KM416C1200A/A-L/A-F CMOS DRAM

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

FEATURES GENERAL DESCRIPTION

« Performance range: The Samsung KM416C1200A/A-L/A-F is a CMOS hlgh
speed 1,048,576 bit x 16 Dynamic Random Access

tRac | toac tre Memory. Its design is optimized for high performance

KM416C1200A-6/A-L6/A-F6 60ns 15ns | 110ns applications such as personal computer, and high

KM416C1200A-7/A-LT/AFT | TOns | 20ns | 130ns performance portable computers.

KM416C1200A-8/A-L8/A-F8 | BOns | 20ns | 150ms The KM416C1200A/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 capabilit_yprovides 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 controlied write The KM416C1200A/A-L/A-F is fabricated using

+ Triple +5V+10% power supply . Samsung's advanced CMOS process.

« Refresh Cycle
- 1024 cycles/16ms (Normai)
- 1024 cycles/128ms (L-version)
- 1024 cycles/128ms (F-version)
« JEDEC standard pinout
- Available in plastic SOJ and TSOP(ll) packages

FUNCTIONAL BLOCK DIAGRAM
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' KM416C1200A/A-L/A-F | CMOS DRAM

PIN CONFIGURATION (top Views)

*» KM416C1200AJ « KM416C1200AT + KM416C1200AR
(T )
Vec 10 427 Vss Vec ] 19 44 Vss Vss ] 44 1 [0 Vee
DQs g 2 413 DO D T 2 43 [T DQie DQis ] 43 2 [0 bQu
DQ2[ 3 a0 | pass DQz I} 3 42 1) DQis B DQis T 42 31 DQz
DQs ] 4 39 B DQua DQs T 4 41 [ DQ4 DQ1s ] 41 41 pQs
pa:d 5 38 1 Daw DQs @] 5 40 7D DQhs D3 1§ 40 5 10 DQs
Vee o 6 arh v Voe ] 6 39 [ Vss Vss ] 39 6 [T Vee
c© N DQs ] 7 38 - par . DOz T 38 71 bas
DQs Gy 7 i DQs ] 8 37 1 pan pQi T 37 8 o pas
DQ: O 8 35 3 DQn par I 9 36 {11 DQ1o DQio ] 36 91 Doy
Do 34 ) DQ1o . DQs T} 10 35 11 DQs DQs g 35 10 -0 pQs
DQs [§ 10 33 0 DQs N.C. T 11 34 {0 N.C. N.C. 1] 34 11 [0 N.C.
NC. O 11 32 0 N.C. ’
N.C. d 12 31 b CCAS
wdis a0 b UcAs NC. ] 12 33 o NG N.C. T 33 1241 NC.
BAS 14 23 b BE N.C. I} 13 32 1 LCAS LCAS I 32 13 IO N.C.
NG. L s b W ] 14 31 "1 UCAS UCAS 1 31 1H“rnw
P DS mAs ] 15 30D oF o ] a0 15 {10 RRS
N.C. O 271 As ne. ] 16 200 Ao I 29 16 o ne.
Ao 317 260 A NC. ] 17 28 | As As ] 28 17 | ne.
Arg1s 2801 As Ao ] 18 27 1 Ar A7 ] 27 18 [0 Ao
A2 19 24 0 As A ] 19 26 [T As As I 26 19510 A
ado O 2pha : Ao ] 20 Ll i AT 25 (O 20fTmAe
veo o 21 22 vss a2t O 24D A Ao 24 211 As
\ J Vee 7] 22 23 [ vss Vss 23 22110 Vec
(S0J) '
(TSOP(il)-Forword) (TSOP(Il)-Reverse)
Pin Name Pin Function
Ao-Ag 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
OE Data Output Enable
Vee Power(+5V)
N.C. - No Connection
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KM416C1200A/A-L/A-F CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, VouT -1~+70 \
Voltage on Vcc Supply Relative to Vss vce -1~ +7.0 \"
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Pp 1 W
Short Circuit Output Current los 50 mA

*

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

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

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

Parameter Symbol Min Typ Max Unit
Supply Voltage Vece 4.5 5.0 55 - "
Ground Vss 0 0 0 A
Input High Voltage ViH 2.4 — Vee+ 1 \
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* KM416C1200A-6/A-L6/A-F6 160 mA
S TARE . TFREE . , KM416C1200A-7/A-L7/A-F7 lect - 150 mA
(RAS, UCAS or LCAS, Address Cycling @trc=min.) KMA16C1200A-8/A-LB/A-F8 140 mA
KM416C1200A 2 mA
Standby Current
SRR AR FRRE_TT KM416C1200A-L lecz - 1 mA
(RAS=UCAS=LCAS=W=VH) KM416G1200A-F 1] mA
KM416C1200A-6/A-L6/A-F6 160 | mA
RAS-Only Refresh Current*
KM416C1200A-7/A-L7/A-FT lcca - 150 mA
(UCAS-LTAS=Vin, RS, Address Cycing @tsc=min) KM416C1200A-8/A-LB/A-FB 140 | mA
Fast Page Mode Current’ KM416C1200A-6/A-L6/A-F6 110 mA
=— ’ , KM416C1200A-7/A-L7/A-F7 lcca - 100 mA
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) KM416G1200A-8/A-LB/A-FB a0 mA
KM416C1200A 1 mA
Standby Current :
. - T\ KM4186C1200A-L lces - 300 HA
(RAS=UCAS=LCAS=W=Vcc-0.2V) KMA16C1 200A-F 200 A
~rs == . KM416C1200A-6/A-L6/A-F6 160 mA
%’;%‘nggmfo'jfggs“ I.C“"g?;c_ in) KM416C1200A-7/ALT/AFT | locs - | 150 | maA
(RAS. or yeling Strc=min. KM416C1200A-8/A-L8/A-F8 140 | mA
Battery Back-Up Current, Average Power-Supply Current,
Battery Back-Up Mode, Input High Voltage(ViH)=Vcc-0.2V,
input Low Voltage(ViL)=0.2V KM416C1200A-L leer - 350 puA
UCAS, [CAS=0.2v
Div=Don't Care, tre=125¢s (L-Version)
tras=tras min~300ns
1021

s ugg
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KM416C1200A/A-L/A-F CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued)

(Recommended operating conditions unless otherwise noted)

Parameter ‘| Symbol| Min | Max | Units
Se_lf_ Refresh Current
RAS-[ICAS-[CAS=0 KM416C1200A-F lcos . 250 | uA

W=0E=Ao-As=Vce-0.2V or 0.2V
D1-DQe=Vec-0.2V, 0.2V or Open

Input Leakage Current

Iy -
(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 V) “ 10 10 HA
Output Leakage Current low.
(Data out is disabled, OV <Vour<Vee) © -10 10 KA
Output High Voltage Level (loH=-5mA) ) VoH 2.4 - v
Output Low Voltage Level {loL.=4.2mA) VoL - 0.4 \

*NOTE: lcct, locs, lecs and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In icci and iccs, address can be changed maximum
once while RAS=VIL. In lcc4, Address can be changed maximum once while page mode cycle time trc.

CAPACITANCE (14-25°C, Vco=5V. =1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (Ao~Ag) CINT . - 5 pF
Input Capacitance (RAS, LCAS, UCAS, W, OB Cinz - 7 pF
Qutput Capaéitance (DQ1~DQi1e) Coa - 7 pF

AC CHARACTERISTICS (0°c<Ta<70°C, Voo=5.0v +10%, See notes 1,2)

(Test condition : VIH/ViL=2.4V/0.8V, VorH/VoL=2.4V/0.4V, Output Loading CL=100pF)

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

Random read or write cycle time tRC 110 130 150 ns
Read-modify-write cycle time trRwe | 155 185 205 ns
Access time from RAS tRAC 60 70| 80| ns | 34,11 ]
Access time from CAS tcac 15 20 ' 20| ns 34,5
Access time from column address tan 30 35 40| ns 3,11
CAS to output in Low-Z toLz 0 0 0 ns 3
Output buffer turn-off delay . torF 0 15 0 15 0 15| ns 7.
Transition time (rise and faf}) tr 3 50 3 50 3 50| ns 2
RAS precharge time AP 40 50 60 ns
RAS pulse width . . tRAS 60 | 10,000 70 | 10,000 80 | 10,000 'ns |
RAS hold time tRSH 15 20 20 ns ‘
CAS hold time , tcsH | 60 70 80 ns |
CAS pulse width tcas 15| 10,000 20| 10,000 20 10,000 | ns
RAS to CAS delay time teo | 20| 45| 20| 50| 20{ 60| ns | 4
RAS to column address delay time RAD 15 30| 15 3| 15 40| ns 11

ELECTRONICS
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KM416C1200A/A-L/A-F CMOS DRAM

AC CHARACTERISTICS (Continued)

Parameter Symbol ¢ 7 e 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 {CAH 10 15 15 ns
Column address hold time referenced to RAS tar 45 55 60 ns 6
"Column address to RAS lead time tRAL 30 35 40 ns

Read command set-up time trRCS 0 0 ) 0 ns

Read command hold time referenced to CAS {RCH 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 ns 9
Write command set-up time twes 0 0 0 . ns 8
Write command hold time | twee 10 15 15 ns

Write command hold time referenced to RAS twer 45 50 55 ns 6
Write command pulse width twp 10 15 15 ns

Write command to RAS lead time tRWL 15 15 20 ns

Write command to CAS lead time tewe | 15 15 20 ns

Data-in set-up time tos 0 0 0 ns 10
Data-in hold time oH | 10 15 15 ns | 10 ‘
Data-in held time referenced to RAS tDHR 45 55 60 ns 6
Refresh period (Normal) wer | 16 16 16| ms
Refresh period (L-version) 1REF 128 128 128 ms
Refresh period (F-version) ' tREF 128 128 1281 ms

CAS to W delay time towo | 40 50 50 ns 8
RAS to W delay time trwp | 85 95 105 ns 8
Column address to W delay time tawp 55 60 65 ns 8
CAS precharge to W delay time tcrwp | 60 85 70 ns

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

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

RAS precharge to CAS hold time trRPc 5 5 5 ns

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

Access time from CAS precharge tera 35 40 A 45| 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 | 7O 200K | 80 200K | ns

RAS hold time from CAS precharge : tRHeP | 35 40 45 ns

CAS precharge time (Fast page mode) tcp 10 1] 10 ns

RAS hold time referenced to OF ROH 15 20 20 ns

0019640 289 1N
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KM416C1200A/A-L/A-F CMOS DRAM

AC CHARACTERISTICS (continued)

Parameter Symbol B d - ® Units | Notes
Min| Max | Min| Max | Min| Max
OE access time toEA 15 20 20| ns
OE to data delay tOED 15 20 20 ns
Qutput 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 #Ss 19
RAS precharge time (F-ver) tRPS 110 130 150 ns 19
CAS hlod time (F-ver) foHs | -50 -50 -50 ns 19
KM416C1200A/A-L/A-F Truth Table
RAS L[CAS | UCAS w OE DQ1~DQs DQe~DQ16 STATE
H X X X X HI-Z Hi-Z Standby
L H H X X H-Zz HI-Z Refresh
L L H H L DQ-OUT Hl-z - Lower Byte Read
L H L H L HI-Z DQ-ouT 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 .-

B 7964142 0019641 115 WE
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KM416C1200A/A-L/A-F CMOS DRAM

NOTES
An initial pause of 200us is required after power-up followed by any 8 HAS -only or CAS-before-BAS refresh

cyc!es before proper device operation is achieved.

2. Vinminy and Viumax) are reference levels for measuring timing of input signals. Transition times are measured
between Vimin) and Viymax 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 trcomax limit insures that tracimax) can be met. trepimaxy is specified as a reference point

only. If trep is greater than the specified trepmax limit, then access time is controlled exclusively by tcac.

. Assumes that trcp>trcoimax)-

. tar, twer, toHRr are referenced to tRaD(max)-

torrmax) defines the time at which the output achieves the open circuit condition and is not referenced

~ to Vow or Vor.

8. twcs, trwb, tewp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec-
trical characteristics only. If twcs2twesmin) the cycle is an early write cycle and the data output will remain high
impedance for the duration of the cycle. If tcwp2tcwpimin, tRwpZtrRWO(min), tawp2tawpimin) then the cycle is a
read-write cycle and the data output will contain the data read from the selected address. If neither of the above

' conditions are satisfied, the condition of the data out is indeterminate.

9. Either trch or trrr 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 trapmax) limit insures that trac(max) can be met. trapmax) is specified as a reference point
only. If trap is greater than the specified trapimax limit, then access time is controlled by taa.

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

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

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

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

~ oo

UCAS

tasq] | tean

LCAS "'—"'——'—’\E , /——————:‘
}-4

COL

towo

=l

N/

I towe

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

LCAS ———\ _‘/

tesr t
| mam— CHR
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'KM416C1200A/A-L/A-F ~ CMOS DRAM

18. tps, toH is independetly specified for lower byte Dint1~8), upper byte Dinig~1g)

DQ;y~ DQg

ton

DQo~DQ1s Din

w -\

TIMING DIAGRAMS
WORD READ CYCLE

tre
tre
tras
L —
Vin \ tan Z
RAS \
Vi —
terp taco [ —
UCAS YW — \\ toas /
Vi, — Z
traL
Vin — teas -
o 2 T N 7
ViL —
|
tasr taaH tasc toan | o
P ROW COLUMN
Vi — ADDRESS ADDRESS
[~ trap 1 trau
tags . trew
w Viy —
ViL— taa
forr
tron
v toea
H
O LN
([N
teag —-=t r~—toez |
taac = ‘
DaDQe T OPEN VALID DATA-QUT — |
Voo — tos ] l

(B oowr onme
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KM416C1200A/A-L/A-F

TIMING DIAGRAMS (continued)

LOWER BYTE READ CYCLE

CMOS DRAM

tac
tras F— trp——
V, -_— 3\
rRRS ™ N tha / N\
ViL — terp thrc
Vg —
. UCAS VlH i—- traL \
LT
taco trsH
Vi — r tons I
LCAS Vi — tran tasc \\ " /
tasr toan tos
H
A Yn— ~ ROW COLUMN
Vi — ADDRESS ADDRESS
, ’k'aw”; tros (RRH—i
— iH =
w ) ’ ’ trcH
Vip —
tron
= /
Vip —
| SS— tors
trac toez
Vi
DQ:;-DQ " OPEN VALID DATA-OUT
VoL — touz .
V pe—
DQyDGie OPEN
oL —
UPPER BYTE READ CYCLE
the
tap
thas
— Vi 1, .
s N A / \
iL
i trco trsH |
Vig — ¢
= 1005 N — 7
Vie — 2
traL i
— Vi —
LCAS v tesu
L tasr tran tasc tean
P ROW COLUMN
Vi — ADDRESS ADDRESS
- T
trap —~
V T o
H— o
w (XX (X0
ViL— A’A‘A‘A‘A’A‘A‘A‘A’A‘A‘A‘ treH
t;
& £
Vii—
" Von— toea l——— tore
DQ-DQg " OPEN
VoL — teac—= = toez—
trac
V p—
DQyDQs M OPEN —{@( VALID DATA-OUT —
VoL — towz -
PSimsungg - .
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KM416C1200A/A-L/A-F CMOS DRAM

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

— tac

. thas
v — i
AR5 M \ tan -
Vie— 1,
CRP
tesh -

TR T - tors /

VIL -

Vig— teas
LCAS Vi [——traD ——1 \ / /
" tasr | [tran

A Vw— ROW A coLumn
Vi ADDRESS ADDRESS
Vi — twen
Vi—

SOEBREEREEIESEREKKES

JAVAN VAVAVAVAVAVAVA TAVAVAVA

&

TAVAVAN

tos ] | tor ]
DQ,-DQ16 \\//': : VALID DATA-IN \’”’0”’0""0” ”"""”..0’."’"”"‘0."‘.

4
| DHR

‘LOWER BYTE WRITE CYCLE (EARLY WRITE)

1
R

tras

V="
M \ tan / N
ViL — terp - tarc

oA M
v — | o \

tesH

Vi — ' t
[cas V:’: — W = {Rap —— \ > / /

traL

tasn tran
[NAS tasc el f—toan —=

A VYm— ROW " COLUMN
Ve ADDRESS ADDRESS
tewe ﬁ—{

1
Vg — WCH
Vie — X 2

trwL ——

twer
twes P—ud

. tusr———l |—-1fm-|—-'
. tomr

I T,
m DON'T CARE

Vin —
Vi —

ELECTRONICS B ?79L4l42 0019k45 L0 WM




KM416C1200A/A-L/A-F

CMOS DRAM

TIMING DIAGRAMS (Continued)

UPPER BYTE WRITE CYCLE (EARLY WRITE)

tac

trag

Vi —

Py
P
1%

Vi — tcrp

UCAS

Vie —

}-—- taec

=——trap

. Vi —
Vi —-m

tasr

taar
tean

I PO o
A W ROW COLUMN
Vi \_ ADDRESS | ADDRESS

— Vu— — twcn vvv \VAVAVAVAVAVAVAVAVAVAV
w _mm - R
twea
twes o] tawL
_ Vin —
OE Ve _
DQ;-DQy VM
Vi —
tos toH =]
Vi — Y AVAVAVAVAVAY, \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY,
= torr
WORD WRITE CYCLE (OE CONTROLLED WRITE)
tras trp —ad
s - - /N
trep trsH
tesn
UCKS :l: : W \ teas / ]‘ /
traL {
Vi —
rons ViL =~ M o= \ / /
thse -ELH— tasc ey }—— toan —=d
M i T Y QT NN

V

o — LXK

twp

A0

t, J

| tCWme- K
oy I B
D e e M T R et

m DON'T CARE

L s v
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KM416C1200A/A-L/A-F | CMOS DRAM

TIMING DIAGRAMS (Continued)
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

trc
tras = trp~—=

RAS Vin = _—ﬂ\ tan Z

Vg — terp tarc

Vin—
OCAS trco tasH
Vi — \ .

. tesH
Vin— | teas / /
TAS e tran ——= tas \
Vi — " trao ASG " g
ASR
o] tRan [=—toan — . _’
—
A Vin — ROW COLUMN
Vi — ADDRESS ADDRESS
Vi — twe
w v 4
L — X
v thwL
towe I

tos

et —=]

N e e Ml o s
aroa T XXX R R R R R R

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)

= :W o R RIRIKLHIIRKLLLLKILLIRK

tac
tras l— thp ——

T N N
Al
Vi = tere
treo : tagH
CSH

— Vi —
MR 4% [ 7
Vo —

|“tRPC —‘i

o R
taap trac :
Vi — tasn tran tasc .
2 (a

F=—tcan —

By
>
ol

ROW - COLUMN
ADDRESS | ADDRESS

=
< <
- I
I
£
S
%ﬂ‘gl

tewe -]
= KK R R
Vie — toen
0Q0Qs M
Vo —

toeo ’—-— L—tps-{ l._tDH__._
Vik — 9 B
DQy-DQyg x VALID DATA-IN
Vi — .

m DON'T CARE
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- KM416C1200A/A-L/A-F CMOS DRAM

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

tawe

trag

ms T N twn
Vo —

le -
UCAS
Ve —

tore
iiisn

troo - tasn

\ toas
3

trsH

taco 4
tar

11/

Vi — tcas
wa %}’ N

Vi ™ tash = :

tram == tasc == toan oo

A Vin — ROW COLUMN

Vi — L ADD ,_ADDRESS

tawp = taw. —~
towp ~towL

L LR
w e teac —

VIL - e &HWD x

tan twe
toea

Vin — &

%, _ toeo s |l
L
T .
,|= trac F—'osza
Vi ™ VALID DATA OUT| VALID DATA IN
DQ-DQe
‘ torz

READ-MODIFY-LOWER-BYTE-WRITE CYCLE

tawe
tras | trp —=

Vi~ .
RAS Vi ™ tere \ Z trec

Vi —
- Vi W 'm,:n trsH . \_
w3 e T N o /

tRaH pe—e tasc f—=q o fosH

Viu — )

Ao XA 88 IO St DRI RN
- tawo o jmm__.
— Vi —
w Vi — —tcac — . \
tan o twe

VIH — ) EA

RN | /] w— ||
iy - tarc e —toez oS ] _ﬂ.‘
DQ1DQs M T VALID DATA QU M——
—— |
DQo-DQyg OPEN
VioL =~

m DON'T CARE
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KM416C1200A/A-L/A-F

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

CMOS DRAM

tawe
thas = trp
. Vin R 4
FAS _ : \ tan / \
Vi teap
— taco tasH
R Vig = 1
UEAS H y \ cas /
Vo= N tapc
= RAD n -
Vi — 1
LCAS osH
Vi — tasr tran fasc toam 4
bl B ASC b o] Awe —=]
A Vin — ROW COLUMN
vy — ADD \_ADDRESS
%
01— towt
Viy — twe
W [=—1tcac —= \
Vie — trwo
taa
toea
o Vg — -
BE le /
v t togp et
DQDAs OPEN =
T Vol trac b=tz —= tow
Vioq =
DQyDQis " VALID DATA OUT VALID DATA IN
VoL — X :
oLz

FAST PAGE MODE WORD READ CYCLE

trp
trase
__ Vin— " tar e tasce ———
RAS - N
Vi — terp \ : : 4 /
¢ Fe b tep = PC oy, bty ——amd]
Vin — — toas —= = b= tcas -—"FP 5y ——1C:H {
UeAs ol N /N /N /N
V J—
S terp P "
l tnoo foe : o]t
VIN _ 1, 1, ?7 L -
icAS v — - \X‘— CAS—/ \—— cnsj 7 oo \ toas ‘/ \
tasr o tesw : tasc . trac .
- caH ) CAM
Vi~ INA® " COLUMN " COLUMN
S Ty
1 T
o f———J 1Rcsl ' trck -—Af‘tﬁcs trch f fecs *‘i thRH
Lé ‘
A - ¢ W
w Vi = ‘%&A’A‘A’A’A’A’ ‘ tan —t e - RoH =]
\% XX XXX KKK o toen e loen
[ Rl VAV 5 Ag
o~ SO AN N
trac teac toez forr_torc —togz — forr teac — b—toez — fore |
p L
o L " vaup ) VALID .
DQ:-DQue Vo — DATAOUT >— DATA-QUT DATA-OUT >— ‘
oL | SRR
terz torz —- toLz

xz DON'T CARE
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KM416C1200A/A-L/A-F

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

CMOS DRAM

trasp —tep
BAS Vin — "\ tar Z
Vi — t £ 4
cre L REC
v, 45
e Vm—
UCAS
Vi — tere tee tee tec ter [~ then =
trco L
e
o N B /i e N
Vo —
t tosn t, ¢ %
ol tasc | toan |Ase ] oy tase o T o toer
v A
A " ROW COLUMN ,< COLUMN % COLUMN
v, — ADD ADDRESS . ADDRESS \ ADDRESS
L
b tRAD —=] letres =
tres }"*'l tren ll= I ta(;)-i T Aes treH
Vy —
w [ L tan - tan .
—— topa——mi — topa
. Vi — toga y bey, oA toga
o A £
Vo —
T T
tore o loFE !———— tOFFI-—— ! torr
trnc foac toez f—f foro I=togz — F=—teac — F=-toez
b, Da VT VALID VALID VALID
VoL — \_ DATA-OUT DATA-OUT DATA-OUT
L
v toLz —=t terz —=d tewz
oH —
DQo-DQ6 OPEN
Voo —
FAST PAGE MODE UPPER BYTE READ CYCLE
trasp Ftae
. V= e t \
A \ AR AHCP /
Vi — terp 5 2
’——— toc tec = tRgH —
troo ] tcr
. Ym T \"‘_fc»\s - \-—'CAs - \——‘cu Y ;
UCAS |, _ / g y
tere b . 1
I’-‘ caH
____ Vm— 55
LCAS Vi — . traL \
tasm tRan tase toan tasc toan tasc "
—’——J — AH
Vi — ROW "~ COLUMN COLUMN ‘x‘ COLUMN
A = ADD \_ ADDRESS \ ADDRESS \_ ADDRESS
e . —
tHAD‘F:_l tRCsl trcH | I trcs tach |I= + thcs i-—-1!uct1
Vi — —4—
_ H A
L tan— tan—=] —taa N
e — topa tcpa
L€
o Vi —
OE Vi — l :
Von — "" toea }-—— torr L" toea (’-j forr |——— foea *—— torr
DQ+-DQs OPEN —4
Vou — teac toez teac toez toac toez
trac |
_ | —— —— ——
Vou VALID VALID VALID >
DQy-DQ1s o — DATA-QUT ‘_ DATA-QUT DATA-OUT
toz —= terz — oz
m DON'T CARE
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KM416C1200A/A-L/A-F

TIMING DIAGRAMS (Gontinued)

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE)
- trase - tap
RS Vin — _’\ tan
Vi — <<
* |—tC—Rp- tren. tee tec i — tasH —=i
RCD tee ~— = tep
ocAs T \\ ] \-_'w’__/ ; \Etw —-) 7_——
Vi, — ' b
tere | CSH tec tec I-'—IRSH -
|-—— RCD F tep . = tee .
Vin— tcag ~=— F———tcas s b tcag —=]
LCAS Vi~ \\ / \L
task g Hi’:‘sc tesw o tAf'c_ toan tasc | | fean
A Vin— ROW " COLUMN COLUMN COLUMN
Vi ADD \_ ADDRESS \ ADDRESS ,_ ADDRESS
taao—= twcs twes twes twen
* twen twen
ViL— N 2
; 4y
tow "! = fowe ‘——-I fow trawe ___l
_ Vin — )
OF Vi — l " H ’_’—‘ L \ ;I l__.
DS tor oS ——-[ l——— DH tos ton .
[ = VALID VALID VALID  NANXXXX XXX
PQ:DOw DATA-IN @t DATA-IN DATA-IN M"
l-—tDHR
FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE)
) trase tap
A58 Vin — tan
Vie= tere | 45— tare
Vi — —5
X e N
terp e tee tep
R
. Vin — teas F ——1tcas 35— —toas =]
s, N N ;N
tasn tesm tasc toan tasc| | toam
= T P e ] -
A Vi — - ROW COLUMN COLUMN COLUMN
Ve — ADD \_ ADDRESS ADDRESS \_ADDRESS
taap— tyos tweH twes twes tweH
tuon——
W Vi — twp—= t—1~twe twe —=
ViL — X &
¥ i
] tow —][ towL —; Ll L tawe ‘C_W':__-'l
oE . Vi — iy
Vip —
tos b—-l '——- ton tos ———-l |—-———— ton ’t;S '——‘ tor
DQ,-DQ, Vin = (- VALID VALID ] 7/~ VALD
TR = DATA-IN DATA-IN DATA-IN
R tonp ———— .
Vin — A
I %%
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KM416C1200A/A-L/A-F CMOS DRAM

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

teage —— 4 f-ter
_ Vi — \ tam } 7
Vi — 4%

terp
r——‘ tren tec tep [ = tRsH
Vig — \ toas ™ \' tcas hx—tus — i
oS, — \ N I /

Y
[&]

tenp trrc
VIH - N
LCAS Vo — tosm
tasr tran tasc tasc tean
| mam tcan -t
Vin — ROW COLUMN ToL COLUMN
A Vi — ADD ADDRESS | ADD ADDRESS
trap —1 tv t twes
. RAD NCS WCH W tWCH.l
W Vi — twp ——1 =T r twp ———j
W V.
W — ) L !
[ feve. ¥ T tCWL——I [ tew TJRWL
— Vi —
OF
[ ] ] i
‘ Vin ™
DQy-DQg
ViL —

ouu»nnn’on’nno’o’n’o’o»nnnn»»u‘

tos ton tos ton tos ton
e - RN ot DK S XX okt YT
7tDHH
FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE
[

tap
! - trasp
s N—— H\
tosn-
AS vy —

tere
fe— trcD —

i teRWE N = tRsH
—ter
Vi — teas L tcas
S \ N /
Vie— 1 3

tesn .
tRep —] trawe — ASH

o T N N Y

tase{ | tran

A Vi — A ROwW COLUMN
‘ Vi — ADD ADDRESS

YRAD|’”‘*
u
W V\H -
Vi —
or T
VL e tand
r———trac
teac
Vi —
DQy-DQyg M

oL —
towe —=H tolz
VALID DATA-OUT  VALID DATA-IN

VALID DATA-QUT  VALID DATA-IN

!‘:‘} DON'T CARE
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KM416C1200A/A-L/A-F

CMOS DRAM

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

tRase tre
e Ve T
RA iH tAR
ViL— terp trrc
— 7
UCAS Vin tprwe | tren \
ViL — tosk =
terp tep
— trcD = . :
Ve — W cAs cas
oA N /|
v, —
v tasn| Itran tasc &
nane I e S e TV towL tean cwL
trw
A Vin = ROW x COLUMN COLUMN
Vi — ADD N ADDRESS N\ ADDRESS
|
thap I twp trac twe |
—_— Vi — 4
LA %Y ] oY
-
tawo .
tawp Toen tawn
VIH - gl -
GE v toga’
v taa toep | los teon toeo | fos
trac tan g loez ton .
feac
Q,-DQ Vion — £y
-DQg
' Vior — ‘ %
1z —= towz
v _ VALID DATA-OUT  VALID DATA-IN VALID DATA-QUT  VALID DATA-IN
OH
DQo-DQys OPEN
ViaL —
FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE
tre
trase
t
Vg — AR
RAS " \ tosn trsH
Vi — tere
| trep — terwc
Vin— te r— t —
UCAS v W \ CAS / tor \ cas /7
L= teap = terc
VY-
oS Vi — W tow \
tasr | {tran tasc tean towe tasc | toam i
e — = - [me— trwL ~—
Vin = ROW x COLUMN COLUMN
A vy — ADD ADDRESS \_ ADDRESS
I -
trap }-——-‘ ———l twe trat twe |
. Vin — — 74 N
w SV — tewp \ ;L town \
tawp h
tawp tawo
BE Vin —
Vi —
Vion — b tan
DQIDAs o
oL —
p=———1rac 1
DOyDQy T
0-DQ16 <
oL T
tewz
VALID DATA-QUT VALID DATA-IN VALID DATA-QUT  VALID DATA-IN
m DON'T CARE
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KM416C1200A/A-L/A-F CMOS DRAM
TIMING DIAGRAMS (Continued)
RAS ONLY REFRESH CYCLE
NOTE: W, OE=Don’t Care
tras [
= N / \
tcre -~ eec tore
Vin — __‘1
UCAS Vi, —_/ \—/
tere trrc toap
V =
= 1 7
R T A A R et

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

LCAS

DQ,-DQqe

p:
E:

Vi —

tras

— o

oL —

W /N I
top

e i xT RS

" /‘“\r -

s ungg

ELECTRONICS

1037
79b4L42 0019654 473 W




- KM416C1200A/A-L/A-F CMOS DRAM

TIMING DIAGRAMS {Continued)
HIDDEN REFRESH CYCLE (READ)

tre

thas f—tap ——d | thas—— trp =
Vin — =2
RAS v:: - N\ 5 / \ / \

= tere — trco
Vin = t— teum =
Vie — -
- . ‘.:
. e te,
Vi "

g

o=, __ ) N | A/
ASR L b l‘ic_ o
Ao ao3aESs S R RIIAHRALRLLLLEES

trAD—=d t |
F—thcs RRH
Vig —
ViL — W .
taa lo:r-{

toea
ViH —
= SR
ViL— .

g

= toac—={ toez
trac
QDA M T VALID DATA-OUT
Voo — torz
HIDDEN REFRESH CYCLE (WRITE)
tre - tre

tras trp —] ta tre
VlH o r——————
JR— t J
RAS \ & J N
Vi — ] X

T
)-'tcm?-— trco trsH ——]

= \ A
I—-tcmw— . '
S \\//,:: d \\ 1cnajl ,—7—

tash tRan tasc
Pl ROW COLUMN

Vi — . ADDRESS \. ADDRESS
—trap — I~ tweH ——|

L N L 70 AN

Vi —

Vin —
Vi —

tos tOH ~—e]

Von —
DQ1-DQis v VALID DATA-IN

o — X
I tour
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KM416C1200A/A-L/A-F CMOS DRAM

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

k‘np
Vg tras g
s /
Vi —

' ‘__tcpT___ trsH
Vin — osh tons -
OCAS /
Vem / N .

e tepr — trsH |

SR

Vin— tonm \ teas '
ViL— f

[CAS
' trau
tasc tean
N AV AV AV AV AT AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
Ay, — XRCCREEEEEEESEEEEEEN, et
READ CYCLE A e
F—teac — e thcn
A
W REGXRAXLIEA) ' NS
Vig — R
OF VL —
= toga ! toer ] torr
DQ,-DQus Yon ™ VALID DATA-OUT i
VoL —~ tos
WRITE CYCLE — ,
s iw—c'i e n
ViL —
I twp l l
. Vm—
OE
Vi —
B | E—
DQ:-DQis \\ZOH : OPEN { vauo pataN }
¢ towe
READ-MODIFY-WRITE [_:,13_ o et ]
twe
— Vu—=7
I taa
OE \\//l: : y toea / toen |
toz — Ez tos
v '° VlIOL -
VALID DATA-OUT  VALID DATA-IN

DON'T CARE
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KM416C1200A/A-L/A-F 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) ] | MIN
iminininininininininiainininininimininimia %’:)—: _
8|18 &|= 55 N2
ojo =i~ N e
) Olzk g sls B
: : 3| 23 gis 3|a
cjo ole cle oo
o L :))
| N N N NS I A [N I NN O [ N O N O A D N I O _
0.026(0.686) 0.130(3.30)
1 0.030(0.76) 0.140(3.56)

[

(™ 0.004(0.1)

0.016(0.41) H | | 0.050 (1.27) 0.040 (1.02)
0.0200051) 1] | TvP 1 MAX

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

26(23) /H\ 0-8°

poonnonnonn anooannaoona [ J
|
1k gF o
, 215 3 9|8
° 1
Jguintuygouan googduoouoa L T
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) °
| 0.0040.1) }- ¢ g H
0.036{0.925) | 0.010(0.34) | | 0.031(0.80) S
! " 0.018(0.36) T e 8
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