SAMSUNG ELECTRONICS INC L?E D WW 7964142 001b3L5 134 EESMGK
KM416C1000L/LL CMOS DRAM

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

FEATURES GENERAL DESCRIPTION
«» Performance range: The Samsung KM416C1000L/LL is a CMOS high speed
1,048,576 bit X 16 Dynamic Random Access Memory.
taac toac tre It's design is optimized for high performance applica-
KM416C1000L/LL-7 70ns 20ns 130ns tions such as personal computer, graphics and high per-
formance portable computers.
KM416C1000L/LL-8 80ns 20ns 150ns
KM416C1000L/LL-10 | 100ns 25ns 180ns The KM416C1000L/LL features Fast Page Mode opera-
tion which allows high speed random access of memory
- Fast Page Mode operation cells within the same row. CAS-before-RAS refresh
« 2 CAS Byte/Word Read/Write operation capability provides on-chip auto refresh as an alterna-
« Self Refresh Capability (LL-version) tive to RAS-only refresh. All inputs and outputs are fully
« CAS-before-RAS refresh capability TTL compatible.
« RAS-only and Hidden refresh capability
« TTL compatible inputs and outputs The KM416C1000L/LL is fabricated using Samsung's
« Early Write or output enable controlled write advanced CMOS pracess.

« Triple +5V+10% power supply
+ 4096 cycles 256ms refresh
« Power Dissipation
- Standby : 1.65mW
- Active(70/80/100) : 550/495/440mW
« JEDEC Standard pinout
« Available in Plastic SOJ and TSOP Il Packages
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SAMSUNG ELECTRONICS INC L7E D WM ?79b4142 001b3kk 070 EESMGK
KM416C1000L/LL CMOS DRAM
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A ] 19 24 ] As A2l O 20FDAg Ao O 21fmas
as (] 20 23 [ Ae Vee O 22 23 10 Vg Vss OT] 23 220 vec
Vec [ 21 o 22 |7] Vss
Pin Names Pin Function
Ag-An Address Inputs
DQi-16 Data In/Out
Vas Ground
RAS Row Address Strobe
UCAS Upper Column Address Strobe
LCAS Lower Column Address Strobe
W Read/Write Input
OE Data Outputs Enable
Vee Power [+ 5V)
N.C No Connection
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SAMSUNG ELECTRONICS INC L7E D WE 79b4L42 D01L3L? TO? EASMGK

KM416C1000L/LL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vgg VinVour -1t0+7.0 \
Voltage on V¢ Supply Relative to Vgg Vee -1t0+7.0 \
Storage Temperature Tsta -65to + 150 °C
Power Dissipation Po 700 mw
Short Circuit Output Current los 50 mA

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

RECOMMENDED OPERA“NG CONDITIONS (Voltage reference to Vgg, To=0to + 70)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 45 5.0 55 \%
Ground Vss 0 0 0 \

Input High Voitage Viu 24 — Vcott \
Input Low Voltage Vi -1.0 — 0.8 \'
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol Min Max | Units
i KM416C1000LLL-7 — 100 mA
Operating Current A _ KMA16GIO00LLS | ooy _ 9 | m
(UCAS or LCAS, Address Cycling @tgc=min.) KM416C1000L/LL-10 _ 80 mA
Standby Current (RAS=UCAS=LCAS) loga — 2 mA
BAG. KM416C1000L/LL-7 - 100 mA
RAS-Only Refresh Current* , KMAT6CI000LALSE | locs - 90 | mA
(UCAS=LCAS, RAS, Address Cycling @tgg=min.) KM416C1000LLL-10 _ 80 mA
Fast Page Mode Current* KM416C1000LLL-7 — 100 mA
" . KM416C1000LLL-8 locs — 90 mA
(RAS=V,,, UCAS or LCAS, Address Cycling @tpg=min.) | kM416C1000ULL-10 _ 80 mA
Standby Current (RAS=UCAS=LCAS >V-0.2V) lcos — 300 uA
CAS- -RAS KM416C1000LLL-7 - 100 mA
CAS-Before-RAS Refresh ?urrent* . KM41601000U/LL.8 locs — % mA
(RAS, UCAS or LCAS Cycling @trg=min.) KM416C1000LALL-10 — 80 mA
Battery Back Up Current
Average Power Supply Current, Battery Back Up Mode
Input High Voltage (Viy)=V¢c-0.2V
Input Low Voltage =0.2V KM416C1000L lecy — 500 HA
CRE:CKS Before Cycling or 0.2V
D\y=Don't Care
Tgc=125,us, Tms:TRAsmin-"l/lS
@fs Refresh Current
RAS=CAS=V_
W=0E=A0~AT1 ; Vcc-0.2V or 0.2V KM416C1000LL lecs - 500 #A
DQ1~16=V-0.2V, 0.2V or Open
Input Leakage Current* 1 10 A
(Any input 0 <V, <6.5V, all other pins not under test =0V) h -10 #
QOutput Leakage Current* 10 A
(Date out is disabled, 0<Vq 1 <5.5V) oL -10 H
Output High Voltage Level (Ig4=-5mA) Von 24 — \
Output Low Voltage Level (I =4.2mA) Vo — 0.4 \

*NOTE : lggy, lgca: lccs and lggg are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In lggq and lges, Address can be changed maximum
two times while ﬁ&vu. In lggs, Address can be changed maximum once while UCAS and U =Viy.
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SAMSUNG ELECTRONICS INC E7E D WM ?9L4142 DD016368 943 EMSMGK
KM416C1000L/LL CMOS DRAM
CAPACITANCE (r,-251)

Parameter Symbol Min Max Unit

Input Capacitance (Ag-Ay;) Cint — 6 pF

Input Capacitance (RAS, LCAS,UCAS, W,0F) Cie — 7 pF

Output Capacitance (DQ,-DQyg) Coa — 7 pF

AC CHARACTERISTICS (0 ©<T,<70 T, V¢c=5.0V+10%, See notes 1, 2)
KM416C1000L/LL-7 | KM416C1000L/LL-8 | KM416C1000L/LL-10
Parameter Symbol - - Units | Notes
Min Max Min Max Min Max
Random read or write cycle time tre 130 150 180 ns
Read-madify-write cycle time trwe 185 205 245 ns
Access time from RAS trac 70 80 100 | ns | 341
Access time from CAS toac 20 2 2% | ns | 345
Access time from column address taa 35 40 50 ns 3N
CAS to output in Low-Z toz 0 0 0 ns 3
OQutput buffer turn-off delay torr 0 15 0 15 0 15 ns 7
Transtion time (rise and fall) tr 3 50 3 50 3 50 ns 2
RAS precharge time tap 50 60 70 ns
RAS pulse width thas 70 | 10,000 80 | 10,000 | 100 | 10,000 ns
RAS hold ime trsH 20 2 25 ns
CAS hold time tosH 70 80 100 ns
CAS pulse width toas 20| 10000 | 20 | 10000 | 25 | 10000 | ns
RAS to CAS delay time taco 20 50 20 60 25 75 ns 4
RAS to column address delay time taan 15 35 15 0] 2 50 | ns 1
CAS to RAS precharge time tere 5 5 10 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRaH 10 10 15 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time o 15 15 20 ns
Column address hold time referenced to RAS tan 55 60 75 ns 6
Column address to RAS lead time traL 35 40 50 ns
Read command set-up time tacs 0 0 0 ns
Read command hold time referenced to CAS tRcH 0 0 0 ns 9
Read command hold time referenced to RAS thrk 0 0 0 ns 9
Write command hold time twen 15 15 20 ns
Write command hold time referenced to RAS twer 55 60 75 ns 6
Write command pulse width twp 15 15 20 ns
Wiite command to RAS lead time trwe 20 20 25 ns
Wite command to CAS lead time towe 20 20 2% ns
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SAMSUNG ELECTRONICS INC L7E D WM 79b4142 D01b3LY BAT EESMGK
KM416C1000L/LL CMOS DRAM

AC CHARACTERISTICS (0 ¢ <TA<70 T, Vec=5.0V+10%, See notes 1, 2)

KM416C1000L/LL-7 | KM416C1000L/LL-8 | KM416C1000LILL-10
Parameter Symbol Units | Notes
Min Max Min Max Min Max
Data-in set-up time 1ps 0 0 0 ns 10
Data-in hold time ton 15 15 20 ns 10
Data-in hold time referenced to RAS torR 55 60 75 ns 6
Refresh period (4096 cycles) trer 256 256 256 ms
Write command set-up time twes 0 0 0 ns 8
CAS to W delay time towp 50 50 60 ns 8
RAS to W delay time trwp | 100 10 135 ns 8
Column address to W delay time tawn 65 70 85 ns 8
CAS set-up time (CAS-before-RAS refresh) tesm 10 10 10 ns
CAS hotd time (CAS-before-RAS refresh) tewm 20 0 30 ns
RAS precharge to CAS hakd time treg 10 10 10 ns
CAS precharge time (C-B-R counter test cycle) teer 35 40 50 ns
Access time from CAS precharge torn 40 45 55 | ns 3
Fast page mode cycle time tec 45 50 60 ns
Fast page mode read-modify-write cycle time torwe | 100 105 125 ns
RAS pulse width (fast page mode) tragp 70 100 | 80 100K | 100 100K | ns
RAS hold time from CAS precharge tRucp 45 45 55 ns
CAS precharge time (fast page mode) top 10 10 10 ns
RAS hold time referenced to OF troH 20 2 20 ns
OE access time toea 20 20 % | ns
OE to data delay toep 20 2 25 ns
Output buffer turn off delay time from OE toez 0 20 0 20 0 25 | ns
OE command hold time toen 20 20 25 ns
RAS pulse width (C-B-R self rsfresh) tass | 100 100 100 2 19
RAS pracharge time (C-B-R seff rsfresh) taps 130 150 180 ns 19
CAS hold time (C-B-R seff rsfresh) tous 0 0 0 ns 19
KM416C1000L/LL Truth Table
RAS | LCAS | UC w OE DQy.g DQy..1¢ State
H H H H H Hi-Z Hi-Z Standby
L H H H H Hi-Z Hi-Z Refresh
L L H H L DQ-OUT Hi-Z Lower Byte Read
L H L H L Hi-Z DQ-OUT Upper Byte Read
L L L H L DQ-0UT DQ-OUT Word Read
L L H L H DQ-IN Don't Care Lower Byte Write
L H L L H Don't Care DQ-IN Upper Byte Write
L L L L H DQ-IN DQ-IN Word Write
L L L H H Hi-Z Hi-Z —

ELECTRONICS




SAMSU

NG ELECTRONICS INC L?PE D W 79b4142 DDLL3?D 5T

KM416C1000L/LL CMOS DRAM

NO
1.

2.

~ oo

11.

12.
13.
14.
15.

16.
17.

TES

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

ViHmiing and ViLmax) are reference levels for measuring timing of input signals. Transition times are measured
between Vinmin) and Viymax) and are assumed to be 5ns for all inputs.

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

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

. Assumes that trcoZtreo(max)-
. tar, twcr, tonr are referenced to traDimax)-

toFFmaxy defines the time at which the output achieves the open circuit condition and is not referenced
to Vo or Voi.

. twcs, trwp, town and tawp are non restrictive operating aprameters. They are included in the data sheet as elec-

trical characteristics only. If twcs>twesming the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tewp>tcwomin, tRWDZtRWO(mIn). tawp>tawb(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.

Either trcH or tran 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 trap(max) limit insures that tracimax) can be met. trapimax) is specified as a reference point
only. If trap is greater than the specified tRapimax) limit, then access time is controlled by taa.

tasc, tcan are referenced to the earlier CAS falling edge.

tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle.
tcwo is referenced to the later CAS falling edge at word read-modify-write cycle.

towL is specified from W falling edge to the earlier CAS rising edge.

T R

tasc 'CAT

oo, RN s

tewn

=l

—

| CWL

tcs is referenced to earlier CAS falling low before RAS transition low.
tcur is referenced to the later CAS rising high after RAS transition low.

RAS \ j__

T A

o N/

tesn

tern
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SANSUNG ELECTRONICS INC L7E D W 7964142 0016371 438 EESMGK
KM416C1000L/LL CMOS DRAM

18. tps, ton is independetly specified for lower byte Dinc1~g), upper byte Ding~16)

LC_AS_'—_\

DQ,~DQg

DQeDQ16

W

19. 4096 cycle of Burst Refresh must be executed within 64 ms before and after self refresh, in order to meet refresh
specification.

TIMING DIAGRAMS
WORD READ CYCLE
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KM416C1000L/LL CMOS DRAM

TIMING DIAGRAMS {Continued)
LOWER BYTE READ CYCLE

taas trp—=
_ ——
ms N tun N\
Vi — terp tapc
Vi —
ViL — r
trco trgH
Vi — toas
RS |, tean tasc / /
L = frn—and —|
tasn tean [
CsH
A YHT ROW COLUMN 2
Ve — ADDRESS ADDRESS
V =] o
W H (RCH
Vi~ tan
trow
1
oE Vi — OEA /e
Vi —
L—q t
tane feac tos OFF
Ve —
DQ,4-DQq o OPEN VALID DATA-OUT
Voo — fewz
V —_—
DQs-DQe OPEN
Voo —
UPPER BYTE READ CYCLE
tac
trp
tras
s —
s Vi \ tar N
Vie = 4
CRP
treo thsh |
— 1
ki N — 4
Vie —
thpc
taaL
Viy —
CAS VIH tesm \
= tasr than tasc toan
PO ROW COLUMN
Vi — ADDRESS ADDRESS
t; —_—
V e pae
W H—
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GE VVN -
Vii—
1
0Q,-DQs OPE
VoL — Fe——tcac —= L —
trac
DQg-DQe Vou= OPEN {W VALID DATA-QUT }—_
Voo— torz

m DON'T CARE
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L7E D EE ?79b4}u2 0016373 200 EMSNGK

KM416C1000L/LL CMOS DRAM
TIMING DIAGRAMS (Continued)
WORD WRITE CYCLE (EARLY WRITE) t
husm e
V=" 3
e Vi— tcrp \ - n \_—
oo st o
Vin—
UCAS v — w \ toas l /
Vin— teas
L Vii— tasn TR_AH—'RAD_— \ - / /
] tasc fo—a] = toan — A
T N e DR e
tow ,I
Vin— twen VAV, Vs \VAVAY, VAV,
it e U S
tawL
twes he—ei twos ‘
oE T
" tDs__.l |.._tDH_..
I T AR
- tonr

LOWER BYTE WRITE CYCLE (EARLY WRITE)

DQ,-0Qg

DQy-DQ1e

Vin—
ViL —

Vi —
Vi —

Vin —
ViL —

Vi — Y Y VY Y Y Y NS
o KD

fn tre
tras
tcrp \ - / -tﬂ:—l \___—-
w trco trsH \
tosH
teas
——ann—ﬂ \ /
tasn tran tase ] - tRaL
R
towL —=,]
twen \VAVAVAVAVAVAVAVAVAVAVAVAVAVAY
LEEBBEBNE

]
1

twes p=—eri

tos {oH—=

VALID DATA-IN

QBB
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R R R R R B R R B R IR KALLIHKAK
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SAMSUNG ELECTRONICS INC L?E D W ?79ku4lu2 001L374 14?7 EESNGK

KM416C1000L/LL CMOS DRAM
TIMING DIAGRAMS (Continued)
UPPER BYTE WRITE CYCLE (EARLY WRITE)
fnasRC i
Vi — =
Ras o N - an | ViR
UCAS ::':: o teas /
]——— taec
LCAS e ~—trap tRaL
Vo — tasn . ;‘ﬁc_ toan
S 3% T v A O e
tewt -f
_ Vim— . twon VAVAVAVAVAVAVAVAVAVAVAVAVAVAY/
o . AN
twes [ twen tRwi
— Vin—
OE Vi
| ]
0gy Vn—
P XKL nn’omn’u’nmn’u SO
tos  Svp—
Vi — VAVAVAVAVAVAVAV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY,
sode v oara B XXX

tonr

WORD WRITE CYCLE (OE CONTROLLED WRITE)

tac

tras

=N

R
RAS tar
W D
treo tasn
tesH
= 5 -
ViL —
v traL —l
W —
o SB[ N 7
lash tran ¢
= ASC fe—enf et ap —=f
P ROW COLUMN
Vi — ADDRESS ADDRESS
V 'WP‘
W H— %
Vi — /
5 tawe QI
| cwL
Vin —
CE Vie — Wﬁ“ tos tose
—ton —]
i Vin — ] 0"7‘7‘7’7"‘707.7’v.v’v‘v’v’v.v‘v'v’v‘v‘v’
O e it AT S S A
m DON'T CARE
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SAMSUNG ELECTRONICS INC L?7E D HEH ?9b4l42 001L375 083 EMESMGK

KM416C1000L/LL CMOS DRAM
TIMING DIAGRAMS (Continued)
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
tac
tras t=—trp —=
k=" 3 -
RS Vi — terp \ t trrc \7
UCAS ::: : W taco t trsH \
Vin— teas
[CAS Vip— tasr = two a5 1/ /
F——J tRan teaH —et tane _]
SR T
N AV AVAVAVAVAVAVAV AV, VAVAVAVAVAVAVAVAVAVAYAS, twe
LI e £
taw
, towL |
= ZW - ’0’0’0’0’0’0’0’0’0’0’0’0’0’0’0’o‘o‘o’o’o‘o’o‘
oacoa, 73— LOI v onrain R IIKRIALKES
basoae o BRI EKARIRIRK

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

tae
tras le— trRP —od
— Ve ™%
RAS “ - \ tan / X
treo trsH
te
= N 7
trec
[CAS \\;::1 : w Y Etnm e trac \__
=1 I=—tcan—
S 4% T
- "t \VAVAVAVAVAVAVAVAVAVAVAVAVAVAV.
w ALLEERE
tawe . -l J
— Vin — > -
e oo | RS
bo.Dag M :
o toeD I—— -—h:s—l l——tDH —]
D o ot M e e

sy
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TIMING DIAGRAMS (Continued)
WORD READ-MODIFY-WRITE CYCLE

thas trp ——
m VIH - tAR \
V1L - t -
R taco trem
Vin — teas
UCAS v — l \
v taco [
tay
Vi — tcas
w N /
WS el - :
s
tran e P— tean "
A Vi = ROW COLUMN
Vi — ADD ADDRESS
tawp = taw. —=1
towp T tow
Vy —
w " t
=~ teac —=
VIL - " ‘HWU \
tan twe
v toea ”
oE " | {_tos ton
Vp — toso —
J
l trac — toez—=
Vios — j
N VALID DATA OUT| IVALID DATA IN
0Q-DQie
) tez

READ-MODIFY-LOWER-BYTE-WRITE CYCLE

thwe
tras —tep —=|
VlH - Z
- N\ N
Vie — terp trec
s =05 3
Vie —
taco tasH
teas
V —_—
LCAS " W f=—trap —= /
Vi — tasa
— tosH
tran f=—ed tase e fm—ad]
Vin — ROW COLUMN
A v, — ADD ADDRESS
tawo —tawL
tewn f=———tow ——=
— Viy —
w " —tcac —= X
i tawo ’
taa twe
o tos ton
™ taac —toez et
DQi0Qs Ot ’@(w\uo DATA OUT VALID DATA IN
VioL ==
¢
Vion — cLz
DQs-DQ16 OPEN
VoL —

m DON'T CARE
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CMOS DRAM

TIMING DIAGRAMS (continued)
READ-MODIFY-UPPER-BYTE-WRITE CYCLE

g

OE

DQ,-DQg

DQqg-DQue

Vin — 3

Vo —

Vie
Vl/ OH
VoL —
Vion

VoL —

terz

VALID DATA ou*r}——@

in s

FAST PAGE MODE WORD READ CYCLE

tawe
tras le—tpp
P
tan /
tcre
m—0)} tasH
\ tcas /
' trrc
[me— trAD —=t r.__1
tesn -\
tasa tran tean
=l ot thaC pma] e |——1RWL—-
AROW COLUMN
ADD ADDRESS
1
cir t towt
wp
—1cac ——
tawo
taa
toea
1 toen
OPEN
tog
trac =—toez —= ton

VALID DATA IN

tre
trasp
Vg — = .
RAS v \ tar pme———tRHCP ———— Z
L tcrp : 4 ) .
trco e tep L =) be— tagn—=|
Vin —~ et g —t . — 1
UCAS . iy \\ CAS \ teas Z \'—— cas ;/ \
(N tcre o o -
treo ter latopa | trgH —d
VlN -
TAS F=——toas —= F—tcas —tcas
L Ve — tasc \\ / \ tasc \ /
pd tosn tasc 1, ! tRat I
nae tran toan P P—]lcan Yo
Vi —
ROW COLUMN COLUMN COLUMN
A Vi — ®< ADD ADDRESS 5@&_ ADDRESS ’Z_k ADDRESS
=—tRap—— 1 | thos | =+ tros i
tacs tac I tecH g —‘i RRH
VlH - Ll
w t tre
VL — AR L tas —ent tan —
p— tcpa p—-1cea
s ] AR
o8 Vin —
Vi —
teac — torr —tore :
trac toez 7R teac -toez ~ P torc loez < O
DQ,-DQ Von = VALID 4 vALD VALID
T e — DATA-OUT DATA-OUT DATA-OUT
L
toLz = toz — tewz
m DON'T CARE
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SAMSUNG ELECTRONICS INC L?E D EE 79b4142 0016378 &892 MESMGK
KM416C1000L/LL CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE LOWER BYTE READ CYCLE

trasp F=—tre
ms - TR b /
Vi — tcrp —5$ " taec
I—— — RHCP
— Vi — Wv_ 24 X
Vie — terp tec tep tee tep thsn—
['— taco L
CAS Vi — W -_tCAs'—“Z \__tCASj 7HH\’._tCAS"—1 \—
Ve —
tasr T tesu tasc toan tRaL "T
e o] M‘SC tean P tasc pe—mt o toan
A Vi — ROW COLUMN ,< COLUMN COLUMN
v, — ADD ADDRESS ADDRESS ADDRESS
I \'—T.,_i
= tRa0 —= Lt | 1
tres —| tacn }— Y I Res t=—et trcH
- Vi — [}
W v RRH
v tAA—-l t-Taa —% -tas
e s B wrya i
1 1 t
Vi, — oea oEA 0EA
= LGSO AN A
Vip —
! 1
| topna]  toFF o] t, QOFFI———-' ! torr
s for toez f—ndl cho }=toez =  f=-lcac —| Ftoez —
_ e
pQ-Das O . VALID VALID VALID
VoL — DATA-QUT | DATA-OUT DATA-OUT
L
terz — torz —=f toz
Vo —
DQy-DQss on OPEN
Vo —
FAST PAGE MODE UPPER BYTE READ CYCLE
trasp  tae
| ey
RAS ;IH \ tan tares Z
W — 4 £
’—c—ﬂi ' tec tee — !r——tns-«——
rco cp
Vim — = tcas — 1 —1tcas 55— [=—1cas y
vV /N p
tcrp 1
1—— tesH
Pos
Vi — 4§
CAS Vi — traL
tasr than tasc tean tasc toan tasc
p—emd] fe——aed tcan
Vin = ROW ' COLUMN COLUMN x'rCOLUMN
Ay ADD . ADDRESS | ADDRESS ADDRESS
—t | -t ~=1t
e _F:J tres thch (I I treH L + Res P—ltncu
Vi — —4—
w [ tran
Vi = tan —= ‘AA—% = tan —=—
topa tepa
& VIH -
Vie — y T
Vou — l“ toea I'—‘ tore l—— toea torr I-. tora I——J torr
DQ,-DQg
! VoL — OPEN tcac toez tcac toez tcac toez
trac A
Von — f VALD ) VALID A VALID
0000 DATA-OUT rDATA-OUT DATA-OUT
L
torz — tez — towz
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SAMSUNG ELECTRONICS INC L7E D MW 79L4142 0016379 729 EESMGK
KM416C1000L/LL CMOS DRAM

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

tRase trp

tar

tere ¢ 14
taco e tee i c
Vin— toas —=1 t=——lcas teas —
wows " N N / /
Vi — N &
s
tere b " tec trg trsH—
RCD tcp tcr
Vin— \ toas — \———'CAS — /ﬁh\— toas —=

tasr tesn tasc tean tasc toan
e, =y =
‘m‘:«sc
A Vin—  ROW ¢~ coLl COLUMN
Vie— ADD ADD \ ADDRESS
trap—=1 twcs twes twen
_ Vin — =t twe
w Vi — 3
tow tm-l
Vin —
OE Ve — X
L 2 4
tos ——-| |——- ton tos ———l ]———— tom tos r———| |——— ton
Vin— VALID VALID ¢ VALID
DQ4-DQue Vo — DATA-IN DATA-IN DATA-IN
torR

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE)

trasp tep
RAS Vin—"" tar
Vie— tenm 4% tavo
Vi — —
UTAS vy — the [ | trsn —— \
terp tep ter
’——— treo
Vi — tcas = toas —= -4 f=—tcas —
s &Y N N /N
ViL — " Z
tasm 1 tosh tasc tean tasc| | toan
il toan el ] ]
A Vin = ROW f~ COLUMN COLUMN COLUMN
Vi — ADD ¥ ADDRESS ADDRESS ADDRESS
trao— twes | twew twes twes twen
tweH
w \\/IIH - twp —= t—1— twe bt by —
=
tewe ‘ : tCWL~—.<{’ 1, fowt -1
] . Pttt
OF Vi
Vi —

{4
tDS ——4 'DH tps ———‘ L—-—— 'DH tos __—l I__— tDH
Vin — VALID VALID - vALID
DQ:-DQs Vi — DATA-IN DATA-IN DATA-IN
tonr

v BB ‘o‘o’oon’o’o’o‘o’onn”‘o‘o’o’o’o’o’o R R RRRXKXLXLRRRR)

m DON'T CARE

DQs-DQ16
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SAMSUNG ELECTRONICS INC E7E D NN 79b4142 0016380 440 EESMGK
KM416C1000L/LL CMOS DRAM

T|M|NG D|AGRAMS (Continued)
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE)

tRasp t=-lrp
Vin — | Z
— tar
w TN )
cre | toc [ -
RcD ter ter RSH—J
Vi — \ tcas = \"‘* tcas h\“' teas V17
UCAS Vi — \ -+
tcre trec
AL
R Vin — 12
LCAS Vi — tesn

tasr taan tasc \ tasc toan tasc tean
by caH ] akad
Vin = ROW COLUMN COLUMN COLUMN
A Vi — ADD ADDRESS ADDRESS ADDRESS
trao 1 twes | twen twes twes
twen twen
— Vin — twp ——4 pemt—4- t; bt t
W wp we we
Vi — ; ]
| e v g e
— V;H _
OE
VlL -
Vi —
DQ,-0Qg
Ve —

tos H I-—— ton tos——{ ’——— tom tDs—-| '._J ton

Vin = VALID VALID VALID
DGy DGe Vi — DATA-IN DATA-IN DATA-IN
1DHF( e —

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE

tre
trase
Vi — tar
RAS A \ tegn-
Vi =~ tcre
-
r‘ e trco teawc i AsH
Vi —~ W \ tcas Z‘ 3\ teas /
acas Vi —
v tecre | fe tosy I~ :
Vi b—— tacp —=] l terwe [y ( RS+
K= cas
e T RN AN [
- i
tasr tran tasc
P = = —tcan [y team fewt teav —=]
A Vir — ROW COLUMN COLUMN
Vip — ADD ADDRESS ADDRESS
1
‘RADI" F tncs twe i trac o ]
RIS Nl \
Vi — tewn
tewo tawo
tawn tewo
Vi — toea toea
pa—— M
OE |
Vi — toeo | tos| t tos
(8 tas o D F toea OFD | 1D
trac toez ton loez |
teac t taa t ton
Vo —
DQ,-DQ1e v‘°“
oL T
torz — tewz
VALID DATA-QUT  VALID DATA-IN VALID DATA-OUT  VALID DATA-IN

m DON'T CARE
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SAMSUNG ELECTRONICS INC L7E D EE 7964142 001L38) 387 EMIMGK
KM416C1000L/LL CMOS DRAM

T'M'NG D|AGRAMS (Continued})
FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE

trasp tre

tar

trrRwC | trsH \
tosu

RAS
Vi — terp
Vyy —
UCAS V‘“
L tcrp
Vin —
CAS
V‘L -

teas /

Wl
™~

tRar tasc
= = ~teau towe tean towl oL o]
A Vin = ROW COLUMN COLUMN
Vi — ADD /' ADDRESS \ ADDRESS

|
tmolg n twe taal |
Vi —
W H ) \ .
Vie— CwD k cwD

tawp
tawp - tawo
Vi — toes,
oF Vy — toea
v tan toen | los tema toep | tos
teac taa |y toez -
toac
Vion = N v‘v’v.v’v“VOv
DQ-DQe ()
' VioL — N s\‘A’A’A‘A‘A’A‘A
torz —=1 terz
v _ VALID DATA-QUT  VALID DATA-IN VALID DATA-OUT  VALID DATA-IN
LOH
DQg-DQie OPEN
VioL —

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE

trp
trasp
- Vi — tan
RAS \ tesk tasH
ViL— terp
. thco =1 terwe
Vin— 1 —
UCAS v CAS / lep \ toas /
" ten L trpc
ﬂ VIH -
HoA Vi — tewe \
tasr| [tran tasc toan tewr tasc | tean
e ] e ' e —
Vin — ROW COLUMN COLUMN XKL
SR Wy | Sobnres DAL

tran |———| -—‘ twe tRar e
e B g ore——N
Vi ~— tewn cwo

tRVVD
tawp tawd

=—tan

w
SE Vi =
ViL —
hon —
DO-DAs o _
Viow —
DQo-DQyg

b trac

tewz
VALID DATA-QUT VALID DATA-IN VALID DATA-QUT  VALID DATA-IN

m DON'T CARE

L 1suieg
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SAMSUNG ELECTRONICS INC B?E D EE ?79bL41lu42 DO1L3IB2 213 WESMGK
KM416C1000L/LL CMOS DRAM

TIMING DIAGRAMS (Continued)

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

tre

tras trp

Vin — e

terp tarc tere
tere trec

C

V\H -
UCAS , _ /

tere

C

Vin — 4
LCAS
Vie — /
tasr tran
A Vi — ROW
Vi ADDRESS

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

oV — - - taas —————em] e '
AAS
Ve — tRpC —el =
™ tce
Vin — tonm VNN NI NN NININININININININININININ N N
w7 SN SRR
tep tesn
M — et Wy v v vavav, \VAVAVAVAVAVAVAVAVAVAVAVAV,
wr N SRR
torF
DQ,~DQys 7 Nt OPEN
VoL— 4

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

e—— trp———| f—tRPS
FAs YW T \ tRaSS
viL— tRPC L]
A%
tRPC ———=—]
Jop tcHs
ViH— . lcsm
UeA ViL— __—/ F(e A
tcp tcHs
JE— Vin— 7; tcsh
v —
" torr
Vou ~ K
DQ1-DQ16 OPEN
Q Vo — r
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SAMSUNG ELECTRONICS INC L?E D EE ?79k4L42 001b383 15T EESMGK

KM416C1000L/LL CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

! tag ————=]
tras le—tap —e] | tRAs— o=t} trp =
Yy . = 1 ]
AR
RAS v, _ \ | Z \ \
[=tcre — tren trgH ——=]
Vi — Fa [~—tcrr o
R v - _/ N /
VlL -
—tcre
= tcHr “
Vi —
[CAS Vi — \\ / /
tasn tasc
tran 1 tean
/
N ROW COLUMN
Vi — ADDRESS ADDRESS

[»tmu_.. § |
|——tn—s—-] =
. ViH—
" G
[
1 tia ——— torr

toea
5 Vin— OF 4
/<

Vi — X

—— tcac

toez

trac

Von —
DQ;-DQie VALID DATA-OUT }_——
VoL — terz

HIDDEN REFRESH CYCLE (WRITE)

tre tre

thas trRp —et tras tep
- le - —— t
AAS \ 8 x /
ViL— e

‘—knp - taco trgH ——=i

Vi — e tonm
UCAS Vi — /
|-'cnp— !
Vi — [=—teun
[CAS V, — / \
* tasA traH tasc k

0 T S
A VAVAVAVAVAVAVAVAVAVAYAY. = twes = T YAVAVAV, \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
LA ’0’0’0’0’0’0‘0‘0’0‘0‘ e KBS

Vi —
ViL —

1t

tean

tos ———! ]—— ton ——]
Von — X777 VAV, v
00,00 R RRRRIRKEER,vauo omrn_ DG EEEERREXOXKNK

LA VAVAVAVAVAVAVAVAVAVAVAVAY

— tomn
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SAMSUNG ELECTRONICS INC 6?E D EE ?79b4lu2 D0LL38Y4 09k WESMGK
KM416C1000L/LL CMOS DRAM

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

= trp
ve— " tras
RAS /
/T \

\ teet thsH
Vin— _.YER— teas
A ViL— ' \
1 tepT —— trsH |
LCAS Vi _YCE: fonm \ toas S
Vi — )
traL
v tasc toan
H—
O OO \ COLUMN
A~ SRRLERRCREEEUXON, SEoress
b
READ CYCLE o | 1™ ) tagw
[—Ttcac —=f et trch
o W&S&W
w Vo —
thoH
Vin—
e A
Vi —
’-_" toea !‘OEZ M tore
Von — .
DQ+-0Q1e VALID DATA-OUT
Voo — tou
1
WRITE CYCLE tow
— Vi — t__wc_s_ F=—tweH ——=
w
Vi —
]
. Vm—
OE v, —
L
I —
DQ:-DQ6 \\/JOH: OPEN {| VALID DATA4N
oL
t
tawn i
READ-MODIFY-WRITE thcs o ,
‘_—‘ WD = tRwL ——

twp
w Vin = teac x
ViL —
tan

& o e
A
OE Yy — ’ / 0ED L o]
toez

torz
Vion — ’
DQ,-DQye x
vl/OL -

VALID DATA-OUT VALID DATA-IN

m DON'T CARE
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DEVICE OPERATION

Device Operation

The KM416C1000L/LL contains 16,777,216 memory
locations arranged in 16 groups of 1,048,576 x 1bit each.
Twenty address bits are required to address a particular
memory location. Since the KM416C1000L/LL has only
12 address input pins, time multiplexed addressing is
used to input 12 row and 8 column addresses. The multi-
plexing is controlled by the timing relationship between
the row address strobe (RAS), the column address strobe
(LCAS, UCAS) and the valid row and column address
inputs.

Operation of the KM416C1000L/LL begins by strobing in
a valid row address with RAS while LCAS(UCAS) remains
high. Then the address on the 12 address input pins is
changed from a row address to a column address and is
strobed in by LCAS(UCAS). This is the beginning of any
KM416C1000L/LL cycle in which a memory location is
accessed. The specific type of cycle is determined by the
state of the write enable pin and various timing relation
ships. The cycle is terminated when both RAS and LCAS
(UCAS) have returned to the high state. Another cycle
can be initiated after RAS remains high long enough to
satisfy the RAS precharge time(typ)requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tpag(min)and tgag(min) respectively. These minimum
pulse widths must be satisfied for proper device operation
and data integrity. Once a cycle is initiated by bringing
RAS low, it must not be aborted prior to satisfying the min-
imum RAS and CAS pulse widths. In addition, a new
cycle must not begin until the minimum RAS precharge
time, trp, has been satisfied. Once a cycle begins, inter-
nal clocks and other circuits within the KM416C1000L/LL
begin a complex sequence of events. If the sequence is
broken by violating minimum timing requirements, loss of
data integrity can occur.

Read

Aread cycle is achieved by maintaining the write enable
input(W) high during a RAS/XCAS cycle. The access
time is normally specified with respect to the falling edge
of AAS. Additionally the access time also depends on the
falling edge of CAS and on the valid column address tran-
sition. If XCAS transitions to a low before tgcp{maxjthen
the access time to valid data is specified by tgac(min).
However, if XCAS transitions low after tep{maxjor if the
column address becomes valid after tgap(max), access is
specified by tcac or taa. In order to achieve the minimum
access time, tgac(min), it is necessary to meet both tpep
{max) and tgap(max).

Write

The KM416C1000L/LL can perform early write, late write
and read-modify-write cycles. The difference between
these cycles is in the state of data-out and is determined

.by the timing relationship between W, OE, LCAS and

UCAS. In any type of write cycle, Data-in must be valid at
or before the falling edge of W or XCAS, whichever is later.

Early White : An early write cycle is performed by bringing
W low before XCAS. The 16-bit wide data at the data I/O
pins is written into the addressed memory cells.
Throughout the early write cycle the output remains in the
Hi-Z state. In the early write cycle the output buffers
remain in the Hi-Z state regardless of the state of the OE
input.

Read-Modify-Write : In this cycle, valid data from the
addressed cells appears at the output before and during
the time that data is being written into the same cells.
This cycle is achieved by bringing W low after CAS and
meeting the data sheet read-modify-write timing require-
ments. The OE input must be low during the time defined
by toga for data to appear at the outputs. If towp and
trwp are not met output may contain invalid data.
Conforming to the OE timing requirements prevents bus
contention on the KM416C1000L/LL DQ pins.

Data Output

The KM416C1000L/LL has a three-state output buffers
which are controlled by CAS and OE. Whenever either
CAS or OE is high(V}y), the outputs are in the high
impedance(Hi-Z)state. In any cycle in which valid data
appears at the outputs, the outputs enter into the low
impedance state in the time specified by tg 7 after the
falling edge of CAS. Invalid data may be present at the
output during the time after tc, 7 and before the valid data
appears at the output. The timing parameters toac, tras
and ty4 specify when the valid data will be present at the
output. This is true even if a new RAS cycle occurs(as in
hidden refresh). Each of the KM416C1000L/LL operating
cycles is listed below after the corresponding output state
produced by the cycle.

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

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

Indeterminate Ouiput State : Delayed Write(tcwp or tawp
times are not met)

sy
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DEVICE OPERATION (continued)

Refresh

The data in the KM416C1000L/LL is stored as a charge
on microscopic capacitor within each memory cell. The
stored charge tends to dissipate over time and will affect
data integrity if the charge is not periodically refreshed.
Refresh of the individual storage cells is accomplished by
accessing all rows within the refresh period(tgee)of within
266ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each of the 4096 row address (A.-
Ay).

CAS -before-RAS Refresh: The KM416C1000L/LL has
CAS-betore-RAS on-chip refresh capability that eliminates
the need for external refresh addresses. If either LCAS or
UCAS in-put is held low for the specified set up time(tcgr)
before RAS transitions low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-chip
refresh address counter which is then internally incre-
mented in preparation for the next CAS -before-RAS
refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the output
by extending either LCAS or UCAS input active time and
cycling RAS. The hidden refresh cycle is actually a CAS-
before-RAS refresh cycle within an extended read cycle.
The refresh row address is provided by the on-chip
refresh address counter.

Self Refresh: The self refresh is CAS-before-RAS refresh
to be used for long periods of standby, such as a battery
back-up. In normal CAS-before-RAS condition when
RAS is held low above 100us an internal timer activates
an refresh operation of consecutive row addresses in
DRAM. The self refresh mode is exited when either RAS
or CAS goes high(Vy,).

Other Refresh Methods: It is also possible to refresh the
KM416C1000L/LL by using read, write or read-modify-
write cycles. Whenever a row is accessed, all the cells in
the row are automatically refreshed. There are certain
applications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

Fast Page Mode

The KM416C1000L/LL has Fast page mode capability
provides high speed read, write or read-modify-write
access to all memory locations within a selected row.
These cycles may be mixed in any order. A fast page
mode cycle begins with a normal cycle. Then, while RAS
is held low to maintain the row address, CAS is cycled to
strobe in additional column addresses. This eliminates
the time required to set up and strobe sequential row
addresses for the same page.

CAS-before-RAS Refresh Counter Test Cycle
A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of verify-
ing the functionality of the CAS-before-RAS refresh acti-
vated circuitry. The cycle begins as a CAS-before-RAS
refresh operation. Then, if CAS is asserted high and then
low again while RAS is asserted low, the read and write
operations are enabled. In this method, the row address
bits AO through A11 are supplied by on chip refresh
counter.

Power-up

It RAS=Vgg during power-up, the KM416C1000L/LL could
begin an active cycle. This condition results in higher
than necessary current demands from the power supply
during power-up. It is recommended that RAS and CAS
track with Vg during power-up or be heid a valid Vy, in
order to minimize the power-up current.

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

0 ms ungg
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PACKAGE DIMENSION
42.LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)
1.070 (27.18) | | 0.025(0.64)
1.080 (27.43) l . MIN
minlsininiaininininisisininininininininis) T A _
2|2 8|3 zi5 S8
N o0 T~ il i - 1)
) O -|lz z|z ole 3l
ole ole ocle eofe
o &.
NN D O O N I I N O U G N O A [ J s
0.028(0.66) 0.130(3.30)
— 1 I 0.030(0.76) 0.140(3.56)
[

(| 0.004{0.1)

0.016(0.41) _] | 0.050 (1.27) 0.040 (1.02)
0.020(0.51) 1| TYP MAX

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

25(23) /“\ 08

Q0000000000 0000Nd0000( [ J
g
JU0000000U00 guinoouoauuu __ —
2522 016 3%
21.35 MAX % —
=
,8_-
O 0.10 MAX |_;m:|um:u:1 HHAE i
0.925) | 0.35 0.1 | | ] z
| L 8
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