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SAMSUNG ELECTRONICS INC
KM416C1200L/LL

L7E D WE 79b4142 00LL4LO0 TOS EESMGK

CMOS DRAM

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

FEATURES
- Performance range:
trac teac tac
KM416C1200L/LL-7 70ns 20ns 130ns
KM416C1200L/LL-8 80ns 20ns 150ns
KM416C1200L/LL-10 100ns 25ns 180ns

- Fast Page Mode operation

« 2 CAS Byte/Word Read/Write operation

« Self Refresh Capability (LL-version)
+ CAS-before-RAS refresh capability

« RAS-only and Hidden refresh capability

« TTL compatible inputs and outputs
+ Early Write or output enable controlled write
» Triple +5V+ 10% power supply
« 1024 cycles 128ms refresh

« Power Dissipation
- Standby : 1.65mW

- Active(70/80/100) : 880/770/660mW
« JEDEC Standard pinout
« Available in Plastic SOJ and TSOP Il Packages

GENERAL DESCRIPTION

The Samsung KM416C1200L/LL is a CMOS high speed
1,048,576 bit X 16 Dynamic Random Access Memory.
It's design is optimized for high performance applica-
tions such as personal computer, graphics and high per-
formance portable computers.

The KM416C1200L/LL features Fast Page Mode opera-
tion which allows high speed random access of memory
cells within the same row. CAS-before-RAS refresh
capability provides an-chip auto refresh as an alterna-
tive to RAS-only refresh. All inputs and outputs are fully
TTL compatible.

The KM416C1200L/LL is fabricated using Samsung's
advanced CMOS process.
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SAMSUNG ELECTRONICS INC L7E D EE 79bu4l42 00Lbull 9uu EESNEK
KM416C1200L/LL CMOS DRAM

» KM416C1200LJ/LLJ * KM416C1200LT/LLT ¢ KM416C1200LTR/ILLTR
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3 4 pQ 4 ] 2 43 EIO DQ1s 16 O] 43 2 0 Dy
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cc % SS DQs O] 7 38 [0 bQi, DQy2 O} 38 7 D 0&s
Das [} 7 36 [J DQ2 gga [mi= g a7 % Dgﬂ DQ1 % 37 8 % DQg
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N.G O] 10 35 10 DQg DQg O} 35 in)
bar [ s 34 1] DQyo N.C o 11 34 FON.C NG 34 11[1) ial N‘é
pag [] 10 33 [J DQg
NG O 1 32 [ NC.
N.C.[] 12 CA
EE 13 st LCAS N.C o 12 33 Em NG N.C o} 33 12 IO NG
W 30 [ UCAS N.C o 13 32 o (6AS [TAS o 32 13 fm NG
RAS ] 14 29 [J OE _wadi4 31 Fo uCas UCAS O 31 HEMW
Ne. O s 287 Ao RAS O 15 30 FO O OE O 30 15 ED RAS
N.C O] 16 29 FIO Ag Ag O} 29 18O NG
NeC. [ 16 271 Ag N.C O 17 28 IO Ag As [T} 28 17EDN.C
Ao [ 17 261 A7 Ao O] 18 27 FO A7 A7 O 27 1810 Ag
A 25 A A, O 19 26 |E0 As As [T 26 19 g A4
1 [ 18 ] As Ap OT] 20 25 O As As Or] 25 20Fm A,
Ay [ 10 247 As a2l O DA Asmdas O 21fma;
As O 20 237 A Veo O 22 2310 vss Vss O] 23 2200 vee
Vee [ 21 o 22 7 Vss
—
Pin Names Pin Function
Ag-Ag Address Inputs
DQi.16 Data in/Qut
Vss 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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KM416C1200L/LL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voftage on Any Pin Relative to Vgg Vin'Vour -1t0+7.0 v
Voltage on V¢ Supply Relative to Vgg Vee -1to+7.0 v
Storage Temperature Tsta -55t0 + 150 °C
Power Dissipation Pp 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 OPERATING CONDITIONS (Voltage reference to Vgg, To=0t0 + 70T)

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

Input High Voltage ViH 24 — Vool v
Input Low Voltage Vo -1.0 — 0.8 \%
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions untess otherwise noted)
Parameter Symbol Min Max Units
i KM416C1200L/LL-7 — 160 mA
Operating Current , , KMA16CT200L8 |  locy Z | 10| ma
(UCAS or LCAS, Address Cycling @tgc=min.) KM416C1200LLL-10 — 120 mA
Standby Current (RAS=UCAS=LCAS) leca - 2 mA
: KM416C1200L/LL-7 — 160 mA
RAS-Only Refresh Current* - ' KMé1661 g locs - 140 .
(UCAS=LCAS, RAS, Address Cycling @tpc=min.) KM416C1200L/LL-10 — 120 mA
Fast Page Mode Current* KM416C1200L/LL-7 — 140 mA
as rag urrel , | KMA16CI200ULLE | loce — 120 | maA
(RAS=V,, UCAS or LCAS, Address Cycling @tpc=min.) | kM416C1200L/LL-10 _ 100 mA
Standby Current (RAS=UCAS=LCAS >Vp-0.2V) lecs — 300 uh
X -RAS KM416C1200LLL-7 - 160 mA
CAS-Before-RAS Refresh gurrent' . KMA16G1500LILL locs - 140 A
(RAS, UCAS or LCAS Cycling @trg=min.) KM416C1200LLL-10 — 120 mA
Battery Back Up Current
Average Power Supply Current, Battery Back Up Mode
Input High Voltage (Vi14)=Vgc-0.2V
Input Low Voltage =0.2V KM416C1200L loo7 — 500 p#A
=CAS Befare Cycling or 0.2V
Dyy=Don't Care
TRC=1 25#3, TRAs=TgAsmin~1/lS
Self Refresh Current
m=m=\/"_
W=0E=A0~AT1 : V0.2V or 0.2V KM416C1200LL lecs - 500 HA
DQ1-16=V-0.2V, 0.2V or Open
Input Leakage Current* 1 10 A
(Any input 0< V), <6.5V, all ather pins not under test =0V) h 10 K
Output Leakage Current* 10 A
(Date out is disabled, 0 < Vo1 <5.5V) oL -10 #
Output High Voltage Level (Igy=-5mA) Vou 24 — '
Output Low Voltage Level (g =4.2mA) VoL — 0.4 \
*NOTE : Igc, looas loca @nd Igog are dependent on output loading and cycle rates. Specified values are obtained with
the output open. I is specified as an average current. In 1oy and lggs, Address can be changed maximum
two times while =V)_. In Igg4, Address can be changed maximum once while UCAS and UCAS=V,,.
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SAMSUNG ELECTRONICS INC
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L7E D EE ?79b4l42 001b4L3 717 MESMGK
CMOS DRAM

CAPACITANCE (1,-25%)

Parameter

Input Gapacitance (Ay-Ag)

6

Input Capacitance (RAS, LCAS,UCAS, W,0E)

7

Output Capacitance (DQ;-DQ1g)

7

AC CHARACTERISTICS (0 © <T,<70 ©, Voc=5.0V+10%, See notes 1, 2)

Parameter

{

KM416C1200ULL-7

KM418C1200L1LL-8

KM416C1200L/LL-10

Max

Max

Min

Random read or write cycle ime

150

180

ns

Read-modify-write cycle time

205

245

ns

Access time from RAS

100

ns

341

Access time from CAS

2%

ns

34,5

Access time from column address

ns

3,1

CAS to output in Low-Z

ns

Qutput buffer tum-off delay

ns

Transition time (rise and fall)

ns

FAS precharge time

gwoo

ns

RAS puise width

10,000

10,000

10,000

ns

RAS hold time

8

ns

CAS hold time

ns

CAS pulse width

10,000

10,000

10,000

ns

AAS to TAS delay time

8B 8 BI8|8B|w|ocjo

75

ns

FRAS to column address delay time

-
w

ns

CAS to RAS precharge time

(4]

ns

Row address set-up time

(=]

ns

Row address hold time

ns

Column address set-up time

o

ns

Column address hold time

ns

Column address hold time referenced to RAS

ns

Column address to RAS lead time

ns

Read command set-up time

ns

Read command hold time referenced to CAS

ns

Read command hold time referenced to RAS

ns

Write command hold time

ns

Wits command hold time referenced to RAS

ns

Write command pulse width

ns

Write command to RAS lead time

ns

Write command to CAS lsad time

s dfB e iEr|~SIEFRiEiE g

ns

s vnyg
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AC CHARACTERISTICS (0 v <Ta<70 ¢, Vcc=5.0V+10%, See notes 1, 2)

KM416C1200L/LL-7 | KMA16C1200L/LL-8 | KM416C1200LLL10
Parameter Symbol Units | Notes
Min Max Min Max Min Max
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time om 15 15 20 ns 10
Data-in hold time referenced to RAS tow 55 60 75 ns 6
Refresh period (1024 cycles) trer 128 128 126 | ms
Write command set-up ime twes 0 0 0 ns 8
CAS to W delay time town 50 50 60 ns 8
RAS to W delay time twp | 100 110 135 ns 8
Column address to W delay time tawo 65 70 8 ns 8
CAS set-up time (CAS-before-RAS refresh) tesn 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) o 20 30 30 ns
RAS precharge to CAS hokd time targ 10 10 10 ns
CAS precharge time (C-8-R counter test cycle) tept 35 40 50 ns
Access time from CAS pracharge torn 40 45 55 | ns 3
Fast page mode cycle time fpe 45 50 60 ns
Fast page mode read-modify-write cycle time trwg | 100 105 125 ns
RAS pulse width (fast page mode) trase 70 100K | 80 100K | 100 100K | ns
RAS hold time from CAS precharge trucp 45 45 55 ns
CAS precharge time (fast page mode) tcp 10 10 10 ns
: RAS hold time referenced to OF trom 2 2 2 ns
; OF access time toea 20 20 25| ns
OE to data delay toen 20 2 2% ns
Output buffer tum off delay time from OF, toez 0 20 0 20 0 25 ns
OF command hold time toen 2 20 25 ns
RAS pulse width (C-B-A seff rsfresh) tass | 100 100 100 s 19
RAS precharge time (C-B-R self rsfrash) s | 130 150 180 ns 19
CAS hoid time (C-B-H self rsfrash) tons 0 0 0 ns 19
KM416C1200L/LL Truth Table
RAS LCAS UCAS w OE DQ,.4 DQy.1s 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-QUT Upper Byte Read
L L L H L DQ-OUT 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




SAMSUNG ELECTRONICS INC LE7E D ER 7?9b4lu42 0016YLS5 59T EESMGK

KM416C1200L/LL CMOS DRAM-

NOTES
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.

2. Vivminy and Viymax) are reference levels for measuring timing of input signals. Transition times are measured
between Vinimin) and Viumax) and are assumed to be 5ns for all inputs.

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

4. Operation within the trcpmax) limit insures that tracimax) can be met. trepmax) is specified as a reference point
only. If trep is greater than the specified trepimax limit, then access time is controlled exclusively by tcac.

5. Assumes that tacp2>trcoimax)-

6. tar. twer, toHr are referenced to trabimax)-

7. torrmax) defines the time at which the output achieves the open circuit condition and is not referenced
to Vou or VoL.

8. twcs, trwo, towp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec-
trical characteristics only. If twcs>twcsimin) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwp2tcwn(min), tRwp2trRwominy, tawp=tawpimin) 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 treH or thRrn 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 trapimax) limit insures that tracimax) can be met. trapmax is specified as a reference point
only. If trap is greater than the specified trapmax) limit, then access time is controlled by taa.

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

13. tcp is specified from the last CAS rising edge in the previous cycle to the first TAS falling edge in the next cycle.

14. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle.

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

T /.

UCAS

COL
oo, RN o

towp

=l

t towe

16. tcgsr is referenced to earlier CAS AS falling low before RAS transition low.
17. tchr is referenced to the later CAS rising high after RAS transition low.

RAS \ Y aE
T s

tesn tcnn—J
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18. tps, ton is independetly specified for lower byte Dini1~g), upper byte Ding~16)

LCAS \

DQy~DQs LRI

P

W

19. 2048 cycle of Burst Refresh must be executed within 32 ms before and after self refresh, in order to meet refresh
specification.

TIMING DIAGRAMS
WORD READ CYCLE

tre
trp
tras
Vin — t
= ‘\ an / \
(B
tcre trco trsH
Vin — t
UCAS H \\ GAS / /
Vi — 2
trar
Vin — tcas F
o T N 7
Vip — b,
1
tash tran tasc fean oo l
PO b ROW GOLUMN
Ve — ADDRESS ADDRESS
|
F—tran —’klﬂqn
taes tReH
W Vin —
Vie— tan
torr
troH
to
- €A
OE
Vie —

toac —= —1toEZ
trac

DQ:-0Q1e OPEN VALID DATA-OUT

[B oo ome
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TIMING DIAGRAMS (Continued)
LOWER BYTE READ CYCLE

tc
tra —tap
ms Yn T N tan
Vi — tcrp trec
Vi —
UCAS V'“ - tan
[
trco tasH
ViH — toas  a
Vie — ot L—tAic—\\ / /
tasr toan tosm I
A Ym— ROW COLUMN
Vi — ADDRESS ADDRESS
I'-— tRAD"F tres fnnu—ﬁ
Vig —
W H ‘RCH
Vg — tan
trom
oe Vin — toea /é
Vi —
=—tcac — torr
thac F—toez
Von —
DQ,-DQs OPEN VALID DATA-OUT
oL — %
\CLZ
Vou —
DQs-DQss OPEN
VoL —
UPPER BYTE READ CYCLE
tre
4 trp
Ras
Vig — 3 t,
RS N\ wn /] A\
L
fare taco trsu |
VlL -
tn trpc
AL
V\H -
[CAS Vi — tesu \
L tasn tran tasc toan
A Yn— ROW COLUMN
Vi — ADDRESS ADDRESS
trap —=d
J——— RAD = tucs tRiH'—‘t
w Vg —
[¢
Vi — tan RCH
tron
oF Vin—
Vin—
—_ toea }——— tore
DQ,-DQy :°” OPEN
oL — toag—=| P toez —=
trac
V, p—
DQsDQys " OPEN VALID DATA-OUT
VoL~ tewz

m DON'T CARE
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TIMING DIAGRAMS (Continued)
WORD WRITE CYCLE (EARLY WRITE)

—tre .
Ri
tras .
o ————
mAs  Vw N tan N
Vi — tore :
thco o tasH
UCAS Vin— \ teas / /
Vi —
Vin— teas I
ws —two—] T\
* ] ——-tmn tRaL
tasc o | o —1
A Yw— ROW " COLUMN
Ve ADDRESS ADDRESS

tow, -
w Vi — twen
T twer oo _{

VIH _ WCS f=——q
OF

VL=

tos toH —e]
Vin— - NN NINININNNENNINONE N NN NN N/NN NN N
Povoere v oara_ ISR
[ torr

LOWER BYTE WRITE CYCLE (EARLY WRITE)

1)

tras

tere \ / trec
ooRs
Vi — w trep tAsH

tesn

RS Ym— N fors / /
Vi — = tRao ——

traL

Vin —
Vig —

tasc =— —tcan —=

tasn tran
n o RN sl SRR R R R B
towe

-
v twe
(S
|
-

»Q

g

tawi

1
twes Fe—-l WOR

tr.us———l l——tm..—-
o~ SRR XTI e YRR R

| tonr

paroa QR K LIIKLKAKKLRILKAKK
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TIMING DIAGRAMS (Continued)
UPPER BYTE WRITE CYCLE (EARLY WRITE)
hAsTHc L2
ms T tan
Vi — tore
taco oo tasn
UCAS V"": \ teas / /
e W I———-—“apc
Vi —
LCAS Vi —W tasr :t:;i lﬁ:- team e \-——
n e S aittss IR it RGNS
fowe ‘Jl
Vo —
twes twon trwL
®
pO;0Qs I (00 . D XXX
V6. 0.0.00.00.0.0.0.0.0.000.00.0.0.0.9.9000.00.0.0.0.909.00.0.0.9.9.00.90.9.99.09.99,
tos o ——=]
s R N o IR

tonn

WORD WRITE CYCLE (OE CONTROLLED WRITE)

tras - hF_Q
RAS \\::: : terp \ 4 i t
RCD tosn ikl
Vi — toas
o \ L/
) traL :1]
CAS i — ) trap —= \ / J
tasn | RAH | taSC fo—am b= toan —=
N T N
] . % twe J
Vi — 1 - trw ——%
Vin— I X X
T e g T I L s A U AN N e
P ton —=|
TETITN RS

m DON'T CARE

s uneg
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TIMING DIAGRAMS (continued)
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

trc
tras —trp —=
Vin — 3 t
RS N * / \
Vi — tcre trpc
VlH -
UTRs v W . treo tRsn
= N
tosH
Vg — | teas
=" -
Vi — tasr 2
et tRAH P tcaH —=d o l
A Ywe ROW COLUMN
Vy — \ ADDRESS ADDRESS
[
Viy — twe
w o, %
=
trwL
—————tow —-[

o 1‘12&22222222222% ot R XRIEHIIKIKRLRLIRLLIK

tos

—ton —

D e 2 T s U
panae X R R R R R R R BR

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

tre

taas le— trp
T —

w  m—— N

tcap
trep tasH
tesH

= R ",
Vi —
—  Vin—
LCAS Vi _w X ‘t—fmn : tRaL \
AR RAH ASC
Malalal =

)"-tcmﬁ
A Vin — ROW I~ COLUMN
Vo — ADDRESS ADDRESS
_ Vin —
w Vi — 'I
4
AL __!
- KK R A A e ates
Vi — toen
V p—
0Q,-0Qs M

toeo ];-— ——tns-—l }_tpn ——-—‘
oay0as " D—m VALID DATA-IN
Ve —

>

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

tawe

VIH -

thas

Vi —

tcre
| SR

trsh

Vin —
JCAS Qy
Vi —

Vi —
o
Vie = tasn

N
N /T
—

Than

tasc = =1 tcan

tesH

A Vi -@g ROW
vy — ADD

tawo = taw. =
tewn = tewe

t
Irwp

Pa—
tos ton

~~ ‘OED

trac p— toez—=

W Vin
Vi —
Vin —
OE v —
s
|
=
Vion —
0G:-DQus VieL —

fowz

READ-MODIFY-LOWER-BYTE-WRITE CYCLE

twe
ﬁVALID DATA OUT| [VALID DATA IN}——
p=— trp —=t

tawe
tras
Vi ~ e
AR L
Vi — tcre \ Z trrc
Vi —
UCAS V[H tan
* :‘ncn tRsn
Vin — teas
IcA3 W fr——trap—]
Vi — tasr \
o tes)
taan o]  tasc ] e H
Vi — ROW COLUMN
A v — ADD ADDRESS
(i
tawo -—'RWL—‘{
towo —tow. —=
Vin —
- == NI
VL — tawo

taa 2 twe

iy — N toea
RN o e
trac r—toez = kﬂ‘l

VALID DATA QUT] VALID DATA IN

toz

p=
Ve —
DQ.0Qs VO
VoL —
Von —
DQys-DQye
VoL —

OPEN
m DON'T CARE

0 st
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TIMING DIAGRAMS (Continued)
READ-MODIFY-UPPER-BYTE-WRITE CYCLE

tawc
tras f==trp
Vi — 3 a
RAS \ tan j
Vi — tore
1 troD thsn

e Vg — t
0GRS H y \ cas
Vi =

e tRAD ——=d

Vin — .
CA3 csH
Vie =~ tasr taan tean

tarc

— tasc (e fom—ed] trwe ——
A Vin — ROW COLUMN
ViL — ADD ADDRESS
tawn
tewo
_ Vig —
w p=—tcac —=f
Vi — thwp
tan
toea
— ViH —
oF le /
v " toen
i oH —
boiDag OPEN
- VioL = thac ——toez —
DQy'DQ1s \\’/’"’” - VALID DATA OUT}——@ VALID DATA IN
oL —
tez
FAST PAGE MODE WORD READ CYCLE
trp
trasp
Vi — " 3 trrce
RAS Vi — \ tar RHC] Z
L tere : 4%
PC tec
taco beetcp = tcp b tpgH—=]
Vin — I S L o ] 45 -
0CRS y \ cAs / \ cAs \ Cas ) / \
Vip — terp = s ¥
taco tcp —_-t‘cll:— b trgH ~—=t
Vg — 14
= tcas — —-'CAsj 7 ——tc,\s—j / \
cas Vi — y tasc \\ / \ tasc \ ‘;
tasn tosh tasc " 4 1
] tRaH | tcan e [t " tean
Vin — '3 <
ROW COLUMN COLUMN COLUMN
A Vi — ®< D >®< ADDRESS ’< ADDRESS 5@* ADDRESS

Y
P tRAD —==i [ =4 tros -.+tﬁcs
i—‘, trcs tacH | " tF}(iH ™ tWH
| tan —]

Vig — >7 |
W RCH
Vi — ta—y tan—
p=— tcpa l=—o1cpa
toea toea 4 toea
& SESSEN
Vi —
L) ¢ S
toac N ] torr toac l——”- torr o l-— torr
o thAC 0Ez = toEZ =] — —togz
Vor = VALID 7 vaip ) VALID
0Qy-DQhe Vo — DATA-OUT DATA-OUT DATA-OUT
oL
toz = torz = towz

m DON'T CARE
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TIMING DIAGRAMS (Continued)
FAST PAGE MODE LOWER BYTE READ CYCLE

trasp f—tRe

FAS Vi — —1\ tag ———————= B Z

ere 5y
t——- F——tanee
Lé

R T i
Vi — tec tec F— trsx —
© terp [ tep
r"‘ taco
LC
CCAS Viy — \-_YCAS‘_"Z \"—“CAS‘v td [=—1cas —= \_
VL — \ y - r
tasr CSH tasc toan RAL
AR tasc | | tean o Iy Bt tasC [rmrmer tean ]
v tran |
A "= ™~ ROW COLUMN ,< COLUMN COLUMN
v, — ADD ADDRESS ADDRESS tADDRESS
i v
— trao b tres Jt, G
tacs t__.lr thcH r ] trcH r Ros treu
Vi — s
w Vo — L tran
* tan —= tan —— - taa
YCE—— = tepa
Vi — toea toga toEs
w /
Vb — 1 i l-_J ? t ‘___ 1 l———
bt ac == OFF te OFF torr
tone CAC toez f——t AC Fogz =] f=-teac — I togz ~
- Jp—
0Q,-0Qs ¥ ) VALID VALID VALID
Ve — DATA-OUT L DATA-OUT DATA-OUT
oL
to s —et torz —ag torz
" Von —
DQy-DQ1e OPEN
Voo —
FAST PAGE MODE UPPER BYTE READ CYCLE
tRase tre
-
AT Vin — tan tarice

tere : :
1" =~ teco PC Pc e
Vin — ——chs—J —"1tcas 3 T teas /
UCAS v — \ Z \
" tcre "
I‘— csH
Vi — -
LCA Vi — tra ———
tas tran

4

_R_‘ tasc toan tasc tcan tasc tom
Vin — ROW ) COLUMN COLUMN x’FCOLUMN
A Vi — ADD | ADDRESS \. ADDRESS \ ADDRESS

‘ i |
tRAD—F:.! tncsl tacH [T tres tR%H’ 1:‘ + tacs r——!tncn

tarn

Vin —

Vi — W tan __+ | tan —df | tan

tepa [=—tcra

“_ KB
Oy —

=

|
Vou — l“ toea l—'—ﬂ tore l—" toea l—_jb“ toEa H torr
DQrDGs OPEN
VoL — he tcac toez tcac toez tcac toez
trac
_ ————y ——
00eDQse O VALID }_ - vauD VALID
orie VoL — DATA-OUT DATA-OUT DATA-QUT
terz —= torz —= toz

m DON'T CARE
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SAMSUNG ELECTRONICS INC b7E D EE 79b4142 OLLbu24 5T2 EESMGK
KM416C1200L/LL CMOS DRAM

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

trase tap

RAS X tar

tcre 134
\ 4 —
I—-— teco tec _ Yo PC — thsk
Vin— \ teas — 37 toas —=1
= T N YN
9
tcre " tee tec trsH—
treo tep F‘h ter
Vin— toas = b——tcas — b toas —
CAS Vi — \\ \§ Jf \r

tasn tesu tasc tean tasc toan
9k I 'R:A:‘sc toan Ferd — .._.{
A Vin— “"rOW " COLUMN COLUMN COLUMN
Vie— ADD ADDRESS ADDRESS | ADDRESS
= trao—=1 twes twes twes twen

= twen twen

Vin— twe ——twe ==+ twp —==
w ViL— X
Y rr4Y " l
towm “l ~ towe ! o tHWL-—l
£

sl —fton  tosfe] —ton  tog e ] ton

Vin— VALID VALID - vALD
D0DGw DATA-IN \_ DATA-IN DATA-IN
tong —————=

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE)

tRase tap

ms T tar

viL— <c

terp 124 trec
54

Vg —
RS ViL— W tee e = trsn = N
tere tep tep
!——-1 taco
Vin — teas loas ——l/ =55 \——10'«3%
ViL— "
1&@1 o tesH tase toam tasc tean
tran tean === 1 ™~
a Vin — ROW COLUMN COLUMN COLUMN
Ve — ADD \_ADDRESS ADDRESS \_ADDRESS
trap —1 t';vc:; twoh twes twes twen
twon—=
w \:/'H - twp— 1 twp -t twe
w— 4
49
g = e
oF Vin —
ViL—
tos ———{ ’——4 ton tos ——I ’——— ton - tos tow
Vi — = VALID VALID VALID ‘V‘VQV."'.'.'Q'.
DQ,-DQ,
e - DATA-IN DATA-IN patan  ANOOOOCKX
tonr i

oe00s 1 R XX

m DON'T CARE
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SAMSUNG ELECTRONICS INC B?E D WM ?79b41L42 DDlL425 439 EESNGK
KM416C1200L/LL CMOS DRAM

TIMING D|AGRAMS {Continued)
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE)
p—— e taasn

= tAR —!
RAS \
Vi l 4
.

Vin —
tere L e
.>—“ taco "t
Vi = jfms;"F ~lcas
UCAS _ \ :
tcae
Vi — ;
LCAs  , _ tose
L i

lﬂ —tg—ﬂ fase 1 ‘?cm IAL _iﬁ.,
RN % D 2 RS S
trao 1 twes E twer twcs[ e twes N
L m RN Ak
w Vi — /
‘ tew ! T lewe ——l - 1 tom —tlIW‘JL

OE Yo =

Yoo T

= ‘ - SRR y

LSt N $.00.900.9.0.0.0.0.0.9.0.0.0.0.0.9.9.0.9.9.9.0.0.0.0.0.9.0.00.0.9.0.9.90.09.9.0.9.9.9.9.%

i
N S RO Y TSR | S T
Vin = VALID VALID VALID
BQs-Dve vy — DATA-IN DATA-IN (. DATA-IN

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE

torr

trp
trasp
Viy — tan
RAS \ tosk -
Vie = tore
r— le—— taco terwe tor thon = T
Vi — \ teas /ﬂ 3\ teas y
\
Y !
CRP | | tosH a—
v e tRen —= trrwe tep o] tagn
H— teas teas R
A R /7
L = =
tasn tran tasc
= = = —llean tewe | tean tewe [—
Vi — rs
A ROW COLUMN COLUMN X
Vi — ADD ADDRESS ADDRESS "”””“"“0’0‘0’0" '0“‘
T
thap ___I tacs tue traL tore ]
w Vik— Y
Vi — tewn I
tAwo ! 4 tawp
Lawp i tewo
Vo — toea ; toea
oe [/ !
Vie = loep |, los toco | tos
taa + teea t
——trac toez tor toez L
teac 1 tan } tor-
V) - .
DQ;-DQse V‘O” ‘
oL — !
terz —=f-=— touz |
VALID DATA-OUT  VALID DATA-IN VALID DATA-OUT  VALID DATA-IN
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SAMSUNG ELECTRONICS INC G7E D EE 79bL4Lu42 00Lb42L 375 MESMGK
KM416C1200L/LL CMOS DRAM

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

trasp trp
ARS Vi — " tan
Vi terp t
RPC
UCAS Vin = torwe - trsh \
Vie— 4 tesH 4
crp P
trco
Vi — tcas toas
L Vie — \ 7 X
* tasr| | tran tasc 1
== F— F—{tcan towl toan cwi bRWL__
A Vin = ROW COLUMN COLUMN
Vi — ADD /N ADDRESS | ADDRESS
trap % o twe traL i—-{
LV | we
Vin —
St e g w4
tawo
tawo tawo
Vin — .t.?b‘
OE _ . _/ ! toca
Vi tan toro | fos : toeo | tos
-t tcpa
trac tan o toez | ton
v r toac
pQ,0Qs "
VioL —
touz —= touz
Viow — VALID DATA-OUT  VALID DATA-IN VALID DATA-OQUT  VALID DATA-IN
10H
DQy-DQ1e OPEN
Viow —
FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE
tap
trase
Viy — tar
ms " tesw tr
Vi — tere
|— taco —={ torwe
Vie — ! t,
UCAS \ CAS teo \ cAs
Vie— tone trec

Vin — ROW COLUMN COLUMN
A Vi — ADD ADDRESS \ADDRESS
trap I—-——{ '——[ twp L twe 1
Vi — p __1
w vy — tewo
trwo . I
tawo tawp
5 Vie — 4
Vip — L
V.oow ™ tan
. OPEN
DQiDQs  \  _ toea g i~ tos d'ou = tos
r‘———fmc 1 — fea———-taa f—
tcac OkZ

toez tom
Q‘!’O‘O‘O'O'"Q'Q

JAVAVAVAVAVAVAN

Vig —
[cas " ‘ 1 \
Vie— p‘%‘ tasc CwL F

tagr toan towe tasc | loan
I tawl —=|

DQe-DQ1e

on T

ters teiz
VALID DATA-OUT VALID DATA-IN VALID DATA-QUT  VALID DATA-IN

m DON'T CARE
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SAMSUNG ELECTRONICS INC G7E D WM 7964142 001k4Y2? 201 EESMGK
KM416C1200L/LL CMOS DRAM

TIMING DIAGRAMS (Continued)

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

tec

thas tae

Vin — !

S - N\ / \

tcrp ‘ trpc tere
.- U
UCAS Ve — / '
tRpC terp
Vi —
L[CAS
Vie — /
tasr tRan
A r ROW
Ve \. ADDRESS

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

terp

C

tre . }——lap——
- V,H _ s RAS
e Vo b (RPC o] \ 1/
oo / H\I B R R R
e Vi — ¥ fore VAV AVAVAVAV WAV AVAVAVAVAVAVAVAVAVAVAVAVAVA.
R / \]: BRI
DQ,~DQug \\//‘;“: } OPEN

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

trp tAPS ———e—t
RAS Vin ™ / \ tRass Z
ViL— trPC £
[———tRPC =]
fcp tcHs
ViH— N lesk
v ViL— —/ \ £ /6 ?\
¥
tcp teHs
Viy — i’ tcsh
{CAS H ; \-——— %
v — k
* toFF
v P
pot-oate | o - OPEN
VoL — 7

m DON'T CARE
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SAMSUNG ELECTRONICS INC L7E D WE ?9bu4l42 DOLbucs Lud EESMGK
KM416C1200L/LL CMOS DRAM

TIMING DIAGRAMS {Continued)
HIDDEN REFRESH CYCLE (READ)

thas e top e o tras ——] tre =
VlH L —

RAS v, — N ~ —1 JZ \ \

b tCRP ] thoo tagH ——==

R | \ Y7
7

= teRP =] 4'
Vi — = tcHR
cas ViL — \\ /

fsn ——4 tRan ‘-tiﬂ:- team
A \\I,I::: m AD%%VEVSS E%géﬂshé
W S LRI
nem— [Fpp— I—loFr

Vi — toea

L £

\ — tcac—=| toez
DQ,-DQ1s ‘\’/°“ - - -_‘@( VALID DATA-OUT }——-

o — terz |

HIDDEN REFRESH CYCLE (WRITE)

thas tpp—ef f———tras—— ~trp
_ V|H L ——————— l .
" FAS N a N
vlL -
sH—1

o ) N V7
\\ thj/_j_———

tean

i

tasn tran tasc

A T ROW COLUMN
Vo — ADDRESS ADDRESS

tRap —=i b= tyycn —=
Vin— = twes =
Vi —

Vi — R

Vi —
tos ———l l—— toH —=]

e A I A e A At la e olel

AVAN TAVAVAN
m DON'T CARE
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SAMSUNG ELECTRONICS INC L7E D WA 79bulu2 00LbLu29 084 EESMGK

KM416C1200L/LL CMOS DRAM

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

= trp
RAS Vin : _!\ thas Zr{_

Viy — fesn tcpr_—% tc. -
s T\ N Y
L
toer — tei !
tesn
xS Vip— W tenn teas g
Vik —
1 ' T
v tasc tCA:AL —if
R AVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY COLUMN
A ove- 020’&%2&%20’02‘20’0’0’0’0%’0)’0‘ ADDRESS
READ CYCLE AR I
F—toac —= -
_ Vih—
" - R
tron
Vi — X
OF
Vi —
=1 toEa !toszl-_— torr
Von —
0Q4-DQyg VALID DATA-OUT
Voo = tez
tRwe
WRITE CYCLE towe
Vin — LIS S
ViL —
twe
58 Vin— [ [ 1
Vie—
K —
0a.0a OPEN VALID DATAIN |}
D~ P
MODIFY-WRITE "
READ- - I_rni » ]

1
Vi — n wp
w caC x
Vie —

Viy — \
OE v, toea / toep
L= Y .
toE

7 tps

Vion — il r X XXX XXX
DQy-DQye Vio — &@ RN ‘t’"zm!

VALID DATA-QUT VALID DATA-IN

m DON'T CARE
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SAMSUNG ELECTRONICS INC
KM416C1200L/LL

G?E D EE 79L4L42 0016430 ATH EESMGK

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM416C1200L/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 KM416C1200L/LL has only
10 address input pins, time multiplexed addressing is
used to input 10 row and 10 column addresses. The mul-
tiplexing 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 KM416C1200L/LL begins by strobing in
a valid row address with RAS while LCAS(UCAS) remains
high. Then the address on the 10 address input pins is
changed from a row address to a column address and is
strobed in by LCAS(UCAS). This is the beginning of any
KM416C1200L/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(tgp)requirement.

RAS and CAS Timing

The minimum FAS and CAS pulse widths are specified
by trag(min)and tcag(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 puise widths. In addition, a new
cycle must not begin until the minimum RAS precharge
time, tpp, has been satisfied. Once a cycle begins, inter-
nal clocks and other circuits within the KM416C1200L/LL
begin a complex sequence of events. if the sequence is
broken by violating minimum timing requirements, loss of
data integrity can occur.

Read

A read 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 RAS. 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(max)jthen
the access time 1o valid data is specified by tgac(min).
However, if XCAS transitions low after tgcp(max)or if the
column address becomes valid after tgap{max), access is
specified by tcac Or tas. In order to achieve the minimum
access time, tgac(min), it is necessary to meet both tgep
(max) and tgap(max).

Write

The KM416C1200L/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 Write : An early write cycle is performed by bringing
W low before XCAS. The 16-bit wide data at the data |/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 toea for data to appear at the outputs. If towp and
tawp are not met output may contain invalid data.
Conforming to the OE timing requirements prevents bus
contention on the KM416C1200L/LL DQ pins.

Data Output

The KM416C1200L/LL has a three-state output buffers
which are controlled by CAS and OE. Whenever either
CAS or OE is high(V,), 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 t > and before the valid data
appears at the output. The timing parameters toac.: tras
and ta4 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 KM416C1200L/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 Output State : Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, OE con-
trolled write, CAS-only cycle.

Indeterminate Output State : Delayed Write{tcwp of tawp
times are not met)

sy
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CMOS DRAM

DEVICE OPERATION (continued)

Refresh

The data in the KM416C1200L/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 periodicaily refreshed.
Refresh of the individual storage cells is accomplished by
accessing all rows within the refresh period(tgrgr)of within
128ms. 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 TAS remains high. This cycle
must be repeated for each of the 1024 row address (A,-
A).

CAS -before-RAS Refresh: The KM416C1200L/LL has
CAS-before-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(tcgg)
before RAS transitions low, the on-chip refresh circuitry is
enabled. An internal refresh operation automaticaily
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 TAS-
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 100s 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(V)y).

Other Refresh Methods: It is also possible to refresh the
KM416C1200L/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 KM416C1200L/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 cycla 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 AQ through A9 are supplied by on chip refresh
counter.

Power-up

It RAS=Vgg during power-up, the KM416C1200L/LL could
begin an active cycle. This condition results in higher
than necessary current demands from the power supply
during power-up. 1t is recommended that RAS and CAS
track with V¢ during power-up or be held a valid V in
order to minimize power-up current.

An initial pause of 200xs is required after power-up fol-
lowed by 8 initialization cycles before proper device oper-
ation 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 s
cycled.
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SAMSUNG ELECTRONICS INC B7E D WH 7964142 0016432 L79 EMSMGK

KM416C1200L/LL CMOS DRAM
PACKAGE DIMENSION
42.LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (milimeters)
1.070 (27.18) | 0.025(0.64)
1.080 (27.43) \ MIN
miniaininisinisinisininininininininisinis] —7’f)> _
Olsezs| | | 2 3¢
c(e oslo colo efe
0 L b

| I D N N I O f [ 0 N A [ N N N[ I I D D N O 7
0.0286(0.66) 0.130(3.30)
1 0.030(0.76) 0.140(3.56)

‘!!!i!i!i!i!i!i!i|i!i!i!i!i!i!i|i!i!i!i!i!i
svson [ | [ comom [ eeom

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

26(23) /'”‘\ 08

ONOACO0RO00 0000000000

Blosore]

0.50+0.1

gooouutuoud gubododaaud | J— —
25(22) o1s 7%,

21.35 MAX

1.20 MAX

o010 max |- i

(0.925)

Tan
0.35 0.1 H ]
T

0.00 MIN
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