KM416C1204A/A-L/A-F ' CMOS DRAM

1M x 16 Bit CMOS Dynamic RAM with Extended Data Out

FEATURES - -~ GENERAL DESCRIPTION

» Performance range: The Samsung KM416C1204A/A-L/A-F is a CMOS high
speed 1,048,576 bit x 16 Dynamic Random Access
Memory. Its design is optimized for high performance

trac | tcac | tRC | tHPC

KM416C1204A-6/A-L6/A-F6 60ns | 17ns | 110ns| 24ns applications such as personal computer, and high

KMA16C1204A-7/A-LT/A-FT | 70ns | 20ns | 130ns | 29ns performance portable computers.

KM416C1204A-8/A-L8/A-F8 80ns | 20ns | 150ns| 34ns The KM416C1204A/A-L/A-F features EDO Mode

operation which allows high speed random access of

« Extended Data Out Mode memory celis within the same row. TAS-before-RAS
{Fast Page Mode with Extended Data Out) refresh capabil_it_y_provides on-chip auto refresh as an

+ 2 CAS Byte/Word Read/Write operation alternative to RAS-only refresh. All inputs and outputs

« CAS-before-RAS refresh capability . are fully TTL compatible.

+ RAS-only and Hidden Refresh capability

« TTL compatible inputs and outputs The KM416C1204A/A-L/A-F is fabricated using

« Early write or output enable controlled write Samsung's advanced CMOS process.

+ Triple +5V+10% power supply
+ Refresh Cycle
-1024 cycle/16ms (Normal)
-1024 cycle/128ms (L-version)
-1024 cycle/128ms (F-version)
» JEDEC standard pinout
« Avaitable in plastic SOJ and TSOP(Hl)

FUNCTIONAL BLOCK DIAGRAM

RAS —
[TAS — Control

Vee Lower
UCAS — Ciocks Vss Data jn
W VBB Generator Buffer DQ1

to
J‘ ' DQs
Lower
. F—'{ Refresh Control —l Row Decoder ¢—{ Dataout
l Buffer
e} —
:" B Upper O
[ Refresh Counter ] Memory Array 2 5 :tz "
1,048,576x16 E s ]
< Buffer
Cells g DQe
Ac~Ag __::I Row Address Buffer € [ to
@ Upper D
=1 Data out
Ao-Ao ___'I Col. Address Buffer I——- Column Decoder Buffer

B 79b4lu42 0019kL493 513 WM

ELECTRONICS




KM416C1204A/A-L/A-F CMOS DRAM

PIN CONFIGURATION (top views)

« KM416C1204AdJ « KM416C1204AT » KM416C1204AR
vee ] 1 0 420 Vss Vec 119 44 0 vss Ves ] 44 1 [ Vee
D2 41 P Qe Do ] 2 43 [0 DQrs DQis I} 43 2 1 DQn
De2 ] 3 40 |7 DQis DQz ] 3 42 1 DQis pasT}42 O skoopee
Qs 4 a9 b pars DQs T 4 41 |11 DQua DQia T 41 4|1 pas
DQs ] 5 38 b paus DQs 0] 5 40 D DQns DAz T 40 5 1 DO«
vee d 6 3715 ves vee [TC] 6 39 [T Vss Vss 1] 39 6 D Vco
DQs T 7 88 [T DQre DQiz T 38 7 1 Das
besg 7 36 P DQue pas T 8 37 o pan pan o] 37 s | bas
DQe [ 8 35 P DQms DQ7 0] 9 36 1 pan DQro 0] 36 s par
DQr 9 a4 P DQuo DQs ] 10 35 |21 DQs DQe I 35 10 711 DQs
DQs ] 10 331 DQs N.C. I3 11 34 o N.C. N.C. T 34 113 NC.
NC. O 11 32 1 NC.
N.C. } 12 31 b (CAS
wois 30 P UcAs N.C. ] 12 33 71 N.C. N.C. {33 121 N.C.
e d e %0 b mE N.C. T 13 32 [ [CA C[CAS T 32 13 LT NC.
ve d1s 85 A W o] 14 31 11 UCAS UcAs o] 31 14w
e [ © RAS ] 15 30 [0 OF OF T 30 15 {11 RAS
N.C.§ 27 p s NC. ] 16 29 1 A Ao ] 29 16 NC.
Ao 97 ) SR NC. T 17 28 110 As As ] 28 17 NG
A1 18 28 1 As Ao 1] 18 27 1 A7 A7 I 27 18 0 Ao
A2 19 24 As A 19 26 |10 As As ] 26 Y =i
mfdo O 2ha Ao ] 20 25 | As As]25 @ 20fDA
vee Of 21 221 vss As T3 2 24 1 As As ] 24 211 As
) Vee I 22 23 [ Vss Vss 1] 23 22 {1 Voo
(s0J)
(TSOP(ll)-Forword) (TSOP(ll)-Reverse)
Pin Name Pin Function
Ao-Ag Address Inputs
DQ1-16 Data In/QOut
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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- KM416C1204A/A-L/A-F CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vout -1to+7.0 A
Voltage on Vcc Supply Relative to Vss Vece -1t0+7.0 Vv
Storage Temperature Tstg -5510 + 150 °C
Power Dissipation Po 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 (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit .
Supply Voltage Vce 4.5 5.0 5.5 \
Ground Vss 0 0] 0 v
Input High Voltage ViH 2.4 — Vco+1 \
Input Low Voitage ViL -1.0 — 0.8 v
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
Operating Current* KM416C1204A-6/A-L6/A-F6 160 mA
_— s ) ) KM416C1204A-7/A-L7/A-F7 lcct - 150 mA
(RAS,.UCAS or !_CAS, Address Cycling @trc=min.) KM416C1204A-8/A-L8/A-FS 140 mA
KM416C1204A ' 2 | mA
(SFt%%itgc_%Tﬁ_As—W—vln) KM416C1204A-L lcc2 - 1| ma
- a T KM416C1204A-F 1 mA
= ) KM416C1204A-6/A-L6/A-F6 160 mA
RAS-Only Refresh Current* :
e e ) ) KM416C1204A-7/A-L7/A-FT lces - 150 mA
(UCAS=LCAS=ViH, RAS, Address Cycling @rc=min.) KMA16C1204A-8/A-L&/A-FS 140 mA
KM416C1204A-6/A-L6/A-FB 130 mA
EDO Mode Current*
plochedy e " . KM416C1204A-7/A-L7/A-F7 lccs - - 120 mA
(RAS=ViL, UCAS or L.CAS, Addres; Cycling @trc=min.) KM416C1204A-B/A-LB/A-F8 10 mA
KM416C1204A 1 mA
Standby Current
TR TRAE TRRE_ T\ KM416C1204A-L tces - 300 A
(RAS=UCAS=LCAS=W=Vcc-0.2V) KMA16C1204AF 200 A
= — . KM416C1204A-6/A-L6/A-F6 160 mA
(CR%SS'Bue_g:;":f_fcieggs'lﬁ”rg‘;c_min y KMA16CI204A-7/A-LT/AF7 | lcco | - | 150 | mA
: yeling BiRc=min. KM416G1204A-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 KM416C1204A-L Iccz - 350 #A
UCAS, LCAS=0.2V
Din=Don't Care, trc=125us (L-Ver)
tRAS=tRAS Min~300ns J
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KM416C1204A/A-L/A-F CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Gontinued)

(Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units
Self Refresh Current
RAS=UCAS=LCAS=0.2V
il . lccs -
W=0E=A0-Ag=Vce-0.2V or 0.2V KMATEC1204A-F 250 | #A
DQ1-DQie=Vce-0.2V or 0.2V or Open
Input. Leakage Current . I 10 10 4A
(Any input 0<ViN <Vee+0.5V, all other pins not under test=0V) .
Output Leakage Current low }
(Data out is disabled, OV <Vout<Vec) o 10 10 #A
Output High Voltage Level (IoH=-5mA) : Vo 2.4 - v
Output Low Voltage Level {loL=4.2mA) VoL - 04 \

*NOTE: lcci, lccs, Icca and lccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. lcc is specified as an average current. In lcct and Iccs, address can be changed maximum
once while BAS=VIL. In Iccs, Address can be changed maximum once while one Hyper page mede cycle time

tHPC. .
CAPACITANCE (ra=25°C, vce=5V. f=1MHz)
Parameter ’ Symbot Min Max Unit
Input Capacitance (Ao~Ag) (oN]] - 5 pF
Input Capacitance (RAS, LCAS, UCAS, W, OE) CiNz Co- 7 pF
Output Capacitance (DQ1~DQ16) Cobo - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Voc=5V+ 10%, See notes 1,2)
(Test condition : ViH/ViL=2.4V/0.8V, Vor/VoL=2.0V/0.8V, Output Loading CL=100pF)

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

Random read or write cycle time tRC 110 130 150 ns
Read-modify-write cycle time trwc | 155 185 205 ns
Access time from RAS | tmac 60 70 80| ns | 34,11
Access time from CAS tcac 17 20 20| ns 345
Access time from column address taa 30 - 35 40| ns 3,11
CAS to output in Low-Z teiz 3 3 3 ns 3
OE to output in Low-Z toLz 3 3 3 ns 3
Output buffer turn-off delay from CAS tcEz 3 15 3 20 3 20| ns 7,14
Transition time (rise and fall) i 2 50 2 50 2 50| ns 2
RAS precharge time trp 40 50 60 ns
RAS pulse width trRAS 60| 10,000 | 70| 10,000 80| 10,000| ns
RAS hold time tRSH 17 | 20 20 ns
CAS hold time tosH 50 60 70 ns
CAS pulse width tcas 10| 10,000 | 15| 10,000 20| 10,000 ns
RAS to CAS delay time tRCD 20 451 20 50| 20 60| ns 4
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KM416C1204A/A-L/A-F ' CMOS DRAM

AC CHARACTERISTICS (continued)

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

RAS to column address delay time trRAD 15 30| 15 3] 15 40( ns 11
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 15
Column address hold time 1CAH 10 15 15 ns’ 15
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 tres [t} 0 0 ns
Read command hold time referenced to CAS trReH 0 0 0 ns
Read command hold time referenced to RAS {RAH 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 tWCR 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 towL 10 15 20 ns 18
Data-in set-up time tos 0 0 0 ns | 1021
Data-in hold time toH 10 15 15 ns | 10,21
Data-in hold time referenced to RAS " | foHR 45 55 60 ns 6
Refresh period (Normal) tREF 16 16 16| ms
Refresh period (L-version) tREF 128 128 128| ms
Refresh period (F-version) tREF 128 128 12B| ms
CAS to W delay time town | 40 50 50 ns 8,17
RAS to W delay time tRwo | 85 95 105 ns 8
Column address to W delay time ] tawp | 85 60 65 ns | 8
CAS precharge to W delay time tcrwn | 60 65 70 ns
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 ns 19
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 ns 20
RES precharge to CAS hold time trpc 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) topT 20 25 30 ns
RAS hold time referenced to OE tRoH | 15 20 20 . ns
OE access time toea 15 20 20| ns
OE to data delay toep 15 20 20 ns
Output buffer turn off delay time from OE toéz 3 15 3 20 3 201 ns 7
OF commend hold time ) toeH | 15 20 20 ns
Acgess time from CAS precharge topa 35 40 45| ns 3

ELECTRONICS
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KM416C1204A/A-L/A-F CMOS DRAM
AC CHARACTERISTICS {Continued)
< I -7 -8 l
Parameter Symbol Units | Notes
. Min | Max | Min| Max | Min| Max }
Hyper Page mode cycle time tHPC 24 29 34 ns 12 o
Hyper Page mode read-modify-write cycle time tHPRWG | 76 81 9 ns 12
CAS orcgarge time (Hyper page mode) tcp 10 10 10 ns 16
RAS pulse width (Hyper page mode) tRASP 60 | 200.000 | 70 | 200.000 | 80| 200.000 | ns
RAS hold time from CAS precharge tRHCP | 35 40 45 ns
Output data hold time tDoH 5 5 5 ns
Output buffer turn off delay from RAS tREZ 3 15 20 20 ns 7,14
Output huffer turn off delay from W twez 3 15 3 20 20| ns 7
Wto data delay twED 15 20 20 ns
OE to CAS hold time tocH 5 5 5 ns
CAS hold time to OE tcho | 5 5 5 ns
OE precharge time toep 5 5 5 ns
W pulse width twee 5 5 5 ns
RAS pulse width (F-ver) trass | 100 100 100 s 13
RAS precharge time (F-ver) tres | 110 130 150 ns 13
CAS hlod time (F-ver) toHs | -50 -50 -50 ns 13
KM416C1204A/A-L/A-F Truth Table
RAS LCAS OCAS w OE DQO1~DQs DQs-DQis 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-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 -
1081
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KM416C1204A/A-L/A-F

CMOS DRAM

NOTES

1.

N

o o

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

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

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

. Measured with a load equivalent to 2TTL Loads

and 100pF.

. Operation within the trcp{max) limit insures that

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

Assumes that trep > trep (max).

taR, tweR, tDHR are referenced to tRAD(Max).

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

twes, tRwo, tcwbp and tawbp are non restrictive
operating parameters. They are included in the
data sheet as electric characteristics only. If twcs >
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the. cycle. If tcwb >tcwo(min), trwp>
trwo{min) and tawp > tawp(min), then the cycle is a
read-write cycle and the data output will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either trcH or tRRH must be satisfied for a read

cycle.

1.

12.

13.

14.

15.

16.

17.

18.

20.

21.

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

tasc >tcp min, Assume t1=2.0ns.

1024 cycle of burst refresh must be executed
within 16ms before and after self refresh, in order
to meet refresh specification (F-version) '

If RAS goes to high before CAS high going, the
open circuit condition of the output is achieved by
CAS high going. If CAS goes to high before BAS
high going, the open circuit condition of the output
is achieved by RAS high going.

tasc, tcaH are referenced to the earlier CAS falling
edge. ’

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

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

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

. tesr is referenced to earlier CAS falling low before

RAS transition low.

tcHR is referénced to the later CAS rising high after
RAS transition low.

tos, tbH is independetly specified for lower byte Din
(1~8), upper byte Din@-18)

s ungg
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- KM416C1204A/A-L/A-F : CMOS DRAM

TIMING DIAGRAM

WORD READ CYCLE
NOTE : Din = OPEN

trc
N tras » j— trp——
RSy N /] \
’tfip, :————— tnco—————'—i(f:——— thst ‘ — terp —»
st N—— 7
e | e teco tc,s : trsH » ¢ fere —»
s v 7 N "V [
tasa t‘;tmo_t;:;. e tomn thaL
A Vi - ROW 7 COLUMN
Vi - ADDRESS v ADDRESS
. | tres | torn — ’
w7 ‘ \
) < ‘ tas — ™
= 0 %%//{//////////ﬁ
le— tocac—>» | teez '
RAC [+ toz > ¢ toEz—» u
DQ1 - DOg |~ ——————— OPEN t <%{: DATA-OUT }—"—
t :_—;LZ ‘;«c-—: L—tOEZ:; tcez

RAC
- ¥
DQ9 ~ DQ16 ow - OPEN —4% DATA-OUT >
VoL - _ k K 7

% Don't Care
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KM416C1204A/A-L/A-F

CMOS DRAM

TIMING DIAGRAM

LOWER BYTE READ CYCLE
NOTE : Dn = OPEN

trc

RAS

b f—— fpp—n

RS | \ /S N
. ’ fcre d—tapc—b'
o 7
Co T DL
- tasn :m_utm—..L . - tRAL
v DN oows ADDRESS ,
o EEET | R 3
N @ :E‘: }%//ﬁ////t////////%
pat Do [ - OPEN i — :%{ DATA-;rHi>+ |

Voo -

Don't Care

7.

ELECTRONICS

1084

B 7954142 0019701 41T WA




KM416C1204A/A-L/A-F

CMOS DRAM

TIMING DIAGRAM

UPPER BYTE READ CYCLE
) NOTE : Din = OPEN

syl N / ____
It:‘i, ;— trco—- tcs: trsH — fere —¥|
ws ' Y] N T
.7 |t<aiPJ . : trec |
o " ‘*-tHAD_’L fRAL \—_
e U | i
v D 00 n
DQ1 ~ DQ8 xZ'L* ) OPEN ‘
DQ9 ~ DQ16 zZ: - OPEN - 4 g DATA_(;;TOEZ_:>_—

: Don't Care

L= ungg
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KM416C1204A/A-L/A-F } CMOS DRAM

WORD WRITE CYCLE ( EARLY WRITE )
NOTE : Dour = OPEN

trc
tras l— i
5 V ) .
Vi \ 7/ \
P tesu
L_, ¢———— tReD~———>f——— trsH » <+ torp —
Vi - 3 \‘— teas™ " /
ViL - % \ /
“ tcsu .
]2'2, l¢——— trcD > trsH ¢~ tcrp —¥
Vi - 3 \‘— toas™ / 4
v D) \ 7
-— tRADA’i‘
t

t ' RAL
LR tasc i+ foan
A Vi - (" ROW COLUMN
Vo - . ADDRESS ADDRESS

W W ‘ /‘ E—’:‘*_:t .
NG
- =
' . ‘ tD_S‘_th q-tDH—: | : ,
oan-ove 1 DL " YL

% Don't Care
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KM416C1204A/A-L/A-F

CMOS DRAM

LOWER BYTE WRITE CYCLE(EARLY WRITE )

NOTE : Dour =

pQ1 ~DQ8 V'
Vi

DQY ~ DQ16 V!

- — )\

H = %

OPEN

iCHP

B tosH
}Sf. je—— trep pie trsH

H: ?y/ 3 \‘——tCAs—_:/

tas trAH RAL
al ta [ tcan —-’
o= 1 ROW COLUMN
w - 7227\ ADDR ESS ADDRESS
'CR

N

s @/

e ===~ B

Don't Care

P unog
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KM416C1204A/A-L/A-F

CMOS DRAM

UPPER BYTE WRITE CYCLE (EARLY WRITE)
NOTE : Dour = OPEN

DQ1 ~DQ8 Vv

DQ9 ~ DQ16 V™ -
Vio

N @

" @ I

4+,
LWCR
twes
;//

[—twecH — /

.
i

- los

I {oH —>1

DATA - IN

Y

toHR

7

:

Don't Care

s ungg
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KM416C1204A/A-L/A-F CMOS DRAM

WORD WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Dour = OPEN

l tras tre —»
Vi -
RAS Vi - ]/ \

SH
treo tRsH [e— tcrp —|
N =%V /J
.

le———— trep e tRsH  ferp—

/
o]

tash tran tasc
Vi - r ROW COLUMN
Ave - . ADDRESS i@i ADDRESS // m

1——t—>

)

%<
.
_
|
l

A

n—t—»

W O .

z
<
N\

DQt ~DQ8 V¥ -
Vi -

©xXw:

U U

DQY ~ DQ16 VM -
Vi
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'KM416C1204A/A-L/A-F CMOS DRAM

LOWER BYTE 'WRITE CYCLE (OE CONTROLLED WRITE )
NOTE : Dour = OPEN

<>< %<

- T

e 7 ol I
| DQ1~DQB_¥:[‘: :\/ ’ DATA"NH %
o0 V-

Don't Care
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KM416C1204A/A-L/A-F ' CMOS DRAM

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE )
NOTE : Dour = OPEN '

trc

tras —fpp —0

Vi - ‘ ) { y
Vii - \ . ,] \—
tesH »
e——— tRecD———————— tRoH ‘4— tcrr —
ViH 3 \ feas ™ > / / )
Vi \ L 2
[«— tcrp

4
N

trac

:

e
[+— traD

tRan tasc o

4
ROW COLUMN
ADDRESS ADDRESS % m
f— tow ——» '
[—— tRwL

|

o -Dos 1 - 07, 70000000

tos

>
<<
F I

g
s 5

v 7 T
UEx::_/ %¢toso

ton—]

DATA-IN /////////////////////////////

Don't Care

DQY ~ DQ16 VM -
Vi

g
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KM416C1204A/A-L/A-F

CMOS DRAM

WORD READ - MODIFY - WRITE CYCLE

- tawc )
« tRAs—— » trp———
Vin - 5\ ’
Vio - K 7 \—
———— >
torel Le——— tron—»le trsH >
Vi - X e teas- >
ws \ /
torel e tnop~tole tasH "
Vi - y - 3 fcas » /
LCA Vie - \r
traD
bsa , |oteas |55 tony
: tesH >
Vi - Vg X/
ROW COLUMN
A Vie - %t ADDR %.ADDRESS ///4/
tawp [¢— trwe
fcwo — towL——>
\
Vi - twe
w o N
v D/
OE Vio - p. /
foz <
[+ tciz-»
[+ tcac
[e— taa
: <+ trac
DQ1 ~ DQ8 Viow -
VoL - toz
e torz-
= tcac
— taa
<+ trac
DQg ~ DQ16 Vior -
VoL -

% Don't Care
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KM416C1204A/A-L/A-F CMOS DRAM

LOWER-BYTE READ - MODIFY - WRITE CYCLE

N tAwc »
< tRas » trp———»
Viu - y
A Vi - \( 7 \
ll?}’; trrc—
VH - %
UCAS 7 \
L - : )
———— { >
%‘; [#——— tRcD —>i« tRsH >
Vi - X[ tcas - > /
A Vi - \L
_ trao
tashie ol |enlnan }ASC= m
tesH >
A Vh - f ROW COLUMN
ViL - ADDR | ADDRESS
N tawp 44— trwL
< tewo [ tew.—™
— Vm - N L twe
w Vi - tawp =\
v D1/
OE Vo - X /
toz '
[+ tcLz™
[+ toac 1™
[+ toep
taa —> toez
* tRac >
Vi - : N/
oo - pas Y - Dz o—O 2]
Vor -
DQ9 ~ DQ16 VoL - OPEN

o
f % Don't Care

PNimsunc -
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KM416C1204A/A-L/A-F

CMOS DRAM

UPPER-BYTE READ - MODIFY - WRITE CYCLE

Vin
Vi

\
Vi

Vin
Vi

Vi -

W Vi

Vi

OE Vi

DQ1 ~ DQg Vou -
VoL -

DQ9 ~ DQ16 Vo

Vi -

tawe

> [— ftpp——n

-

tRsH

tcas

v

- teec —-I

_ trap

¥
tere
tcre
l—>

" lepiBan

fasc | |tcan
e

N

ROW
ADDR

tash,
- Fa
" %(t

u

COLUMN
ADDRESS.

tosH

[¢— trRwL:

tawo

tewp—

trwp

e

iou

[—— tew.—>

Nl

|

4

OPEN

[ taa

& torz
[ tcac T

H -

trac
] vaup

VwoL -

DATA

N

[+~ ton tos | | tou
> toez “—
» M

vauD N
\ - OUT] DATA-IN 4

Don't Care

<
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KM416C1204A/A-L/A-F | CMOS DRAM

HYPER PAGE MODE WORD READ CYCLE

trase » tre_,
Vi - X b— trucr—» # 3
RAS o \‘___ o RHCP— /
K «. 7 \
»
[¢— tupc ——>{¢— tHpc —*¢— tHrc —>|
ichr L~ tRCD——» by
Vi - % thap o | teas| ) feas }l_! | fcas cag | A
Vi - _/ ‘ \t / C F !A \( 7;/ X /
— tosn > sq toa
tasg, ‘}w tasgl | toar, dasg] forp NLEY c i trez

- y Ty | 4
[CAS x:: - // thap | \tl fcas lj/ \A tdas >,£/ \‘EIA—S;;/ \(CA 7/

Vi - ROW coLuMN | f coumn } fooLumA] TcoLuMN |
A
Vi - ADDRESS | ADDRESS VN ADDRESS ADDRESS ADDRESS )
AR
}ncs= : e— tRCH—»]
VH - 2 Z F K
w Vi / le— tcac —»] * toe %
-
?AC l— tcac —»i| 1 tcac—»
M~ fcPA—> — tan > taa >
. <—t {cpa _{cHo
- . o letocH |
< tan tcac <l toEP
Vi - »10EA
OE / %‘
ViL - / X
o fcac tooH ~»|
— trac >
Vvor - f vaup )
DQ1 ~ DQBV DATA-OUT
oL - A 7
VALID
ez, paTAoUT
fcac] . toaH
< trac >
Vion - L v
DQ9 ~ DQ16 Vi CN parnour
oL - toz ¥ & 7
B VALID
torz DATA-OUT

Don't Care
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KM416C1204A/A-L/A-F CMOS DRAM

HYPER PAGE MODE LOWER BYTE READ CYCLE

N trasp » tep
Vs - ) ‘ A ¢ X
A Vi - \( « ;/ L
$
tepg

o v - |

[ toEH >

l¢—— tap—>
[ thpc =™
[¢—— trco—»

' ]
CAS x““ - % \:.t‘.?é\ﬁj.;j / le—Lcas 4|
- —
RAD tasc e
tasg |, M tasg| || tcan | toa *
A Vi - /| row coumn  NAA coumn
Vio - | ADDRESS | ADDRESS | N ADDRESS
tres |
Vi - ZZ /?’ !%
w Vi - j— fcac—»| é
!
le—— tcpa—|
« tan—>
Vi - W // / —»ltosa
OE Vi - Z
| feae b
[——— trac > toez
Vo - y -V 3 / \
DQ1 ~ DQS x/o: ) g%{‘ DX?E?)UT_‘ Dx:xgur?_
»l e vaLD
foz | DATAOUT
Vou -
DQ9 ~ DQ16 OPEN
VoL -

E{Z Don't Care

ELECTRONICS
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KM416C1204A/A-L/A-F CMOS DRAM

HYPER PAGE MODE UPPER BYTE READ CYCLE

tnf\ar‘ >
Vi - /——_—3‘ ’
m Vi - \( 7/

[e——— tRHcP —

J

=

[e—— tcoH————»

[e————— {an——>| [———— tppg —— >} thpc —>¢— trc — trrc

- [e—— tnch lce, % ﬁ |
s el Ny Nyl el TR0

icrp

i
~

LCAS
Vi
trap tasc
tas, || tran tasg) || toa fasg| ltc 159y he > ton, trez
Vi - rdi s s N . r p A
A ROW COLUMN 4 coLumn k COLUMN CoLUMN
ViL - ADDRESS ADDRESS N ADDRESS /DDRESS ADDRESS /
RR
. tncs’ ) — tRCH—>
- 4 3
ve G muww—
* A t?Ac - le— tcac—>] teac >
le—— tcra—— le—— tan—>le taa——>
«— lopa el dcHo
A taa teac I too || toeP
—— Vm - % ////// [toEa. Nigloza {"'\\ //
OF Vi - - /Z
Vou -
DQ1 ~ DQ8 OPEN
- Voo - .
feac | too) LOEP toez
[——— trac >
Vvon - VALID @ N
DQ9 ~DQ16 Viow - nA DATA-QUT \ _>_
> VALID

DATA-OUT

Don't Care
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KM416C1204A/A-L/A-F ' CMOS DRAM

HYPER PAGE MODE WORD WRITE CYCLE ( EARLY WRITE )
NOTE : Dour = Open

¢ trase : %P ‘
Vin - —_3\4— tap————»} e trsce————» |
RAS Vi -
L o= ) N @«

7
torp f—— tHpc——se——— tHPC ——>
% l&—— troD » P o1ce k—tRSH
V. Ik / f !\‘ teas 4
UCAS | \"“‘H",V t“;_/ /
tere : thec :‘J thrc »> .
l¢—— trcD [+}:d 0B ) tRsH
Vi - 1 » IGASL, \< foas ,j r_tc"s RFd .
LCAS Vi - RAD \ ,/ \ '/
: tasc §
M)‘_, ‘0 15a tes | Jean s tasc fean, fasg (teay, v
A Vin - 1 row f COLUMN | £ oo K25 COLUMN
Vo - | ADDR | ADDRESS | ADDRESS G | ADDRESS ‘
twes| | twen twes,|. H twes|
™ (™ |« twor-»
Vi -
v YAl
Vi - ?%/ / ///
7
VL - Z / /// /////
tos

Vi - VALID '\
a1 -0a8 W{ M

tos| | tou
Vin - 72 e VALID '\ /
DQ9 ~ DQ16 ) / é/ DATA-IN ,@(

— toHr »

: Don't Care

' 1098
_@l 7964142 0019715 TO4 WM
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KM416C1204A/A-L/A-F CMOS DRAM

HYPER PAGE MODE LOWER BYTE WRITE CYCLE(EARLY WRITE )
NOTE : Dour = Open

- VL

. Ty
CRP

Vi -
UCAS Vi - %
. l CrP

¢
1
R

©w> =
5
I

l&—— tRcD——»
VIH b CAS,
[CAS Vi ,__IEAE:L»\
tasc
l¢——— fcs
25_4_» " tRAH
A Vi - £ row 1 coLumn |
Vi - | ADDR | ADDRESS |
twes
Vi -
" VU
oE Vm - % . %
ViL - §
© {os o JR% DI {os t
Vi - VALID '\ f vaLD VALID
DQ1~DQ8 y, | \ DATAIN ,@‘ DATA-IN DATA-IN
{DHR ~———

SN

% Don't Care
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KM416C1204A/A-L/A-F , 'CMOS DRAM

HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = Open

tep

< trasp » >
RAS Vih - \4— tap———»] l——— tchp*b/" 1
Vi X s 7 \
tHPG —— > ———— tHpc ————»
[¢—— trRco——»] tcp | - P [¢— tacH
UCAS Vin - tcas) oy £ '\4 teas | £ \‘ toas /’_
Vi 2 $ 7 trec
Vin
¢ Vi % B0
T _tasc
t_ {RAH tosp ‘tCAH ™ tasc |, CAH tasc M
Vi % ROW >@<“ COLUMN ’@{‘ oo Y2 £ COLUMN
V ADDR | ADDRESS |  ADDRESS 7 X ADDRESS
twes| | twon twe: pliwe twes .
Vin - N //SS o] 1t
w % twp—» twp -] ‘% —r twp ——» .
Vi - Z | : 7% Z /4

ETe f////////////////‘//////////////// D
— %////////////////////////////// 7 7

HR
tos Lo, '}D_S’ DH| tos | [to

Vi - VALID X VALID $ VALID
DQ9 ~DQ16,, DATA-IN )@{DATA-IN 57 \oATAN
b
V/A Don't Care
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KM416C1204A/A-L/A-F : CMOS DRAM

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE

“ trase > [¢-trp-»
Vi - _\\4 tost > t R
BAS l—— tan—> < HPRWC
A Vi - N 7 \
> tore N trsH >
— trcp — le-tcp > —tcrp ]
CAS Vi - Zf 1 tcas———> e—— teas—————»{ £
uca -V - / \ ;/ \ ;Z
R tRsh >
[— tReo—>| le-top »f e —tcrp ]
Vn - Z b t AP X |, A
CAS > N fea! »
[CAS , . N AN s Y/
[4-traD
tran t R
ol lelcan : tasc| |witC L g
_té&q__ tASC; - >l
Vin - ROW coL. 3 goL. 3
Ay . ADDR ADDR Apo |
T
o ltrcs tow tros| tow T tH,WL
Vi - % 3 \
w V'H Z 4—‘—tcw0_’\‘m>/ — tcwo—'\ twe
- tawp » - tawp »
trwo »
Vi - toea toea ¥
OE ViL - / oy _/ ton
L toE > 1
T ta—¥ tos ] DS
[&——— trac > ;tOEZ OEZ 1
[*tcac®| fHtcac®|
. N N 4 o L £
pQt - pas ' @{ ~ > \%{ >< P
Vior - - ] t_& & X F %
terz terz
i VAL . VALID VALID VALID
DATA-QUT DATAIN DATA-OUT DATAIN
OED _|toH |ton
e} tap—» > > L] tan—n Joen, »-ie
Lo |tbez |1os :
. L——tRAC —_, i | £z Hol
[*tcac ™ *tcac*) >
Vion - ViR N ) [
DQY ~ DQ16 ;
VoL - !%< }% / 3 F
fozj, o torz |,
VALID VALID i VALID VALID
DATA-OUT DATAIN DATA-QUT DATA-IN

Don't Care
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KM416C1204A/A-L/A-F , CMOS DRAM

~ HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE

trase : > (e-ipp->i
: Ty ¢ fosH >
ViH - \ tan ‘ tHPRWC N
: Vi - 7
. teap tcrp
- N LGl
Viu -
Vi - / \L
»> torp trsH »
[— trcD —> [+tcp - 1¢1—tcRp
ViH - Zf 3 o £ 3 : 2
ECKS- Vi \ tcas » / \"—'—_ tcas—————» j
s [4-trAD 7
tray tra »
t =l | [t ol L lcan 1 tasc] .ﬂt_cﬂ“_
A Vi - %{ ROW oL X dov. |
Vi - ADDR ADDIR j ADDR |
«lyltRCS tow ) RC! tow T tH,WL
-z y I /
' Vi 7 ‘-tcwo_’\tmb — tcwn—’\ ?
Vi - < tawp———> “ tawp ————p] -
o trwo >
Vi - {oea
OE «—
Vi -
. i tou tou
R v iy U
[*tcac ™ g
Vion - N\ >—__
DQ1 ~ DQ8 VioL - x \[
torz
plle \
torz |7y DXTAAI(EUT DVA‘:'LA“-DN toz i) DATA-OUT :ﬁlﬂu
. Vou' - ]
DQ9 ~ DQ16 OPEN
VoL - . :

% Don't Care ‘
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KM416C1204A/A-L/A-F ‘ CMOS DRAM:

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

trase st
Vi - Ty e tesH » . : R
RAS \‘_ tan——»] « trpRWC N\
Vi - K
»i e LBP trsH >
— trcp— i*tcp » |—tcap
UCAS Vi - e tcas i N fe——— toas———» A{_
A Vi - % \ J/ \ 7
> tcap torp
Vin - % Y
[CAS |, . | , \
L e trro->
tRaH f N
\{ te, RAL
tasr tascy| TPTecAt tasc| | oA —
Vin ROW coL. dot. |
A Y ADDR ADDR ooR
Lo |1 7
L ltrcs fow| tres) tow T tRW.!L
- \ -
w Vin / / <—tcwu—>\~m>l/  — tcwo——’\ﬂ/——
Vi - " X
< tawp ———» - tawp————»| .
trwo »
ViH - toea ¥ \ (foea ¥
—] >
OE Vi - \r / \r / ‘
Vou -
DQ1 ~ DQ8 OPEN
VoL -
tOEEL -~ tDﬂ 1 toeo - tcﬂ
7t t - tos| | — ta—s os| |
——— tRac + > QEZ > | OEZ —
[-toac®| fteac »
ML o1
Vion - ] \ K y K
DQ9 - DQ16 " «_%{ D 4 —
tciz \ tezl, :
VALID VALID VALID VALID
DATA-QUT  DATAIN DATAOUT  DATAIN

Don't Care

1103
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KM416C1204A/A-L/A-F CMOS DRAM

HYPER PAGE READ AND WRITE MIXED CYCLE

N - trasP > top
ViH - \ READ(ICAC) READ(CPA) WRITE ! READpAN) 4
FAS N : : , VR
Vo - K ]
tan ’ thrc e tHpe————>¢——— thpc—]
fee le— tcP—p leder
Vi - 3 4 3 \ I \ 1
UCAS Vio - - \k—tc;xs—j/ \ths-b/ qFtcAs—»/ j&/
[ tan > [ thre > tHec »> tHre—>»
fce e toP_p] tcp
[CAS Vi - Y "SEE— R —\ ——
Vio - \‘_ tea \1— tc,@s-b)/ \:_ tCAS—P)/ tc. / ‘
tRan
tAs=R » tase ‘ti'\: tasc__p[® o tasc| | fcan _&‘,S—CL CQH
Vi - " row COLUMN COLUMN COLUMN COL.
A Vi - tADDR._ ADDRESS | ADDRESS ADDRESS | ADDR.
}ﬁ‘_’fl tAcH trgs . - | tren w tnci
o/
w A "2/ % x 7
] WPE :
NP
OE Vin -W b topat twep),
Vio -
| t
[ toac> _twez S [— tan—> }EE:
Tt > twezyl o+ tos
- trac ¢ J - I
DQ1 ~ VioH - /| vALD > g VALID >_< VALID VALID
DG8 VoL - N DATA-OUTY  ¥7 \| DATAOUT DATA-IN > ] DATA-OUT |
OEA |
NI toH
*toac> I twez|, > le— tan ——»] }EE!
[ taa—> twezy| g »H* tos .
le—— .
DQ1 ~ Viow - thnc /A vaup £ vao >_<" VALID -} . TR
DQ16 Vo - L DATA-OUT. DATA-OUT | DATA-IN om-om}—

Don't Care

E2 79byly2 0019721 208 W
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KM416C1204A/A-L/A-F 'CMOS DRAM

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

Dour = Open
tre »
- tras . e——trr —2
VH - 5 _ e
ViL - \( 7/ \_

’ |£C_R£ : [trpc ¥
: B @
Vi -
tcrp) <
As o %
Vi - .
lashiy o leoifma

&

C_KS'-BEFORE-RTS REFRESH CYCLE
NOTE : W, OE, A=Don't Care

trc
le—— trp ——> | tras » trp ——nt
Ve - 4 Y
Vi - / o 1cre \( treo
' Joe,
—\ losr )
Vi - l—>| | tcHa >
Vi - / \: %
Jee,
tcsr |
Vi - l— e tcHn »
sy N '~ -
torF
[— )
DQt ~Das v ) OPEN
VoL - 4
torr
Vou -
DQO ~DQ16 /.. > OPEN
oL - 4

Don't Care
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KM416C1204A/A-L/A-F : CMOS DRAM

CAS-BEFORE-RAS SELF REFRESH CYCLE(LL-version)
NOTE : W, OE, A =Don' Care

[— tap—> |e- trass |« tres
x,H . /[ =\ e
- < fcrP trro \
. o2 : _towr
I—— tcsm N
UCAS Vi - > ]
Vi - / \t : é é
icp : f{cHR
lI—\ |fcsr < > ;
Vi -
LCAS Vi - / \ %\
{cez
>
bQi - Das Yo - ) OPEN
Vo. - 4
fcez
. ] .
DQ9 ~DQ16 Yo M- OPEN
Vou - ,{

Don't Care

N
k\
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KM416C1204A/A-L/A-F

CMOS DRAM

HIDDEN REFRESH CYCLE ( READ )

&S|

<= =
- - I

DQ1 - DG VM~
VoL -

DQY ~ DQ16 Vo
VoL -

<<
F T

1L
niilniE

<= <<
I [al-

<<
& I

tre
tras

¢}

le——— tacp

|- tRCD

Nl

RP > | tras |+ tRP -
¥y '
A N /
le— trsH—» [¢—— tcHR —>

trsH—»,

[¢— tRrap—¥|

A\

[¢—— tcHr —»|

R tran
M > tasc &>
f ROW 7
| ADDRESS X

ADDR

coLuy

0K

trcs

<>t
<twnp

l trRRH I
)

%Z

tAA—-—P

N

[+ toea —¥

/

\ ]

00

tcez

— OPEN

trac -
4
[

< tcac—»
e ToLz—»
toLz —twez
i < toez
s S
{@{: DATA-OUT
T deer
trez
[ foac— le——twez ———
- tCLZ_.i toez »
DATA-OUT )

Don't Care

s uag
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KM416C1204A/A-L/A-F | CMOS DRAM

HIDDEN REFRESH CYCLE ( WRITE)
NOTE : Dout = OPEN .

< trc >l tre »|
e - tras » trp ] [——— tras ——»] {rp
Vi - y ; y
Vi - \ 7 \x J
tcre
s [t cn—-»r— RSH — — tohR
Vi - 2 A\ / /
UCAS Vi - / \\
fore D e —— torn
Vin - %% F R
[CAS 7
L - RAD :
< A H R
Vi - 4 7 »
A Vi -
. twrp
Vi -
W W

N )

[ {oH—»

Dat - Das ™ - DATA-IN ////////////////////////////////

<

OE

<

N
N\
g
9
)
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KM416C1204A/A-L/A-F CMOS DRAM
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

- . ! trp
RAS Vo - \ i tras 7/

v tosn terr— trsH y
M- \ » i < /
UCAs Vi - K o \( tors Z /
v tosm —tCPT——: . trsH |
. H - \ —
CAS [¢—————— {CcHR < tcas
Vi - K \( = ‘/

- tasc > [ tcan ¥

- I = T

.

READ CYCLE e | omg e o
w7 ||
. wy |
bt - Date xz:' ' - { : VALID DATR;Ei o:TEZEF
san == f-
o /////////////////////////////?//////////////////////////////////
Wx:: % e \ ' ‘ tRj: j;—tcwo —>\<—P trw, —»
= 7 e
DQ1 -~ DQ16 z::z: = ‘:%*m ‘:P;W
% [;gg?m Don't Care

DATA-QUT
B 7964142 DD1972k 497 WM
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KM416C1204A/A-L/A-F ~ 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
imiminininininininininininisisininininia) /\—)> .
: g|g 8|3 58 52
) O glg £|t slg 2le
Flz 5|8 Flx 8|8
3l 33 8z 85
. S(o slo ole oo
O :@
N
LN 0 A O Y ) B S ) B ;
0.026(0.66) 0.130(3.30)
| 0.030(0.76) . 0.140(3.56]

L

()] 0.004(0.1)

0.016(0.41) | 0.050 (1.27) 0.040 (1.02)
0.020(0.51) l [ TYP ] MAX

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

26(23) /'”'\ 08°

00000000004 Aonnnonnaoan |

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

0.024(0.60)

l 0.016(0.40)

qubguooooon gonoiooouod

25(22)
0.004(0.10)
0.841(21.35) MAX g‘ 0.010(0.25)
AE]
0.821(20.85) 3|2
0.829(21.05) c

] 00040.1) &b H Had
0.036{0.925) l 0.010(0.34) 0.031(0.80)
! 0.018(0.36) TYP

ELECTRONICS B 79b4lu42 0019727 72k

0.00 MIN




