pa.pa, Y T 7
! 4 VALID DATA-IN
Vie — pl 4
tonr
WRITE CYCLE (OE CONTROLLED WRITE)
tro
tras e ——
V -— \
ms N e \
L t
il treo trsH
tesn
Ve - !
CAS H teas / /
Vi = — tRap —=
LL tran ol L tean ——
Vin —
A " m" ROW " coLumN
Ve — ADDRESS | ADDRESS |
traL
— Vi — twe
W
Vo — X
towe
tawe
Viu —
GE t
Vo — oEH
f=—tos — t=—ton
Vi — X 0"7’777‘7 V‘v v.v‘v’v’v‘v’v’v.v‘v‘v
- VALID DATA-I
oo ! _ v XXX

DON'T CARE

KX

0 1ms v
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KM44V4100A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE

tawe
trp —=

Vi~ tras
- N N
tere
I"_‘ treo trsH
Vi — R teas
CAs Vi — WASR ~— thao —~ \h p

tens

|

traH fw—ef tase f—={ te—=d toan

Viw — -
A ROW COLUMN
Vi — N

tawp ’——‘RWL
tewo _..__QCWL___1

Vi — - |_twe
w l— tcac —=d

Vi — trwo <

taa

Vi — toea
OFE H

Vi — | togo tos

][— trac toez ——f

Vor — r
DQ,-DQ, VALID VALID }___ —

Vo DATA OUT DATA IN

tez

FAST PAGE MODE READ CYCLE

trasp [= tap
- Vi = \ tan \_—!ancp—'——/
RAS Vo — - "
tere tec tec fe— trsH —=
taco tep tep
gty Gy
s Vi — W "\\ teas —“‘/"'- x“’— tCASj Vil R——- teas /—
Vie —
tasa| | t fosn t t t I
Al
o tom ASC CAH ASC caH
Vi — ] |
A " ROW " coLUMN ( sonum " coLumn
Ve — ADD , ADDRESS | ADDRESS | ADDRESS
1
F— tRAD —= ! tres trcn
tres 1= troH =1 b t— trrn
—
S - &
Vi —
[ tan tan
toea topa ——
=l 4
ViL — ) . 4%
= tcac - H torr I'—‘ toea l"—‘- torr }-—‘ toea l’_‘ torr
trac toez toac= [=toez teac— toez —
Vor— P! j
oa-na, VALID VALID VALID
1 4 VoL— DATA-OUT Py X DATA-OUT A X DATA-OUT 7
—=1 toz teuz toz

m DON'T CARE
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp tre
RAS e
- £ A
t tec twc—rﬁ
i trco tep tep [T —
— Vi — fe——tcas —— %‘CAS — toas —
CAS Ve — tran \
- lASC'--{-_ A tasc tasc
YR fosn tcan F—1 | toan
toan
Voo — ]
A " ROW ] COLUMN | COLUMN | ™ COLUMN
Vo — ADD ADDRESS ADDRESS ADDRESS
b tRAD ——] I~ twer fwes r—— twen twes | [ twer =1
two:
T R N T
Vi — f y $ N —|
=t towt
lch\——-l towe ‘! = tw —=]
__ Vi —
OE
Ve —
tos toH tos tom tos ton
pa;oq, VM T VALID VALID VALID
Vi — DATA-IN DATA-IN DATA-IN
tonR
FAST PAGE MODE READ-MODIFY-WRITE CYCLE
trase
. A — t
AS \ AR
ViL — \ A
cRP tprwC — trsH tap
tosH tce
R T e —
Vi — bt tRGD ] tasc | -
tasr tasc toan tow f— towe
toan trwL
N
A Ve rRow T coLumn COLUMN
Vi — ADD _hADD[RESS Y_ADDRESS
trap tral
P—= tros twe twe
i
W Vi — N /
Vi~ towo town
tawp tawo
tawn
oF Vik —
VL —
-—tA\A
toea—1 ton
teac l—
trac
Viyon— NN\ NN/
S
VioL— AVAVAVAVAVAVAVA
t
oz VALID VALI VALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN

m DON'T CARE
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

- 3
= Vi S

tre

- trp

—_— ‘RAS*———ﬂ

= \_/
S 1 G NN

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V, OE, A=Don't Care

tRC

trp

tRas:

trRPC

tcHR

m— 1

Vin—
RAS ]

Vil = tRpC

tesm

ViH—
CAS

ViL—

torr
ViioH — X

DQDAs vy — .“

OPEN

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)

NOTE: W, OE, A=Don't Care

F———tnp—ﬁ‘ trps

=5E Vin ™ / tRASS /
RAS

Vi — treC y \

tRPC ———e=]
tcp tchs
t

Viy — r'j CSR
LCAS / %‘

Vie= torr | !

- - OPEN
DQ1-DO4 o £

m DON'T CARE

= 1ms v
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tre tre :
RP
tras = tRp —— fo—— tras ——|
Vin — 3 t - 3
RAS \ i / \ N\
ViL — .
tcr taco trsH ——=
o Vi — \\ —_tm:'/_,c7———
Vi — 3 {
tasr _Eﬂ_': tasc L topi=]
A Vi = " Row COLUMN
Vi — . ADDRESS ADDRESS
t=——1RAD: 4‘ ) twre ][— twee
r tres RRH -——I
Vih — X
w T NEEOESEE0E
Vi — .
AR
Vi —
—tcac 1--——-:0FF .
trac togz —
oH — /s
DQ,-DQ, VALID DATA-OUT
Voo = towz ~
HIDDEN REFRESH CYCLE (WRITE)
i tre
" tRp =y tap =
tras F——tras
Vih — 3{ tan \
RAS Ve — 74 L / \
ere treo tReH ——=i
R Vin — \ —‘CHRY /
CAS
Vi — _/ N f
tasr tRan tasc toan
Vin = ™ Row COLUMN
A v, — \_ ADDRESS ADDRESS
[
YRAD———I twrp twre
1, —_—
F= twes — e
w Vi — twe
Vi —
OF Vi —
Vie —
fos F‘DH_“'
Von — - .V \N/\/\/\/ V’V’V V’V‘V’V’V"‘V"""’""V‘V‘V‘
oovsn. ML@ o o R AR RS
tonr

KX

DON'T CARE
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KM44V4100A/AL/ALL/ASL CMOS DRAM

TlM'NG DlAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ~ tap
— Vig — [
w v N - X
tept RSH
&FS Vin — _IY%-Si tenr )t _.j\ teas -
Vi — } N D, /|
traL
tasc tcan
Vin— F
A > () COLUMN
e — XXROXKIECNNN, 5B
tan =1 trrH
READ CYCLE It-wf-P- —-1waH—| frcs, -—tcnc—-J ’- treH
Vin —
- X A\
_ Viy —
OE Vi —
‘—_—fosA 'OEZI-_— torr
Vor— \
DQ+-DQ4 o VALID DATA-OUT }-—
VoL — torz
towe
WRITE CYCLE twap waH—‘ trwt
w Viy — M twes I
ViL — N
twe
o€ Vih —
Vi —
tos I
oapa, 7 OPEN L vauooatan
VoL — 3y ¢ “tow
READ-MODIFY-WRITE tawp

b

al

twre b=— twrH tacs ., F=— tRwL —=—
WCwDr
k¢
VIH _ w 7 ﬁ )
Vi — :

fcac

tan

T - SN e

1 = ton

toez |

toz -~ tos
Q;-DQ Yoon ™ - }-@ N
DQ4-DQ4
VoL — e N\A
—

VALID DATA-OUT  VALID DATA-IN

DON'T CARE
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

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

g -
Y,
I R BT
DQ;-DQ, Vou — N OPEN

Voo — N4

TEST MODE DESCRIPTION

The KM44V4100A/AL/ALL/ASL 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 Ao and A1 are not used. If,
upon reading, four bits on one D/Q pin are equal (all
"1"s or "0"s) the D/Q pin indicates a "1". If they were
not equal, the D/Q pin would indicate a "0". In "Test

Mode", the 4M x4 DRAM can be tested as if it were a
1M x 4 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 (1/4 in cases of N test
pattern).

s v

ELECTRONICS

127



KM44V4100A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters)

0.027 (0.69)
MIN

rIjl"'ll_lf_]l_|l_| I_H‘I[_ll‘ll_!l_|1
g\e gEBIE g8
) O ~ie Cle 2|2 e|le
Qln 9|9 |
g8 88813 g5
Sla olo o|e Slo

LO

J

J T 07 J0TJ T 7 7 0J T 7
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) 0.145 (3.68)

T\

0.026(0.66)
" 0.032(0.81)

IE 0.004(0.1) Al

0.050(1.27) J | 0.015(0.38)
Tvp | ] " 0.021(0.53)
0.050(1.27)

MAX

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type)

0,03 (0.80)
TYP
fi%ﬁ%%% HHHHHH —[—
NS r — S
2|2 S ss
Y O3 5t s
o | o o oo
(o]
\. W,
oBEEEE5E gHgdHgd| | —
g«
0671 (17.04) |z
@D~
0.679 (17.24) 88
sl 0.005 (0.13)
0.008 (0.20)
Elimwon] GUHARATAHAAAR
0.048 (1.22) 0012 (0.30) L_ .
0.052 (1.32) 0.020 (0.50) 0.037 (0.95)
TYP

0016 (0.40) [ i
0024 (060) IR
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KM44V4100A/AL/ALL/ASL

CMOS DRAM

PACKAGE DIMENSIONS
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL)

I e B A

B o Y

Units: Inches (millimeters)

B 0.025(0.64)
MIN

( © sle ol _
) O = R
{O o olo S
| N OO (N N | | U U N L B U O OO ' *744'*
0.725(18.42) ‘ 0.144(3.66) |
‘ MAX
\
IE 0.004(0.1) 1{%
0.050(1. 27;] ‘_M 0.015(0.38) __‘ } 0.026(0.66)
TYP [ 0.021(0.53) [ 0.082(0.87)
- 0.050(1.27)
MAX
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE
(400MIL, Forward and Reverse Type)
0.03(0.80)
TYP
(EH;H;H;IQI;I HFIF!QFH;I —
= e g8
D O| & s i
Slo S sls
° J
-
HEHHEHE HEHBEHEH| —
2k
0.723 (18.36) o
0.727 (18.46) 2ls
=P 0.005 (0.13)
0.008 (0.20)
I \
Elewes) O HAAD
0.048 (1.22) 0012 (0.30)
0.052 (1.32) 0.020 (050) 0.037 (0.95)
TYP
0,016 (040) ’
0.024 (060) =
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'KM48V2000A/AL/ALL/ASL

CMOS DRAM

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

« Performance range:

trAC tcac tre

KM48V2000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns
KM48V2000A/AL/ALL/ASL-7 | 70ns 20ns | 130ns
KM48V2000A/AL/ALL/ASL-8 | 80ns 20ns | 150ns

« Fast Page Mode operation

 Byte Read/Write operation

« CAS-before-RAS refresh capability

- RAS-only and Hidden Refresh capability

» TTL compatible inputs and outputs

« Early Write or output enable controlled write

« Double+3.3V+ 0.3V power supply

« 4096 cycles/64ms refresh (Normal)

» 4096 cycles/128ms refresh (Low power & Self Ref.)
« 4096 cycles/256ms refresh (Super Low power)
- JEDEC standard pinout

« Available in plastic SOJ and TSOP(ll} packages

FUNCTIONAL BLOCK DIAGRAM

Control

GENERAL DESCRIPTION

The Samsung KM48V2000A/AL/ALL/ASL is a high
speed CMOS 2,097,152 bit x8 Dynamic Random
Access Memory. Its design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers.

The KM48V2000A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM48V2000A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

Voo
Clocks Vss
W —— Ves Generator

i

I Refresh Timer |

i ]

1»-{ Refresh Control ]

1
[ Refresh Counter l

AO-A11 _'::I Row Address Buffer

AO-A8 | Col. Address Buffer I——

] Data in
Row Decoder Buffer
Q
ﬁ DQ1
Memory Array g -9 to
2,097,152 x8 i » DQ8
Cells ]
g
(%}
Data out
Buff l— OF
Column Decoder umer CE

L= v
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

PIN CONFIGURATION (Top Views)

» KM48V2000 AJ/ALJ/ALLJ/ASLJ

+ KM48V2000 AT/ALT/ALLT/ASLT

+ KM48V2000 ATR/ALTR/ALLTR/ASLTR

voo}1 © 2817 Vss Voo [[]1 O 28[ T Vss Vss ] 28 1|1 Voo
DQ: [ 2 27 [1DQg DQ1 [ 2 27D bQs DQg ] 27 (@] 2|1 bQy
DQ, []3 26 1 DQ7 0Q, ] 3 26 |'T1 DQ7 DQ; ] 26 3| b,
DQ3 [] 4 251 DQs DQ3 ] 4 25[T]1 DQg DQg ] 25 41 by
DQ4 [ 5 24173 DQs DQs [ 5 2411 DQs DQs ] 24 5[ DQ4
w e 23[1TAS w]e 23[ 1 CAS CAs[]23 6O W
RAS ] 7 22[10E fAS ] 7 22|11 OE OE ] 22 7 |00 RAS
An]s 217 A N.C]8 21[T) Ag Ag T 21 81T A
Ao 9 20 [ As A []9 201 As Ag [T 20 9 [ A
Ao C}10 19 A7 A T 10 190 A7 a7 )19 10 [ Ag
A 11 18 [ As Ay O] 18 [ As Ag ] 18 11 [0 Ay
Ap 12 17 [3As A ] 12 17D As AsT]17 12 11 A2
Az []13 16 [ A4 A3 0413 16 {11 As AsT]16 1310 As
Voo [ 14 15 3 Vss Voo [T] 14 0] 15T Vss Vss[] 15 ®) 140 Voo
—e
Pin Name Pin Function
Ao-At11 Address Inputs
DQ1-8 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
OE Data Output Enable
VbD Power(+3.3V)
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KM48V2000A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, VouT -0.5~4.6 \
Voltage on Vop Supply Relative to Vss Vob -0.5~4.6 \
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Pp 1 w
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (voltage referenced to Vss, TA=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage VbD 3.0 3.3 3.6 \"
Ground Vss 0 0 0 \
Input High Voltage VIH 2.0 — Vop + 0.3 )
Input Low Voltage ViL -0.3 — 0.8 \

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

L= 1ms v

ELECTRONICS

Parameter Symbol | Min | Max | Units
Operating Current* KM48V2000A/AL/ALL/ASL-6 80 mA
- " : KM48V2000A/AL/ALL/ASL-7 lcct - 70 mA
(RAS and CAS Cyoling @tro=min) KM48V2000/AL/ALL/ASL-3 60 | mA
KM48V2000A 2 mA
Standby Current KM48V2000AL coa ; 1 mA
(W:Cﬁ:W:le ) KM48V2000ALL 1 mA
KM48V2000ASL 1 mA
=i . KM48V2000A/AL/ALL/ASL-6 80 mA
E:ATSS-?\ZLV fdio o, ) KMASV200AAUALLASLT | lecs | - | 70 | mA
=V, ycling @tRo=min. KM48Y2000A/AL/ALL/ASL-8 60 | mA
. KM48V2000A/AL/ALL/ASL-6 . 70 mA
%ﬁﬁe e e o cling @ipocrmi ) KMASV2000NALALUASLY | locs | - | 60 | mA
=Vib LA, yoling @lpo=min. KM48V2000A/AL/AL L/ASL-8 5 | mA
KM48V2000A 1 mA
Standby Current KM48V2000AL lcos _ 300 #A
(RAS=CAS=W=VbD-0.2V) KM48V2000ALL 200 HA
KM48V2000ASL 200 #A
== = N KM48V2000A/AL/ALL/ASL-6 80 mA
%%iﬁ;oz%‘\g zie;'esé‘moé‘_’:?:) KMAGV2000NALALUASLY | s | - | 70 | mA
ycling @tRc=min. KM48V2000A/AL/ALL/ASL-8 60 | mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage (ViH)=Vbp-0.2V
Input Low Voltage (Vi)=0.2v CAS=CAS-Before-RAS Cycling im::xggggﬁ;[_ lcc? - ggg “ 2
or 0.2V DiN=Don't Care Trc=31.254S(L-Ver) “
62.51:S(SL-Ver), Tras=Tras min.~300ms
Self Refresh Current
RAS=CAS=0.2V
W=OE=A0-A11=V0D-0.2V or 0.2V KM48V2000ALL lccs - 250 #A
DQ1~DQs=Vpp-0.2V, 0.2V or Open
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DC AND OPERATING CHARACTERISTICS (continued)
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units

Input Leakage Current | 10 10 A
(Any input 0<VIN <VbD+0.3V, all other pins not under test=0 volts.) It #
Output Leakage Current B
(Data out is disabled, 0V <Vout <VbD) low 10 10 LA
Output High Voltage Level (loH=-2mA) VoH 2.4 - \'
Output Low Voltage Level (loL=2mA) VoL - 0.4 Vv

*NOTE: Icct, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and lccs, Address can be changed maximum
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (12-25°C, Vbp=3.3V, f=1MHz)

Parameter Symbol Min Max Unit

Input Capacitance (Ao~A11) CiNg - pF

Input Capacitance (RAS, CAS, W, OE) Cinz - pF

Input Capacitance (DQ1~DQs) Cba - pF
AC CHARACTERISTICS (°c<Ta<70°C, Vop=3.3V+ 0.3V, See notes 1,2)
Test Condition : Vin/Vii=2.0V/0.8V, Von/Vol=2.0V/0.8V, Output Loading CL=100pF

Parameter Symbol 6 7 -8 Units | Notes
Min | Max | Min| Max | Min| Max
Random read or write cycle time trRC 110 130 150 ns
Read-modify-write cycle time trwe | 155 185 205 | ns
Access time from RAS tRAC 60 70 80 ns 34,11
Access time from CAS tcac 15 20 20| ns 3,45
Access time from column address taa 30 35 40 ns 3,1
CAS to output in Low-Z toLz 5 5 5 ns 3
Output buffer turn-off delay toFF 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 tre 40 50 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 tRCD 20 45| 20 50| 20 60| ns 4
RAS to column address delay time tRAD 15 30 15 35 15 40| ns 11
CAS to RAS precharge time tcre 5 5 5 ns
Row address set-up time tAsR 0 0 0 ns
133
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

AC CHARACTERISTICS (Continued)

s v

ELECTRONICS

Parameter Symbol -6 7 -8 Units | Notes
Min | Max | Min | Max | Min | Max
Row address hold time tRAH 10 10 10 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcAH 10 15 15 ns
Column address hold time referenced to RAS tar 45 55 60 ns 6
Column address to RAS lead time tRAL 30 35 40 ns
Read command set-up time trRCs 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 ns 9
Write command hold time tweH 10 15 15 ns
Write command hold 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 lead time towL 15 20 20 ns
Data set-up time tos 0 0 0 ns 10
Data hold time toH 10 15 15 ns 10
Data hold time referenced to RAS toHR 45 55 60 ns 6
Refresh period (Normal) tREF 64 64 64| ms
Refresh period (Low power & Self Ref.) tREF 128 128 128| ms
Refresh period (Super Low power) tREF 256 256 256 ms
Write command set-up time twes 0 0 0 ns 8
CAS to W delay time tcwp 40 50 50 ns 8
RAS to W delay time tRWD 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) tCHR 10 15 15 ns
RAS to CAS precharge time tRPC 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) teet 20 30 30 ns
Access time from CAS precharge tcra 35 40 45| ns 3
Fast Page mode cycle time trc 40 45 50 ns
Fast Page mode read-modify-write cycle time trRwc | 85 100 1056 ns
CAS precharge time (Fast Page mode) tep 10 10 10 ns
RAS pulse width (Fast Page mode) tRASP 60 | 200,000 | 70 |200,000| 80 |200,000f ns
RAS hold time from CAS precharge trRHcP | 35 40 45 ns
OE access time toEA 15 20 20| ns
OFE to data delay toeo 15 20 20 ns
Out put buffer turn off delay time from OE toez 0 15 0 20 0 20| ns
OE commend hold time tOEH 15 20 20 ns
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KM48V2000A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (continued)

Parameter Symbol -8 -7 -8 Units | Notes

Min | Max | Min| Max | Min| Max

Write command set-up time (Test mode in) twrs 10 10 10 ns
Write command hold time (Test mode in) tWTH 10 10 10 ns
W to RAS precharge time (C-B-R refresh) twap 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
RAS pulse width (C-B-R self refresh) trass | 100 100 100 us 15
RAS precharge time (C-B-R self refresh) trs | 110 130 150 ns 15
CAS hold time (C-B-R self refresh) tchs | -50 -50 -50 ns 15
TEST MODE CYCLE (Note.12)

Parameter Symbol -6 -7 -8 Units | Notes

Min | Max | Min| Max | Min| Max
Random read or write cycle time tRC 115 135 155 ns
Read-modify-write cycle time tRwc | 160 190 210 ns
Access time from RAS trRAC 65 75 85| ns | 34,11
Access time from CAS tcac 20 25 25) ns 3,4,5
Access time from column address taa 35 40 45| ns 3,11
RAS pulse width trRAS 65 | 10,000 75| 10,000, 85| 10,000{ ns
CAS pulse width tcas 20 /-10,000| 25| 10,000; 25| 10,000| ns
RAS hold time tRSH 20 25 25 ns
CAS hold time tesH 65 75 85 ns
Column address to RAS lead time tRAL 35 40 45 ns
CAS to W delay time towo 45 55 55 ns 8
RAS to W delay time tRWD 90 105 115 ns
Column address to W delay time tawp 60 70 75 ns
Fast Page mode cycle time trc 45 50 55 ns
Fast Page mode read-modify-write cycle time tPrwC | 90 105 110 ns
RAS pulse width (Fast Page Mode) tRaSP | 65 | 200,000 | 75 |200,000| 85200000 ns
Access time from CAS precharge tcpPa 40 45 50| ns 3
OF access time toEA 20 25 25| ns
OE to data delay toED 20 25 25 ns
OE command hold time toeH 20 25 25 ns
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

NOTES

1. An initial pause of 200us is required after power-up

followed by any 8 CBR or ROR cycles before
proper device operation is achieved.
2. ViH(min) and ViL(max) are reference levels for

read-write cycle and the data output 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.

measuring timing of input signals. Transition times 9. Either trcH or tRRH must be satisfied for a read
are measured between ViH(min) and ViL(max) are cycle.
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS

3. Measured with a load equivalent to 100pF and leading edge in early write cycles and to the W
Voh=2.0V(lout=2mA), Voi=0.8V(louT=2mA) leading edge in read-write cycles.

4. Operation within the trco(max) limit insures that 11. Operation within the trap(max) limit insures that
trac(max) can be met. trep(max) is specified as a trac(max) can be met. trRap(max) is specified as a
reference point only. If trcp is greater than the reference point only. If tRAD is greater than the
specified trRcp(max) limit, then access time is specified trRap(max) limit, then access time is
controlled exclusively by tcac. controlled by taa.

5. Assumes that trRcp >tRcD (max). 12. These specifications are applied in the test mode.

6. tAR, twCR, toHR are referenced to tRab(max). 13. In test mode read cycle, the value of tRAC, taa, tcac

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value.
output achieves the open circuit condition and is These parameters should be specified in test mode
not referenced to VoH or VoL. cycles by adding the above value to the specified

8.twcs, trwp, tcwb and tawp are non restrictive value in this data sheet.
operating parameters. They are included in the 14. torr(max) and toez(max) define the time at which
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and
twes(min) the cycle is an early write cycle and the are not referenced to output voltage level.
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed
duration of the cycle. If tcwp>tcwbp(min), tRwb > within 64ms before and after self refresh, in order
trRwD(min) and tawb >tawp(min), then the cycle is a to meet refresh specification.

TIMING DIAGRAMS
READ CYCLE
tre
o Vin— fpo—rr—-—tRAS————————————— | ——1RP
RAS [SS——
ViL— \ tAR
¢ tcsH
CRP, trco tRSH
tcas /
— ViH—
cAS H \ e
ViL— L —tRAD tRAL
ASR_| | tRAH I
- tasc TcAn
ViH— ROW
A R G T
t ' t—=ttRCH
’J—ci tRRH

= Vin— OOCXAXEXKXXXX XXX

w ViL— tROH "A‘?A"A‘A‘A‘A“A‘A‘A“A‘A‘A’A‘A‘A‘A’A‘

tAA

oE Vih— = toea— ]

ViL—
tcac- 1 toFF
trac toez

0Q;-DQs z°”_ OPEN VALID DATA-OUT

oL— | terz—]

m DON'T CARE
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY WRITE)

tRc
tms————# trp
_ ViH—
RAS e tar Z
[oRe treo o trsH
(TS :I/‘H_ / tRaH \ tcas ‘L
IL— ] f—
tasr tasc toar | 1R
A Vin— ROW COLUMN
Vie— ADDRESS ADDRESS
= tRaD— A
twes L lv\fg:-—
w Vik— twp
ViL—
twor
tRwL
oF ViH—
ViL— 1
tDHR
' tos > t'DH—
DQ;-DQs \\?:: VALID DATA-IN OPEN
WRITE CYCLE (OE CONTROLLED WRITE)
tRas - tRP———t
. (N
tcsH
k—ER—P' tRcD trsH
— Vin—
t
CAS Vi _f I \ tcA:s / \_
tasR | | traH " Ttasc I toan—1 RAL
ViH— r
A v:— m ASbRESS fgnl'gyst
—— towL
tRwL
. ViH— - (INVY \VAVAVAVAVAVAVAV AVAVATAVAVAVAVAVAV AV AVATAVAY,
" Vi = e XIS
|toEH
. ViH— - 7 v,
o Vi D I e
ﬁ = toH—
Vi VALID DATAIN
DQ;-DQs Vi—

m DON'T CARE
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE

RAS

CAS

=l

DQ,-DQg

tRWC——— = oo f———A——j
tras tRp
ViH— !( — tam
ViL— 2 \_
tesH——
tcrp
f—‘— tRcD tRsH
b o [T\
ViL—
l_t_AjR_ _'fm tasc tcan
ViH— W COLUMN
ViL— ADDRESS ADDRESS
[
—— — tAWD~——— _
= trap—] e oo = towL.
trRwo tRwL
i«— twe
ViL— —
V vvvvvvvvvvvvvvvvvv’v.v" foea
IH— .. Y
v SOOBBABEBAAEEEEA00

VijoH —
Vior —

!

}—- tcac—

toeo
tos
toez

L—— tpH~—]

FAST PAGE MODE READ CYCLE

RAS

cAs

DQ;-0Qsg

ViH—
ViL—

ViH—
ViL—

ViH—

ViL—

ViIH—
ViL—

Vin—

ViL—

VoH—
VoL—

|
| —— VY
|
! VAV.Y 9 0, VAVAVAVAVAVAVAWAVAVATLY,
VALID VALID X XXX
. DATA-OUT DATA-IN _/ "A‘? f‘f’?‘.‘t’.’.ﬁ."’ﬁ“ﬁ‘?‘
1
L tap
trASP
E tAR 2
tace
trc
tcrP tRSH —=t
o s i
t
e A
trAD 4 ! j
—-—-—]‘ CSH tRAL
tasr tRaH  tasc | toaH tasc| | tcaH tasc| | tcan
15— | ASC ~__'
COLUMN COLUMN COLUMN
ADD ADDRESS ADDRESS ADDRESS
§ et
trCs t 4
¢ RCH l“ tRcs s 4 L-ﬂr«:s ~e| = tRCH
X [ L, [V 'd ‘
AA SRS 1y I taa—=q 0RH
toea 'CPA
toea toea
tcac ! '
thac !_IEF_ tcac l.tﬁi tcac L] torr
toiz toez tcLz toez tcrz |+ toEz =
VALID Y, VALID 7~ VALID
DATA-OUT. DATA-OUT] DATA-OUT

m DON'T CARE
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
o

' e - —tRASP — - e
RAS : &—‘ taR—— ) j
1cRP tRSH———
_ F—‘ {‘"—T
CAS . —— tcAs—
- . tRAL.
tASR— f"!—'ﬁﬁ “ASC : Masc| [ toad
s ; 5
A R Souun s
“_.,‘,M_ H:' o towL —— twes _#ICWL‘*{ twcs_i‘\:":ICWL
twos tweH ! ! i twCH I tRw L
T RO TR (TN e KRS
W T 1 LB AN /0
. """Vo"""'q"'" VVVVVYV"""'VVV" VAAA/VVYVY /'.VVVVVVYVVVVV"VVVYVVVVV
ot B N
JP;.ZHR [ doH_ t0s | i_tg-_q_ tos | tow
SN vttt D v SESE 11 A S

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

|_trp
tRasP
RAS s {4 7 \
i (c " L
b | .
i tPRWC RSH——j
5 t t top t ‘
t—-tRcD A
cAS toas oxe cRP——|
che tRAD 7 -ieA
-
|} tRaH |
~ tcAH |
s ! lasc = 1ASCl) | toan Asc L‘t -
! - I ~== - tcaH
o
A 0 coL COL CoL
ADD. '\ ADD ADD ADD
T T i
. — '—J[ tawD- J . L | | trwe —|
RCS — WL o !
f tewp *‘CWD‘{ towt ;—k:wot’_ ——
L | — } 3
W -
—t—tawp g —-’-— tawp —— —— tawp N
; —| wp ! ] twp(__ _ 1] twp—
— tAA
toea | toea ’
— [ | — —toea
i L £ (
T j T\ ﬁ
OF ]
OF i toep | ‘ ! i L toED
o B e T e ||
CA . i CAC
T _Jtoez toac - ! ]
—trac—— || ] toez fala toE:
| D "Ttaa 'H‘—Ti ! |
[tos| — tou M -H —tpu al tom
DQ,-DQs ou N ) LM N m g ou N _—
— ez toLz ftoLz

m DON'T CARE
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

.RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

tRC

tRAS

- tRp

Vin— 3&

RAS Vi

tcrp

trPC

ViH—
ViL— _/
tasr
A
ViL— k—

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

tRAH

ROW ADD

NN NRORO

A

tRP

ViH—

tRe

trRp

tRas

RAS

]

Vies J}—— tnPc«-(

ViH—

tcsr

tcHR

cAs [
Vie—

torr

Vion — \‘

DQ,-DQs OPEN

tRPC

Vior — ra

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)
NOTE: W, OE, A=Don't Care

l— tRp—————i

Vin ™

f=—tRPS

RAS

J \ tRass

ViL— thpe

tcp

Vi — ) |tosr
Vi .___/

'_
O
ol

ters

tapc ———]

torF |

VoH — N

DQ1-DQs OPEN

VoL — A

L= s v
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KM48V2000A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

AR ::‘L*: \ e \ J/; \
toRP tRCD ———f——tRSH ——J tcHR
N ViH—
S i\ / \
tasr +— »-—tjf:;x: B oA
SN €5 ()
_ ViH— — +— ‘RRH TATAVAVAVAVVAVAV
R R,
Vih— OEA 7 YaVAVAV, XX YA VAA/
o8 e t RSB
DQ;-DQg \"/"”: J\ ' VALID DATA-OUT 4;%
HIDDEN REFRESH CYCLE (WRITE)
tRAS Re tRp——] ‘ e tap ——|
_ i — tRAS
RAS e \r taR / \ ) \
——1tRSH——
- " CRe #—— trRcD —— CHR
CAS ViL— _/ = tRAD — \\ / \
ViH— v s N ANV Y VN N NN N NN NNNNNNNNNNNANNNN/N/
C e O X s X R R AR RER
| twes — k‘ l—tweH —
— ViH— J twp VAV \NANANNAANANNAANNVNVNVNVV VYV VVVVVV VA
R m R
o Vin— l
OE Vi—
'os _| toH
ViH—
DQ,-DQsg &SZ&%& VALID DATA
ViL— )
~ tDHR @ DON'T CARE

LS v

ELECTRONICS

141



KM48V2000A/AL/ALL/ASL

CMOS DRAM

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

tras —— trp
— ViH— B
RAS S z
ViL—
t
i tcHR tepT— tRsH
ViH—
CAS S S tcas /
ViL— 4
tRAL
tase i toam
Vii— YWAWNVVVVYWWVYWIWYWVWWVN S COLUMN
A QORI ROOOXXXXXXXD
vi— OOOOOXAXXXXXXX XXX ADDRESS ,
tRRH
t
READ CYCLE tRcs A'XCAC { tRCH
. ViH—
w
ViL— tROH——
ViH— toEA
OF ViL—
’ I
- toFF
toiz N
VoH— f X
DQ;-DQs v OPEN VALID DATA-OUT _‘{__
oL—
WRITE CYCLE o
— tewt
_ ViH— twes
m = tweH
"~ | ]
ViH—
OE
ViL—
ES_{ ’_7 toH
ViH— -
DQ,-DQs OPEN VALID DATA-IN
Vi 3 f towL
READ-MODIFY-WRITE tawo e
I-—'ES— 4 towp
w
Vi— tcac
taa
Vi— toea)
OE / toep
ViL— 1
tcac toez tos| | tow
torz— 1
VioH— VALD N _
DQ;-DQs VioL— / DATA-N J/
VALID __/
DATA-OUT

@ DON'T CARE

s v
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KM48V2000A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSION

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millmeters)
0.720(18.29) 0.027(0.69)
0.730(18.54) MIN
il mimim sl /r;;\/ .
31 sz 52 88
:) O Qe L] [ D
—_ [=]{=] R =5
g8 gly g5 8|3
oo g g ele o|o
o ~ /b:j_———
I O |
0.026(0.66)
0.032(0.81) 0.140(3.56)
0.148(3.76)

[ 0.004(0.1)

0.050(1.27)
MAX

0.016(0.41) 0.050(1.27) '
0.020(0.51) TYP |

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type)

Units: Inches (millimeters)

0.740 (18.80) 0.03 (0.80)
MAX

HEHRHRHHHHHHAHAHAHAH e

0.398 (10.11)
0.402 (10.21)
0.423 (10.76)
0.459 (11.66)
0.466 (11.86)

° U

EBEEEEEHEHEEEHEHE Y B

0.005 (0.13)

0.722 (18.36) 0.037 (0.95) 0.008 (0.20)

0.726 (18.46) W
[ 0.08 MAX t u
0.037 (0.95) I | 0.048 (1.22) I 0.016 (0.40)

] [ 0052 (1.32) | 0.020 (0.50)

0.016 (0.40)
0.024 (0.60)
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KM48V2100A/AL/ALL/ASL

CMOS DRAM

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

« Performance range:

trac tcac tre

KM48V2100A/AL/ALL/ASL-6 | 60ns 15ns | 110ns
KM48V2100A/AL/ALL/ASL-7 | 70ns | 20ns | 130ns
KM48V2100A/AL/ALL/ASL-8 | 80ns 20ns | 150ns

« Fast Page Mode operation

» Byte Read/Write operation

+ CAS-before-RAS refresh capability

« RAS-only and Hidden Refresh capability

» TTL compatible inputs and outputs

« Early Write or output enable controlled write

* Double+3.3V£ 0.3V power supply

» 2048 cycles/32ms refresh (Normal)

« 2048 cycles/128ms refresh (Low power & Self Ref.)
« 2048 cycles/256ms refresh (Super Low power)
« JEDEC standard pinout

« Available in plastic SOJ and TSOP(ll) packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM48V2100A/AL/ALL/ASL is a high
speed CMOS 2,097,152 bit x8 Dynamic Random
Access Memory. Its design is optimized for high
performance applications such as mainframes, mini
computers, graphics and high performance portable
computers.

The KM48V2100A/AL/ALL/ASL features Fast Page
Mode operation which allows high speed random
access of memory cells within the same row.

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

The KM48V2100A/AL/ALL/ASL is fabricated using
Samsung's advanced CMOS process.

AE o Control Voo
Clocks Vss
W —=— Ves Generator

Data in
r Refresh Timer —l Row Decoder F‘ Buffer
I I o
V-r Refresh Control —I o DQ1
1 Memory Array é 1+ to
Refresh Counter
r oun 1 2,097,152 x 8 i » bQs
2]
=
¢ Q
A0 —1 Row Address Buffer 0
A0~A10 t-——i Data out
Buff l—— OF
AO-AS I Col. Address Buffer Column Decoder wrer OE

L ms v

ELECTRONICS

144



KM48V2100A/AL/ALL/ASL CMOS DRAM

PIN CONFIGURATION (Top Views)

+ KM48V2100 AJ/ALJ/ALLJ/ASLJ) - KM48V2100 AT/ALT/ALLT/ASLT - KM48V2100 ATR/ALTR/ALLTR/ASLTR

vooC]1 © 28} vss Voo [I]1 O 2811 Vss Vss ] 28 1 |1 Voo
pay ] 2 27 [1DQg DQy ] 2 27111 DQg DQg (] 27 (0] 2 pa,
pQ, ] 3 26 [ D07 DQ2 1] 3 26 T1DQ7 DQ7 ] 26 3| oQ;
DQ3 [ 4 25 [ DQs DQ3 7] 4 25T DQs DQs ] 25 4 I'M DQ3
DQs [5 24[1DQs DQs ] s 24T DQs DQs 0724 5T DQs
w s 231TAS w6 23T TAS (Tsuz‘zs 6O W
RAS[]7 221 GE RAS ] 7 22T OE Elézz 7 {1 RAS
NC[]s8 21 Ag N.CO]8 21 Ag Ag ] 21 8 g N.C
Ao le 201 Ag A O]9 20D As Ag 129 9 [ A
Ag T 10 197 Az Ag ] 10 wgm A7 19 10111 A
A 11 18 {1 As Ay T 11 18 {1 As A ] 18 11 [0 A
Az ] 12 17 [34s A ] 12 17fmAs As ] 17 1211 A2
Az []13 o 16 I 1A4 Az 0]13 16 [0 A4 A6 131 As
Voo : 14 151 Vss Voo [} 14 0] 15 [ 11 Vss Vss ] 15 O 14 [0 Voo
Pin Name Pin Function
Ac-A10 Address inputs
DQ1-8 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
w Read/Write Input
OE Data Output Enable
Vob Power(+3.3V)

Pimsuneg -
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KM48V2100A/AL/ALL/ASL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -05~ 46 \
Voltage on Voo Supply Relative to Vss Vob -0.5~4.6 \"
Storage Temperature Tstg -55to + 150 °C
Power Dissipation Pp 1 w
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
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vop 3.0 3.3 3.6 \
Ground Vss 0 0 0 \'
Input High Voltage VIH 2.0 — Voo + 0.3 Vv
Input Low Voltage ViL -0.3 — 0.8 Vv

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

s unyg

ELECTRONICS

Parameter Symbol| Min | Max | Units
Operating Current* KM48V2100A/AL/ALL/ASL-6 100 mA
— . R KM48V2100A/AL/ALL/ASL-7 Icc - 90 mA
(RAS and CAS Cycling @thc=min) KM48V2100AAUALL/ASL-8 80 | mA
KM48v2100A 2 mA
Standby Current KM48V2100AL loc2 } 1 mA
(RAS=CAS=W=ViH) KM48V2100ALL 1 mA
KM48V2100ASL 1 mA
ErE N KM48V2100A/AL/ALL/ASL-6 100 mA
(RC;‘\TSS-E)\Z::’ g%eéh g;"e;‘tﬁc_min : KM48V2100A/AL/ALL/ASL-7 Iccs - 9 | mA
=Y, RS byeling EiRe=min. KM48V2100A/ALALL/ASL-8 80 | mA
Fast Page Mode Current* KM48V2100A/AL/ALL/ASL-6 80 mA
e . . KM48V2100A/AL/ALL/ASL-7 lcca - 70 mA
(RAS=ViL, CAS, Address Cycling @tpc=min.) KMA8V2100A/ALALL/ASL-8 60 mA
KM48V2100A 1 mA
Standby Current KM48V2100AL lccs B 300 #A
(RAS=CAS=W=VpD-0.2V) KM48V2100ALL 200 #A
KM48V2100ASL 200 #A
= =& . KM48V2100A/AL/ALL/ASL-6 100 mA
%?%A‘%‘g Fefresh Current ) KMASV2100NALUALUASLT | locs | - | 90 | mA
yeling @tre=min. KM48V2100A/AL/ALL/ASL-8 80 | mA
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage (ViH)=VoD-0.2V
Input Low Voltage (Vi)=0.2V CAS=CAS-Before-RAS Cycling imgggggﬁ;l_ lcc7 - ggg # 2
or 0.2V Din=Don't Care Trc=62.54S(L-Ver) a
1254 S(SL-Ver,), TRas=Tras min.~300ns
Self Refresh Current
RAS=CAS=0.2V
W=OE=A0-A10=VDD-0.2V or 0.2V KM48V2100ALL Iccs - 250 1A
DQ1~DQs=VpD-0.2V, 0.2V or Open
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KM48V2100A/AL/ALL/ASL CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units
Input Leakage Current
(Any input 0 <VIN <VDD+0.3V, all other pins not under test=0 volts.) o -10 10 LA
Output Leakage Current
(Data out is disabled, OV <Vout<Voo) low | -10 ) 10| #A
Output High Voltage Level (loH=-2mA} VoH 2.4 N \
Outp'ut Low Voltage Level (loL=2mA) VoL - 0.4 \

*NOTE: lcct, lecs, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle.

CAPACITANCE (14-25°C, Vo0=3.3V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (Ao~A11) CiNT - 6 pF
Input Capacitance (RAS, CAS, W, OF) CiN2 - 7 pF
Input Capacitance (DQ1~DQs) Cba - 7 pF

AC CHARACTERISTICS (0°c <Ta<70°C, Vbop=3.3V£ 0.3V, See notes 1,2)
Test Condition : Vin/Vi=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF

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

Random read or write cycle time tRC 110 130 150 ns
Read-modify-write cycle time tRwc | 155 185 205 ns
Access time from RAS tRAC 60 70 80| ns | 34,11
Access time from CAS tcac 15 20 20| ns | 345
Access time from column address tan 30 35 40| ns 3,11
CAS to output in Low-Z tcLz 5 5 5 ns 3
Output buffer turn-off delay toFF 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 trRP 40 50 60 ns
RAS pulse width trAS 60 | 10,000 | 70 10,000 | 80 10,000 ns
RAS hold time ' tmsH | 15 20 20 ns
CAS hold time tesH 60 70 80 ns
CAS pulse width ) tcas 151 10,000 | 20| 10,000 20; 10,000 | ns
RAS to CAS delay time tRCD 20 45| 20 50| 20 60| ns 4
RAS to column address delay time trRAD 15 30 15 35 15 40| ns 1
CAS to RAS precharge time tcrRP 5 5 5 ns
Row address set-up time tasr 0 0 0 ns

ELECTRONICS



KM48V2100A/AL/ALL/ASL CMOS DRAM
AC CHARACTERISTICS (continued)
Parameter Symboll—— 0 — 7. .8 Units | Notes
Min | Max | Min | Max | Min | Max

Row address hold time tRAH 10 10 10 ns

Column address set-up time tasc 0 0 0 ns

Column address hold time tcaH 10 15 15 ns

Column address hold time referenced to RAS tAR 45 55 60 ns 6
Column address to RAS lead time tRAL 30 35 40 ns

Read command set-up time trRCs 0 0 ns

Read command hold time referenced to CAS tRCH ns 9
Read command hold time referenced to RAS tRRH ns 9
Write command hold time twcH 10 15 15 ns

Write command hold 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 lead time towL 15 20 20 ns

Data set-up time tos 0 0 0 ns 10
Data hold time toH 10 15 15 ns 10
Data hold time referenced to RAS tDHR 45 55 60 ns 6
Refresh period (Normal) tREF 32 32 32| ms

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms

Refresh period (Super Low power) tREF 256 256 256 ms

Write command set-up time twes 0 0 0 ns 8
CAS to W delay time tcwo | 40 50 50 ns 8
RAS to W delay time tRWD 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) tcsh 10 10 10 ns

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

RAS to CAS precharge time tAPC 5 5 5 ns

CAS precharge time (C-B-R counter test cycle) tcpT 20 30 30 ns

Access time from CAS precharge tcPa 35 40 45| ns 3
Fast Page mode cycle time trc 40 45 50 ns

Fast Page mode read-modify-write cycle time tPRWC | 85 100 105 ns

CAS precharge time (Fast Page mode) tcp 10 10 10 ns

RAS pulse width (Fast Page mode) tRASP 60 | 200,000 70 |200,000| 80 (200,000( ns

RAS hold time from CAS precharge tRHcP | 35 40 45 ns

OF access time toEA 15 20 20| ns

OE to data delay toeo 15 20 20 ns

Out put buffer turn off delay time from OE toez 0 15 0 20 0 20| ns

OE commend hold time tOEH 15 20 20 ns
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KM48V2100A/AL/ALL/ASL ' CMOS DRAM

AC CHARACTERISTICS (Continued)

Parameter Symbol e 7 8 Units | Notes
Min { Max | Min| Max | Min | Max

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

Write cornmand hold time (Test mode in) twTH 10 10 10 ns

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

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

RAS pulse width (C-B-R self refresh) trass | 100 100 100 £s 15
RAS precharge time (C-B-R self refresh) taes | 110 130 150 ns 15
CAS hoid time (C-B-R self refresh) tcHs | -50 -50 -50 ns 15
TEST MODE CYCLE (Note.12)

Parameter ' Symbol 8 - ! -8 Units | Notes
Min | Max | Min| Max | Min| Max

Random read or write cycle time trC 115 135 155 ns
Read-modify-write cycle time trRwc | 160 190 210 ns

Access time from RAS tRAC 65 75 85| ns | 34,11
Access time from CAS tcac 20 25 25| ns | 345
Access time from column address tAA 35 40 45| ns 3,1
RAS pulse width trAS 65| 10,000 75, 10,000, 85| 10,000 ns

CAS pulse width tcas 20| 10,000 25 10,000y 25| 10,000| ns

RAS hold time tRSH 20 25 25 ns

TAS hold time tosH | 65 75 85 ns

Column address to RAS lead time tRAL 35 40 45 ns

CAS to W delay time tewo | 45 55 55 ns

RAS to W delay time tRwD | 90 105 115 ns

Column address to W delay time tawp 60 70 75 ns

Fast Page mode cycle time trc 45 50 55 ns

Fast Page mode read-modify-write cycle time tPRWC | 90 105 110 ns

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000 | 75 200,000 85|200,000 ns

Access time from CAS precharge tcPa 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 toEH 20 25 25 ns

ELECTRONICS



KM48V2100A/AL/ALL/ASL

CMOS DRAM

NOTES
1. Aninitial pause of 200¢s is required after power-up
followed by any 8 CBR or ROR cycles before
proper device operation is achieved.

. ViH(min) and ViL(max) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH(min) and ViL(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 100pF and
Voh=2.0V(lout=2mA), Voi=0.8V/(louT=2mA)

. Operation within the trcp(max) limit insures that
trac(max) can be met. trcp(max) is specified as a
reference point only. If tRcD is greater than the
specified trep(max) limit, then access time is
controlled exclusively by tcac.

. Assumes that tRcD >trcD (max).

. tAR, tWeR, tDHR are referenced to tRaD(max).

. This parameter defines the time at which the
output achieves the open circuit condition and is
not referenced to VoH or VoL.

. twes, tRwp, tcwp and tawp are non restrictive
operating parameters. They are included in the
data sheet as electric characteristics only. If twcs>
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle. If tcwp>tcwp(min), tRwp >

trRwo(min) and tawb >tawp(min), then the cycle is a

TIMING DIAGRAMS

10.

11.

12.
13.

14.

read-write cycle and the data output 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 trRcH or tRRH must be satisfied for a read
cycle.
These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.
Operation within the trab(max) limit insures that
trac(max) can be met. traD(max) is specified as a
reference point only. If tRAD is greater than the
specified trRap(max) limit, then access time is
controlled by taa.
These specifications are applied in the test mode.
In test mode read cycle, the value of trRac, taa, tcac
is delayed by 2ns to 5ns 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.
torr(max) and toez(max) define the time at which
the output achieves the open circuit condition and
are not referenced to output voltage level.
. 2048 cycle of burst refresh must be executed
within 32ms before and after self refresh, in order
to meet refresh specification.

READ CYCLE
tre
RAS ViH— {RAS ——
ViL— \ AR \
. tesH
CRP.
tRcD —-i tRSH
tcas
. \ \__
CAS ViL— [—tRAD tRAL—
1asR_| [tran
i lasc[™| tcAH
ViH— ROW COLUMN
A Vi — MKADDRESS ADDRESS
+tRCH
tRCS {RAH -
_ ViH— OOCXXXXKKX XXX KAX XX
w ViL— tROH 'A’?‘A‘A‘A‘A’A‘A‘A‘A‘A‘A‘A A‘A‘A’A A‘
taa
E ViH— —~ toEA— ]
ViL—
| torF
tcac- [———
tRAC toez
DQ,-DQs z°“_ OPEN VALID DATA-OUT
oL—
—tcLz— '

m DON'T CARE

L= ims v
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KM48V2100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)

tRc
Vi ———————— tRAS tRP
RAS Vl:— E tar S
‘—Iﬁb—l trcD o tRSH
— ViH—
cas . _j BN \—~—J teas 7[ j \_
| thsA | tasc tear_| tRAL T
ViH—
A - Roores O somirms
== tRAD :,JCS towL
W Vik— 'w.-_tWCH—
ViL—
twer J_QWL T
Vine il A
OE
ViL—
]——— toHR
tos == b~ toH—
DQ;-DQs \\;I.:: VALID DATAIN ) OPEN
WRITE CYCLE (OﬁE CONTROLLED WRITE)
tRC
tras tRP
_ Vi— ™ 3 tAR
RAS Ve \______
tonp tcsH S
trRcD — tRsH
— ViH— -
tca
CAS VIL———/ e r—;‘HAD \ \ : S / 7 \__
ASR | | traH TS RAL
) R ES )
= towL
tawL
—_ le- VVVVVVVVVY VVVVW VWV VY VVVVVV Y (AN VYV V VYV VVV VY VIIVVVIVAWAN N
W o BN UGN
|toen
_ VIH— - v v, v
o v I A N At
= toH —
VI_ FAN NNV VY VVVY VYV VYV VVVVV VNI
b00e vaup oxrain XA X KRB

mDON'T CARE

s v
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KM48V2100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)

READ-MODIFY-WRITE CYCLE

trwc.
tRas tRP—=—{
. ViH— & t
RAS \ AR
ViL—
" tesH——
CRP|
}-'— trRcD tRsH
JE— ViH—
CAS H \ toas /‘ B 4 \
ViL— V.
tasr JtRAH tasc tcAH
A Vik— W COLUMN
Vi— ADDRESS ADDRESS A\
) |
— tawp—
= tRAD=| tcwp: —~— towL
_ tRwD ~— tRWL
w Viq—
IH . o typ——i
ViL— AA
V) vvvvvvvvvvvvvvvvvvvv‘ foea
— H— Y
o R X RRAX XK OUXXRIN
tcac— l tps .
tRac toez 1= . DH
VioH = S Y VY Y XY
DQ,-DQ, XY VALID VALID X 00000000 { XX)
' ° VioL — tcLz DATA-OUT d DATA-IN "‘A’A‘A‘A‘A"A‘A‘A‘A‘A‘."A’" A‘A’?‘
] !
FAST PAGE MODE READ CYCLE
tRP
v tRasP —
RAS M= \ - tAR z
ViL—
trce
t
tcrp Fe tRSH —=f
~=— trRcD—— = tcp—,
o ViH— \\ toas 2 tms‘_iz | o Sﬂ
i A ) \_
———{. tesH tRAL
tash traH  tasc | 'CAH tasc| | tcan tasc| | tcaH
| [ I
A Viu— COLUMN TOLUMN TOLU
Vi— ADD ADDRESS ADDRESS ADDRESS
N 1 1
‘ tRCs t 4 -t
__'RCH | l_:‘ % RCS . ,--ltncs del = treH
W ViH= 15 \
- S [ i 0
ta rtaa taa tRAH
toea =——"CPA ;
. ViH— OEA toea
OE v
L—
tcac | !
thac torr tcac I.'9ff. tcac L | tore
terz toez toz toez torz e tOEZ ==
VoH—
DQ,-5Qs o LN VALD VALID " VALID
1 VoL WA DATA-OUT, DATA-OUT] DATA-OUT

@ DON'T CARE

L 1ms g
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KM48V2100A/AL/ALL/ASL CMOS DRAM

T'MING DlAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trP
trasP
RAS \- taR !
s #
t .
I_tc_ﬁp_ ,tacgq | Atcp_PC tRSH———]
CAS j ‘B —— toas——\f" S;tc;\s*/_’ \—~ tcas—— 7—\
tRaH | [tc “toan tasc || 1CAH ! 1AL
1ASRT] ‘—»—-‘AS,C—-— | tasc! | tcaH
A m ROW COLUMN COLUMN X COLUMN
\ ADD ADDRESS ADDRESS . ADDRESS
———“RAD | towt | wes _ —H—tow.—— L tow ——|
o ||| EM@H.J R e
i { L’M’cﬁ“
— R R S YK B XX XX XX XX AR RO X XXX XX WYX XX
ot B BN
_t_E;_DjHR ton tps |1 toH tos | toH
[ | |

ST 11 G i, e XS
FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tRP
trAsP }____

RAS N\ b J
——— tosH [
tPRWC - tRsH
t—-trcD tcas s 1
f———tcas —— t F CRP ——|
AS-
Py t
ChAs RAD \ 2 7
tRAH |
— 4 =
toan
tasr ‘ tAsC  f— tasc|! |tcan tasc —tRaL

| !
L ‘ 1 ~rtcAH
L |
A 0 COL COL COL
ADD/S ADD ADD ADD
d " )
trwD

tRcs Htc ]L 3 I tRwL—
= towp = towo—— 1 |y Ftcwu
: cWL 1 t,
| — | CWL
7 -
d t, +1Awo \#
wp AWD twp ”‘"T“ twp—

s
Iy
S
?

toH

m DON'T CARE
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KM48V2100A/AL/ALL/ASL CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

tac —
- trp
Vi
AAS H tras —y'_
ViL—
tcrp tRPC
_ ViH—
CAS
ViL— /

tasr uEA_H_
e m&: O,

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W=V, OF, A=Don’t Care

tRc
trp trp

ViH—

= T e

- 1| trRPc
tcsh " torn
]
Vin—
CAS [
ViL— -

‘ torr
Vion — ‘\L

DQ,-DQg VioL — ) F OPEN

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version)
NOTE: W, OE, A=Don't Care

trp trps
L trass /
RS W / e
SR 4y S——
tcp tcHs
ViH— Y [tcsm
LCAS /_
Vik— )
toFF
OH — 4
0Q:-DQs |, 7 OPEN

DON'T CARE
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KM48V2100A/AL/ALL/ASL

CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

, b tras Q—}~«tm —-—{——lms trp
— H— 3\ S -
RAS Vi S tar ’ ] \_
tcRp L— tRCD ———f—=——— tRSH ‘_! l—j!cr-m
— ViH— -
chs Vi f |_thao__| L \_
tasr H -Jt—A f:A: B foan
S €5 (v €
_ ViH— ‘P— tRRH \VAVAVAVAVAVAVAVAY, \VAVAVAVAVAVAVAVAVAVAVAVAV
TR L R R aReARe
ViH— toEa 7 VYV Y Y YVVY YAV
‘0 R
trRac &2.1 '_—_‘OEthOFF
DQ,-DQg \\’/2':: ' VALID DATA-OUT }—

HIDDEN REFRESH CYCLE (WRITE)

v tras tRP——1 l tRP:[
RAS Vi \ tAR \ trAs
tere trco ———‘*v RSH_—I | tcHR
c ’P\ / \
tASR - i 'iizH tCAH
A Vin— oW FISTIVNR ¥ AVAVAVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,
o G X s X AR
B - 'twcs-w r—-L-—twcH,_‘ _ . i}
" mﬁ“ AR R BRI
ViH— |

L5 ms v
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KM48V2100A/AL/ALL/ASL - CMOS DRAM

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

tras - —— tRP
- Vi = . .
RAS S
ViL—

tcsh

teHr tceT tRSH .
s T |
tasg tcaH —— L
* R

fe— tCAC ————]
_ ViH—
w
ViL— ’—!—— tROH——
ViH— toEA

READ CYCLE e[ =

OE
ViL—
l I
- toFF
tez —— toez :
VoH— a .
DQ;-DQe o OPEN VALID DATA-OUT E__._
» VOL—‘
WRITE CYCLE -
towL
. - ViH— V‘ ‘ " twcs twer
W ViL— ’ "’ 2 I I
Vin—
OF
ViL—
tos toH
Ve OPEN ALID DATA-IN
. vV, -
DQ;-DQg ViL— \ A towL
READ-MODIFY-WRITE tawo _—
tRos towp
— ViH— 7 twp
W ViL— tcac \
tap ———f
o ViH— toea; / .
OF OED
ViL— )
teac toez tps| | toH
tocrLz— ] ‘
DG, Vioh— v
TR wio— / DATAN J
VALID __/ '
DATA-OUT

@ DON'T CARE
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KM48V2100A/AL/ALL/ASL CMOS DRAM

PACKAGE DIMENSION

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
0.720(18.29) | | o0.027(0.69)
0.730(18.54) " MIN
OO rmrm H’_>:\) —
K s 53 88
O o|o o 9ls Z|T
iz g 9 n|wn sle
D 28 glS 8l5 g3
oo g g °e|° oie
O
L
L A O O A \-)
0.026(0.66)
[ 0.032(0.81) 0.140(3.56)
I 0.148(3.76)

(| 0.004(0.1)

0.050(1.27)

0.016(0.41) I
MAX

L_ 0.050(1.27) |
0.020(0.51) | TYP |

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type)

Units: Inches (millimeters)

0.740 (18.80) 0.03 (0.80)
MAX

HEHHHHHHHAHHAHBAR DT

0.398 (10.11)
0.402 (10.21)
0.423 (10.76)
0.459 (11.66)
0.466 (11.86)

(@]
HEHEHEEHHEHHEERE “J

0.005 (0.13)

0.722 (18.36) 0037 (0.95) 0.008 (0.20)

, 0.726 (18.46) 0.041 (1.05)
L
O] 0.08 MAX ||
0.016 (0.40) ,

0.037 (0.95) J ] 0.048 (1.22) | X )
! [ 0.052 (132) [ 0.020 (0.50)

0.016 (0 40)
0.024 (0 60)
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