KM416C1004A/A-L/A-F v CMOS DRAM

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

FEATURES GENERAL DESCRIPTION

« Performance range: The Samsung KM416C1004A/A-L/A-F is a CMOS high

speed 1,048,576 bit x 16 Dynamic Random Access
tRac | toac | tRC | tHRG Memory. Its design is optimized for high performance
KM416C1004A-6/A-L6/A-F6 60ns | 17ns | 110ns| 24ns applications such as personal computer, and high
KM416C1004A-7/A-LT/A-FT | 70ns | 20ns'| 130ns | 29ns performance portable computers.
KM416C1004A-8/A-L8/A-F8 80ns | 20ns | 150ns | 34ns * The KM416C1004A/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 capabiliiprovides 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 KM4186C1004A/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
-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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KM416C1004A/A-L/A-F CMOS DRAM

PIN CONFIGURATION (Top Views)

+ KM416C1004AJ * KM416C1004AT « KM416C1004AR
Vel 1 0 4211 Vss Voo 1719 44 D vss Vss [ 44 1 Vee
b 2 410 DQ1e DQr ] 2 43 |71 DQis DQis ] 43 2 1 DQ1
DQ200 3 40 |0 DQrs DQz: ] 3 42 -1 DQs DQ1s T 42 3§D DQe
DQ: [} 4 39 B pQw DQs ] 4 41 [T DO, ggm o 41 4 b
pa:d 5 38 b DOt DQs ] 5 40 [0 DQa 13 T 40 5 D4
vee d 6 37 5 ves voc ] 6 39 [CD Vss vss 0] 39 61 vee

DQs T} 7 38 |71 DOz DQr2 T} 38 7| Qs
basg 7 36 P Dz Dos ] 8 37 | pan pon o 37 8 o pas
DQs [} 8 35 ban par 9 36 -1 DQro DQo (L] 36 9 o bar
Dr Q9 34 P DQuo DQs =] 10 35 1 DQe DQs 0] 35 101 pas
bQs O 10 33 11 DQs N.C. I 11 34 NG N.C. ] 34 . 1B Ne.
NC. O 11 32 p NC.

N.C. } 12 31 1 [CAS
LG I = L = 1N 1.= R e
RAS ] 14 209 - .
and s 2832? W 14 31 11 UCAS UCAS M 31 1H4row
"1 ° RAS T 15 30 0 o OF ™ 30 15 |11 RAS
A 270 As An ] 16 29 | s Ao ] 29 16 D An
Ao 317 260 A Ao T 17 28 [ A As T 28 17D An
At 18 2801 As Ao ] 18 27 1 A A7 4 27 18 [0 Ao
A2 1g 24 0 As AT 19 26 |1 As As ] 26 19D A
mfdoe O 2Bha a2 Q 25fDA Am]2s O 20fDA
Vee O} 21 22 1 vss As ] 21 24 1 A4 - Aa[T] 24 21D A3
) Vee [T 22 23 |1 Vss Vss 1} 23 22D Vee
(S0J) : I
{TSOP({ll)-Forword) (TSOP(li}-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
OE Data Output Enable
Vee Power(+5V)
N.C. No connection
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KM416C1004A/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 \

Voltage on Vcc Supply Relative to Vss Vece -1t0+7.0 \

Storage Temperature Tstg -551t0 + 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 Noltage referenced to Vss, Ta=0to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 55 v
Ground Vss 0 0 0 \'
Input High Voltage ViH 2.4 — Vco+1 \
Input Low Voltage ViL -1.0 — 0.8 v
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max Units
Operating Current" KM416C1004A-6/A-L6/A-F6 100 mA
. ) KM416C1004A-7/A-LT/A-FT lee - 90 mA
(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM41601004A-8/A-LB/A-F8 80 mA
KM416C1004A 2 mA

Standby Gurrent :

T TG TATEL TR KM416C1004A-L lcoe - 1 mA
(RAS=UCAS=LCAS=W=VIH) KMA16C1004A-F 1 mA
== KM416C1004A-6/A-L6/A-F6 100 mA
RAS-Only Refresh Current*

s —= . ) KM416C1004A-7/A-LT/A-F7 lecs - 90 mA
(UCAS=LCAS=Vi1, RAS, Address Cycling @trc=min.) KM416C1004A-8/AL 8/A-F8 80 mA

KM416C1004A-6/A-L6/A-F6 120 mA

EDO Mode Current*

— R L TRRE . . KM416C1004A-7/A-L7/A-FT lcca - 110 mA
(RAS=ViL, UCAS or LCAS, Address Cycling @tpc=min.) KM416C1004A-8/A-L8/A-F8 100 mA

KM416C1004A 1 mA

Standby Current
ARG TR T RS T\ KM416C1004A-L iccs - 300 uA
(RAS=UCAS=LCAS=W=Vcc-0.2V) KM16C1004AF 200 A
SRS-Before-FAAS Refresh Current* KM416C1004A-6/A-L6/A-F6 100 mA
(RAS, UCAS or LCAS Cycling @trc=min.) KM416C1004A-7/A-L7/A-F7 lccs - 90 mA

’ yeling o KM416C1004A-8/A-LB/A-F8 80 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 KM416C1004A-L lccr - 450 A
UCAS, LCAS=0.2V :

Din=Don't Care, trc=31.25¢s {.-Ver)
trRas=trAS min~300ns
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KM416C1004A/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
W=0E=Ao-A11=Vcc-0.2V or 0.2V
DQ1-DQ1e=Vee-0.2V or 0.2V or Open

Input Leakage Current - Iy
(Any input 0<ViN <Vcc+0.5Y, all other pins not under test=0 V)

KM416C1004A-F : lccs - 250 pA

-10 10 #A

Output Leakage Current low ;

(Data out is disabled, 0V <Vout < Vce) “ 10 10 HA
]

Output High Voltage Level (loH=-5mA) VoH 24 - v

Output Low Voltage Level (loL=4.2mA) VoL - 0.4 v

*NOTE: lIcct, lccs, Icca and Iccs 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 Icc4, Address can be changed maximum once while one Hyper page mode cycle time

tHPC.
CAPACITANCE (Ta=257C, Voc=5V. f=1MHz)
Parameter Symbol Min Max Unit
Input Capacitance (Ao~A11) CiN1 - 5 pF
Input Capacitance (RAS, LCAS, UCAS, W, 55) Cing - 7 pF
Output Capacitance (DQ1~DQ1e) Coa - 7 pF
AC CHARACTERISTICS ("c<Ta<70°C, Vco=5V+10%, See notes 1,2)
(Test condition : VIH/VIL=2.4V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF)
-6 -7 -8
Parameter Symbol— 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 - tRAC 60 70 80| ns | 3,411
Access time from CAS 1CAC 17 20 20| ns | 345
Access time from column address taA 30 35 40| ns 3.1
CAS to output in Low-Z tez 3 3 3 ns 3
OF to output in Low-Z toiz 3 3 3 ns 3
Qutput buffer turn-off defay from CAS tGEZ 3 15 3 20 3 20| ns 7,14
Transition time (rise and fafl) . 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| 10,008 { ns '
RAS to CAS delay time treD 20 45| 20 50| 20 60| ns 4 |
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KM416C1004A/A-L/A-F CMOS DRAM

AC CHARACTEF“STICS (Continued)

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

RAS to column address delay time tRAD 15 30| 15 . 35| 15 401 ns 11
CAS to RAS precharge time tcre 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
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 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 tWCH 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 20 20 ns

Write command to CAS lead time tow 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) trREF 128 128 128| ms

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

CAS to W delay time ' towo | 40 50 50 ns 8,17
RAS to W delay time trwp | 85 95 105 ns 8
Column address to W delay time tawn | 55 60 865 ns 8
CAS precharge to W delay time tcPwp| 60 65 70 ns

CAS set-up time ({CAS-before-RAS refresh) tosk 10 10 10 ns 19
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 ns 20
RAS precharge to CAS hold time tRPC 5 5 5 ns

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

RAS hold time referenced to OE troH 15 20 20 ns

OE access time toEA 15 20 20| ns

OF 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 commend hold time toEH 15 20 20 ns

Access time from CAS precharge icPa 35 40 45 ns 3
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KM416C1004A/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 therwe | 76 81 91 ns 12
CAS orcgarge time (Hyper page mode) tep 10 10 10 ns 16
RAS pulse width (Hyper page mode) tRASP 60 { 200.000 | 70| 200000 | 80|200000| ns
RAS hold time from CAS precharge tRHeP | 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
Output buffer turn off delay from W twez 3 15 3 20 3 20| ns 7
W to data delay tweD 15 ' 20 20 ns
OE to CAS hold time tocn 5 5 5 ns
CAS hold time to OE tcHo 5 5 ns
OE precharge time toep 5 5 ns
W pulse width tWePE 5 5 ns
FAS puise width (F-ver) thass | 100 100 100 ps | 13
RAS precharge time (F-ver) tRPS 110 130 150 ns 13
CAS hlod time (F-ver) tCcHS -50 -50 -50 ns 13
KM416C1004A/A-L/A-F Truth Table
RAS LCAS UCAS W OE DQ1~DQs DQs~DQ1e 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-0OUT bQ-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-Z2 HI-Z -

ELECTRONICS
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PRELIMINARY
CMOS DRAM

KM416C1004A/A-L/A-F

NOTES

1.

2.

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 Vii{max) are reference levels 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. trcp(max) is specified as a
reference point only. If tRco is greater than the
specified taco(max) limit, then access time is
controiled exclusively by tcac.

. Assumes that trco >trco (max).
. tAR, tWCR, 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 VoH or VoL.

. twes, trwD, tcwb 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 tcwb >tcwp(min), tRwo>
trwD(min) and tawp >tawb(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.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

. These parameters are referenced to the CTAS

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. trab(max) is specified as a
reference point only. If tRAD is greater than the
speclified trap(max) limit, then access time is
controlled by taa.

tasc >tcp min, Assume tT=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.

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

tewp 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)

s g
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KM416C1004A/A-L/A-F CMOS DRAM

TIMING DIAGRAM

WORD READ CYCLE
NOTE : D = OPEN
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wws - 7 N~V ]
: m [e——— trep e trsH " » = tere —4
s v L 7 N =V ]
& :R; ; tasc - tcan e .
o Pl O
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v G .
; ~ R _
N ey
trac :_Iutc_:c_: — toez—.»ﬁ—
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CMOS DRAM

KM416C1004A/A-L/A-F
LOWER, BYTE READ CYCLE
s \ V/an
e -
ooxs \x - 7 |
= T N
/ tash :;“DA'{‘ \\ tar ———
v DD s WO S
w7 ; R
v 0N | L

pat ~pas Yo -
VoL -

DQY -~ DQ16 YoH -

oL -

trac

OPEN

[— fcac—> tcez
taz > l— toez—»
- 3 B
{%{ DATA-OUT ~ p——————

Don't Care
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KM416C1004A/A-L/A-F | "~ CMOS DRAM

TIMING DIAGRAM

UPPER BYTE READ CYCLE
NOTE : Din = OPEN

tre »
. tras — - j¢— trp——t
RAS Vin - Y : /‘ y
Vio - \ . \_
tosH
foee i¢——— tRcp—- o+ tRsH »> <—tcm=—ﬁ .
ot Y N ,
M- cAS /
Vie - ) C 2 /
Terp v ‘ < o thrc
Vi - )
LCAS Vi - %—J \-—
le— trap
A traL —
“_’tASR i tasc < fcaH
A VH - ROW X COLUMN /
Vi - . ADDRESS [ ADDRESS
t
» e = trnn
Vi -
w Vi -
= taa —>
Vin - .
OFE [ toea —>
Vi -
towz
Vou -
DQ1 ~ DQ8 OPEN
Voo -
[*— fcac—* o lcez
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[¢————— trac f— toez—»
DQ9 ~ DQ16 Vor - i )\ ' _
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. KM416C1004A/A-L/A-F CMOS DRAM

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

S Y e
[ — tosn : 0 e tore
wssve - ) \\__ =V ]
| S s —— et
was e L 7 NV /
s D oss YO o N
- T === n
= T
e oo

DQo - DQt6 ™ - W‘&% /////////////////////////////////
' | Dont Care
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KM416C1004A/A-L/A-F

CMOS DRAM

LOWER BYTE WRITE CYCLE ( EARLY WRITE)

NOTE : Dour = OPEN

pat - bag V!
Vi

DQY ~ DQ16 V!

<

: : \~ tra | F:tm,__,,
S A N
i r——— e toe
27 1| N~V
- D) oss @f oo, W
G
. D

W @

% Don't Care
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KM416C1004A/A-L/A-F CMOS DRAM

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

trc

N tras > trp ——t :
_ Vm - 7[ \ )
RAS Vi - \ 7 \

By tesh >
‘C.RP, l¢————— tReD————>j¢———— tRsH |" tre —

3 e fcas— ™ / ﬂ'
I,

c

7
<5

\
"
-~

]
\
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v TTE. 7
o T
-0 T
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4 foH —*1

DQ9 ~ DQ16 x::' : _ tDH:)ATA-IN : ///////////////////////////////// _

% Don't Care
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' KM416C1004A/A-L/A-F

CMOS DRAM

WORD WRITE CYCLE (OE CONTROLLED WRITE )

NOTE : Dour = OPEN
tre :
tras je—— fgp ——t
Vi - y { )
RAS Vu \ J/ \

}S’i, « tre to tRsH > 4= tcre —

Vi - Z b \‘_“" toas— y

= vl 7 \\ Y/

Vi - %

le——— trco

_fasm |

- [ trap —>

NN =V /

L

tasc [&» . + fcan

"X 7~ COLUMN %
4 ADDRESS

Vi -  ROW
L - . ADDRESS

D 1

f— towm.

et ———» ,

W

w7
DQ1 ~ DQ8 x: j ::}
DQY ~ DQ16 &:: :>

toeo

| |
e

. fos

> [ toh—>

.
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S

. Don't Care
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KM416C1004A/A-L/A-F CMOS DRAM

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

e
Vi = — _.<
oas Vo | N
lm Vin - %E" — \t\ci—:nj:—+ / /.;_tcap_.
Vi - . .. ;‘L * ; - .
A x:f %{:Aoﬁvgss :@fﬁgﬁgﬁ_ )W
yu
B e B
DQt ~DG8 M - } e,

-0 -

Don't Care
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KM416C1004A/A-L/A-F CMOS DRAM

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

trc

; tras » —fpp —
Vin - \
RAS Vi - \ 7 \
‘si treo tcsT : trsH l‘—tcnp-—b
VH - %2 3 \ teas——— ﬂ/
CAS Vi ~ / \ L 7/
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o v Tl N
L -
e trap trat
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. tran tasc I tcan
A Vi - ( ROwW COLUMN
Vi - . ADDRESS ADDRESS

% Sa—

N

N -\ Z
UE:// 7 ltom o
— T
st ¥ - 7 o W

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

CMOS DRAM

WORD READ - MODIFY - WRITE CYCLE

o)
7

&3

o]
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DQ1 ~DQ8

DQ9 ~ DQ16
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| ADDR,) ADDRESS
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\\ wp
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s
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- X
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1 tcac
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KM416C1204A/A-L/A-F CMOS DRAM

LOWER-BYTE READ - MODIFY - WRITE CYCLE

* - trwe
< tras »| [ ——

tarc—

e—
tar

tome} |le—— taco ¢ trsH >
Vi - % X tcas /
LCAS Vi - \
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A Vn ROW COLUMN \ Z
Vi - ADDR | ADDRESS.
- tawp [¢— tawL
tcwo [ tewL——"
\
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KM416C1204A/A-L/A-F CMOS DRAM

UPPER-BYTE READ - MODIFY - WRITE CYCLE

< trwe
tras > |e— trp—n
Vi - 5\ / 3
AS Vi - K 7 ____
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KM416C1004A/A-L/A-F CMOS DRAM

HYPER PAGE MODE WORD READ CYCLE

< trasp > BP
[AS Vi - b . fe—— trror—>
Vi - \; tan ’ o 7/
»
1 [ tupc ——>{¢— tupc —>1¢—— tHpc —>;
CRA, [e—— taco—»
Vi - V trap ) feas }l_! fcasg cAg | /
» -~ A8/
UCAS |, 2 Nedosipl/ NS/ >/
tosu > fasg tear
taspy | | tran tasg] | toan | Jasg eap Jfoan || tage o tREz_,
B =Y
Vn - % thap \ / lgag \; g f
mv % > \:_tCASL:/ lgas ;t/ \ '/ CA! /
T k. 7 Nl _2 K
A Vin - ROW ) f COLUMN W coLumn
Vi - ADDRESS | ADDRESS N ADDRESS

1rds
Ve - 2% f
v %
L - [e— tcac —>|
|
— fcPa—>
b taa foac
OF Vi - / . -
teac .
t——— trac — > _’-t_DW_
Viou - A vao )
DQ1 ~ DQ8 VioL - X7\ pataour) <
torz |}
“ | vaup
fciz | para-our
« toac » togh
[¢—— trac >
Vion - S vaup A
DQ9 ~ DQ1 6V|/0L ) X/\ oaraout ]
toz |{*
N VALID
oLz DATA-QUT.

Don't Care

4
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KM416C1004A/A-L/A-F | CMOS DRAM

HYPER PAGE MODE LOWER BYTE READ CYCLE

e

trasp >

<§|<
By

1
é

Sg 7

tRec

fers)l Lo
ViH -
Vi -
f——— fesH ———>]
e A [ tupc —"|
[e—— tRCD—» tcp
Vi - % 3
reas Netossolf N
o tRAD . tasc
tASg | [Ran tas | tcar R
e M >
A Vi - % ROW >@<‘ cowmn WM counm
Vi -  ADDRESS) | ADDRESS ] N ADDRESS
tncs‘
Vi - ZZ 4
w Vi
Lo [¢—— tcac —»
]
le— tcpa—|
< tAa—>
=
oF Vi - M //// e—pl 10EA
Vio - .
teac 4
" » D)
[¢——— trac >
. A ¥ p|
a1 ~ Das Ve O o
oL - ¥ X 7
pl e VALD
torz DATA-QUT
Von - :
DQ9 ~ DQ16 OPEN
Vo -

Don't Care -
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KM416C1004A/A-L/A-F | CMOS DRAM

HYPER PAGE MODE UPPER BYTE READ CYCLE

< trase >
Vi - y
Vi - \ ' « ,/
i P
le——— tosH —— ] [&—— tRHCP —»
¢ tan > [&———— tupc — > tHpc —>j¢—— tHrc —> tar
BB e f— tReo—> lce,. cs,. dcs)
) \ — et — J X
0CAS e N NS Ny \
L - K 7 trec
lcan
Vi - 7 X
xS 7] \_
Vo - %
. o tRaD tasc
tasg | };HA_: tasg| | [ toan e PGCE tchm ] toay, trez
A Vi - A row COLUMN I coLumn feoLumi iCOLUMN \
Vi - ADDRESS ADDRESS N ADDRESS JADDRESS hDDRESS .
R
trcs
> trReH—»]
Vi - % 7
W V:: B 7 i topra———>»
' ?AC — toac—»|| [ toac—»]
re— topa—» l—— taa >l taa——>
4;—— icea P I T
N tan | leac oct o | o toEP
o Ve - [ el N2
Vi - 3 -
Von -
DQt ~ DQ8 OPEN |
Vou - |
feac ook > t<°E" hocz
e—— trac > toez
- VIIOH - F 4 D A N
DQ9 -Dat6 | - [ ot —
fciz
VALID ‘
DATA-OUT |

Don't Care
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KM416C1004A/A-L/A-F | ~ CMOS DRAM

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

trasp > :
RAS Viu -~ X f—— tag————»] | g trREICP ————— ] )
Vi X \_

- « 7
tcrp tuec oSN P tHPC ————»
% le— trop » fee <fce [— tRsH —
Vs - b ¢ b foas K]
le—CAS__)
UCAS Vi - \ )/ F § __;/ \ /
tore - tHrc »> trwec > ‘
l&—— trcD fcp ] toB 3| | trsy >
Vi - k /t_-—‘\ Jcas ) teas AT
Vi - \ F N / \ '/
tasc &
[——— fcs »
bR » | taa Jeanf _tascr, f o tesg) SC—"“W
Vi - i row 4 COLUMN | A coLUMN "\ COLUMN
Vi - ADDR | ADDRESS | | ADDRESS | ¢ ADDRESS

twes| | twen e H twes .
W Vi - twe ‘ twe . // Ftwe : %

=\ Y n
tos| | ton dos)| oy, tos | |tpgs
BN

Vi - A f
VALID VALID
DQ1 ~ DQ8 Vo - DATA-IN ,@r DATA-IN

[¢—— toHR

: tos| | ton, dos) 1oyl 5

Vi - B i

_ VALID VALID VALID
DQ9~DQ16,, DATA-IN ,?@{t DATAIN fXg7 K DATA-IN %m ‘

[—— o —— >

Don't Care
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KM416C1004A/A-L/A-F ‘ CMOS DRAM

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

vt G iy Nal=
. D777 77777777

P
051 l<ton sl Loy fos,| fpy
s

X

oot - oo m WK s YK o W
cw-oatey

=

<

<

' Don't Care

s ueg
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KM416C1004A/A-L/A-F

CMOS DRAM

HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE )

NOTE : Dour = Open

__ Vm
OE Vi

DQ1 ~DQ8 \,

v T

H = S\:_ tAR——ﬂ

2

[—— tRHCP———————D/" X

D
f¢— tupc——»

'\A teas /

\_g_)

¢——— tHpg ————

[ tRsH

\= fcas »| /

U
T

tr

.CRP
CRP
-

1a

t
|<—’ [—— trco—|
y
t
la— tcsh
tasn,

wp 1RAH

- o =
ROW
A L - %r ADDR

o

SC CAH IASCI
- / 4
COLUMN N
DRESS
g K
it

-

w D

g twcnj
twe
A

{rrC

XK

7.

e B

V -
DQ9 ~ DQ16 V'”
-

[ loHR

i

VALID
ATA-IN

D! ng; g tos |
¢ D,

VALID
ATA-IN

Wi

Don't Care

L nsuieg
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KM416C1004A/A-L/A-F | ‘CMOS DRAM

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE

trasp » |t
Vi - \‘ tar—s fosw " e tieawe N\
S ViL - -
pite 10RP ' . tRsH 4
[— trco—> |- [+tcp ¥ —tcre
Vi - % b tcas o Kle teas .y
Vi - \ ;/ \ ;/
> tcar ’ trsH
[¢— trop — > [tcp > ——tcrp-»|
Vi - T Xle 1 ol £ —— ¢, s g
Vo - o ;/ \ o 1/
a-tRAD ¥
tran
-1 1RAL o
rl | |t ;;J foar tAsc= »C
Vi - ROW oL\ doL.
A v ADDR ADDR ApDR
- '1
R fom AG _m’:'_tilwl.
R y
4 xm —— towp—— \ | 1B ——— fcwp—— ﬂ/
L - ¢ tawp » < tawp—————»f
trwo >
ViH - toea toea
OE Vi - ton oD, ton
[e——t taa—>] T [e— tan—>] |
trac . ,tOEZ ]tris i ez t=ns
’ ﬂmc"_l\ . *cac ™
Vvou = A NAS N A
. DQ1~DQ8 Vi : h
voL -
tcLz ‘_r { hc_Lz .
VAL . VALID VALID VAUD
DATA-OUT |  DATAIN DATA-QUT |  DATA-N
OED | | |ton oD, tou ‘
Ftaa—» [ T f——] tan—» o
' [ thsc —> :tJEZ 'VDS I OEZ t—DS
[*tcac>] [Htcac |
. VioH - iR
DQY ~ DQ16 >—_
Q Q VoL - :J LY
touz) \ \ terz]
VALID VALID VAUD VALID

DATA-OUT DATA-IN DATA-OUT DATA-IN

Don't Care
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KM416C1004A/A-L/A-F CMOS DRAM

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

trasp > le-trp-»
Vi - \‘ tan . tosw v "I e tHPRWC N\
E Vi - 3 7
,l | 1cBP el torp ]
Vin -
Vi - . \t_
»lel lcBP 7 tRsH >
le— trco—| | [¢tep . [e—tcre—)
Vi - & teas > f 7 [————— tcas————> d
[CAS Vi - et \ J/ \ ;/
RAD |
trat
M tRAL
t
Yomle] [tasg, | forplca basg ﬂ-%ﬁ—
Vi - %now coL. )\ doL.
A ADDR ADDR ApoR
Vi - 7
: i tew & trwL
— L‘_’l

<taltacs RCS| fow
h
W Viu ' <—tcwo——’\*m> e towo '\: . j{ ‘
Vie - Z tawo » - tawo >
tawo »
Vm. - toEa \ | toea
OE Vi -
’ by OED o
et ez 19 Ry
*tcac ™| v *cac ™ >
Vion - \ @{ \ >__—__
DQ1 ~ D8 VoL - \\{ L
. torz torz :
bttt >l \
toz |7 otacur  oatain A2Z[ DATAOUT  DATAN
Vou - :
DQ9 ~ DQ16 Vi OPEN

Don't ‘Care
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KM416C1004A/A-L/A-F CMOS DRAM

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

trase > (a-trp
Vi - ——\\: - fcsH > N .
RAS [— tap—> . « HPRW!
Vi - K 7
oi—le fcre e e —————»
[¢— trcp—» [+-{cp > —tcre
Vin - Zf Ik teas—————»f o tcas »
UCAS |, . % N )/ N !
» o tcrp B ‘ N tcrp "
Vu - % Y
xS v, - N
Vi - [¢trap > ’
tRAH R
i tc tra
tasr tasc| 1 CAH tasc| |»
A Vi - " row coL. \ dot. ]
Vi - | ADDR ADD|H1 ApDR |
<« jtRCS towy tRC_S. : tow :-E:VL
.z y t \
W ://m '// . —— towo———>\je 125 — tcwo——’\ twe
Lo . < tawo————» | tawp———> |
trwo »
Vi - toea o \ | foea K
[—> l—»
OE Vi - \r / \'t /
Vou - |
DQ1 ~ DQ8 Vi OPEN
oL - .
‘ toep _|ton
1——'[;%\;—— tA'A_: Jtoez | Ios ‘—_
[toac® g
=to
Vion - y X N ]
DQ9 ~ DQ116 VioL - . N \
1oz \ oLz
VALID VALID VALID VALID

DATA-OUT DATA-IN ' DATA-OUT DATA-IN

Don't Care
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DRAM

KM416C1004A/A-L/A-F

CMOS

HYPER PAGE READ AND WRITE MIXED CYCLE
— tRasp »  tcp
ViH - Y READ(CAC) READ(CPA) WRITE READ(tAA)
RA Vi - \: ,/
— O} > thec > tHrc e tHpc—>]
D (eI le— teP—f P (eI
Viu - 3 4 3 4 \ /qu—1 T
UCAS Vi - \:-‘ tCAS‘y \FICAS+/ j&tc;\s-—b/ \#Z
— tan > thec > tHrc pret tHpc
fecp | le- tcP—p] fce ,
o VIH - X 1 X ) —\ 1
LCAS v - \“ teas \4— tc;xs-:/ \_r tc;xs—»/ foas /
tRan
agm o] | tasg| fowy tasc_yl o pltasc| | foam _fascl i T
Vi - (" Row COLUMN COLUMN COLUMN COL.
A Vi -  400R I\ ADDRESS | ADDRESS | ADDRESS | ADDR.
BL tacH rgs trcn fws tRCH>
o B i @
Vi - . 4
WPE
= o toz
N ) el
Vi - X
: OEA |
. > t
(& tcac ™ _.M‘_ ; DH > — tap—] }EE!
[— taa > QWF7> >« tps
B trac > i | ]
DQ1 ~ VioH = /i VALID > : VALID >_< VALID VALID
DQ8 VoL -  \DATA-OUT)/ g7\ DATA-OUT | DATA-IN > | DATA-OUT /-
does, o tRer
*tcac> | twezj, [ tan—> |4REF
[ taa—>| twez e tps }
DQ1 ~ Vion - trac /A vaLD \ '%{ VALID '>_<+ VALID 1 vaup
DQ16 VioL - \ DATA-OUT_> < DATAOUT /™ DATA-IN > %,‘WWUT_F

7

Don't Care

L s ugg
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KM416C1004A/A-L/A-F CMOS DRAM

RAS-ONLY REFRESH CYCLE

NOTE : W, OE, Din = Don't care
Dour = Open

tre -
tras » [e——trp —

Vi - y i +f Y
RAS Vi - \( / | W
tcre le-tapc ;
L o- X
\

tASR‘_H PINLi;]

e

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

tre

. [e—— trp— | tRAS N tap —n
Vi - / 5\
Vi - tcre K trrc o

T —
N Y,

Don't Care

PRisungg | e
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KM416C1004A/A-L/A-F : CMOS DRAM

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

[ trp—» |« AASS
Vin - 4 y
RAS Vo - / | torp \c
fce
—— tosn
Vin - !
Vo - / K
tcsm g
Vi - —p // //,
Vo - / \: / //Jffdf.
{cez
>
Vou - K
DQ1 ~DQ8 Vou - / OPEN
{cez
Von - K
DQ9 ~ DQ16 OPEN
Vou - ;[

Don't Care

ELECTRONICS
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KM416C1004A/A-L/A-F 'CMOS DRAM

HIDDEN REFRESH CYCLE ( READ )

e
e D = S U
,’fﬂ’, e trcD e tasH—] — tonn —] ]
s L 2 N\ / /]
: |‘_, le—— tro +— tRgH-—») [— fcHR —»
S 0] | emol N\ Vs
i B O e
o EEED ||V e
NN T e —»M////////////////////////
‘ ) ﬁl‘;" - :twa > trez
DQ1 ~ DG ' ————— OPEN {@{ DATA-OUT _,[_,>:

DQ9 ~Da1e Y -
Vou -

RAC >
4 ‘
OPEN —@{ DATA-OUT ——
. l 1 i

Don't vCareb
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KM416C1004A/A-L/A-F

CMOS DRAM

HIDDEN

REFRESH CYCLE ( WRITE )

NOTE : Dour = OPEN

ViH -
Vi -

RAS

<< <= <= <<
= = F I

>

g

&
<< <<

DQ1 ~ DQ8

DQQ ~ DQ16 ¥

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

- tre

trc

tras

N

)ﬁ ‘—tm—'}‘j"_j
; \ \

7

e
v

tasc le-tcan

H - r ROW COLUMN
- . ADDRESS ADDRESS

N

twp————

- U =
Lo- &

twar &

N =

[+ ton—>

%

&= i

tos

e {pH —>

L i

= msuvyg

ELECTRONICS
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KM416C1004A/A-L/A-F

CMOS DRAM

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

Ve - X

RAS v, . N\ trus ;/fm_h‘t\
SRR e ——"a
roas ™ - _\t -———tcna—yr | ‘\: tore— ;7ﬂ7__
X T Y
READ CYCLE’ Pﬂp’ }W_RH'.I ( ‘I.Mi, ‘i tCAC—'—’ ~‘ o
U ) |
=\ U 7w

toz{~

ez,

“th

toez

<—t Ez

bQi ~ Da16 o "
VoL -

WRITE CYCLE twap
|4—D

Vi

WIH-%

twos

“’W//////////%‘

> Je—— tweH

4
VALID DATA -
K

ouT

>

—>

Vi i

Vi
Vin
CSEV

s

/////////////////////////////’//////%

=

pQt ~pats M -
Vi -

READ-MODIFY-WRITE

OPEN

ALID DATA - IN

TN

re | | twan

Ly
~~

. tawo o fowe
tacs, [—— tcwp ——> le— thw. —»
’\ we »
Jea
le 1aa
toEa 4
>
W/} L, L
torz, t
(P2 & ;

ViioH
DQ1 ~ DQ18 Vi
oL

D‘:\“T';{BN Don't Care

s uig
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KM416C1004A/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
minininininininininininisinisininininininal __%:—)> _
218 8|3 28 §
s|e £|z o sl
), O 5z 2|3 2|2
a3l 23 gla o=
°[e gl cle ©9|°
o )

| VO J A N N N N N N U N D O N [ NS S \— 7
0.026(0.66) . 0.130(3.30)
| 0.030(0.76) 0.140(3.56)

L )
SNy Yig iR Na iy Yigiipipigiy

0.016(0.41) H | ] 0.060 (1.27) i 0.040 (1.02)
0.020(0.51) ) | ! MAX

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

26(23) /*l\ 0-8°

QO0O0BANang 000aganannm | 2

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

| 0.016(0.40)
0.024(0.60)

goonootouut gutgupgooed

25(22)

0.004(0.10)
0.841(21.35) MAX g 0.010{0.25)
K
0.821(20.85) SE
0.829(21.05) e
o 0.004(0.1)]- i | !
4
0.036(0.925) { 0.010(0.34) l 0.031(0.80) s
! 0.016(0.36) L B 8
: =1
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