KM416C1000A/A-L/A-F CMOS DRAM

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

FEATURES ‘ GENERAL DESCRIPTION
« Performance range: The Samsung KM416C1000A/A-L/A-F is a CMOS hlgh

speed 1,048,576 bit x 16 Dynamic Random Access
trac | toac tre Memory. lts design is optimized for high performance
KM416C1000A-6/A-L6/A-F6 60ns 15ns | 110ns applications such as personal computer, and high
KM416C1000A7/A-L7/A-F7 | 70ns | 20ms | 130ns performance portable computers.
KM416C1000A-8/A-L8/A-F8 | 80ns | 20ns | 150ns The KM416C1000A/A-L/A-F features Fast Page Mode
operation which allows high speed random access of
- Fast Page Mode operation memory cells within the same row. CAS-before-RAS
« 2 CAS Byte/Word Read/Write operation refresh capabilitﬂyprovides on-chip auto refresh as an
« CAS-before-RAS refresh capability alternative to RAS-only refresh. All inputs and outputs
« RAS-only and Hidden Refresh capability are fully TTL compatible.
« TTL compatible inputs and outputs
« Early write or output enable controlled write The KM416C1000A/A-L/A-F is fabricated using
« Triple +5V+10% power supply Samsung's advanced CMOS process. ’
» Refresh Cycle :
- 4096 cycle/64ms (Normal)

- 4096 cycle/128ms (L-version)
- 4096 cycle/128ms (F-version)
« JEDEC standard pinout
« Available in plastic SOJ and TSOP ll packages .
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KM416C1000A/A-L/A-F : CMOS DRAM

PIN CONFIGURATION (top Views)

+» KM416C1000AJ + KM416C1000AT + KM416C1000AR
veed 10 a2 vss Vee T 19 44 1) Vss Vss 1] 44 1 | vee -
D2 41 DQs D1 [ 2 43 |1 DQis DQis I} 43 2 [ DQs
DQ2(] 3 40 1 DQis DQz I3 42 I DQ1s DQ1s [T 42 31 DQ2
pas 4 39 b pown DQs T 4 411711 DQu4 DQ14 T 41 41 pas
pa:ds 28 b DQ1s DQs T 5 40 -1 DQis DQ1s ] 40 5 -0 DQ4
veod 6 a7 h v Vec ] 6 39 [T Vss Vss M 39 6 |1 Vcc
58 DQs [T 7 38 |11 DQre DQre 1] 38 7|1 pos
basg 7. 36 0 DQu D0s T 8 37 - pan pan o 37 8 -1 Das
DQs O} 8 s poban ooy ] 9 36 |1 bQ1 DQo | 36 g 1 oo
Da7 ] 9 34 P DQ1o DQs ] 10 35 =11 DQo DQs ] 35 10D DQs
DQs ] 10 33 b DQe N.C. D:l 1" 34 D N.C. N.Cc. 1T 34 11D N.C.
NC. O 32 b NC.
N.C. 12 31 pQ Lcas
T .C. .C. .C. 33 12D N.C.
wdis 30 b UCAS N.C. ] 12 33 -1 N.C N.C. I}
s d 14 2 b o N.C. T 13 32 |- [TAS [CAS 1] 32 13 |0 NC.
and s b A W ] 14 31 [ UCAS _UCASE 31 4OW
" 1 o © AAs ] 15 30 |0 OF OF ] 30 15 11 AAS
Ao [ H A An ] 16 20 A A ] 29 16 21 Anr
Ao 17 %0 A Ao T 17 28 [T As As ] 28 17 1 At
A1 18 281 As . Ao 1] 18 27 [0 A7 A 27 18 [7T1 Ao
Az [ 19 240 As A1 19 26 [0 As As 1] 26 19 |0 A1
mgee O 2pa . A 20 25 {11 As Ar]2s O 20fDA
VCCqZ‘Y 22 R vss a2t O ubnm As ] 24 21D As
Ve T 22 23 |1 Vss Vss ] 28 22 Vce
(SOJ)
(TSOP(Il)-Forword) (TSOP(ll}-Reverse)
Pin Name Pin Function
Ao-A11 Address Inputs
DQ1-16 Data In/Out
Vss Ground
RAS Row Address Strobe
UCAS Upper Column Address Strobe
LCAS Lower Column Address Strobe
w Read/Write Input
OF Data Output Enable
Vee Power(+5V)
“N.C. No Connection
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KM416C1000A/A-L/A-F

CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, VouT 147 v
Voltage on Vcc Supply Relative to Vss Vce 1~+7 \
Storage Temperature - . Tstg -55 to + 150 °C
Power Dissipation PD 1 w
Short Circuit Qutput 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 &oltage referencled to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 45 5.0 5.5 A
Ground Vss 0 0 0 v
Input High Voltage ViH 24 — Vec+1 . v
Input Low Voltage ViL -1.0 — 0.8 \
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
Operating Current’ KM416C1000A-6/A-L6/A-F6 ' 100 mA
T . ) KM416C1000A-7/A-L7/A-F7 lect - 90 mA
(RAS, UCAS or L.CAS, Address Cycling @trc=min.) KM216C1000A-8/A-L8/A-F8 80 mA
KM416C1000A 2 mA
Standby Current :
== =R T KM416C1000A-L lccz - 1 mA
(RAS:UCAS:LCAS_W_Vlﬂ) KM446C1000A-F 1 mA
 p— KM416C1000A-6/A-L6/A-FB 100 mA
RAS-Only Refresh Current*
T == . . KM416C1000A-7/A-L7/A-F7 lccs - 90 mA
(UCAS=LCAS=VIH, RAS, Address Cycling @trc=min.) KMA16C1000A-8/A-L8/AF8 80 mA
KM416C1000A-6/A-L6/A-F6 100 mA
Fast Page Mode Current” ) .
= e e ) ) KM416C1000A-7/A-L7/A-F7 lcca - 90 mA
(RAS=ViL, UCAS or LCAS, Address Cycling @tpc=min.) KM416C1000A-8/A-LB/A-F8 80 mA
KM416C1000A 1 mA
Standby Current
e Wy -RrrE KM416G1000A-L lces - 300 uA
(RAS=UCASSLOAS-W=Voe-0.2) KM416G1000AF 200 | A
= = . KM416C1000A-6/A-L6/A-F6 100 mA
E%SS‘BJSX;??ECTS%CSZﬁ ”rfg't‘;c_min ) KM416C1000A-7/A-LT/A-F7 | lcce - | 90| ma
' yeling EiRc=min. KM416C1000A-8/A-LB/A-F8 80 | mA
Battery Back-Up Cunrent, Average Power Supply Gurrent,
Battery Back-Up Mode, Input High Voltage(Vi)=Vcc-0.2V,
Input Low Voltage(ViL)=0.2V ) KM416C1000A-L locr - 450 | pA
UCAS, TTAS=0.2v
Din=Don't Care, trc=31.25x$ {L-Version)
tRAS=tRAS min~300ns

S imsuvig
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KM416C1000A/A-L/A-F | CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued)

{Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units
Self Refresh Current -
RAS=UCAS=LCAS=ViL
o - lec -
W=0E=Ao-At1=Voe-0.2V or 0.2V KMA16C1000A-F $ L2501 A
DQ1-DQ1e=Vee-0.2V or 0.2V or Open
Input Leakage Current ) 10 10 uA

(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 V)

Output Leakage Current o B

(Data out is disabled, OV <Vout < Vcg) “ 101 10 ] KA
Output High Voltage Level (lok=-5mA) Vo 2.4 - Vv
Qutput Low Voltage Level (loL=4.2mA) : VoL - 0.4 Y]

*NOTE: lccy, lecs, Icca and locs 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 Icca, address can be changed maximum
once while RAS=VIL. In Icc4, Address can be changed maximum once while page mode cycle time trc.

CAPACITANCE (rA=254c, Vce=5V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance {Ao~11) CiNt - 5 pF
Input Capacitance (RAS, LCAS, UCAS, W, OF) Cinz - 7 pF
Output Capacitance (DQ1~DQ16) Coa - 7 pF

AC CHARACTERISTICS (0°c <Ta<70°C, Voc=5.0v+10%, See notes 1,2)
(Test condition : ViI/VIL=2.4V/0.8V, Vor/VoL=2.4V/0.4V, Output Loading CL=100pF)

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

Random read or write cycle time RC 110 130 150 ns
Read-modify-write cycle time trwc | 155 185 205 ns
Access time from RAS tRAC 60 70 80| ns | 3,411
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 o1z 0 0 0 ns 3
Output bufer turn-off delay torr 0 5] o 15| o 15| ns 7
Transition time (rise and fall) r 3 50 3 50 3 50| ns 2
RAS precharge time tRP 40 © B0 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 . | tens 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 | traD 15 30 15 ‘35] 15 40| ns 11

ELECTRONICS
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KM416C1000A/A-L/A-F CMOS DRAM

AC CHARACTERISTICS (continued

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

CAS to RAS precharge time tcrp 5 5 5 ns

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

Read command hold time referenced to FAS tRRH 0 0 0 ns

Write command set-up time twes 0 0 0 ns 8

Write command hold time tweH 10 15 15 ns

Write command hold time referenced to RAS twer 45 50 55 ns 6

Write command pulse width twe 10 15 15 ns

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

Write command to CAS lead time towl 15 15 20 ns

Data-in set-up time tos 0 0 . 0 ns 10

Data-in hold time toH 10 15 15 ns 10

Data-in hold time referenced to RAS toHR 45 55 60 ns 6

Refresh period (Norma) ‘ REF 64 64 64| ms

Refresh period (L-version) tREF 128 128 128| ms

Refresh period (F-version) tREF 128 128 128 ms

CAS to W delay time towp | 40 50 50 ns 8

RAS to W delay time tRwD | 85 95 105 ) ns 8

Column address to W delay time [ tawp | 55 60 65 ns 8

CAS precharge to W delay time tcpwn| 60 65 70 ns

CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 ns

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

RAS precharge to CAS hold time trec 5 5 5 ns

CAS precharge time (C-B-R counter test cycle) topT 20 25 ] 30 ns

Access time from CAS precharge tCPA 35 40 451 ns 3

Fast Page mode cycle time trc 40 45 50 ns

Fast Page mode read-modify-write cycle time tPRWC | 80 95 100 ns

RAS pulse width (Fast page mode) tRASP 60 | 200K|. 70 200K| 80| 200K| ns

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

CAS precharge time (Fast page mode) ) tee 10 10 10 ns

RAS hold time referenced to OF tRoH | 15 20 20 ns

79b4l4e2 0019618 832 W
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KM416C1000A/A-L/A-F CMOS DRAM

AC CHARACTERISTICS (Continued)

-6 -7 -8

Parameter Symbol Units | Notes
) Min| Max | Min| Max | Min| Max
OF access time ‘ toea 15 20 200 ns
OE to data delay toeo | 15 20 20 ns
Output buffer turn off delay time from OE toez 0 15 0 20 0 20| ns
OE command hold time toeH 15 20 20 ns
RAS pulse width (F-ver) trass | 100 100 100 #s 19
RAS precharge time (F-ver) taes | 110 130 150 ns 19
CAS hlod time (F-ver) tcHs -50 -50 -50 ns 19
KM416C1000A/A-L/A-F Truth Table
RAS LCAS UCAS W OE DQ1~DQs DQe~DQ16 STATE
H X X X X HI-Z HI-Z Standby
L H H X X 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-OUT DQ-0UT 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 7364142 0019L19 779




KM416C1000A/A-L/A-F - 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. Vimin) and Vigmax) are reference levels for measuring timing of input signals. Transition times are measured
between Viymin) and Viumax) and are assumed to be &ns for all inputs.

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

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

5. Assumes that trep2trRCD(max)-

6. tar, twcr, torr are referenced to trap(max).

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, tewp and tawp are non restrictive operating parameters. They are included in the data sheet as elec-
trical characteristics only. If twes>twesimin) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwo>tcwnimin), tRWDZtRWD(min), tawp=tawDimin) 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 tren or trrn 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 trRapimax) limit insures that tracimax) can be met. trapmax) is specified as a reference point
only. If trap is greater than the specified trapimax limit, then access time is controlied by taa.

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

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

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

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

LCAS /__!‘

\l' tee
fAicJ tean

COL

town

sl

—

T CwL

16. tosr is referenced to earlier CAS AS falling low before RAS transition low.
17. tcHR is referenced to the later TAS rising high after RAS transition low.

RAS L 4/—____ |

S
N

tcsm
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KM416C1000A/A-L/A-F CMOS DRAM

18. tps, tpH is independetly specified for lower byte Din1~g), upper byte Ding~16)

DQ~DQp

" DQgVvDQis

w

19. 4096 cycle of burst refresh must be executed within 16ms before and after seif refresh, in order to meet refresh
speciffication (F-version)

TIMING DIAGRAMS
WORD READ CYCLE

tre

tras

_
Vin

terp treo trsn

UCAS \\jl: : ] \\ » teas ] / /

Vi — teas r
[CAsS \ / /
Vi — 4

tosn

tasr tran tasc toan
A m— ROW - CoLumN
Vo — ADDRESS ADDRESS

1
[=—trap — ,——tRRH
tacs tach
W le -
- o R
torr
tron I

toea

pe——topz — =1

tcac

trac

Von —
DQ-D0se " OPEN VALID DATA-OUT >_.
oL —

terz
|
m DON'T GARE
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' KM416C1000A/A-L/A-F

CMOS DRAM

TlMlNG DlAGRAMS {Continued)
LOWER BYTE READ CYCLE

tre
tras —trp
_—
mAs tan ZF N
Vi = tcrp trec ’
Viy —
(A
i treo tRsH
o Vi — t, -
LS e — e [N - /
tasm toan tom 17]
A VW - ROW COLUMN g
v, — ADDRESS ADDRESS
t*"mn*-’ tres }__1 ! __|
|__ ARH
=7 VIH -
ViL — tan
trow
toea
—  Vm— vvvvv.v vvvvv.vvv.v.v.v’v Y,
o RN A
: [~—lcac —torr
trac F—1toez ——
V —
0Q-0Qs " OPEN VALID DATA-OUT
VoL — touz
V p—
DQyDQe OPEN
oL
UPPER BYTE READ CYCLE
tre
. N tre
Ras
—
RS \\//m - \ tan Z ‘\
i
fone thco trsH |
UCAS Vi = \\ toas / A"
V]L —_
taaL taec
— Vin—
CAS V'” tosn N
L= tasn trax tasc fean
A Im— " Row COLUMN
Vi — ADDRESS ADDRESS
1, —
v Fro [————Ifncs t'“”_-f
— IH == v
'
i~ SRR o REEKE
t,
— Vi —
= £
o
— toea |——- torr
DD, o OPEN
VoL — — toac —=1 —togz ——=
taac
DDAy VM OPEN {@( VALID DATA-OUT }—
VoL — torz
m DON'T CARE
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KM416C1000A/A-L/A-F CMOS DRAM

TlMlNG DIAGRAMS (Continued)
WORD WRITE CYCLE (EARLY WRITE)

trag

s \ tag § N
Vi — tere
fosm

treo tasH
UCAS Vlh_w‘ toas / /
ViL—
|
o I \ foas / /
|

Vii—

thsn iﬁi”— traL
tasc ~— tcAH —=
Ao Vme m RowW ;@g‘ GOLUMN
Vi — ADDRESS ADDRESS
tow !
Vi — twon AV AVAVAVAV VAVAVAVAV,VAVAVLV.
w .
R ™|
tawL {
twer :
twes e
Vig—
OE
Vii—

I tos __.! |__10H*
Vin—
S o KRR RS TTTR,
L —

[ toHa

LOWER BYTE WRITE CYCLE (EARLY WRITE)

V) i
H \ tan / N
Vi — tere tapc

ocRs M
ViL — treo trse

Py
>
ol

R Vn - N fors / /
Vi — —tRap —-=
tash e tasc fm—el =t — e
A Vw— ROW COLUMN
Vi — ADDRESS ADDRESS
. towe ﬁJ| .
_ Vi — . twew
(S
I
N twen il L
WCS ==
oE T XXX :
Vo —
tos h-l ;—tgu——
T R A AAVAVAYAVAVAYAVAVAVAVAV G 2
s R e e XSS KR
200 BESEIKIGEN vauw oxraw

toHR ‘

I 4 R R N N AN AN UBEN ‘

m DON'T CARE
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KM416C1000A/A-L/A-F

CMOS DRAM

TIMING DIAGRAMS (Continued)
UPPER BYTE WRITE CYCLE (EARLY WRITE)

the —

thas

s zr : tcrp v \——
treo trsH
tesn

UCAS V’":ﬁééé} : \ teas / /

o I——-- taprc
ichs " = taap traL

W fasn =] tRAN -t-ﬁc— foan .

Vv — v
S 5% T T S R R

m )
e

TN

_ Vi —
W H
Vie—
ot Vig —
Vi —
DQ;-DQs U —
ViL —
. Vin —
DQo-DQ1s
ViL —

WORD WRITE CYCLE (

ton —

VALID DATA-IN ‘&72;272;2727272;

tonr

OE CONTROLLED WRITE)

\VAYAYAY

BRI

te ' .
tras tRp ——
ms T \ tea \
Vi — terp »
treo trsH
v tosm
H— CAS
S K N [/
v trar 4
H— -
T XY e N [/
tasr tran t
mama—— ASC = tcan —=|
A Vlﬂ*m ROW " COLUMN
v — | ADDRESS | ADDRESS
Vig —
W
Ve N
. tawL i
v ' XTI
n toen IRAAXP
or oo |t | 2T XXRIXXAEE
Ity —=]
DQ1-DQys V'”_D——mx VALID DATA-IN
ViL —

m DON'T CARE

S imsuyg
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KM416C1000A/A-L/A-F

CMOS DRAM
TIMING DIAGRAMS (Continued) -
LLOWER BYTE WRITE CYCLE (OE CONTROLLEI?ROWRITE)
| —
s e | wey N
ooRs \
tesn
S ) W A A
I T N I R O R A
L O N et

DQ;-DQs

DQyg-DCe

UCAS

LCAS

3]

" DQ,-DQs

DQg-DQe

tawe

J

tewe

1

toeo

foEn

R

tos

fe—— b ——=d

K

VALID DATA-IN

RS

VAVAVAVAVAY

BB

VAVAVAVAVAVAVAVA NN

e R e

" UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

— tre

thas l~— tRP —o|
V- tar
Vi — tere \ / \——
RCD - o tasH
MY %%% \ - / ’_/ §
trrc
T e e s N
R o T Y T A R e
_ twe -
g /
trwL r—” !
. RS
VlH_
Vi —
tOEDI—— ‘—-lns—-l |-—tDH—-

VALID DATA-IN
e

RS

S hsuneg
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KM416C1000A/A-L/A-F

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

=

DQy-DQ1s

CMOS DRAM

tawe

tras

Vi =
Vie — \

tan

tcap

trep

g
Vi T

treo Jr

tasn

toas

taj

tasH

ViH -—W
Vi T

tasr

P!

I

taan

tasc

tean

tesm

COLUMN
ADDRESS

ROW Y
ADD

tawo

= trwi _'l

tewp

tow

...__[CAC_—

%

toea

tawp

T
/ toeo !

tos

ton

Vion —

trac

f=— toez —=

VioL —

terz

‘@(w\uo DATA OUT]

READ-MODIFY-LOWER-BYTE-WRITE CYCLE

UCAS

LCAS

B

DQ-DQg

DQy-DQ1s

'
ALID DATA IN

tawe
tras — trp —=
Vie — Z \-
Vi ™ _Ic__gp_ —" | trec
Vin — W tan
Vi trco trst
teas

VIH _ W
Vi —

p—tpap —

N

/

tasn
tran Fe—ed tasc fo-mf —o oSt
le -
0 B o cieinee
tawp —— = thw
tewo e tow, ——=] -
Vig = I trwo \
tan twe
Vi — toea
VIL - ¥ / foe i tos ton
Sum—— -
Vion — VALID DATA our}-—-@ﬂvmo DATA IN
o
OPEN

Vior —

m DON'T CARE

L 1ms g
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KM416C1000A/A-L/A-F

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

UCAS

i

>

H|

OE

DQ;4-DQg

DQy-DQyg

CMOS DRAM

Vi tere

Viy — ’\

tawe

[ —

tam

tras

d

Vin
Vi

Y

fe——trap ——

tasn

feas

trrc

Vin
Vi

%

tasr

taan
e

tasc

e

toan
D

RO!

ADD

w

COLUMN
ADDRESS

1,
esH

trwe —=

r

tawo

towo

t=— tca

G —=—i

twe

pm—— tow ——==

tawp

toea

/

1 toeo

taac

terz

[=—toez —=

VALID DATA OUT|

FAST PAGE MODE WORD READ CYCLE

—X

OPEN

VALID DATA IN

" tap
tRASP
L —
RAS \\I/IH \ tan P tarce Z N
i - 4
tcrp K
tec tec
treo top tep b— trgH—|
s N NN
Vi — t : /|
' o tec tec
treo . tep | [-top—l  f=—tnsn—=d
Vin — 5y
p—— teag — p— 1 b 1,
CAS v — fasc \\ cas / \ c;\sj} faso \ cAs / \
L thsn o, tasc ] —
1 fe—e] tran tcan — —]tcan Tomn
Vi — e
ROW COLUMN COLUMN COLUMN
A Vi — ADD W ADDRESS 5@&_ ADDRESS ’<+ ADDRESS
T
-—tﬂm—ﬂ_l | "‘—I"‘tﬂcs | |j=—=tres
t; t t
v =i trcs RCH ?C;H I -—-i RAH
Ve = M - tan e tan —=p
e tcpa e tcpn
Vin — toea Yoea £¢ toea
OE Vi — o /€ o L -
C Ol QFF
tasc toez FFa ChC —toEz ~ ?.mc_. = togz ~ OFF
DQ,-DQ Vor — VALID 4~ VvALD VALID
it SV DATA-OUT | DATA-OUT | DATA-OUT
oL
terz = torz = torz

m DON'T CARE
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KM416C1000A/A-L/A-F

'CMOS DRAM

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

trasp - - t=—1tRp
RAS Vi — 3\ tar Z
ViL = tere £ - tape
1——— RHCP
v, $5
T
UCAS
ViL — teap tra [ tec tor = trsn —
thco
e NN TN YA\
v\L -
tasr oSt tasc toan trac
y = tRA::asc: i toam —— tasc —=i F——dtcan
A = ROwW COLUMN < COLUMN COLUMN
Vi — ADD ADDRESS 4 \ ADDRESS JDDRESS
—tRap —— ‘—‘{'*Rcs Al 2
tacs I__.l trcH i 1nc;: (- RCS __+ trew
— Vin — 2 :
w v RAH
- tan —— - -taa —4 1A
tera — tera -
_ Vi — toea bey, toen toea
OE /6
Vie —
T Ll
e 1 torF l—-—( P torr ! torF
thac fore toez | S f=toez — teac = ~toez —
— p————
pQi-Ds Vo VALID VALID VALID
VoL — DATA-OUT DATA-OUT DATA-OUT
v torz — torz —— ) torz
oH .
DQy-0Q4¢ v OPEN
oL T
FAST PAGE MODE UPPER BYTE READ CYCLE
trase * ~ trp
gy e ey . .
RAS v \ AR RHeP
o — 1 P
s tpc tee kad = tRsH —=
trco ——— tcp
. Vm— e teas— 1 ——tcas dkéd F—tcas /S~
ocRs - _ L / /
* tcrp T
}"— tesn
— H
eas |, _ o \
tasr | | taan tasc tean tasc | | toan tasc \
’_,__ | e fom—= ye——=t [CAH
Vin — ROW ) ' COLUMN COLUMN x‘ COLUMN
A Ve — ADD \_ ADDRESS \ ADDRESS \_ ADGRESS
f—t | [t t
RADFJ tres tren [|Res tR‘;; I: F+— RoS P—{tﬂcu
W RAN
Vi tap— tAA'—‘-‘ - tan —
— tepa h=—tcea
£€
S A8 | AR RS
oF oy _ | ] ,
on = "‘ toea l'_“ tore L—-— toea |——— torF |—- toEa |—— torr
DQ:-DQs OPEN 5
VoL — toac toez toac toez toac toez
trac
_ Ty — —
aQ CH VALID VALID VALID
DQsDQwe | DATA-OUT DATA-QUT DATA-OUT
tez — tez — towz
1011
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KM416C1000A/A-L/A-F

CMOS DRAM

TIMING DIAGRAMS (Continued)

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE)
- tRase b“—‘RP
s Ne— ,,
IiC_FP_ tacn teo _—‘ tep teo — t L_‘ﬁsu—'
p— teas — toas—| S5 T tons —
oA ‘ t \\ ]lz ;\ s Z \[ " 7——
ILC-T’— tncSSH oo tep
S \\I/.:: b \ toas ——F\:—Yms
tasr tosn tasc 1
iy R:H e o sc | | foan
Vin— Y ’
SR G oo
[=—trap— twcs twes
VIH - -t-\NtPWCH —L O'::VCH
m s SRR
tewe "! [ ewl
_ Vin—
OE Vo —
tos H l——- ton tos ———{ ,——
Vin—
DD DATAN | DATAN - DATAIN
torg ———=q
FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE)
trasP tre
Vv — 1
mAS - AR
Vie— terp \ 45 tarc
Vin — <%
OCAS \
Vi — tere ; toc top tec - = tRsn =
Vin — . toas = F —toag | toas— /7—'
m VIL - \\ \ \t [
. tf: ] ‘R::sc ko tean YA'S'?- o "t:ic‘;' o
Vin — 3
Aol on DREA o SO,
trap—= s twow twes ' twes twen
W \\,,'” - twp —==] f=t—— tij et tyyp —aed
v tCWL—-I v towL —l] : bt trwL fow __[
oE vm : :
tos —-l I——— ton tos ———l I—-—— ton ,!\;s H }*——— tow
Vin — - R y & \VAYAYAVAYAYAY
DQ:-DCs vy — D\;\"%\ISN DXTA;L\'-?N DX?II-\{[I)N ‘20}‘020201202;2
toHR '
Vig — AN N NN NN N NNINININNINININS NINININ NI AN NN NN\ 2N ININT NN TN NN NN AN N NN
e R R R

1012
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KM416C1000A/A-L/A-F CMOS DRAM

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

trase —_tRp__l‘
Vi — 5‘\ tan ) Z
RAS v — I 5
. cre LA
r’—- taco tec tep tec tep = - tagn ——
Vi — 3 \ tteas = \"— toas h\“ toas _"/f— 7
TRy, — \ p K £ _/
terp trec
| )

V‘H -
LCAS Vo — tesn

tasn tRan tasc toam
I — r toan
A Vi = ROW COLUMN LUMN
vy — ADD | ADDRESS ADDRESS
taap =1 twes | twen
twcn*‘
Vi — 2 2 n
l o I o trwL
— V‘P“ -
Ok
) | il il i
DQ¢-DQs

RS 0nnwu»»’nnnno“o’o’o’ooon LKL

tos -'—*J, 1*— ton Yus‘—-—I I——J tom tos ton

Vin = VALID VALID VALID
DQDse Vi _W DATA-IN DATAIN DATA-IN
L— towm ——

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE

: tre
trase
Vi — tan
RAS v \ tesh -
L= tore
= i terRwe - trsH
| p— RCD——-1 —=tep
Vin — teas ) teas
TCRS N /N /
CRP b tosH .
— trco —=~ tpRWC tor —m] RSH
. Vm= teas S teas
cas tasc \ Z ] g -
i — —
tasr | | tm - t
e I SR [ O toan tew | i tean | tow F—
A Vin — - ROW COLUMN COLUMN
Vi — ADD ADDRESS ADDRESS
T
00 l—-—f———l tres twe ‘— L j twe b
w Vig — \ /
Vi — tewo N
trwo
tawo
Vo — toea
— ]
OF Vie — toeo | tos
[——-tAA ;
p——tRac toez ton
teac f
Vg —
Q00 "
oL T
torz —— teiz
VALID DATA-OUT  VALID DATA-IN VALID DATA-QUT  VALID DATA-IN

m DON'T CARE
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KM416C1000A/A-L/A-F CMOS DRAM

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

trase tre
——
RAS Viu tar
Vi — tere trrc
OCAS Vin — torwe | trsh - \
Vie— terp tosn ter
T o 1 t 1
Vi — \ cas cas /
— e tean towe e tean low t—tgm
A Yin — ROW x COLUMN COLUMN
Vi — ADD /N ADDRESS . ADDRESS
’ TRADi— H twe trac - o1
— Vip — 4 —y
- KKK — j/
tawp .
trwo : - tawo
Vi — oEA
oE H -
VL — tan toep | IPS tea
trac 4 - ton
teac X
Vign — £ n \ n ’V‘V‘V‘V‘V‘V’V’V
DQ;-DQy 4 D=
T v - | A Wl PRI
terz cLz
v VALID DATA-OUT  VALID DATA-IN VALID DATA-OUT  VALID DATA-IN
I'OH —
DQe-DQye OPEN
VioL —
FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE
tep
trase
t
Vi ~— AR
RAS " \ - tesn - tasH

Vi — tere

e thco—I ] terwe

VVH _ - t lr—y t e ————
UCAS \ c?xs / tep \ oS / ;

Vi — tcrp = tre

Viy —
L As . W t

Vi — ‘ e f=— \

ash || | tran tasc tean tewe tasc | toan
| — =

- — ] ’ l— teyy, —
Vin — ROW x COLUMN COLUMN
A Vi — ADD ADDRESS | ADDRESS

|
trap H —-I twe taaL twe 1
_ Vin — A
T K 4
Vi — i
OE Vg —
Ve —
Vion — = tea |
DQrDQs o _ ‘
———trac |
S
DQs-DQie
Viow —~

toLs ——t
VALID DATA-OUT VALID DATA-IN VALID DATA-QUT  VALID DATA-IN

m DON'T CARE
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KM416C1000A/A-L/A-F CMOS DRAM

TIMING DIAGRAMS (Continued)

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

tre

tras tre

Vin — b

RS N N
terp trec tcrp

tere trpc tere

o
N

4

Vin'—
UcAs |, _ /

Vin — 7
Vi —

LCAS

task tRan

v v S aotss IR R B BB ERERRREES

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

tras
Vi —

S v N 7/ \

tRPC —]
tep

tcsr tonn

ViH — o~ N o
UCAS / \_
vlL - !

tee tesr .

terr .

Vi — B

wy_ N BB HIINS
V\L - )

torr

VOH—
DQ,~DQ - PEN
1 16 Vou Ve O

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

trp trPs
s VmT tRass /
ViL— tRPC 4 )
trpC
top toms
VIH— £\ fcsh
ucas Vie — \ (e A A
35
tep tcHs
Vg — 2 |tcsr
CCAs /| \———
ViL— k.
N * . torFF
Vo —
poi-Date | o > OPEN
VoL — 7

m DON'T CARE

ELECTRONICS B 7964142 0019632 102 W




KM416C1000A/A-L/A-F CMOS DRAM

TIMING DIAGRAMS {Continued)
HIDDEN REFRESH CYCLE (READ)
1R tac

tras - t tRp ol e tRAS e} thp -
Viy — == t ]
AR
RAS v, _ \ —f Z \
QHI

L- terp —] taco
/

R T o B A e
: ol ] Tl |

e _ ST R

o= B [ Yi

= ltcac— taez

Vi — = b d — tcur

/

b~ tcHr

Vig —

A\

tasr tasc
e trant B tean

CAS

g

trac

Von —
DQ1-DQs - VALID DATA-OUT }—
_

VoL —

HIDDEN REFRESH CYCLE (WRITE)

4
thas —-tRp ——- L——_In trp
Vi m— .
RAS N " \
Vi, — e :

’-fcnv =] taco tRgh——]

I 7 — 'cmj/_7_
Ucas Vi, — \ X ‘
}—‘cap-— '
Viy — t=— tcrr
CAS v, - / \\

tasr tran tasc
Al

toan

n o SRR aciatss IO sy URXXXXXXTCR KX RR RLRXXXLN

’ fRAD—# —twew A‘ ’
M — F’ WS =

5

e Vi —
o
tos l—— toH —=]
DQ4-DQye v:.: : z’z":‘:&ztz’;’zx";’&;\ VALID DATA-IN

torr

T
M DON'T CARE
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KM416C1000A/A-L/A-F

CMOS DRAM

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

Vin—
Vo —

Vi —
Vo —

Vin—
Vi —

N\

tras

thsm

tepr ——{

toas

tosm

=

topT—— tash

P

thaL

tasc

toan

N o VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
- DD

A

COLUMN
ADDRESS

tas

thcs

READ CYCLE

f—tGAC ~—

L

DQ,-DChs

VoL —

toea

oo

+toEz —

torr

WRITE CYCLE

w

DQ1-DQye

Viy —

VALID DATA-QUT

twes

READ-MODIFY-WRITE

w

o R ALK

Vin —
Vi —

Vion —
DQy-DQ+6
VoL —

OPEN

A

VALID DATA-IN

NA

tros

tawo

tewn

teac

\\_ toea
y

Ll

N A

ey

VALID DATA-QUT

VALID DATA-IN

m DON'T CARE
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KM416C1000A/A-L/A-F o CMOS DRAM

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) [ MiIN
mininininisininisinininininiaisiaisnlisinis] __r:—) _
8% 8|8 s N2
olo —|~ N ol
) O |k 55 sle 35
8¢ 23 glz =
|0 slo cle e

AN D D Y O [ D N [ N A N N I N O O — T

0.026(0.66) } 0.130(3.30)
0.030{0.76) 0.140(3.56)

—

0.016(0.41) . l |_ 0.050 (1.27) 0.040 (1.02)
0.020(0.51} 1 TYP MAX

([ 0.004(0.1)

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

26(23) /'"\ 0-8°

nnmnnnnhl Q0000080000 | rg

0.455(11.56)
0.471(11.96)
0.400(10.16)
TYP

| 0.016(0.40}
0.024(0.60)

i

gobooooooou gduuoaouoag

25(22)
0.004{0.10)
0.841(21.35) MAX g 0.010(0.25)
0.821(20.85) g §
0.829(21.05) <
£ 0.004(0.1) if Ll !
r4
0.036(0.925) ' 0.010(0.34) J i 0.031(0.80) s
r 0.018036) ' | Typ 8
-3
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