KM416V1004A/A-L/A-F CMOS DRAM

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

FEATURES GENERAL DESCRIPTION

+ Performance range: The Samsung KM416V1004A/A-L/A-F is a CMQOS high

speed 1,048,576 bit x 16 Dynamic Random Access
trac | teac | thc | twee | Memory. Its design is optimized for high performance
KM416V1004A-6/A-L6/A-F6 60ns | 17ns | 110ns| 24ns applications such as personal computer, and high
KM416VI004A-/ALT/A-F7 | 70ns | 20ns | 130ns| 29ns performance portable computers.
KM416V1004A-8/A-L8/A-F8 80ns | 20ns | 150ns | 34ns The KM416V1004A/A-L/A-F features EDO Mode
operation which allows high speed random access of
- Extended Data Out Mode memory cells within the same row. CAS-before-RAS
(Fast Page Mode with Extended Data Out) refresh capability 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 KM416V1004A/A-L/A-F is fabricated using
- Early write or output enable controlled write Samsung's advanced CMOS process.

» Triple +3.3V+0.3V power supply
- Refresh Cycle
- 4096 cycle/64ms (Normal)
- 4096 cycle/128ms (L-version)
- 4096 cycie/128ms (F-version)
« JEDEC standard pinout
- Available in plastic SOJ and TSOP(ll) packages

FUNCTIONAL BLOCK DIAGRAM
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KM416V1004A/AL/ALL/ASL CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM416V1004AJ « KM416V1004AT + KM416V1004AR
U A
voo i} 1 © 42 vss voo ] 19 44 [ Vss Ves [T 44 1 {0 Voo
b 2 41 Das Do ] 2 43 |11 DQe DQwe ] 43 2 [ B DQ1
DQ2{ 3 40 |p DQ1s DQ2 ] 3 42 71 DQis DQis ] 42 3 | DQz
DQs ] 4 39 b Do DQs 0] 4 41 1 DQua DQi4 T M1 41 DQs
DQs ] 5 38 b Daus ' DQs @] 5 40 |1 DQ1s DQis o 40 5D DQu
voo O 6 37 | vss Vop T 6 391 Ves Vss 7§ 39 6 [T Voo
DQs 0 7 38 {11 DO12 DQ1w2 017§ 38 7D DQs
DQsg 7 36 pJ DQr DQs T 8 37 1 pans pan 1 37 8 o pas
DGs ] 8 35 {1 DQn por T 9 36 |1 Dare pan o 36 9 }-m por
DQr} 9 34 P DQio DQs ] 10 35 11 DQo DQo 0T} 35 10 7D DQs
DQs [ 10 33 P DQe N.C. T 11 340 NC. N.C. 1T 34 111 NC.
N.C. O 11 32 1 N.C. i
N.C. 12 31N [CAS -
w13 a0 b UCAS N.C. [Ij 12 33 |1 N.C. N.C. 1T 33 12 N.C.
RAS 14 29 b BE N.E o] 13 32 |1 LCAS [LCAS 0] 32 13 &C.
And 28 b A W14 31 |1 UCAS UCAS T 31 H4rmw
i D o AS T 15 30 o oF oF ] 30 15 [0 RAS
A 27 A As A I 16 2911 Ao Ao O} 29 16 [ An
Ao 317 o0 A Ao ] 17 28 [T As Ae T 28 17 D Ao
At 18 28 A As Ao ] 18 27 11 A7 Ar 0} 27 18D Ao
Az [ 19 24 1 As Ar ] 19 26 {1 As As ] 26 19 At
mgdo O 2pha s O = ATl QO 20fDA
Voo [ 21 22 1 Vss Az ] 21 24N Ae A 24 21 As
_ J Voo T 22 23 M Vss Vss [} 23 22T Voo
(SOJ)
(TSOP(ll)-Forword) {TSOP(Il)-Reverse)
Pin Name Pin Function
Ao-At1 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
Voo Power(+3.3V)
N.C. No connection’
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KM416V1004A/A-L/A-F CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vour -0.5t04.6 \
Voltage on Voo Supply Relative to Vss VoD -0.5t04.6 A
Storage Temperature Tstg -55 to+150 °C
Power Dissipation Po 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 (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voitage Voo 3.0 3.3 3.6 v
Ground Vss 0 0 0 Vv
Input High Voitage ViH 2.1 — VoD+0.3 \
Input Low Voltage ViL -0.3 — 0.8 Vv
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
Operating Current* KM416V1004A-6/A-L6/A-F6 90 mA
e i ) KM416V1004A-7/A-L7/A-F7 lcct - 80 mA
(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416V1004A-8/A-LB/A-F8 70 mA
KM416V1004A 2 mA
fg_:%d_tgci‘gﬁ‘é AWV KM416V1004AL lcce - 1| ma
B - T KM416V1004ALL 1 mA
== KM416V1004A-6/A-L6/A-F6 90 mA
RAS-Only Refresh Current*
i = ) . KM416V1004A-7/A-L7/A-F7 lccs - 80 mA
(UCAS=LCAS=VIH, RAS, Address Cycling @trc=min.) KM416V1004A-8/A-LB/A-F8 70 mA
KM416V1004A-6/A-L6/A-F6 110 mA
EDO Mode Current*
— ) ) KM416V1004A-7/A-L7/A-F7 lccs - 100 mA
(RAS=VIL, UCAS or LCAS, Address Cycling @tpc=min.) KM416V1004A-8/A-LB/A-F8 a0 mA
KM416V1004A 1 mA
Standby Current
R AR T\ KM416V1G04AL lccs - 300 1A
(RAS=UCAS=LCAS=W=Voo-0.2V) KM416V1004ALL 200 | xA
= == . KM416V1004A-6/A-L6/A-F6 90 mA
gTSS'BJg’gEfL-S——CTS"EShC"Cn “"gt‘;c_mm ) KMA4T6V1004A-7/A-LT/A-F7 lccs . 80 | mA
! ’ yeling B KM416V1004A-8/A-1.8/A-F8 70 mA
Battery Back-Up Current, Average Power Supply Gurrent,
Battery Back-Up Made, Input High Voltage(Vin)=Vop-0.2V,
input Low Voltage(ViL)=0.2V KM416V1004A-L lecz - 450 uA
UCAS, LCAS=0.2V
Din=Don't Care, thc=31.25¢4s (L-Version)
tras=tRAS min~300ns
1157
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KM416V1004A/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=0.2v ¥ lcos N
W=OE=Ao-A11=Vop-0.2V or 0.2V KMA16VI004A-F 250 | #A
DQ1-DQ16=Vp0-0.2V or 0.2V or Open

Input Leakage Current (8]

(Any input 0<VIN <VoD+0.3V, all other pins not under test=0 V) -10 10 #A
Output Leakage Current low )

{Data out is disabled, OV <Vour<Vop) “ 10 10 a A
Qutput High Voltage Level (loH=-2mA) VoH 2.4 - v

Qutput Low Voltage Level (loL=2mA) . Vou - 0.4 \Y;

*NOTE: Icct, lccs, lccs 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 Icc1 and Iccs, address can be changed maximum
once while RAS=ViL. In lcc4, Address can be changed maximum once while one Hyper page mode cycle time
tHPC.

CAPACITANCE (12=25°C, Voo=3.3V. f=1MHz2)

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

AC CHARACTERISTICS (0°c<Ta<70°C, Vop=3.3V £ 0.3V, See notes 1,2)
(Test condition : Vin/ViL=2.1V/0.8V, VoH/Vor=2.0V/0.8V, Output Loading CL=100pF)

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

Random read or write cycle time tre 110 ’ 130 150 ns
Read-modify-write cycle time trwc | 155 185 2056 ns
Access time from RAS tRAC 60 70 80| ns | 34,11
Access time from CAS tcac 17 20 20! ns 3,45
Access time from column address 7Y 30 35 40 ns 3,11
CAS to output in Low-Z ‘ toLz 3 3 3 ns 3
OE to output in Low-Z towz 3 3 3 ns 3
Qutput buffer turn-off delay from CAS tcEz 3 15 3 20 3 20 ns 7,14
Transition time (rise and fall) tr 2 50 2 50 2 50| ns 2
RAS precharge time tRP 40 50 60 ns
RAS pulse width tRAS 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 - trep 20 45| 20 50| 20 60| ns 4
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KM416V1004A/A-L/A-F | CMOS DRAM

AC CHARACTERISTICS (Continued)

Parameter Symbol ° 7 i Units | Notes
Min| Max | Min| Max | Min| Max

RAS to column address delay time tRAD 15 30| 15 35| 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 tcAH 10 15 15 ns 15
Colurnn address hold time referenced to RAS AR 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 9
Read command hold time referenced to RAS tARH 0 0 0 ns 9
Write command set-up time twes 0 0 0 ns 8
Write command hold time twer 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 towe 10 15 20 ns 18
Data-in set-up time tos 0 0 0 ns 10,21
Data-in hold time toH 10 15 15 ns | 10,21
Data-in hold time referenced to RAS tOHR 45 55 60 ns 6
Refresh period (Normal) tREF 64 64 64| ms
Refresh period (L-version) REF 128 128 128 ms
Refresh period (F-version) REF 128 128 128§ ms
CAS to W delay time towo | 40 50 50 ns | 817
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 tcrwn| 60 85 70 ns
CAS set-up time (CAS-before-RAS refresh) tosr 10 10 10 ns 19
CAS hold time (CAS-before-RAS refresh) tchr | 10 10 10 ns 20
RAS precharge to CAS hold time tRrC 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) tcpT 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 toED 15 20 20 ns
Output buffer turn off delay time from OE toEZ 3 15 3 20 3 20 ns 7
OE command hold time toen 15 20 20 ns
Access time from CAS precharge tcpa 35 40 45| ns 3
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KM416V1004A/A-L/A-F CMOS DRAM
AC CHARACTERISTICS (Continued)
-6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max
Hyper Page mode cycle time tHPC 24 29 34 ns 12
Hyper Page mode read-modify-write cycle time tweRWC | 76 81 N ns 12
CAS precharge time (Hyper page mode) tcrp 10 10 10 ns 16
RAS pulse width (Hyper Page mode) trasp 60 70 80 ns
RAS hold time from CAS precharge tRHCP | 35 40 45 ns
Output data hold time tooH 5 5 5 ns
Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14
Qutput buffer turn off delay from W twez 3 15 3 20 3 20| ns 7
OE to CAS hold time tocH 5 5 5 ns
CAS hold time to O tcHO 5 5 5 ns
OE precharge time toEP 5 5 5 ns
W pulse width tWPE 5 5 5 ns
‘W to data delay tweo | 15 20 20 ns
RAS pulse width (F-ver) trass | 100 100 100 S 13
RAS precharge time (F-ver) trRPS 110 130 150 ns 13
CAS hlod time (F-ver) tcHs | -50 -50 -50 ns 13
KM416V1004A/A-L/A-F Truth Table
RAS LCAS UCAS w OE DQ1-DQs DQs~DQ1s 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 -
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KM416V1004A/A-L/A-F

CMOS DRAM

NOTES

1.

2.

[» 04 )]

An initial pause of 200¢s 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 levels for
measuring timing of input signals. Transition times
are measured between ViK(min) and ViL{max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 1TTL Loads

and 100pF.

. Operation within the trRcp(max) limit insures that

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

. Assumes that trcD >tRCD (Max).
. AR, tweR, tDHR are referenced to tRAD(mMax).
. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to VoH or VoL.

. twes, trRwp, tcwp and tawp are non restrictive

operating parameters. They are included in the
data sheet as electrical 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 tcwp >tcwn(min), trRwD 2>
trwo(min) and tawp =>tawn(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.

12.
13.

14.

17.

18.

19.

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 trap is greater than the
specified trRap(max) limit, then access time is
controlled by taa.

tasc > tcp min, Assume t1=2.0ns.

4096 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 RAS
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.

. tcr is specified from the last CAS rising edge in the

previous cycle to the first CAS falling edge in the
next cycie.

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

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

tcsR is referenced to earlier CAS falling low before
RAS transition low.

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

tps, toH is independetly specified for lower byte Din
(1-8), upper byte Din©o-16)

L s v
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KM416V1004A/A-L/A-F CMOS DRAM

TIMING DIAGRAM

WORD READ CYCLE
NOTE : Din = OPEN

tra [e—— tRp———nt
Vi
FAS \, \ / \
tes
l¢——— trep trsH ¢ tcrp —>
UCAS \\;lH ] \ D Yt E— / /’
L 2

[¢— traD —h'

o «
" tasc - toan

A Vi - ‘ ROW COLUMN
Vi - ADDRESS ADDRESS

tcsu »
le——— troo o tRsH [ tere —|
ViH - X [ foas——"
[CAS H \\ CAS
Vi - C Z
thraL »
e

v T T |
NN . ,/////////////////
DQ1 ~ DQ8 xz: ~ —————— OPEN i :‘%2( DATA-;J:'H—E>——
DQ9 ~ DQ16 \\fif J ______ OPEN M_H_L:%Z( DATA_;:)EZ:>__

% Don't Care
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KM416V1004A/A-L/A-F

CMOS DRAM

. TIMING DIAGRAM
LOWER BYTE READ CYCLE

NOTE : Dn= OPEN
trc
tras » |fe—— tpp——n
Viu - y y X
Vi - \ 7/ \
tcre [— tarc
L ]
UeAs v 7
Lo
tesH
|£CE, le——— trep e trsH
ViH - 7 3 \"’_‘ foas— 4
Vi - \ - /

Vi -
Vi -

0

Vin -
Vi -

Is*
2

[&— traD

traL

M tcan

ROwW

fpa tasc
i COLUMN
| ADDRESS ADDRESS

i tros

trrRH —*

§

Vi -
Vi -

7

DGt ~ D08 '

DQY - DQ16 Yo+ -

T

taa —¥

toea —>

/

le————— tRAC

OPEN

[+— tcac—*

tez ->i

e— tosz-—-»

toz

DATA-OUT

Vou -

OPEN

//W

v

/////o Don't Care

L suieg
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KM416V1004A/A-L/A-F CMOS DRAM

TIMING DIAGRAM

UPPER BYTE READ CYCLE
NOTE : D = OPEN

tre »
tras » ﬁtm’—*'
Vi - 3 N
A Vi - \ /
tc
fore l—— tReD—- ,st' trsH > L— terp —¥
Vi - Sk\ "—tcAs—'/ 4
T V- % : /
tcap < o tRPC
Vi - %
Vi - % \—
4—tRAD—’L traL .
tasn il tasc = tcaH
A Vn - ROW COLUMN /
Vi - . ADDRESS ADDRESS
|, ircs e temut —

v G || A
- o f 0

Vi -

DQ1 ~Da8 Y - OPEN
VoL -

+— fcac—> toez

trac > — toEz—»|
~

DQ9~DQI6 YoM - ppy ——{%{ DATA-OUT ~ ———
Vo - A v

// Don't Care
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KM416V1004A/A-L/A-F CMOS DRAM

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

trc »
1 > F trRe——»
Vi \ y \—
1
LCHP, le——— tre c:s tRsH &= tcrp —>
Vi “r ——— —
VIH / \ teas / /
L 2
“ fcsH
‘C,RP, le— trco o trsH [+ terp —
\Y/ 7 p —— —»
st ) N
[— tRAD—.|
fasr M i
SC

>
<<
r T
o
2
13

. ADDRE

traH RAL >
ta [ tcan—w
COLUMN
S ADDRESS 4 )

L
twes

v 000 e " .
S D

tos|,

[ toH—»

DQ1 - DQ8 zi': j m{ DATA - IN

|
toHr

tD—Sq—>l le- Ton —:
s-voe - T > Y

toHR

% Don't Care
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KM416V1004A/A-L/A-F 'CMOS DRAM

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

s o . N
s L 7 N
w7 N~y /]
Vin tASF{OWt & . :’COLU‘I\;I:ICAH_.| tRAL ‘
Vi %{‘ ADDRESS x_ADDRESS W
v\ D ===
= Dk

DQ1 - Das ¥ -

Vi -

DQ9 ~ DQ16 YW
L

v s

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

§

Don't Care

s ung
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KM416V1004A/A-L/A-F

CMOS DRAM

UPPER BYTE WRITE CYCLE ( EARLY WRITE)

NOTE : Dour =

DQ1 ~Das V

DQY -~ DQ16 VH -
Vi

N\

N

3

OPEN

]CRP

1CRP

[— tRAD—"‘

t
tasr RAH taso o
f  ROW COLUMN )
ADDRESS ADDRESS -

t

Wi

v "~ @@ 0O =~

tos

DATA - IN

ton

Wi

toHr

t Care

% Don'

s unyg
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KM416V1004A/A-L/A-F CMOS DRAM

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

trc
t > tre —
RAS v
V) ' \ ¥ \_——
- 1
109" % o trsH [+ tore—
Vi y ‘\‘_‘_’ teas—™ ™ f
CAS Vi \ S / /
CRP tesn
1' o ¢—1 > ta [+ tore "
ViH 7 ) \ toas f
CAS Vi / \ / /
[«— traD
t
tasn | [Iow tasc
Vi -  ROW COLUMN Z
Av - %{( ADDRESS " ADDRESS // // /%(
'—t wL—>

" _ Z
o= 7
cor-ses 1 - ) T
con - V- ) EW

% Don't Care
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KM416V1004A/A-L/A-F CMOS DRAM

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

DQ1~DG@8 Y™ -

DQ9 - DQ16 Y™
Vi

—_— A L —|
: \ N\

| e, — thro a’
"7 N

/ 133, o trsH "-tc —
7 Ny 7

_tasr t:HtRADt_.I‘ tRaL
N R °°;:Ms~f_ Z )X
) 7.

Y

Don't Care

s ugg
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KM416V1004A/A-L/A-F CMOS DRAM

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

tre
tras - tae
7 \ / \
Vi - 1
“ tcsH
oRP trco i trsH |‘- tcrp —¥

N

o N 7

r
+— tcap
CRP

=V Y L N
A DK o s W%//////%
o Ny
o 7 e [
DQY ~ DQ16 x:: j } DATA-II:H_’ /////////////////////////////

@ Don't Care
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‘KM416V1004A/A-L/A-F CMOS DRAM

WORD READ - MODIFY - WRITE CYCLE

<+ trwe
< tras > tRe——a
Viu - 3 ; 3
Vii - \( 7 \
<—t —p
Iic_“; [¢——— treD —mre tRsH >
Vi - V h teas / "
A Vi - \:
et t P
tore| e taco i « trsH »>
Vi - % ‘\ tcas > /
A Vi - :
_ trap
tash, o |epptamn [LSC] Itoa
tesk >
A Vm- A ROW COLUMN \
Vie - L ADDR \ ADDRESS
VH -
w ViL - trwo
OFE Vi - W //////%*tou*
Vi - 5
foiz
[+ toiz+]
[+ tcac
— taa »
trac >
DQ1 ~DQg Viow - }%{
\ VoL - toz | XX
e toLz-»
L—tcm::-—>
—— tan >
-+ trac >
V. ) _
DQ9 ~ DQ16 V:Z}: ) ‘1%{ DATA- IN }

7% Don't Care
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KM416V1004A/A-L/A-F

Vi -

Vi

Vin
Vi

Vi
Vi

Vi -

Vi -

Vi -

Vi

ViH
Vi

Vion -

DQ1 ~DQ8

CMOS DRAM
LOWER-BYTE READ - MODIFY - WRITE CYCLE
trwe
N tras tre——»
\ /‘ A
torp trec—>
2 \_
e twmT .
Lerel le——— trco—»le trsH >
% ’\ tcas > /—
| trap
&._4 : tran | 1sC [foan] t
CSH >
% ROW >@<COLUMN N
ADDR ADDRESS
tawo [ tRwi
towo P fowL—>
\L
Do
toz <
[+ terz»
- toao ™ [« foep
R ne
) " '?VZIF vaup N
) 7\ oata-out DATA-IN |/

VoL

DQ9 -~ DQ16 x"” i

OPEN

oL -

Don't Care

s v

ELECTRONICS

1172
E® 7964142 0019789 T7?3 mm




KM416V1004A/A-L/A-F

CMOS DRAM

UPPER-BYTE READ - MODIFY - WRITE CYCLE

N trwc .
< tras | tRp et
ViH - 5\ Y
A Vi - k / \
— {—*
IEC_R‘; le——— trcp trsH
Vi - % h fcas >
UCAS 7. N /
Lo-
tere N tnpc"‘
= I<—’
Vi -
o Vm o
; L o- \
| trap
1SRy o lealRan [ A5G jtoan
tesH >
Vi - 7 ROW COLUMN \
Vi - %( ADDR >@<.ADDHESS //
B tawo [ trwL
tewo [ tow.—™
Viu -
w Vi - tawp
e @ Jwal
OE Vi - X j/
toz
DQ1 ~ DQg Yo - OPEN
Voo -
l* teLz™
[+ tcac T
[+ toEn
f——— taa » toez tos ktﬂl
il trac >
A ¥
DQY ~ DQ16 VioH - A%< VALID v R
VoL - X7\ DATA - OUT) DATA-IN |/

Don't Care

s ungg

ELECTRONICS
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KM416V1004A/A-L/A-F CMOS DRAM

HYPER PAGE MODE WORD READ CYCLE

“ trase » tre
BAS Vin - \ D tnmp%fl 3
Vi - K tan « A
»
1 [ tupc —>&— thpc — (¢ thrc—»]
CRB,| e le—— trop—» ca,
Vik - ._.,tHAD Nle-teasl, s S NS cag,| /
" _ PLZER AY
UcAs Vo - \t / K = 7 \; 7/ X '/
l—— tcsH tasg )y toas
tasg) |, | L tsql Lol toan| dasg forp “{tean c o tREZ_ |

JAS

=3
N
3
‘%‘.’
~
(&
N
™
Bl
A
&
'(D
>
/
2
\N

.Y

Vi -

A Vin - ROW ® column NWAR coumn | AcoLumny lcoLumn NZZ
Vio - ADDRESS| | ADDRESS | Ft ADDRESS A
{rds |
ViH - V 4
w Vi
- le— tcac—»
t
M tCPA——]
b tia— toac
OE Vi - /%t
) o forc t
— trac >
Vion - { vap
bat -~ Das > N owmon
foz [
VALID
terz DATA-OUT
o togn
a trac >
Vion - £ vaup )
DQ9 ~ DQ16V"OL ) %{‘ DATA-OUT |
toz M
toz DATA-OUT,

Don't Care
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KM416V1004A/A-L/A-F

CMOS DRAM

HYPER PAGE MODE LOWER BYTE READ CYCLE

ViH
Vi

Vi

ViH
Vi

Vin
Vi

Vin
Vi

DQ1 ~ DQ8

VoL -

DQ9 ~ DQ16 V°
Vo

L

Vior -

H -

)

i
LRASP

icrr

=

[ tupc —>1¢— tipc —

z g
/ \ fcas Z teas foa
k 7 k
t ed,
RAD tasc et >
- CAH
[
tas tran tasg| || fcan Icﬁ"
£ s 'y T s L r
ROW COLUMN H coLumn COLUMN
|ADDRESS | AppREss JNE/N  apRESS ADDRESS ADDRESS

[+— taHcP——

— tHrc

tres

Y

N

D0

fan—>

J le— tcac

teac

e—— trac

A
VALID

«

DATA-Q UT1

VALID

DATA-OQUT

VALID

DATA-OUT]
Nernreneed]

OPEN

Don't Care

= vy

ELECTRONICS
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KM416V1004A/A-L/A-F CMOS DRAM

HYPER PAGE MODE UPPER BYTE READ CYCLE

- trase >
Vin - y 7
A ViL - \‘( « 7/
»
. tosn | p———— tRHCP —»
(e tap-— [e——— tupc ——>¢— tHpc —»1¢— tHpc —>| trro
YRR le [ troo—> fop,. ﬁm:,
Vi - \ — X ot X o ¥
UCAS |, o Nt/ \;-m—j/ =5 Ndezs/ \
Lo S ~ trrc
crr
7z
rcas Vv - /// \
Vo -
trap tasd tasc
tas M tasg  Joary, }«_sg c «| tchn -4 toay, ‘__EEZ_,{
Vi - ¥ Y s s \ ——\ 2
A ROW COLUMN COLUMN COLUMN [COLUMN
Vi - ADDRESS| ADDRESS | ADDRESS ADDRESS ADDRESS)
AR
‘tncsb ) tRCH—>
ViH - % 4
" 7 % = tcpa———» %
Vie - [e— tcac—>»
i le— tcac—w| [¢— tcac —»
e— tcpa——p] l—— tan >l {as———
<t—lcPA 1, foio
N taa foac ) oot toep
B 1
v D= | Nl AN\
OF Vi - / 3 2 %
Von -
DQ1 ~ DQ8 OPEN
Voo -
teac toou - PEP
—— trac > | toz
Vi _ s s 4
bce -bats V" - O s DX, A
toiz
VALID
DATA-QUT

% Don't Care

B 7964342 0019793 4Ty W
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KM416V1004A/A-L/A-F CMOS DRAM

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

trasp i
FAS Viu \4——— tan———»| l¢————— trcP ——————» 1
Vi X « 7 \
]
[——— tHpc ——»f&——— tHrc ———»
[¢——— trRop ——» CP. ¢ lcp +— tasH

— — ‘s
\ tcas I)/ A ﬁ;f 7 \< tcas =/
~—1 tHpc > tHec »
RCD N » «1CB b |e— tran p
fcas £ 3 " tcas |
RAI tAsc . y \LSS \ /

r
2
=5
N
i
L
)

le——— tcsh »
bsrie o | toa Joan| _tasc Jeary tasg| le
Vi | ADDR , ADDRESS J | ADDRESS ¢ | ADDRESS

twes | | twen twe twes|

t‘ H
Vin - W N ‘E%H LtWCH"
W Vi - twp —> wp // e twp ——») %

=

=\ D ﬂ

»
tps o, Jos| [do tos | il
DQ1 - DQ8 \"' vauo XN van KA vam
- Vi - DATA-IN \ DATA-IN DATA-IN
|

j¢— {oHR

Pyl Lo dos, Loy oy
Vin - VALID W { VALID VALD |
DQ9 ~ DQ16 Vi - DATA-IN | . DATA-IN § DATA-IN

toR—>

Don't Care
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KM416V1004A/A-L/A-F _ CMOS DRAM

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

-« trasp >

Vm - \4— tap————> [¢——— tRHCP ——] /-‘ 3
Vi - N__ & A t \

fere : ‘ Hml\‘
Vi - Z $
Vi -

PC
> RCD = fer , «fee ; ASH

Vi - 3 c
Vv
Lo~

J
CS| P
ASR H oan Cle cA 53 e
A Vin - / row A COLUMN "\ 7 X 1 coLumn
Vi - ADDR Al ADDRESS ADDRESS
K K A ¥
(WCS WCH WC! WCS

ViH -
w Vi -

OE

N /
tos| | ton, og| |io4, tos
001 - 0as w{l @f f: ¥

toHr—»

< <

<

e @

DQ9 ~ DQ16

% Don't Care
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KM416V1004A/A-L/A-F CMOS DRAM

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

trase DU 2

Vi - [—— tar————] l——— trace ——————»| # 3
RAS Vi - \( /
teme et P l————— tHPC —————P]
[—— taco——»] o, 0By le— trsy
UCAS Vi - \q_tQAS.—D/ \4_19&5_,/ \ toas il
Vo - 7 N [ trec
tere
[CAS Z —
Vi -
A Vio - % o tRaD
tascl,
le——— tesh »
tasmie o iran tea ta B tasg]  (foay
i

4
< <
g

|

-

H lasc, C. CAl
L A L L o L 7
A Vs - ROW ( COLUMN ) { coLUMN ) 2 COLUMN
ViL - | ADDR ADDRESS | | ADDRESS j ¢ ADDRESS
twes| | twen twe twes
< ol
Ho- %H & twen
T 1 we // o we %
T T T

l «, .

o000 - T

-

= T

=

A\

e & e e

Don't Care

7964142 001979L 103 mm
s
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KM416V1004A/A-L/A-F

CMOS DRAM

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE

Vs
Vi

ViH

UCAS Vi

Vi

Vi
Vi

Vi
Vi

ViH
Vi

pat ~pas VeH
VoL

DQY ~ DQig e
VoL

; trasp > -trp
— \ |* tesn > '
— tan , « HPAWC N
" ]
fcap {RsH
[+— treo—» [top » e —torp >
7 \ r—
\ tcas—————» / \4—— {cas———————» /
7 7
pi e tCRP tren .
(¢ tRco— [+tcp <-—tcnp-4
\ — —
% * fcas > / \4—— teas—————» ﬂ
[-tRAD > 7 7
traH
e traL >
SR tascy] 1 toan tASC= ?Eﬂ*—
p L |
ROW coL doL.
ADDR ADDR | ADDR
j 1 [ tr
owL WL
1 pltRCS — tncrs’ tow
7 \ \
% — (cwn*’\‘-tw—"b — tcwo—*\ W
N tawp———» - tawp >
trwo >
toea toea ¥
ton / _|to
[l 7 tos{ || s 5 tos|
—— tac > e oz Ly
[*tcac™| *tcac >
A 4 L —'\R %<¢_ |
X . \ >_‘
¥ N ‘ 4 L AN 4
tezl, \ oz |, |
] VAL . VALID g VALID VALID
DATA-OUT DATA-IN DATA-OUT DATAIN
foEn. _{ton 1oy
> s OED, -
et tas— f [ taa—> (>
DS tos
e trac +—+—»1_ [10F2 | | oez Lol
[*+tcac®| *tcac |
W:—\ L K 1
‘ﬁ\ L4 h
tezl, \ tezl, |
g VALID VALID > VALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN

Don't Care

s v
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KM416V1004A/A-L/A-F CMOS DRAM

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

{rasp > -trp-»
Vi - "‘_'\\1 tesu > I
BAS —— tan—>| N R \
Vie - K y
. fcar +
> —lchp».
Vi - %
LIV 4 \
- N
ol tcAP tasH >
i— tRcD—> [+tce ¥, <—tchRp -
CAS Vin - Zf )\ tcas =/ \4— tCAS—Pzr
Vie - ¥ y,
[e-trAD >
LY T tRAL >
«® tasc,| 12 fcan tAsg >
A Vin - %‘now coL \ do. 1
Vi - | ADDR ADDF J #pDR |
| ltacs few tacg)| tows T tR,WL
I y
W Viu // % Jwr, J ‘—“tCWD—-’\fWP: /
Vie - - tawp———»|
Vi - N foea
OF |, N
Lo- x|
_|ton
- —| taa—s{ 4O, os| |
[— trac qlcm » l10Fz
DQ1 - DQg Y+ - %{ N e
VoL - ] F r_Ki
W Joz
torz i ) DATA-OUT [mI-A"-JIN tez D.zl":\[:lgUT Sff#‘.)m
DQQ ~ DQ16 Yo * - OPEN
Vou -

Don't Care
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KM416V1004A/A-L/A-F

CMOS DRAM

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

Vi

ViH
Vi

Vi

Vi -

Vi

Vin
Vi

Vs
Vi

Vou -
Voo -

DG ~ DQ8

Vion -
VioL -

DQ9 ~ DQ16

trasp | |etre-»]
T k >
\;_ tAR—»] o il tHPRWC N
b
R . tRsH >
t— trco—-»| l-tcp » le-—tcrp—
“ ’\~ tCAs—bz \4— tc:«s—-—>}_
7 7
> fore torp
% -tRAD > \—
taai ; T trat »
Y | tasc,| 12 CAH tAsc= cAH
/| row coL \ doL. |
ADDR ADDR % 4poA |
! pltRCS tow {ros] tew T tnw' -
[, | b
)l e\ i P
% - tawpo————» K - tawp >
tawo >
toea A \ | foea
—] |
N/ N/
OPEN
toeo ton
tt—1 tan—> " T e—
f— trac toez t;DS
[-tcac®
Jtopz
AN
3 X
toz], . \ fciz
g VALID VALID i VALID VALID
DATA-OUT DATAIN DATA-OUT DATA-IN

Don't Care

=1 gy

ELECTRONICS
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KM416V1004A/A-L/A-F CMOS DRAM

HYPER PAGE READ AND WRITE MIXED CYCLE

3 trasp > tee
RAS e \ ReRoend é READICPA) 5 WRITE i READ(AN) /
Vi - K : : ; ]
tar 7 trc > thec thrc—|
tee e toP—p tep
UCA® VH - y  SEm— —\ — —
Vi - \“ TCAS‘j/ 'Tttms—»/ \:— tc;xs—+’/ \‘rtCAS » /
[ tar > “ thpc e thec > tHPc—»
fee . (e tor—p tep
It Vik - Y Sa— —\ — —
Vie - [+ tcas \n-,tc,xs-:/ \:— toas—] / \!ttCAS > Z
| tran
tAiH - asg) EA; tasc__ o> tow pitascl toan ssc] ‘Jgﬁ“
Vi - A row COLUMN COLUMN COLUMN oL
A Vio - | ADDR LA ApDRESS | ADDRESS i ADDRESS ADDR.
trcs treH troh
25 trcH R, ' twer o
Vi - 72 74 X o > /
w Vi - / % L 45 . ]
—» WPE
oL lCZ
ViH -W “— terad twen
OE ViL - _T
2 tox
[ toac» _ltwez » l— tan—>| <tEEz
[ taa > twez,] »4 tpg
> 1
DQ1 ~ VioH = thac A VALD > 1 VALID >_< VALID T
DQ;; VoL - X DATA-OUT)/ Yo\ DATA-OUT | DATA-IN > | nm-our_>—
o toH
[+ tcac > twez L » — tan—>] }EE‘
T Iwezyl Lo »H tos

> 4 c 4 . p
DQ1 ~ Vwon - trac /  vALID '%< VALID ' VALID  vauD
DATA-QUT -| DATA-OUT
DQ16 VoL \ DATA-OUTY ¥ | DATA-IN > _@ _>—

Don't Care
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KM416V1004A/A-L/A-F CMOS DRAM

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

Dour = Open
trc
tras > [——tpp —n
FAS |, \ / \
Vi X v,
tcre [e-trec -
Vi -
Vi - %
{crp «
- Z
s 4
L -
t_AS_Hk_’ PN TN

A

v W

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

< trc
[ top——>| |« tras > tee —
HAS Vin - 4 5\
Vi - /| fcre K trrc—» | W
y—\ lcsh
ViH - A tcHm »
Vi - _/ \: 4%

4 ’1\1°—5Fﬂ fcHr

N ;7 %%

.

Vi -
Vi -

LCAS

T

DQ1 ~Dag
1~ 8Vo

} : OPEN

L -

Vou - N
DQ9 ~ DQ16 v / OPEN
oL -

% Don't Care

ELECTRONICS
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KM416V1004A/A-L/A-F

CMOS DRAM

CAS-BEFORE-RAS SELF REFRESH CYCLE(LL-version)
NOTE : W, OF, A =Don't Care

Vi -

Vi

Vi

A Vi

Vi -
Vo -

VOH
Vi

oL -

DQY ~ DQ16 x°“ -

oL

/‘ tore

a

tcsa
e

N

trass

SR

_/

fcez
L

tcsn
>

fce
toez

_—X

OPEN

r——————

OPEN

% Don't Care

L= ms v

ELECTRONICS
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KM416V1004A/A-L/A-F

CMOS DRAM

HIDDEN REFRESH CYCLE ( READ)

Vi -
Vi -

Vi -
Vi -

Vi -
Vo -

VH -
Vi -

Vi -
Vi -

Vi -
Vi -

DQ1 ~Das v -
VoL -

Vou -
VoL -

DQ9 ~ DQ16

\ N 1\
|"°E’, t¢———— tRCD —————nle¢— tRSH —> | +— tcnr —» |
7 I\ 4
P"E’. [¢—— trcD pie— trsH —»| +— torR,—
7 [— trap— )\\ / /{ '
s | [l tasc [+
' ROW / COLUMN
%{( ADDRESS x_ADDRESS
tres tnnﬂ_ ?_tWHH
i VY
. tw T
7 =
: ez
j—tcui(rc_’ teez
.J___EP-'-Z <t—twsz
trac > %2
L OPEN ‘@ DATA-OUT :>—
o=
t trEZ
l4—— tcac—P ——twez——>|
trac <_tCLZ_.' > * foez
OPEN —@{ " DATA-OUT —
% Don't Care

s vy

ELECTRONICS
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KM416V1004A/A-L/A-F CMOS DRAM

HIDDEN REFRESH CYCLE ( WRITE)
NOTE : Dour = OPEN

trc > tac

< »
< tras » thp | [———— thas ——>] |e—twp
ViH - \ \
RAS Vo - \ 7 -~ . 4
fen ¢——— tRCD———— e tRSH —»| [— tchr —»
Vim - R / ;
UCAS Vo - \\ 2 ‘
CP | le———tacD «— tRSH —» l— tour —
Vi - 7 / ;
LCAS Vi - %‘ le— trap \
brsn o tasc le-tcan
A Vi - ' ROW COLUMN
Vi - . ADDRESS ADDRESS :
I__g twap [
G l—tyon —» L
LA e B .
L A

s P

[+ ton —¥

LS NN M ﬂ

tos

4 toH —»

DQe - DQ1E ™ - ///////////////// DATA- IN }%

) 1187
@ g3 79bu142 0019804 00T HE
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KM416V1004A/A-L/A-F CMOS DRAM
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

Vi - SJ < .
RAS Vio - \ thas 7»/

tosa topT— trsH
Viu - \ [&——— tcHr < tcas P i
UCAS Vi - 3 \t 7/ /
tosa |2 —terT—> |o trn
Vin - le———— tonR \‘ t »
\ “ cAS > /
Vo - k K .

e tasc = tcan >

e ). e

READ CYCLE twre| | twes e t J ol | tra
<»-1RCH

S AR A
- YT | B

4—— tcac —»

e LOEA "twez
oz - toez
> <-t EZ—¥
ez ) toez
. ¢ X
Dat - Dat6 L <%§ VALID DATA-OUT  p—
Voo - X 7
WRITE CYCLE tym

Y ap ===
- G

e toH——»

B

DQ1 - DQ16 V‘” ] OPEN VALIDDATA-IN
L -

READ-MODIFY-WRITE tawp L towd
t «—> _
trwﬁp’ ai taos,| | tewo le— tRwL —»

Vin - % X Hjwe

w Vi - W fcac, \W
l— ftan [

Vin - toea| A

OE Vi - /;’}H/ i | o
towz, | 4

h _’to N
Vion - X {
DQ1 ~ DQ16 ) xA<
VoL - L
V
sh, b, () Do care

DATA-OUT
B 79L41lu42 0019805 Tub W
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KM416V1004A/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
iminimimiminisinin! AAMAOOCOMmM; __'_—\)
o0 g \> _
gig &3 55 N2
:) O g1 iz ols 2|2
G |& oo ola 8w
3¢ 23 Sz &%
oo glo cle ©|o
o .| )
S N N N I N N I 5 [ I N O G O 6 O N ;
0.026(0.66) 0.130(3.30)
1 0.030(0.76) 0.140(3.56)
(™ 0.004(0.1)
0.016(0.41) | | ] L 0.050 (1.27) 0.040 (1.02)
0.020(0.51) || | TYP MAX

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

26(23) /'”\ 08

I00000000nnno NO000ONO000(] | 3

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

I 0.016{0.40)
0.024{0.60)

guuguodouby goooogoota | ' 3

25(22)
0.004(0.10)
0.841(21.35) MAX g 0.010(0.25)
HE
0.821{20.85) 3
0.82921.05) e
| 0.004(0.1) }_m_ i
z
0.036(0.925) ’ 0.010(0.34) 0.031(0.80) s
f 0.018(0.36) "l ~—r 8
(=]
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