KM416V4004B, KM416V4104B

CMOS DRAM

4M x 16bit CMOS Dynamic RAM with Extended Data Out

DESCRIPTION

This is a family of 4,194,304 x 16 bit Extended Data Out Mode CMOS DRAMs. Extended Data Out Mode offers high speed random

access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time (-45, -5 or -6), power consumption(Normal

or Low power) are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh

capabilities. Furthermore, Self-refresh operation is available in L-version. This 4Mx16 EDO Mode DRAM family is fabricated using Sam-

sung’s advanced CMOS process to realize high band-width, low power consumption and high reliability.

FEATURES

« Part Identification

- KM416V4004B/B-L(3.3V, 8K Ref.)
- KM416V4104B/B-L(3.3V, 4K Ref.)

+ Active Power Dissipation

Unit : mW
Speed 8K 4K

-45 360 468

-5 324 432

-6 288 396

* Refresh Cycles

Part Refresh Refresh time

NO. cycle Normal L-ver
KM416V4004B* 8K 64ms 128ms
KM416V4104B 4K

* Access mode & RAS only refresh mode
: 8K cycle/64ms(Normal), 8K cycle/128ms(L-ver.)
CAS-before-RAS & Hidden refresh mode
: 4K cycle/64ms(Normal), 4K cycle/128ms(L-ver.)

» Performance Range

Speed tRAC tcac tRC tHPC
-45 50ns 12ns 74ns 17ns
-5 50ns 13ns 84ns 20ns
-6 60ns 15ns 104ns 25ns

» Extended Data Out Mode operation
« 2 CAS Byte/Word Read/Write operation
+ CAS-before-RAS refresh capability
+ RAS-only and Hidden refresh capability

* Fast parallel test mode capability

* Self-refresh capability (L-ver only)
* LVTTL(3.3V) compatible inputs and outputs
+ Early Write or output enable controlled write
+ JEDEC Standard pinout

* Available in Plastic TSOP(ll) packages
* +3.3V+0.3V power supply
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KM416V4004B, KM416V4104B CMOS DRAM

PIN CONFIGURATION (Top Views)

«KM416V40(1)04BS
Vec{ 1 50 @ Vss
DQo I 2 49 M DQ15
DQ1 @3 48 @ DQ14
DQ2m 4 47 1 DQ13
DQ3 M5 46 MM DQ12
Vec I 6 45 [ Vss
DQ4 M 7 44 £ DQ11
DQs M8 43 @ DQ10
DQs I 9 42 @ DQ9
DQ7 @ 10 41 [ DQ8
N.C I 11 40 (M N.C
Ve I 12 39 [ Vss

i =RE! 38 FMLCAS
RAS @ 14 37 Fm UCAS
N.c I 15 36 (M OE
N.cI]16 35FANC
N.c 17 34 EmNC
N.C ] 18 33 [ A12(N.C)*

A0 @] 19 32 [ A11

A1 I 20 31 [ A10

A2 I 21 30 [ A9

A3 I 22 29 I A8

A4 @ 23 28 [ A7

A5 I 24 27 1 A6
Vee I 25 26 HI Vss

(400mil TSOP(11))

*(N.C) : N.C for 4K Refresh Product

Pin Name Pin function

A0 - A12 Address Inputs(8K Product)
A0 - A11 Address Inputs(4K Product)
DQO - 15 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

Vce Power(+3.3V)

N.C No Connection

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Units
Voltage on any pin relative to Vss VIN,VouT -0.5 to +6.5 \
Voltage on Vce supply relative to Vss Vce -0.5 to +4.6 \
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 (Voltage referenced to Vss, TA= 0 to 70°C)

Parameter Symbol Min Typ Max Units
Supply Voltage Vce 3.0 3.3 3.6 \
Ground Vss 0 0 0 \
Input High Voltage VIH 2.0 - +5.5™1 \
Input Low Voltage ViL -0.372 - 0.8 \

*1 : 6.5V at pulse width<15ns which is measured at Vcc
*2 :-1.3 at pulse width<15ns which is measured at Vss

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min Max Units
Input Lealfage Current (Any input 0O<VINSVCC+0.3V, mn 5 5 UA
all other pins not under test=0 Volt)
EI)Z)ua:tp: Ltte ié;k: is?s,zg:;r,eg\t/sVouKVcc) low) S 5 uA
Output High Voltage Level(IOH=-2mA) VOH 24 - \
Output Low Voltage Level(IOL=2mA) VoL - 0.4 \
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KM416V4004B, KM416V4104B CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

Max
Symbol Power Speed Units
KM416V4004B KM416V4104B

-45 100 130 mA

lcet Don’t care -5 90 120 mA
-6 80 110 mA

lccz Normal Don’t care 2 2 mA
L a 2 2 mA

-45 100 130 mA

lcca Don’t care -5 90 120 mA
-6 80 110 mA

-45 110 120 mA

lcca Don’t care -5 100 110 mA
-6 a0 100 mA

lccs Normal Don't care 500 500 uA
L 300 300 uA

-45 100 130 mA

Icce Don’t care -5 90 120 mA
-6 80 110 mA

lccz L Don’t care 400 400 uA
lccs L Don’t care 400 400 uA

lcct™
lcca

lccs™
lcca™

Iccs

lcce™ :

lcc7

lccs

: Operating Current (RAS and UCAS, TCAS, Address cycling @trc=min.)

: Standby Current (RAS=UCAS=LCAS=W=V 1)

: RAS-only Refresh Current (UCAS=LCAS=Vi4, RAS, Address cycling @trc=min.)

: Extended Data Out Mode Current (RAS=ViL, UCAS or LCAS, Address cycling @tHrc=min.)
: Standby Current (RAS=UCAS=LCAS=W=Vcc-0.2V)

CAS-Before-RAS Refresh Current (RAS and UCAS or LCAS cycling @tRc=min)

: 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, UCAS, LCAS=CAS-before-RAS cycling or 0.2V
W, OE=VH, Address=Don’t care, DQ=Open, TRc=31.25us

: Self Refresh Current

RAS=UCAS=LCAS=0.2V, W=0OE=A0 ~ A12(A11)=Vcc-0.2V or 0.2V, DQO ~ DQ15=Vcc-0.2V, 0.2V or Open

*Note: [cci, Iccs, Icc4 and Icces 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, Icca and |ccs, address can be changed maximum once while RAS=VIL. In lcc4,
address can be changed maximum once within one EDO mode cycle time, tHPC.
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KM416V4004B, KM416V4104B

CMOS DRAM

CAPACITANCE (TA=25°C, Vcc=3.3V, f=1MHz)

Parameter Symbol Min Max Units
Input capacitance [AO0 ~ A12] CiNt - 5 pF
Input capacitance [RAS, UCAS, LCAS, W, OF] CiN2 - 7 pF
Output capacitance [DQO - DQ15] Coa - 7 pF
AC CHARACTERISTICS (0°C<TA<70°C, See note 1,2)
Test condition : Vcc=3.3V+0.3V, Vih/Vil=2.2/0.7V, Voh/Vol=2.0/0.8V
Parameter Symbol 15 S 6 Units Note
Min | Max [ Min | Max | Min | Max

Random read or write cycle time tRC 74 84 104 ns
Read-modify-write cycle time tRWGC 101 113 138 ns
Access time from RAS 1RAC 45 50 60 ns 3,4,10
Access time from CAS tcAc 12 13 15 ns 34,5
Access time from column address tAA 23 25 30 ns 3,10
CAS to output in Low-Z tcLz 3 3 3 ns 3
Output buffer turn-off delay from CAS tcez 3 13 3 13 3 13 ns 6,21
OE to output in Low-Z toLz 3 3 3 ns 3
Transition time (rise and fall) T 1 50 1 50 1 50 ns 2
RAS precharge time tRP 25 30 40 ns
RAS pulse width tRAS 45 | 10K | 50 | 10K | 60 | 10K ns
RAS hold time tRsH 8 8 10 ns
CAS hold time tcsH 35 38 40 ns
CAS pulse width tcas 7 5K 8 [ 10K | 10 | 10K ns
RAS to CAS delay time tReD 11 33 11 37 14 | 45 ns 4
RAS to column address delay time tRAD 9 22 9 25 12 30 ns 10
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 7 7 10 ns
Column address set-up time tasc 0 0 0 ns 13
Column address hold time tCAH 7 7 10 ns 13
Column address to RAS lead time tRAL 23 25 30 ns
Read command set-up time tRCs 0 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 0 ns 8
Read command hold time referenced to RAS tRRH 0 0 0 ns 8
Write command hold time twcH 7 7 10 ns
Write command pulse width twp 6 7 10 ns
Write command to RAS lead time tRWL 8 8 10 ns
Write command to CAS lead time towL 7 7 10 ns 16
Data set-up time tDs 0 0 0 ns 9,19

ELECTROMICS




KM416V4004B, KM416V4104B CMOS DRAM
AC CHARACTERISTICS (Continued)

Parameter Symbol 45 5 6 Units Note
Min Max | Min | Max | Min | Max

Data hold time tDH 7 7 10 ns 9,19
Refresh period (Normal) tREF 64 64 64 ms
Refresh period (L-ver) tREF 128 128 128 ms
Write command set-up time twes 0 0 0 ns 7
CASto W delay time tcwp 24 27 32 ns 7,15
RAS to W delay time tRWD 57 64 77 ns 7
Column address to W delay time tawD 35 39 47 ns 7
CAS set-up time (CAS -before-RAS refresh) tcsr 5 5 5 ns 17
TAS hold time (CAS -before-RAS refresh) tcHR 10 10 10 ns 18
RAS to TAS precharge time trRPC 5 5 5 ns
Access time from TAS precharge tcPA 24 28 35 ns 3
Hyper Page cycle time tHPC 17 20 25 ns 20
Hyper Page read-modify-write cycle time tHPRWC 47 47 56 ns 20
CAS precharge time (Hyper page cycle) tcp 6.5 7 10 ns 14
RAS pulse width (Hyper page cycle) tRASP 45 200K | 50 | 200 [ 60 | 200 ns
RAS hold time from CAS precharge tRHCP 24 30 35 ns
OE access time toEA 12 13 15 ns
OE to data delay toeD 8 10 13 ns
CAS precharge to W delay time tcPwD 36 41 52 ns
Output buffer turn off delay time from OE toEz 3 11 3 13 3 13 ns 6
OE command hold time tOEH 5 5 5 ns
Write command set-up time (Test mode in) twTs 10 10 10 ns 11
Write command hold time (Test mode in) tWTH 10 10 10 ns 11
W to RAS precharge time (C-B-R refresh) tWRP 10 10 10 ns
W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns
Output data hold time tDoH 4 5 5 ns
Output buffer turn off delay from RAS tREZ 3 13 3 13 3 13 ns 6,21
Output buffer turn off delay from W twez 3 13 3 13 3 13 ns 6
W to data delay tweD 8 15 15 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 (Hyper Page Cycle) twPE 5 5 5 ns
RAS pulse width (C-B-R self refresh) tRAsS 100 100 100 us 22,23,24
RAS precharge time (C-B-R self refresh) tRPS 74 90 110 ns 22,23,24
CAS hold time (C-B-R self refresh) cHs -50 -50 -50 ns 22,2324
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KM416V4004B, KM416V4104B CMOS DRAM

TEST MODE CYCLE (Note 11)
Parameter Symbol 5 > ° Units Note
Min Max | Min | Ma | Min | Ma
Random read or write cycle time tRC 79 89 ns
Read-modify-write cycle time tRWGC 110 121 145 ns
Access time from RAS tRAC 50 55 65 ns 3,4,10,12
Access time from CAS tcac 17 18 20 ns 3,4,5,12
Access time from column address tAA 28 30 35 ns 3,10,12
RAS pulse width tRAS 50 10K | 585 | 10 | 65 | 10 ns
CAS pulse width tcas 12 10K [ 13 | 10 | 15 | 10 ns
RAS hold time tRsH 18 18 20 ns
CAS hold time tcsH 39 43 50 ns
Column Address to RAS lead time tRAL 28 30 35 ns
TAS to W delay time tcwp 29 35 39 ns 7
RAS to W delay time tRWD 62 72 84 ns 7
Column Address to W delay time tAwD 40 47 54 ns 7
Hyper Page cycle time tHPC 22 25 30 ns 20
Hyper Page read-modify-write cycle time tHPRWC 52 53 61 ns 20
RAS pulse width (Hyper page cycle) tRASP 50 200K | 55 | 200 | 65 | 200 ns
Access time from TAS precharge tcPa 29 33 40 ns 3
OE access time toEA 17 18 20 ns
OE to data delay toeD 13 18 20 ns
OE command hold time toeH 13 18 20 ns
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KM416V4004B, KM416V4104B

NOTES

CMOS DRAM

1. An initial pause of 200us is required after power-up followed by any 8 RAS-only refresh or CAS-before-RAS refresh cycles
before proper device operation is achieved.
2. VIH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured between
ViH(min) and ViL(max) and are assumed to be 2ns for all inputs.
3. Measured with a load equivalentto 1 TTL load and 100pF.
4. Operation within the tRcD(max) limit insures that tRAC(max) can be met, tRcD(max) is specified as a reference point only.
If tRCD is greater than the specified tRcD(max) limit, then access time is controlled exclusively by tcac.
5. Assumes that tRcD2tRcD(max).
6. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to Voh or Vol.
7. twcs, tRwD, tcwD and tAwD are non restrictive operating parameters. They are included in the data sheet as electrical charac-
teristics only. If twcs>twes(min), the cycle is an early write cycle and the data output will remain high impedance for the dura-
tion of the cycle. If tcwb2tocwb (min), tRWD>tRWD (min) and tawD>tawD (min), then the cycle is a read-modify-write cycle and the
data output will contain the data read from the selected address. If neither of the above conditions is satisfied, the condition of
the data out is indeterminate.
8. Either tRcH or tRRH must be satisfied for a read cycle.
9. These parameters are referenced to CAS falling edge in early write cycles and to W falling edge in OE controlled write cycle
and read-modify-write cycles.
10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a reference point only.
If tRAD is greater than the specified tRAD(max) limit, then access time is controlled by tAA.
11. These specifications are applied in the test mode.
12. In test mode read cycle, the value of tRAC, 1AA, tCAC is delayed by 2ns to 5ns for the specified values. These parameters
should be specified in test mode cycles by adding the above value to the specified value in this data sheet.
13. tAsc, tcAH are referenced to the earlier CAS falling edge.
14. fcp is specified from the later CAS rising edge in the previous cycle to the earlier CAS falling edge in the next cycle.

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

KM416V40(1)04B Truth Table

RAS LCAS UCAS w OE DQo - DQ7 DQ8-DQ15 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 Byte Read
L H L H L Hi-Z DQ-OUT Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H DQ-IN - Byte Write
L H L L H - DQ-IN 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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KM416V4004B, KM416V4104B CMOS DRAM

16. towL is specified from W falling edge to the earlier CAS rising edge.
17. tcsR is referenced to the earlier CAS falling edge before RAS transition low.

18. tCHR is referenced to the later CAS rising edge after RAS transition low.

RAS N

tcsr' tcHR

19. 1ps is specified for the earlier CAS falling edge and tDH is specified by the later CAS falling edge in early write cycle.

tDs tDH

DQO ~ DQ15 Din

20. tAsc=6ns, Assume iT = 2.0ns

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

22. If tRAsS2100us, then RAS precharge time must use tRPs instead of tRp.

23. For RAS-only refresh and burst CAS-before-RAS refresh mode, 4096(4K/8K) cycles of burst refresh must be executed within
64ms before and after self refresh, in order to meet refresh specification.

24. For distributed CAS-before-RAS with 15.6us interval CAS-before-RAS refresh should be executed with in 15.6us immediately

before and after self refresh in order to meet refresh specification.
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KM416V4004B, KM416V4104B

CMOS DRAM

WORD READ CYCLE

tRC >
< tRAS » [——iRP—|
TN VIH Y /-l b
ViL K 7 \
¢ tcsH >
Rk tRCD » tRSH > «—tcRP—
= VIH b tcas > 7
UCAS \ / /
ViL - X P
A tcsH >
JeRs tRCD < tRSH > «—tcRP—
= VH 1 tcas =/ .
LCAS
ViL \\\ Z /
+«——1RAD—|
tAsR tRAH tasc tRAL >
« le—tCAH
A ViH COLUMN
VIL ADDRESS
«—|tRCH

|
e tcAc — > «—» {CEZ
DQO ~ DQ7 ; P . e N «—toEz—»
VOH - ¢ 7
Vo OPEN DATA-OUT —
- ™~ Vi
tcac > le—{tcez
DQ8 ~ DQ15 R . N —toez—]
VOH - £ h Y
OPEN ' DATA-OUT P
VoL - K /

Don’t care
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KM416V4004B, KM416V4104B CMOS DRAM

LOWER BYTE READ CYCLE
NOTE : DIN = OPEN

tRC >
< tRAS » ——1iRP—
s VIH —\\ /_1—\
ViL K /] o
tcrRP e——tRPC—>|

p!

.

tcsH >
tcrRP
tRCD > tRSH N
—— VH 3 tcAs > r
CCAS \ /
VIL - L Z
le——tRAD —>
RAL >
tAsR tRAH tasc t
> +—1CAH
A VH ROW COLUMN
ViL ADDRESS ADDRESS
» tRCH

’«tRcs >

tAA >
le—1tOEA —>
tcac >
DQO ~ DQ7 . trac___ ez
VOH - ¢ 7
OPEN J DATA-OUT —
VoL - EN Vi
tolz
DQ8 ~ DQ15
VOH -
OPEN
VoL -

Don’t care
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KM416V4004B, KM416V4104B CMOS DRAM

UPPER BYTE READ CYCLE
NOTE : DIN = OPEN

tRC >
tRAS > tRP >
VIH Y I\
RAS \
ViL \‘ ’/
B tcsH >
fere) L tRCD > tRSH N «—tcRP—>
—_ VH 3y tcAs N 4
UCAS \ /
VIL - K Z
tCRP <—‘tRpC
e ]
—__ VH
LCAS
ViL ——tRAD —> \
< tRAL >
tAsR tRAH tasc
> —tCAH
A VH ROW COLUMN
ViL ADDRESS ADDRESS
“ tRCH
’«tRcs >
VIH
ViL
tAA >
— VH
OE «—tOEA —,
ViL
«—» 0.7
DQO ~ DQ7
vou- OPEN
VoL - |
< tcac >
DQ8 ~ DQ15 _ tRaC le—tCcLz —
VOH - 1% \
OPEN DATA-OUT —
VoL - N 7

Don’t care
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WORD WRITE CYCLE ( EARLY WRITE )
NOTE : Dout = OPEN

tRC >
+ tRAS » | tRP >
— VH Y
RAS / \
ViL \\ 7
torp « tcsH >
< tRCD > tRSH N le—1CRP—|
3 \ tcAs '/ /‘
A )
< tcsH >
< tRCD « tRSH > «—tcRP—
\\‘ tcAs =/ 7
N I /
——1RAD—|
tAsR tRAH tasc tRAL >
A VIH ROW
ViL ADDRESS
VIH
ViL
5E VIH
ViL
tDs
DQoO ~ DQ7 > «—1DH—>
VH - 3
DATA-IN
VIL -
tDs
DQ8 ~ DQ15 > [e—1DH—>
VIH - b
DATA-IN
VIL -

Don‘t care
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KM416V4004B, KM416V4104B CMOS DRAM

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

tRC >
< tRAs e tRP »
— VIH- Y
RAS / \
VIL - \‘ i
tcRP
toRp < tcsH >
I tRCD > tRSH > l‘_tCRP_’
TS VIH 3 Y \< tcAs :/ /l‘
ViL \ X p
[——1RAD—
tAsR tRAH tasc TRAL >
> le—tCAH
A VH ROW N/ | COLUMN
ViL ADDRESS N\ g ADDRESS

—1WCH—»

twp

tDs

DQO ~ DQ7
VIH -

VIL -

<—tDH—-|

DATA-IN

DQ8 ~ DQ15
VIH -

VIL -

Don’t care
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UPPER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dout = OPEN

DQoO ~ DQ7

VIH -
VIL -

DQ8 ~ DQ15

VIH -
VIL -

) tRAS e tRP——
LT \
_ N\ ) \

tRC >

Y

tcrp| |
> tRCD e tRSH > r——TCRP-—*

N

y

tCRP

le——tRAD—>

tRAL >

tASR tRAH tasc
> le—tCcAH

\J | COLUMN
ADDRESS

ROW
ADDRESS

[+—1WCH —>

—1DH

DATA-IN

Don’t care
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WORD WRITE CYCLE ( OE CONTROLLED WRITE )
NOTE : Dout = OPEN

tRC N
tRAS » | tRP >
— VH- —y }7
RAS \
VIL - \\ y
tere| [ tcsH >
tRCD > tRSH > [e—tCRP—>
e VIH 3 « tcAs > i
UCAS N / /
ViL K i
< tCcsH >
« tRCD B tRSH «—tCRP—»|
s VH ] N toas =/ 7
LCAS
VIL - \\\ Z /
——1RAD—>
tasrR | [tRaH  tasc tRAL >
> > r—tCAH
A VH ROW { COLUMN
ViL ADDRESS \ ADDRESS
W VIH
ViL

10D —tOEH
DQO ~ DQ7 ‘tDS’ —tDH—»|
VH - \ / \

’( DATA-IN
ViL - J AN )

tDs

DQ8 ~ DQ15 > 1DH —»
- \ 4 \

Vi ’{ DATA-IN
VIL - _/ \ )

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

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

tRC >
tRAS > e tRP >
VIH Y
RAS \
ViL \§ P
tCcRP tRpC‘.‘
r—b
ooas M ; \_
ViL / _
tore A tcsH >
f—> tRCD « tRSH > r—tcm’—»
\\4 tcas > / /
% j
——1RAD —
tasR | [tRAH  tasc tRAL >
> —tCAH
A VH ROW ¢ COLUMN
ViL ADDRESS N ADDRESS
tewL =!
< tRWL
VIH
ViL

5E VIH

ViL

DQO ~ DQ7
VIH -

DATA-IN

VIL -

DQ8 ~ DQ15
VIH -

ViL-

Don‘t care
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KM416V4004B, KM416V4104B CMOS DRAM

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

tRC »
1RAS > (e tRP——»

tRCD > tRSH > "‘tCRP_'

N

——1RAD—

tRAL >

1AsR tRAH  tasc |
» le—1CAH

COLUMN
ADDRESS

ROW i

ADDRESS

N

towL >
< tRWL

DQO ~ DQ7
VIH -

ViL-

DQ8 ~ DQ15 tDS > <—tDH4P‘
VIH -
DATA-IN
ViL -

L

Don’t care
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KM416V4004B, KM416V4104B CMOS DRAM

WORD READ - MODIFY - WRITE CYCLE

tRweC >

+ tRAS > tRP——

TS VIH - —\\ y

VIL - K 7 \
fCRP | e tRcD e tRSH >
\ tcas =/—
A8 P

tcrp tRCD tRSH >

tAA >
DS DH
DQO ~ DQ7 tRAC > > tOEZ t<—> <t—>
VIoH - fuap { vaLD N
VoL - NDATA-OUTY N DATA-IN /
toLz >
tcLz >
—tCAC —»
1AA N [«—1OED—»|
DQ8 ~ DQ1 5 tRAC » le—>| tOEZ tDS tDH
VIIOH - AVALID ] { VALID
VoL - \.DATA-OUTY DATA-IN

Don’t care
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KM416V4004B, KM416V4104B CMOS DRAM

LOWER-BYTE READ - MODIFY - WRITE CYCLE

« tRwe >
tRAS > tRP >
VIH Y —
RAS \
ViL \‘ ’/
——1RPC
UCAS Vi
VIL
1oRP| e——treD e tRSH >
s VH N tcas >
LCAS \ /
Vi [—tRAD—> N 7
tcsH >
tASR| |tRAH tAsC
A VH (| ROW RS coLU
ViL L ADDR. N ADDRESS
tAWD > > TRWL
tcwD » |le—tcwL—>

DQO ~ DQ7 <
VI/OH -

VioL -

DQ8 ~ DQ15
VOH -

OPEN

VoL -

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

UPPER-BYTE READ - MODIFY - WRITE CYCLE

< tRwe >
tRAS > tRP >

{cRP tRCD > tRSH N

\ tcas =/—
f‘tC_RP’ <—tRPC—>‘

A 4

tcsH

tasc| |tcaH

¢ coLU
\ ADDRESS

tAWD » > TRWL

tcwD » f—tcwL —»

“ tRWD

DQoO ~ DQ7

Vo OPEN

VoL -

toLZ e

tcLz >
e—1CAC—|

tAA

DQ8 ~ DQ15 < tRAC
VIIOH -

L !!. Yy Vv

VioL -

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HYPER PAGE MODE WORD READ CYCLE

tRASP » |«1iRP
— VH- y
RAS
VIL - \—\ ;//4\;

tcsH > [e——tRHCP —»,
[e——tHPC—¢+——1HPC > tHPC >
tcp tcp tcp
tRCD f—»] e «— >
3\ tcas //—s\ fcas 1—\\ fcas /z—\\ fcas /
\ % \ % \ 4 \ A
+—tREZ—>]
tcp tcp tcp
tRCD e PN >
3\ tcas //—s\ tcas | /z—\\ tcas /1—\\ fcas /
\ % \ 4 \ \
[—tRAD
tASR‘_ tRAH tAsC tCAH ASC| [tcAH |tAscC tCAH tasc | |icAH
A ViH - ROW Ne Y COLUMN COLUMN
VIL - ADDR ADDRESS N \ ADDRESS,
tRAL > »1RRH
,tRCS, [e—tRCH—>|
— VH-
w VIL - tcrA >
e—tAA—>| le—tcAC T tcac >
|
—tCPA > tAA > tAA >
tcac k> tcPA
» tCHO
r1oCH
le—> tOEP
— VIH- ¥y Ik
«—tOEA—» /
VIL - S
I
tcAc 4> toEP
tDOH
DQO ~ DQ7 < tRAC > e <—t|0Ez+ [-tOEZ—>] le—>tOEZ
VoH - JVAUD )>"7IVALID )> <£VALID >‘7IVAL|D > .{ VALID >_
VOL - \DATA.OU‘E s\DATA-OU'[ ‘DATA-OUT S\DATA-OU'I} DATA-OUT]
toLzi-»
tCcLZ |
“tCAC 4» tOEP
tDOH
DQ8 ~ DQ15 < tRAC > +10EZ-» -10EZ >
VoH - _lVALID 7‘VALID )> <£VALID >.<JVAL|D L> .i VALID >_
VoL - \DATA-OU S\DATA-OU'I; ‘DATA-OUT _\DATA-OU'I} DATA-OUT]
toLz |
tcLz

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HYPER PAGE MODE LOWER BYTE READ CYCLE

tRASP » [|etRP
— VH- Y
RAS
VIL - \\ . ;/
]
tRPC_
— VIH X
UCAS VIL tosH > l———1RHCP- » \
——tHPC——f¢——tHPC— > ——1HPC— e tRez—>
tcp tcp tcp
tRCD ; [ ; “—> t
ViH \ CAS | V¥ CAs  y—\ 1icas )
CAS N~V \:j/
ViL - X 7 3
[““tRAD |
tAsrR| [fRAH 1AsC tCAH tcAH tAsc tCcAH
e > [ P ¢
A ViH ROW f COLUMN 5 \/COLUM f COLUMN
VIL ADDR NADDRESS N | ADDR /N ADDRESS,
tRAL > »tRRH
ircy +—tRCH—
— VH- 4
W VIL - < tcrA >
<—IAAI\—> [e—tcAac—T> [——1cAc—
<—tpPA—> —taA > [« tAA >
tcAC k- tcPA >
e—1AA—| «——{tcHO
tocH
toep
—10EA
o
leac toep
tDOH
DQO ~ DQ7 tRAC > -tOEZ -toEZ e—>{tOEZ
VoH - IVAL|D AvaLp VALID _lVALID /| vALID >_
VOL - \DATA.OU _\DATA-OUT DATA-OUT, _\DATA-OUT DATA-QUT]
tolz
DQs8 ~ DQ15 teLz
VOH -
OPEN
VoL -

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HYPER PAGE MODE UPPER BYTE READ CYCLE

tRASP » |+1iRP
— VIH- y
RAS
VIL - \\ , ;/ /4\;
]
< tcsH >| [e———1tRHCP —>
tHPC > tHPC > tHPC >
tRCD <t£P> & tCP- <—tRPc—>|
3\ fcas /—s\ fcas /z—\\ fcas 1—\\ 1CAS ¥ \_
<—tRPc—>|
le—tRAD
tasr| | tRAH tASC| | fcAH tﬁs_c’ fcAH | tAsc fcAH  |tasc| |fcAH e tREZ—>
A ViH ROW N N COLUMN'S £ COLUMN 'R/ £ COLUMN
ViL ADDR. ADDRESS NADDRESS \ ADDRESS,
“ tRAL——» ——{iRRH
tRCS’ e—tRCH—>
— VH- 't
W ViL - tcrPa
*—tAA—>] —1cAC> < tcAc
<—‘tCI;PA—> tAA > tAA >
tcac |<—> < tcrPa >
» tCHO
> tocH 4 toEP
o VIH _[1\<—tOEA f
>
ViL \ /
DQO ~ DQ7
VOH -
OPEN
VoL -
leac <> toEP
tDOH
DQ8 ~ DQ15 tRAC > +1oEZ l4-toEZ —»{tOEZ
VOH - JVAUD 7‘VALID ‘VALID _lVALID /| vALID >_
VoL - \DATA-OU N DATA-OUT, ‘DATA-OUT _\DATA-OUT DATA-OUT,
toLz
tcLz

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B

CMOS DRAM

HYPER PAGE MODE WORD WRITE CYCLE ( EARLY WRITE)
NOTE : DouT = OPEN

OcAs W
ViL -

VIH -
VIL -

LCAS

VIH -
VIL -

VIH -
VIL -

tAsC

< tRASP > tRP

"

\ tRHCP >

e R 7

]

tHPC > tHPC »  [e—tRSH —>

tcrp
»* ¢ tRCD > je-tcp > e—tcp — +—tcrp
=5 v\ Y \ A
3\<—tCAs —» / '\<—tCAs —> / \‘—tCAS* /
|\ S '\__i —7 |\ S

tHPC “ tHPC »  [&—tRSH

tcrp
e tRCD tcP — [e—tcP —»
‘\<—tCAs — /‘ '\<—tCAs — /‘ s\<—tCAs —> /‘
b N A N
—1RAD i
tRAL >
1RAH tcAH
-

£ COLUMN
\ ADDRESS

twcH

DQoO ~ DQ7

VIH -
VIL -

DQ8 ~ DQ15

VIH -
VIL -

1DH_

VALID
DATA-IN

1DH |

VALID
DATA-IN

1Ds

DATA-

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HYPER PAGE MODE LOWER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : DouT = OPEN

tRASP » tRP
— VIH- y N
RAS \ tRHCP >
VIL - k. ) 7
]
tRPC
tcgp
tHPC tHPC » <—tRSH—|
tRcD > tcp— —tcp >
| .
‘\<—tCAs—> '\<—tCAs_~j/‘ s\<—tCAsj Vi
*“—1RAD !
tRAL >
< t|CSH >
tASR| | tRAH tasc tasc| [tcaH
A ViH- T\ A row N COLUMN ] SaiNA COLUMN
VIL / ADDRESS /X ADDRESS

DQO ~ DQ7 tDs tDH 1 | toH 1Ds 1DH
ViH - VALID VALID
VIL - DATA-IN i DATA-IN
]
DQ8 ~ DQ15
VIH -
VIL -

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : DouT = OPEN

tRASP » l—tRP
VIH - y
"AS tRHCP >
RAS
VIL - \\ , ;//4\;
]
tHPC tHPC »  —tRSH—>
tcrP
< tRCD > tcp— —tcp —
‘\<—tCAs—> 7L '\«tCAs;j/‘ s\<—tCAs
\ " \
»1RPC
*+—1RAD tRAL R
t?SH >
tRAH tasc

DQO ~ DQ7
VIH- T
VIL -
DQ8 ~ DQ15 | toH 1 | toH tps | |tpH
VIH - VALID VALID
VIL _ DATA-IN DATA-IN

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B

CMOS DRAM

HYPER PAGE MODE WORD READ - MODIFY - WRITE CYCLE

OcAs W
ViL -

VIH -
VIL -

LCAS

VIH-
VIL -

W VIH -
VIL -

DQoO ~ DQ7

VIIOH -
VioL -

DQ8 ~ DQ15

VI/OH -
VioL -

tRP
tRASP N
tcsH tHPRWC » N

N 7
tRSH >

*tcp <riCRP—>
—\ /s

tcas tcas >

riCRP —

tcwD tcwD >
tAWD > tAWD ———»|
< tRWD > 2 tcPwD >
\ 1oEA \ tOEA N\
toED
[etcAC> ; tcAC [+ )
—«—1DH »e—1DH
taa—s DS 1AM s
—1rAC > _L
p v L
a8 O >
\ / P
tcLZ |« tcLz
VALIDl D VALID
DATA-IN DATA-OUT DATA-IN
[tCAC > tcac toED
| le—1DH »«—1DH
—tan —> S AA— 1Ds
tRAC >
| — z—\
N \ > \ /
tcLz tcLz
VALID VALID VALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HYPER PAGE MODE LOWER BYTE READ - MODIFY - WRITE CYCLE

tRP

A 4

A 4

tRASP
VIH - _3\ tcsH

—_— tHPRWC > X
VIL - N 7 ) N

tcrP tRPC

<-tcp -tCRP—]

tcas > / \ tcas ; /

N Avw

*tRAD ]
tRAH

tAasc

VIH-
ViL -

W VIH -
VIL -

DQO ~ DQ7
VI/OH -

VioL -

toLz VALID VALD oLz VALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN

DQ8 ~ DQ15
VI/OH -
VioL -

OPEN

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B

CMOS DRAM

HYPER PAGE MODE UPPER BYTE READ - MODIFY - WRITE CYCLE

tRP

tRASP

tcsH

tHPRWC

Ny

VIH -

UCAS
VIL -

tcas

<tcP—»

tRSH

tcas

—tCRP

N A v

cAs W
ViL - i/

4—>‘1RPC
N

tAWD——»|

DQO ~ DQ7
VIIOH -

VioL -

DQ8 ~ DQ15

toLz

VI/OH -

VioL -

DATA-OUT

DATA-IN

tcPwD >

\ ‘TOEA’ /

:

tAA—>

VALID

DATA-OUT

fe—tDH

—1Ds

VALID
DATA-IN

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HYPER PAGE READ AND WRITE MIXED CYCLE

4 . iRP
tRASP >
s UH N READ(fcAc) | READ(cra) | wAe | ReAD(tw) |/
ViL - A j j j 71
: ' [———tRHCP—|
tHPC » tHPC > tHPC—
tcp
[—tcP —» [tcP > “
VIH - y Io— Y N tcas #
UCAS ViL - l—tRCD _>\_<~TCASj / \_«tCAsj / \_+tCAsj / \4—> /
< tHPC < tHPC se—tHPC—>|
[—tcP —» «tCcP > tcp
VIH - 7 3 4 3 XN |teas | A
LCAS Vi tRAD \_+tCAsj / \_*TCASj / \<~TCAS;I / \4—> /|
tRAH
|
tASR e TA‘S_C’ tcAH tasc s <t_C.AH
7 COLUMN COLUMN
NADDRES ADDRESS
tRcs tRCH tRCs tRCH twcH
e > e e »1RCH
\ e -\twcs
[
T N
ﬂTWPE
L—»tm_z
s twep
tcPA » >
— VIH-
VIL -
toEAfE—> twez «—tDH-
—tCAC— > tWEZ | Ll {dtDs —tAA—>] —>tREZ
DQO ~ DQ7 TAA > "
- “ tRAC > J—
VioH AvaLD N _lVALID 3>_ < VALD N _.<‘ VALID_5_>
VoL - \_&TA-OUT_> ’( DATAOUTY/ TN, DATA-IN > \DATA-OUT;
toEA l—> L 1DH-»
l—tcac ] JWez WEZ | Lol letps —1AA—> «—>tREZ
DQ8 ~ DQ15 ——tAA— g
- tRAC » — | — —
VioH /'IVALID X / VALID >_< VALID N /| VALID >
V|/O|_ - \_ DATA-OUT] N DATA-OUT] N DATA-IN N DATA-OUTY

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B

CMOS DRAM

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

Dout = OPEN
tRC >
f—tRP —
— VH ) ¢ tRAS » # Y
RAS ViL \\ ;\/ \

tASR| [tRAH

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

tRC >
—> »
VIH - ﬁ\ tRAS ﬁ\
RAS \
VIL - N
tRPC— tRPC—
e—tCP
VIH - . Icsr
UCAS / \ > tCHR
VIL - N
tCP >
VIH - ¥\ |lcsR .
—=ic > {CHR
[CAS | / \_\
DQO ~ DQ7 tcEZ[e—
VoH- > OPEN
VoL - ,-/
DQ8 ~ DQ15
VOH - 5\
v ‘ OPEN
obr 7 twrp
<—tWRH+|
— VH-
w
VIL -

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HIDDEN REFRESH CYCLE ( READ)

tRC > tRC

tRR | tre |
— VH- X [* tRAS > \ {tRAS s —
RAS |, . \‘ 7 7F \ AN
v - tRcD »e—tRSH —] “—tcHRr —
—_— VIHH p 4
HeAS ViL \\‘ 7/ //
Ry L tReD tRSH—>| «—tCHR—>

»H—1CEZ
< tcAC — — 1REZ
tcLz > twez >
[ toLz
DQoO ~ DQ7 1RAC > foEZ >
Vou- OPEN .{l DATA-OUT ) S—
VoL - A s
DQ8 ~ DQ15

VOH - v \
VoL OPEN ’( DATA-OUT —

- N n

Don’t care

. Undefined

* In Hidden refresh cycle of 64Mb A-die & B-die, when CAS signal transits from Low to High, the valid data may be cut off.

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

HIDDEN REFRESH CYCLE ( WRITE )
NOTE : Dout = OPEN

« tRC e tRC >

tRP tRP
VIH Y [ 1RAS =/F::_ < 1RAS q
RAS
ViL \‘ P \ \
tRCD > tRSH—> le—tCHR —»
ueas M 1 \ /
ViL \ o )
tRCD tRSH—> [e—tCHR—>
—  VH <
LCAS
ViL \\\ Y
——1RAD—|
TASR’ tRAH tAsc= e toan
A VH ROW COLUMN
ViL ADDRESS ADDRESS
|4—'TWRH

DQO ~ DQ7 D
VIH -

VIL -

DATA-

DQ8 ~ DQ15 g —DH—
VH - 3

VIL -

DATA-IN

A

Don‘t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

CAS - BEFORE - RAS SELF REFRESH CYCLE
NOTE : OE, A = Don't care

e tRP > tRASS > e tRPS
— VIH-
RAS \
VIL - \\ i/
RPC ) ——1tRPC —
[=tcp
VIH - z—\ fcsr
UCAS /
VIL - N
[“—tcp
VIH - z—s\ fcsh
LCAS VIL - / N
DQO ~ DQ7 tcEZ[—>
VOH -
VoL - OPEN
DQ8 ~ DQ15
VOH -
VoL - Y OPEN
rm *—twRH >
— VH-
w ;
ViL -
TEST MODE IN CYCLE
NOTE : OE, A = Don't care
tRC >
Vi tRP ——> tRAS N tRP —
RAS \
VIL - \\
tRPC— tRPC —>
le—tCP
VIH - ¥\ lcsr R
UCAS \ > ICHR
VIL - / ~
—tcP-»
VIH - Y\ |lcsR .
CAS / N« tcHR
VIL - x
W VIL -
VIH -
DQO ~ DQ15 tcEz
VOH -
VoL - ‘ OPEN

Don’t care

ELECTROMICS



KM416V4004B, KM416V4104B CMOS DRAM

PACKAGE DIMENSION

50 TSOP(I) 490mil Units : Inches (millimeters)

HHHHHHHHHAAHHHHHHAHHHAHAAHNA B i
g g
pa b =
Y e 3
25 g
olo o
HHHHHHHHHHHHHEHHHHHEEHHEH v 0.004 (0.10)
0.070 (0.25)
0.841 (21.35) N
MAX >
0.821 (20.85)
0853 (21.05) > %kﬁl 0.010 (0.25)
\ . TYP
HHHHHHHHHHHHHHHHHHHHHHHHE / ‘}% RY 08"
0.034 (0.875 0.0315 (0.80 0.018(0.45)
oL _le ( ) o le (0.80) o.oo'\zm(’?‘.os) 0,030 (0.75) ﬁ
.|, 0.010 (0.25)
110,018 (0.45)

ELECTROMICS



