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PRINTED IN KOREA 
Circuit diagrams utilizing SAMSUNG products are included as a means of illustrating typical semi
conductor applications; consequently, complete information sufficient for construction purposes is 
not necessarily given. The information has been carefully checked and is believed to be entirely 
reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described herein any license under 
the patent rights of SAMSUNG or others. SAMSUNG reserves the right to change device specifica
tions. 
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General 

Generation 

Change 

1M 

4M C-ver 

4M 8IW 

16M 

(x1,x4,x8) 

16M 

(1Mx16) 

64M 

(x4,x8,x16) 

Changed Point 'in 196 DRAM Databook 
(Compared with 195 databook) 

Changed Point in '96 DRAM databook Remarks 

- Remove TSOP lI(reverse) package 

- Remove 80ns version in 5V product 

- Remove SC Mode, WP8 Mode product 

- Remove 512Kx9 and 256Kx18 product 

Device in '95 in '96 

- 128Kx8, 64Kx16 - None - 1 st gen. 

- 4Mx1, 1Mx4 - C-version - C-Version - Add EDO Quad cA"S" product 

- 512Kx8, 256Kx16 - 8-version - D-Version - Remove x9 & x18 product 

- 16Mx1, 4Mx4, 2Mx8 - A-version - 8-Version - Add EDO Quad CAS product 

- 1 Mx16 - A-version - A-Version & - 8-ver. will be available , 
8-version from 3Q '96 

- 16Mx4, 8Mx8 -1st gen. - A-version - Add 5V 64M DRAM 

(2nd gen.) : x4(4K) and x8(K) 

- 4Mx16 - None - A-version 

- Add 128Kx8(FP/EDO), 64Kx16(2WE, FP/EDO) 

- Add EDO Quad CAS product 

- Remove DIP and ZIP package 

- Remove SC, WP8 Mode product 

- Remove 512Kx9 and 256Kx18 product 

- Remove SC Mode WP8 Mode product - Changed package size 

- Add EDO Quad CAS product from 400mil to 300mil 

- Change the CMOS Standby current(ICC5) of Normal-power 

version from 1 rnA to 0.5mA 

- 50ns version will be available in 8-version(3rd gen.) 

from May 1 996. 

- Change the CMOS Standby current(ICC5) of Normal-power 

version from 1 rnA to 0.5mA 

- Add 4Mx16 product 

- Add 5V product 

- Change the Refresh cycle of Low -power version 

from 256ms t0128ms 

In "Remove - ", " - " means that "-" is not supported anymore. 
In "Add - ", "-" means that "-" is new product and is available from '96. 











CMOS DRAM General Information 

1. Introduction 

-,------------1 KM41C1000D-6 KM41C1000D-S 

II 
KM4SC12S-6 

KM48C124-6 

KM44C1000C-7 

KM44C1000CL-6 KM44C1000CL-7 

KM44C1003C-6 KM44C1003C-7 

.,:1:'¥JiiUtP 
ELEC1'RONICS 
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CMOS DRAM General Information 

KM44V1004CL-8 

KM48C512B-7 

KM48C512BL-7 

KM48C514B-6 KM48C514B-7 

KM48V512B-6 KM48V512B-8 

KM48V512BL-8 

KM48V514B-8 

KM48V514BL-8 

KM416C256B-7 

KM416C256BL-7 

KM416C254B-7 

KM416C254BL-7 

KM416V256B-6 KM416V256B-7 KM416V256B-8 

KM416V256BL-6 KM416V256BL-7 KM416V256BL-8 

KM416V254B-6 KM416V254B-7 KM416V254B-8 

KM416V254BL-6 KM416V254BL-7 KM416V254BL-8 

* The next version(D-version) is under development and will take a place of B-version from March 1996. 
Please refer to the next page about D-version. 

tlM¥jlh itP 
ELEcrRONICS 
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CMOS DRAM General Information 

* 
KM4BC512D-5 KM4BC512D-6 KM4BC512D-7 

KM4BC512D-L5 KM48C512D-L6 KM4BC512D-L7 

KM48C514D-5 KM48C514D-6 KM4BC514D-7 

KM4BC514D-L5 KM4BC514D-L6 KM48C514D-L7 

KM4BV512D-7 KM4BV512D-B 

1---------1 KM48V512D-L6 KM48V512D-L7 KM4BV512D-LB 

1---------1 KM48V514D-6 KM48V514D-7 KM4BV514D-B 

"----------1 KM48V514D-L6 KM48V514D-L7 KM4BV514D-LB 

KM416C256D-5 

KM416C256D-L5 

KM416C254D-5 

KM416C254D-L5 

* D-version is under development and will take a place of B-version from March 1996. 
Please refer to the previous page about B-version . 

• ,:1:'&1'0'; 
ELEC1'RONICS 
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CMOS DRAM General Information 

KM44C4100B-7 

KM44C4100B-L7 

.,Miliih• 
ELECTRONICS 
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CMOS DRAM General Information 

KM44V4000B-6 KM44V4000B-7 I KM44V4000B-8 I 
KM44V4000B-L6 KM44V4000B-L7 I KM44V4000B-L8 I 

I KM44V4100B-6 KM44V4100B-7 I KM44V4100B-8 I 

KM44V4100B-L6 KM44V4100B-L7 [ KM44V4100B-L8 I 

I KM44V4004B-6 KM44V4004B-7 KM44V4004B-8 I I 
I KM44V4004B-L6 ·H KM44V4004B-L7 H KM44V4004B-L8 I 

KM44V4104B-6 KM44V4104B-7 KM44V4104B-8 I 

I KM44V4104B-L6 KM44V4104B-L7 I KM44V4104B-L8 1 

KM48V2000B-8 

f--------j KM48V2004B-L6 

'------------1 KM48V2104B-L6 

tl:!:'¥lih'; 
ELEC11IONICS 
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CMOS DRAM General Information 

* 

• 2nd gen. i-----------i 

116MB/w~_ 
• 3rd gen. 

I KM416C1000B-5 H KM416C1000B-6 H KM416C1000B-7 I 
-1 KM416C1000B-L5 H KM416C1000B-L6 H KM416C1000B-L7 1 

-1 KM416C1200B-5 H KM416C1200B-6 H KM416C1200B-7 I 
-1 KM416C1200B-L5 H KM416C1200B-L6 H KM416C1200B-L7 1 

-1 KM416C1004B-5 H KM416C1004B-6 H KM416C1004B-7 I 
-1 KM416C1004B-L5 H KM416C1004B-L6 H KM416C1004B-L7 I 
-1 KM416C1204B-5 H KM416C1204B-6 H KM416C1204B-7 I 
-1 KM416C1204B-L5 H KM416C1204B-L6 H KM416C1204B-L7 I 

* The 3rd gen.(8 version) of 1 Mx16 is under development and will take a place of A-version from 30 1996 . 

• ,&+)101' 
ELECTRONICS 
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CMOS DRAM General Information 

* 

II I 
* B version is under development and will be available from 30 1996. 

tl"l¥jlhi• 
ELECTRONICS 
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CMOS DRAM General Information 

KM48V8000A-7 

.,&&jl'W. 
ELECTRONICS 
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CMOS DRAM General Information 

2. Product Guide 

KM41C1000D-L# 

• KM44C256D# 60/70/S0 Fast Page 

KM44C256D-L# 

KM48C128# 55/60/70 Fast Page 

KM48C12S#-L 

KM48C124# EDO 

KM48C124#-L 

64Kx16 5V±10% KM416C60# 55/60/70 Fast Page 

KM416C60#-L 

KM416C64# EDO 

KM416C64#-L 

4M bit 4Mx1 0% KM41 C4000C# 50/60/70 Fast Page 

KM41 C4000CL# 

3.3V±0. KM41V4000C# 60/70/S0 Fast Page Pin TSOP-II (Forward) 

KM41V4000CL# 

1Mx4 5V±10% KM44C1000C# 50/60/70 Fast Page 

KM44C1000CL# 

KM44C1003C# Quad CAS FP 'Quad CAS 

KM44C1003CL# Pin SOJ 

KM44C1004C# EDO Pin TSOP-II (Forward) 

KM44C1004CL# 

KM44C1005C# CASEDO 

60/70/S0 Fast Page 

EDO 

4M BIW 512KxS 5V±10% 50/60/70 Fast Page 

Pin TSOP-II(Forward) 

EDO 

KM4SV512B# 60/70/S0 Fast Page 

KM4SV512BL# 

KM4SV514B# EDO 

KM4SV514BL# 

tlW¥iih'tP 
ELECTRONICS 
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CMOS DRAM General Information 

T:40 Pin TSOP-II(Forward) 

EDO 

60(70/80 Fast Page 

KM416V2568L# 

KM416V2548# EDO 

KM416V2548L# 

16M bit 16Mx1 5V±10% KM41 C160008# 50/60(70 Fast Page(4K) K:24 Pin SOJ (300mil) 

KM41 C160008#-L S:24 Pin TSOP-II(Forward) 

KM41 V160008# 60(70/80 (300mil) 

KM41 V160008#-L 

4Mx4 5V±10% KM44C40008# 50/60(70 Fast Page(4K) 

KM44C40008#-L 

KM44C41 008# Fast Page(2K) 

KM44C41008#-L 

KM44C40038# Quad CAS FP(4K) "Quad CAS 

KM44C40038#-L K:28 Pin SOJ [300mi1J 

KM44C41 038# Quad CAS FP(2K) S:28 Pin TSOP-II(Forward) 

KM44C41038#-L [300milJ 

KM44C40048# EDO(4K) 

KM44C40048#-L 

KM44C41 048# EDO(2K) 

KM44C41048#-L 

KM44C40058# Quad CAS EDO(4K) 

KM44C41 058# Quad CAS 

KM44V40008# 60(70/80 Fast Page(4K) 

KM44V40008#--L 

KM44V41 008# Fast Page(2K) 

KM44V41008#-L 

KM44V40048# EDO(4K) 

KM44V40048#-L 

.,:I{¥iiUi> 
ELECTRONICS 
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CMOS DRAM General Information 

KM44V4104BL# S:24 Pin TSOP-II(300mil) 

5V±10% KM48C2000B# 50/60/70 Fast Page(4K) K:28 Pin SOJ [300mil] 

I KM48C2000B-L# S:28 Pin TSOP-II[Forword] 

KM48C2100B# Fast Page(2K) [300mil] 

KM48C2100B#-L 

KM48C2004B# EDO(4K) 

KM48C2004B#-L 

KM48C2104B# EDO(2K) 

KM48C2104B#-L 

KM48V2000B# 60/70/80 Fast Page(4K) 

KM48V2000B#-L 

KM48V2100B# Fast Page(2K) 

KM48V2100B#-L 

KM48V2004B# EDO(4K) 

KM48V2004B#-L 

KM48V2104B# EDO(2K) 

KM48V2104B#--L 

1Mx16 5V±10% KM416C1000A# 
* 
60/70/80 Fast Page(4K) :42 Pin SOJ [400mil] 

KM416C1000A#-L (50/60/70 T:44 Pin TSOP-II (Forward) 

KM416C1200A# in B ver.) Fast Page(1 K) [400milj 

KM416C1200A#-L 

KM416C1004A# EDO(4K) 

KM416C1004A#-L 

KM416C1204A# EDO(1K) 

KM416C1204A#-L 

KM416V1000A# 60/70/80 Fast Page(4K) 

KM416V1000A#-L 

KM416V1200A# Fast Page(1 K) 

KM416V1200A#-L 

KM416V1004A# EDO(4K) 

KM416V1004A#-L 

KM416V1204A# EDO(1K) 

KM416V1204A#-L 

• The 3rd gen.(B version) of 1Mx16 is under development and will take a place of this version(A version) from 30 1996 . 

• ,Millin' ELECTRONICS 
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CMOS DRAM General Information 

KM44C16100A# S : 32 pin TSOP II(Forward) 

KM44C16004A# [400milj 

KM44C16104A# 

3.3V±0.3V KM44V16000A# 50/60/70 Fast Page(aK) 

KM44V16000A#-L 

KM44V16100A# Fast Page(4K) 

KM44V16100A#-L 

KM44V16004A# EDO(aK) 

KM44V16004A#-L 

KM44V16104A# EDO(4K) 

KM44V16104A#-L 

aMxa 5V±10% KM4aCaOOOA# 50/60/70 Fast Page(aK) 

KM4aCa100A# Fast Page(4K) 

KM4aCaOOOA# EDO(aK) 

KM4aCa100A# 

KM4aVaOOOA# 50/60/70 Fast Page(aK) 

KM4aVaOOOA#-L 

KM4aVa100A# Fast Page(4K) S : 50 pin TSOP II(Forward) 

KM4aVa100A#-L [400milj 

KM4aVa004A# EDO(aK) 

KM4aVa004A#-L 

KM4aVa104A# EDO(4K) 

KM4aVa104A#-L 

4Mx16 3.3V±O.3V KM416V4000A# 50/60/70 Fast Page(aK) 

KM416V4000A#-L 

KM416V4100A# Fast Page(4K) 

KM416V4100A#-L 

KM416V4004A# EDO(aK) 

KM416V4004A#-L 

KM416V4104A# EDO(4K) 

KM416V4104A#-L 

tl:1ti¥jll}i. 
ELECTRONICS 
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FUNCTION GUIDE 

3. DRAM Ordering System 

This DRAM ordering system is being used from 2H1995. 

2 3 4 5 6 7 8 9 

KM4AA B ccccc o E - F GG 

SAMSUNG -'-,1, 
Memory 

DRAM 

Organization 

Product 

I 
_J 

T Speed 

Power(DC Current) 

Density & ModelFeature. _______ _ 

Revision 

1. SAMSUNG Memory 

2. DRAM(4) 

3. Organization 
1 --------------------------------------- xl 
4 --------------------------------------- x4 
8 --------------------------------------- x 8 

16 --------------------------------------- x 16 
32 --------------------------------------- x 32 

4. Product 
G--------------------------------------- 5V 
V--------------------------------------- 3.3V 

5. Density & Mode/Feature 
Refer to "Ghapter 2. Product Guide.' 

6. Revision 
Blank --------------------------------- 1 st Gen. 
A --------------------------------------- 2nd Gen. 
B --------------------------------------- 3rd Gen. 
G --------------------------------------- 4th Gen. 
D --------------------------------------- 5th GEn. 

tlM+JiiU. 
ELEC1'RONICS 

Package Type 

7. Package Type 
J ---------------------------SOJ 
T --------------------------- TSOP II (Forward) 
P ---------------------------DIP 
Z ---------------------------ZIP 
K -------------------------- SOJ(Shrinked PKG,SOJ) 
S --------------------------- TSOP II (Shrinked PKG,Forward) 

8. Power(DC Current) 
Blank ---------------------------------- Normal 
L ---------------------------------------- Low power 

with Self refresh 

9. Speed 
- 5 -------------- 50 ns 
-55 -------------- 55ns 
- 6 -------------- 60 ns 
- 7 -------------- 70 ns 
- 8 -------------- 80 ns 

25 
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• KM41C1000D 
• KM44C256D 
• KM48C128 
• KM48C124 
• KM416C60 
• KM416C64 





KM41C1000D CMOS DRAM 

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

DESCRIPTION 

This is a family of 1,048,576 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal 
or Low power) , and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have 
CAS-before-IiAS refresh, liAS-only refresh and Hidden refresh capabilities. 
This 1 Mx1 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

FEATURES • Fast Page Mode operation 

• Part Identification • CAS-before-RAS refresh capability 
- KM41 C1 000D/D-L(5V) • liAS-only and Hidden refresh capability 

• TTL(5V) compatible inputs and outputs 

• 256K x 4 fast test mode 
• JEDEC Standard pinout 

• Active Power Dissipation 
Unil'mW 

Speed Active Power Dissipation 

• Available in Plastic SOJ, ZIP and DIP packages 

• Single +5V±10% power supply 

-6 385 
-7 358 
-8 330 

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 

I Part No. 
Refresh Refresh period 
Cycle Normal I L 

IKM41C1000D 512 8ms I 1281lls 
..-____ . .r: ~:: 

VBB Generator I:J 

• Performance range: 

Speed tRAC tCAC tRC tPC 
-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

-8 80ns 20ns 150ns 50ns 

SAMSUNG ELECTRONIC CO, , LTD. reserves the right to 
change products and specifications without notice . 

• ,M+jihi• 
. ELECTRONICS 

o 

Q 

31 



KM41C1000D 

PIN CONFIGURATION (Top Views) 

• KM41C1000DJ • KM41 C1 OOODZ 

D V$ 
W Q 

RAS" CAS" 
TF N.C 

N.C A9 

Al 
A2 
A3 

Vee 

D 

W 

R"AS 

o 

• KM41C1000DP 

A8 
A7 
A6 
A5 
A4 

Vss 

Q 

CAS" 

A9 

Pin Name Pin Function 

AO-A9 Address Inputs 

D Data In 
Q Data Out 

Vss Ground 
RAS Row Address Strobe 

CMOS DRAM 

TF 
CAS Column Address Strobe 

AD A8 

Al A7 

A2 A6 

W Read/Write Input 
Vee Powe[(+5.0V) 

N.C No Connection 
A3 A5 

TF Test Function 
Vee A4 

NL No Lead 

.,"{¥jini• 
ELEmONICS. 
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KM41C1000D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,Vour -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -1 to +7.0 V 

Storage temperature Tstg -55 to +150 °C 

Power dissipation Po 600 mW 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min Typ 

Supply voltage Voc 4.5 5.0 

Ground Vss 0 0 

Input high voltage VIH 2.4 -
Input low voltage VIL -1.0.2 -

*1 : Vcc+2.0V at pulse width S 20ns (pulse width is measured at Vce) 

*2 : -2.0V at pulse width S 20ns (pulse is measured at Vss) 

Max Unit 

5.5 V 

0 V 
VcC+fl V 

0.8 V 

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

Parameter Symbol Min Max Units 

Input leakage current (Any input OSVINSVcc+O.5V hell -5 5 I1A 
all other pins not under test=O volts.) 

Output leakage current 10(l) -5 5 JlA (Data out is disabled, OVSVolITSVec) 

Output high voltage level(loH=-5mA) VOH 2.4 - V 

Output low voltage level(lol=4.2mA) VOL - 0.4 V -

.,,,,W)lib> 
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KM41C1000D CMOS DRAM 

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

Speed 
Max 

Symbol Power 
KM41C1000D 

-6 60 
Icc1 Don't care -7 55 

-8 50 

Icc2 Don't care Don't care 2 

-6 60 
Icc3 Don't care -7 55 

-8 50 

-6 50 
IcC4 Don't care -7 45 

-8 40 

Icc5 
Normal Don't care 1 

L 100 

-6 60 
Icc6 Don't care -7 55 

-8 50 

IcC? L Don't care 100 

Icc1' : Operating current (RA"S and CAS, Address cycling @tRC=min.) 

Icc2 : Standby current ( RAS=CAS=W=VIH ) 

Icc3' : RAS-only refresh current (CAS"=VIH, RA"S ,Address cycling @tRC=min.) 

Icc4' : Fast Page Mode current (RA"S=VIL, CAS, Address cycling @tPC=min.) 

Icc5 : Standby current (RAS=CAS"=W=Vcc-O.2V) 

Icc6' : CAS-before-RA"S refresh current (RAS and CAS" cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Units 

rnA 
rnA 
rnA 

rnA 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

rnA 
IlA 

rnA 
rnA 
rnA 

!lA 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS=CAS-before-RAS" cycling or O.2V 

DIN=W=AO - A9 = Vcc-O.2V or O.2V , TRC= 125~(L-ver), TRAS= TRASmin-300 ns 

• NOTE : Icc1, Icc3, Icc4 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, Icc3 
and Icc6. address can be changed maximum once while RAS"=VIL. In Icc4, Address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM41C1000D CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [Ol CINl - 5 pF 

Input capacitance [AO - A9] CIN2 - 6 pF 

Input capacitance [liAS, CAS, Wj CIN3 - 7 pF 

Output capacitance [a] COUT - 7 pF 

AC CHARACTERISTICS (O°CSTAS70°C, See note 1,2) 
Test condition: Vcc=5.0V±100/0, VihNiI=2.4/0.8V, VohNol =2.0/0.8V 

-6 -7 -8 
Parameter Symbol 

Min Max Min Max Min 
Units Notes 

Max • 
Random read or write cycle time tRC 110 130 150 ns 

Read-modify-write cycle time tRWC 130 150 170 ns 

Access time from RAS tRAC 60 70 80 ns 3,4,10 

Access time from C"AS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,9 

C";Z;:S to output in Low-Z tell 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 15 0 20 0 20 ns 6 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

liAS" precharge time tRP 40 50 60 ns 

]:lAs pulse width tRAS 60 10K 70 10K 80 10K ns 

liAS hold time tRSH 15 20 20 ns 

C";Z;:S hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10K 20 10K 20 10K ns 

liAS to CAS" delav time tRCD 20 45 20 50 20 60 ns 4 

liAS to column address delav time tRAD 15 30 15 35 15 40 ns 10 

CAS" to ]:lAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

Column address hold time referenced to RAS tAR 50 55 60 ns 14 

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 8 

Read command hold time referenced to RAS tRRH 0 0 0 ns 

Write command hold time tWCH 10 10 10 ns 

Write command hold time referenced to RAS tWCR 45 50 55 ns 14 

Write command Dulse width tWP 10 10 10 ns 

Wrjte_command 10 ~ lead lime IRWL 15 15 1<; ns 

Write command to CAS lead time tCWL 15 15 15 ns 

tl&+Jlhi• 
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KM41 C1 OOOD CMOS DRAM 

AC CHARACTERISTICS (O°C;:g6!>70°C, See note 2) 

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

Data set-up time tOS 0 0 0 ns 9 

Data hold time tDH 15 15 15 ns 9 

Data hold time referenced to RAS" tDHR 50 55 60 ns 14 

Refresh period(Normal) tREF 8 8 8 ms 

Refresh period(L -ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7 

cAS to W delay time tCWD 15 20 20 ns 7 
F!AS" to W delay time tRWD 60 70 80 ns 7 

Column address to W delay time tAWD 30 35 40 ns 7 

CAS. precharge to W delay time tCPWD 35 40 45 ns 

CAS set-up time (CAS-before-RAS" refresh) tCSR 5 5 5 ns 

CAS hold time lCAS-before-RAS" refresh) tCHR 15 15 15 ns 

F!AS" to CAS precharge time tRPC 5 5 5 ns 

CAS precharQe time(CBR counter test cycle tCPT 20 25 30 ns 

Access time from CAS precharge tCPA 35 35 45 ns 3 

Fast PaQe mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write.cv.cle tim~ tPRWC 60 60 65 ns 

cAS precharae time (Fast paQe cycle) tCP 10 10 10 ns 

~ pulse width{Fast page cycle) tRASP 60 200K 70 200K 80 200K ns 

~ hold time from CAS precharge tRHCP 40 45 50 ns 
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KM41 C1 OOOD CMOS DRAM 

NOTES 

1. An initial pause of 200l1s is required after power up followed by any 8 ROR or CBR 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 Sns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads 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(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD~ tRCD(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 characteristics only. If tWCS~tWCS(min),the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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. Normal operation requires the "TF" pin to be connected to Vss or TTL logic low level or left unconnected 
on the printed wiring board. 

12. When the "TF" pin is connected to a defined positive voltage, the internal test function may be activated. 
Contact Samsung for specific operational details of the "test function". 

13. In a test mode cycle, the value of tRAC, tCAC, tAA is delayed for 3ns. 
14. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 

tl:!:'¥jih" 
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KM44C256D CMOS DRAM 

256K x 4 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 262,144 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal 
or Low power), and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have 
CAS"-before-RAS refresh, R"AS-only refresh and Hidden refresh capabilities. 
This 256Kx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

FEATURES • Fast Page Mode operation 

• Part Identification • CAS"-before-RAS" refresh capability 
- KM44C256D/D-L(5V) • RAS-only and Hidden refresh capability 

• TIL(5V) compatible inputs and outputs 

• Early write or Output Enable controlled write 

• JEDEC Standard pinout 
• Active Power Dissipation 

Unit-mW 
Speed Active Power Dissipation 

• Available in Plastic SOJ, ZIP, and DIP packages 

• Single +5V±10% power supply 

-6 385 
-7 358 
-8 330 

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 

Part No_ Refresh Refresh period 
Cycle Normal I L 

KM44C256D 512 8ms 1 128ms 
...-____ . _ r: ~: 

vss Generator I:J 

• Performance range: 

Speed tRAC tCAC tRC tPC 
-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

-8 80ns 20ns 150ns 50ns 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C256D CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C256DJ • KM44C256DP • KM44C256DZ 

DaD 20 Vss 
Vss DOl 19 003 DOD 

W lS D02 DOl D03 4 D03 

RAS" 17 CAS" W D02 000 

I 16 OJ: RAS" CAS" W 
N.C OJ: 

N.L 
AD AS 

A7 Al 
15 AS Al 

Al 14 A7 A2 A6 A3 

A2 13 A6 A3 A5 A4 
A3 12 A5 Vee A4 A6 

Vee a 11 A4 
AS 

Pin Name Pin Function 
AO-AS Address Inputs 
000-3 Data In/out 

Vss Ground 

RAS Row Address Strobe 

CAS' Column Address Strobe 

W Read/Write Input 

OE Data Outputs Enable 
Vee Power(+5.0Vl 
N.C No Connection 

Nl No Lead 

.,&&1%" 
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KM44C256D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1 to +7.0 V 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 V 

Storage temperature Tstg -55 to +150 °C 
Power dissipation Po 600 mW 

Short circuit output current los 50 rnA 

'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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min Typ 

Supply voltage Vee 4.5 5.0 

Ground Vss 0 0 

Input high voltage VIH 2.4 -
Input low voltage VIL -2.0.2 -

'1 : Vcc+2.0V at pulse width::; 20ns (pulse width is measured at Vcc) 

'2 : -2.0V at pulse width::; 20ns (pulse is measured at Vss) 

Max Unit 

5.5 V 

0 V 
VCC+f1 V 

0.8 V 

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

Parameter Symbol Min Max Units 

Input leakage current (Any input O::;VIN:>:Vcc+0.5V II(L) -5 5 ~ 
all other pins not under test=O volts.) 

Output leakage current 10(L) -5 5 ~ (Data out is disabled, OV:>:VolIT:>:Vcc) 

Output high voltage level(loH=-5mA) VOH 2.4 - V 

Output low voltage level(loL=4.2mA) VOL - 0.4 V 

."U¥liUt• 
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KM44C256D CMOS DRAM 

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

Speed 
Max 

Symbol Power 
KM44C256D . 

-6 60 
ICCl Don't care -7 55 

-8 50 

Icc2 Don't care Don't care 2 

-6 60 
Icc3 Don't care -7 55 

-8 50 

-6 50 
IcC4 Don't care -7 45 

-8 40 

Iccs Normal Don't care 1 
L 100 

-6 60 
Icc6 Don't care -7 55 

-8 50 

Icc? L Don't.care 100 

ICC1' : Operating current (RAS" and cAS", Address cycling @tRC=min.) 

Icc2 : Standby current ( RAS"=CAS"=W=VIH ) 

Icc3' : RAS-only refresh current (CAS=VIH, RAS ,Address cycling @tRC=min.) 

Icc4' : Fast Page Mode current (RAS=VIL, CAS", Address cycling @tPC=min.) 

Iccs : Standby current ( RAS=CAS"=W=Vcc-O.2V) 

ICC6' : CAS-before-RAS" refresh current (RAS and CAS" cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
~ 

mA 
mA 
mA 

IlA 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS=CAS"-before-RAS" cycling or O.2V 

DIN=W =AO - A8= Vcc-O.2V or O.2V , TRC= 125!JS(L-ver), TRAS= TRAsmin-300 ns 

* NOTE: ICC1, Icc3, Icc4 and Icca 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, Icc3 
and Icc6, address can be changed maximum once while RAS"=VIL. In Icc4, Address can be 
changed maximum once within one fast page mode cycle time tPC . 
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KM44C256D CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A8] CIN1 - 6 pF 

Input capacitance [RAS, CAS, W,ITE] CIN2 - 7 pF 

Output capacitance [000-003] COUT - 7 pF 

AC CHARACTERISTICS (O°CgA~70°C, See note 1,2) 
Test condition: Vcc=5.0V±10%, Vit,JVil=2.4/0.8V, VohNol=2.0/0.8V 

-6 -7 -8 
Parameter Symbol 

Min Max Min Max Min 
Units Notes 

Max 

Random read or write cycle time tRC 110 130 150 ns 

Read-modify-write cycle time tRWC 155 175 195 ns 

Access time from I1AS tRAC 60 70 80 ns 3,4,10 

Access time from cAS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,9 

CAS to output in Low"Z tCLZ 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 15 0 20 0 20 ns 6 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

HAS precharge time tRP 40 50 60 ns 

HA:> pulse width tRAS 60 10K 70 10K 80 10K ns 

RA:> hord time tRSH 15 20 20 ns 

CA:> hold time tCSH 60 70 80 ns 

cAS pulse width tCAS 15 10K 20 10K 20 10K ns 

HAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

HAS to column address delav time tRAD 15 30 15 35 15 40 ns 10 

cAS to liAS Jlrecha~ge time ICRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 to ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

Column address hold time referenced to liAS tAR 50 55 60 ns 11 

Column address to I1AS lead time tRAL 30 35 40 ns 

Read command set-up lime tRCS 0 0 0 ns 

Read command hold time referenced 10 CAS" tRCH 0 0 0 ns 8 

Read command hold time referenced to liAS IRRH 0 0 0 ns 8 

Write command hold time tWCH 10 10 10 ns 

Write command hold time referenced to liAS tWCR 45 50 55 ns 11 

Write command Dulse width tWP 10 10 10 ns 

Write command to liAS lead time IRWL 15 15 15 ns 

Write command 10 CA:> lead time tCWL 15 15 15 ns 

.,M+JiiU' 
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KM44C256D CMOS DRAM 

AC CHARACTERISTICS (O°C~~70°C, See note 2) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Data set-up time tDS 0 0 0 ns 9 
Data hold time tDH 15 15 15 ns 9 
Data hold time referenced to RAS" tDHR 50 55 60 ns 11 

Refresh period(Normal) tREF 8 8 8 ms 

Refresh period(L -ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7 

ci'lS to W delay time tCWD 40 45 45 ns 7 
l'1A"S to W delay time tRWD 85 95 105 ns 7 • Column address to W delay time tAWD 55 60 65 ns 7 

Ci'IS precharge to W delay time tCPWD 60 65 70 ns 

Ci'\S set-up time (Ci'IS-before-RAS" refresh) tCSR 5 5 5 ns 

Ci'IS hold time (Ci'IS-before-RAS refresh) tCHR 15 15 15 ns 

l'1A:S to CA:"Sprecharge time tRPC 5 5 5 ns 

ci'lS precharQe time(CBl'1 counter test cycle\ tCPT 20 25 30 ns 

Access time from CAS precharge tCPA 35 35 40 ns 3 

Fast PaQe mode cvcle time tPC 40 45 50 ns 

Fast Paae mode read-modilv-write cvcle timE tPRWC 80 85 90 ns 

ci'lS precharQe time (Fast paQe cvcle) tCP 10 10 10 ns 

RAS Dulse width (Fast Daoe cvcle) tRASP 60 lOOK 70 lOOK 80 lOOK ns 

l1i'1S hold time from Ci'IS precharQe tRHCP 40 45 50 ns 

OE access time tOEA 15 20 20 ns 

DE to data delav tOED 15 20 20 ns 

OutPut buffer turn off delav time from DE tOEZ 0 15 0 20 0 20 ns 

010 command hold time tOEH 15 20 20 ns 

tl&¥j¥'$ 
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KM44C256D CMOS DRAM 

NOTES 

1. 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. 

2. VIH(min) and VIL(max) are reference 'Ievels for measuring timing of input signals. Transition times are 
measured between VIH(min) and VIL(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 
4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 

reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD~ tRCD(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 characteristics only. If tWCS~WCS(min),the cycles is an early write cycle and 
the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS leading edge in early write cycles and to the W leading 

edge in 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. tAR, tWCR, and tDHR are referenced to tRAD(MAX) . 
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KM48C128 CMOS DRAM 

128K x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 131,072 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time (55, 60, or 70) and 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 Low 
power version. 
This 128Kx8 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
personal computer and portable machines. 

FEATURES 
• Part Identification 

- KM48C128/L 

• Active power consumption Unil'mW 

Speed Active power consumption 

-55 413 
-6 385 
-7 360 

• Refresh cycles 

Part 
Vcc 

Refresh Refresh period 
NO. cycle Normal L 

48C128 5V 512 8ms 64ms 

• Performance range 

Speed tRAC tCAC tRC IPC 
-55 55ns 15ns 110ns 40ns 
-6 60ns 15ns 110ns 40ns 
-7 70ns 20ns 130ns 45ns 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-'RAS' refresh capability 
• 'RAS'-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Available in plastic SOJ packages 

• Single+5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

,--___ ---,. J: ~:: 
vas Generator I:J 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice . 
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KM48C128 CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C128J 

Vss 1 0 Vss 
000 2 007 
001 3 006 
002 4 005 
D03 5 004 

W 6 'CAS" 

"RAS" OE 
AO A8 
A1 A7 
A2 

0 
A6 

A3 A5 
Vee A4 

(SOJ) 

Pin Name Pin Function Pin Name Pin Function 

AO-A8 Address Inputs W Read/Write Input 
000-7 Data In/Out OE Data Output Enable 

Vss Ground 
Vee 

"RAS" Row Address Strobe 
Power (+5V) 

CAS Column Address Strobe N.C No Connection 

tl:!{¥lih" ELEmONICS 
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KM48C128 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
I 

I 
Parameter. Symbol Rating Units I 

I 
f---- ----

;~lta9~ on any pin relative to Vss I VIN,VOUT -1_0 to +7.0 i V 
--+---~---

Voltage on Vee supply relative to Vss Vee -1 0 to +70 V 
! ----I 

; Storage Temperature Tstg -55 to + 150 DC 

I Power Dissipation PD 1 W L 

i 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 (Voltages referenced to Vss, TA= 0 to 70 DC) 

~ p ... mete, Symbol Min Typ Max Unit 

_ Supply Voltage Vee 4.5 5.0 5.5 V 
Vss 0 0 0 I V 

i I 
I 

I 
i L Ground 

----j 

i Input High Voltage V,H 2.4 

llnput Low Voltage VIL -1.0'2 

*1: Vcc+2.0V/20ns, Pulse width is measured at Vcc. 

*2: -2.0V/20ns, Pulse width is measured at Vss. 

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

- VCC+1.0'l V I -, 
- 0.8 V I 

I 

I 
I 

I 
I 
I 
I 

I I Parameter I Symbol Min Max I Units I 
'- --j 
I Input Leakage Current (Any input 0~VIN~VCC+0.5V, 

Ii(L) -5 5 )JA 
I I (Any input 0~VIN~VCC+0.5V, all other pins not under test=OV) 

I Output Leakage Current I 

I 

10(L) -5 5 )JA 
(Data out is disabled, OV~Vou~Vcc) I 
Output High Voltage Level (loH=-5mA) VOH 2.4 - V I 

I 
I-~-----

I i Output Low Voltage Level (loL=4.2mA) VOL - 0.4 I V 

.,:1:'&W'O· 
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KM48C128 CMOS DRAM 

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

Symbol Power Speed Max 
_. 

-55 
ICCl Don't care -6 

-7 

Icc2 Don't care Don't care 

-55 
Icc3 Don't care -6 

-7 

-55 
Icc4 Don't care -6 

-7 

Iccs 
Normal Don't care 

L 

-55 
Icc6 Don't care -6 

-7 

Icc? L Don't care 

Iccs L Don't care 

ICC1* : Operating current (RAS", CAS", Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"=CAS"=VIH, W=Don't care) 

65 
65 
55 

2 

65 
65 
55 

60 
60 
55 

1 
150 

65 
65 
55 

300 

200 

Icc3* : RAS"-only refresh current (CAS"=VIH, RAS" , Address cycling @tRC=min.) 

Icc4* : Fast Page Mode current (RAS"=VIL, CAS", Address cycling @tPC=min.) 

Iccs : Standby current (RAS"=CAS"=Vcc-O.2V, W=Don't care) 

Icc6* : CAS"-before-RAS" Refresh current (RAS" and CAS" cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"= O.2V 

Din = Don't care, TRC=125~, TRAS= TRAS min-300 ns 

Iccs : Self refresh current 

RAS"=CAS"=VIL, W=OE"=AO - A8 = Vcc-O.2V or O.2V, 

DOO - D07= Vcc-O.2V, O.2V or open 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
rnA 

mA 
~ 

mA 
mA 
mA 

~ 

~ 

* NOTE: ICC1, Icc3, IcclI and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time, tPC . 

• ,,,,,:f)idi> 
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KM48C128 CMOS DRAM 

CAPACITANCE (TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - AS] C'N1 - 5 pF 

Input capacitance fRAS", C7i:S", W, OE] C,N2 - 7 pF 

Output Capacitance [000- 007] Coa - 7 pF 

AC CHARACTERISTICS (O°CgA~70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VihNiI=2.4/0.SV, Voh!Vol=2.4/0.4V 

l 
- 55 -6 -7 

Parameter Symbol 
Min Min Max Min Max 

Units Notes 
Max 

Random read or write cycle time tRC 110 110 130 ns • Read-modify-write cycle time tRWC 155 155 185 ns 

Access time from RAS" tRAC 55 60 70 ns 3.4,10 

Access time from CAS" tCAC 15 15 20 ns 3.4,5 

Access time from column address tAA 30 30 35 ns 3.10 

CAS" to output in low-Z tClZ 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 15 0 15 0 15 ns 6 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

"RAg precharge time tRP 40 40 50 ns 

"RAg pulse width tRAS 60 10K 60 10K 70 10K ns 

"RAS" hold tirne tRSH 15 15 20 ns 

CAS" hold time tCSH 60 60 70 ns 

CAS" pulse width tCAS 15 10K 15 10K 20 10K ns 

"RAS" to CAS" delay time tRCD 20 45 20 45 20 50 ns 4 

"RAS" to column address delay time tRAD 15 30 15 30 15 35 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 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 10 15 ns 

Column address to RAS" lead time tRAl 30 30 35 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 set-up time tWCS 0 0 0 ns 

Write command hold time tWCH 10 10 10 ns 

Write command pulse width tWP 10 10 10 ns 

Write command to RAS" lead time tRWl 15 15 15 ns 

Write command to CAS" lead time tCWl 15 15 15 ns 

t1:!:1¥)ihi• 
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KM48C128 CMOS DRAM 

AC CHARACTERISTICS (O°C::;;T~70°C, See note 1,2) 

- 55 -6 -7 
Parameter Symbo 

Min Max Min Max Min Max 
Units Notes 

Data set-up time IDS 0 0 0 ns 9 
Data hold time tDH 10 10 15 ns 9 
Refresh period (Normal) tREF 8 8 8 ms 

Refresh period (L-ver) tREF 64 64 64 ms 

CAS" to W delav time tCWD 40 40 50 ns 8 

RAS" to W delay time tRWD 85 85 95 ns 8 

Column address to W delav time tAWD 55 55 60 ns 8 

CAS" precharge to W delay time tCPWD 60 60 65 ns 

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

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 10 ns 

RAS" to CAS" precharce time tRPC 5 5 5 ns 

CAS" precharge time(CBR counter test cvcle tCPT 20 20 25 ns 

Access time from CAS" precharae tePA 35 35 40 ns 3 

Fast Page mode cvcle time tPC 40 40 45 ns 

Fast Pace mode read-modifv-write cvcle tim tPRWC 80 80 95 ns 

CAS" precharce time (Fast pace cvcle) tCP 10 10 10 ns 

RAS" Dulse width (Fast Dace cvcle) tRASP 60 100K 60 100K 70 100K ns 

RAS" hold time from CAS" precharae tRHCP 35 35 40 ns 

OE access time tOEA 15 15 20 ns 

OE to data delav tOED 15 15 20 ns 

Out out buffer t rn off delav time from OE tOEZ 0 15 0 15 0 20 ns 6 

OE command hold lime tOEH 1!,; 15 20 ns 

RAS" pulse width (C-B-R self refresh) tRASS 100 100 100 I1S 11 

RAS" precharge time (C-B-R self refresh) tRPS 110 110 130 ns 11 

CAS" hold time {C-B-R self refresh) tCHS -50 -50 -50 ns 11 

.,"{¥lid·' 
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KM48C128 CMOS DRAM 

NOTES 

1. An initial pause of 200~ is required after power-up followed by any 8 liA"S-only 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 50pF. 

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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS leading edge in early write cycles and to the W leading 

edge in 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. For all of the refresh mode except the distributed CAS-before-RAS refresh mode, 512 cycles of burst 

refresh must be executed within 4ms before and after self refresh, in order to meet refresh 

specification. (L -version) . 

• ,&&1%'· 
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KM48C124 CMOS DRAM 

128K x 8 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 131 ,072x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high speed 
random access of memory cells within the same row. Access time (55, 60, or 70) and 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 Low 
power version. 
This 128Kx8 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
personal computer and portable machines. 

FEATURES 
• Part Identification 

- KM48C124/L 

• Active power consumption 
Unit:mW 

Speed Active power consumption 

-55 413 
-6 385 
-7 358 

• Refresh cycles 

Part 
Vee 

Refresh Refresh period 
NO. cycle Normal l 

48C124 5V 512 8ms 64ms 

• Performance range 

[ Speed tRAC tCAC tRC tHPC 

i -55 55ns 17ns 104ns 25ns 

i -6 60ns 17ns 104ns 25ns 
[ -7 70ns 20ns 124ns 30ns 

lOOf 
CAS" 

W 

• Extended Data Out operation 

• Byte Read/Write operation 
• CAS"-before-"RAS" refresh capability 

• "RAS"-only and Hidden refresh capability 

• SAlf-refresh capability (L-ver only) 

• TTL compatible inputs and outputs 

• Early Write or output enable controlled write 

• Available in plastic SOJ packages 

• Single +5V± 10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

,--____ . r.: ~:: 
Vaa Generator j::J 

SAMSUNG ELECTRONIC CO. L TO. reserves the right to 
change products and specifications without notice. 
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KM48C124 CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C124J 

Vss 1 0 Vss I 000 2 007 
001 3 006 I 

002 4 005 
003 5 004 

W 6 CAS 

"RAS UE 
AO AS 
A1 A7 
A2 

0 
A6 

A3 A5 
Vee A4 

(SOJ) 

Pin Name Pin Function Pin Name Pin Function 
AO-AS Address Il'lputs W Read/Write In~ut 
000-7 Data InlOut UE Data Output Enable 

Vss Ground 
Vee 

RAS Row Address Strobe 
Power (+5V) 

CAS Column Address Strobe N.C No Connection 

.,&&)I'W. 
ELECTRONICS 

53 



KM48C124 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOIIT -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -1.0 to +7.0 V 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage VIH 2.4 

Input Low Voltage VIL -1.0'2 

*1: Vcc+2.0V/20ns, Pulse width is measured at Vcc. 

*2: -2.0V/20ns, Pulse width is measured at Vss. 

Typ 

5.0 

0 

-
-

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

Max Unit 

5.5 V 
0 V 

Vcc+1.0" V 
0.8 V 

I Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0:;;;VIN:;;;VCC+0.5V, h(L) -5 5 ~ (Any input O:;;;VIN:;;;VCC+0.5V, all other pins not under test=OV) 

Output Leakage Current 
10(L) -5 5 ~ (Data out is disabled, OV<Vour:;;;Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 V 

54 
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KM48C124 CMOS DRAM 

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

Symbol Power Speed 

-55 
Icc1 Don't care -6 

-7 

Icc2 Don't care Don't care 

-55 
Icc3 Don't care -6 

-7 

-55 
Icc4 Don't care -6 

-7 

Iccs 
Normal 

Don't care 
L 

-55 
Icc6 Don't care -6 

-7 

Icc? L Don't care 

Iccs L Don't care 

Icc1' : Operating current (RAS", CAS, Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"=CAS=VIH, W=Don't care) 

Max 

65 
65 
55 

2 

65 
65 
55 

85 
85 
75 

1 
150 

65 
65 
55 

300 

200 

Icc3' : RAS-only refresh current (CAS=VIH, RAS" , Address cycling @tRC=min.) 

Icc4' : Hyper Page Mode current (RAS"=VIL, CAS, Address cycling @tHPC=min.) 

Iccs : Standby current (RAS"=CAS=Vcc-O.2V, W=Don't care) 

Icc6' : CAS-before-RAS" Refresh current (RAS" and CAS cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(V,L)=O.2V, CAS= O.2V 

Din = Don't care, TRC=125Ils, TRAS= TRAS min-300 ns 

Iccs : Self refresh current 

RAS=CAS=VIL, W=O"E=AO - A8 = Vcc-O.2VorO.2V, 

DOO - D07 = Vcc-O.2V, O.2V or open 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
IlA 

mA 
mA 
mA 

IlA 

IlA 

, NOTE: Icc1, Icc3, lec4 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, Icc3, 
and Iccs, address can be changed maximum once while RAS"=V,L. In Icc4, address can be 
changed maximum once within one hyper page cycle time, tHPC 

t1&&jiHi. 
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KM48C124 CMOS DRAM 

CAPACITANCE (TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A8] CINl - 5 pF 

Input capacitance [RAS", CAS", W, OE] CIN2 - 7 pF 

Output Capacitance [000 - 007] Coa - 7 pF 

AC CHARACTERISTICS (0°C$TAS;70°C, See note 1,2) 
Test condition: Vcc=5.0V±10%, VihNiI=2.4/0.8V, VOhNol =2.0/0.8V 

- 55 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 104 104 124 ns 

Read-modify-write cycle time tRWC 135 140 165 ns 

Access time from RAS" tRAC 55 60 70 ns 3,4,10 

Access time from CAS" tCAC 17 17 20 ns 3,4,5 

Access time from column address tAA 30 30 35 ns 3,10 

CAS to output in Low-Z tCLZ 3 3 3 ns 3 

Output buffer turn-off delav from CAS" tCEZ 3 15 3 15 3 15 ns 6, 13 

Transition time (rise and faU) IT 2 50 2 50 2 50 ns 2 

RAS precharge time tRP 40 40 50 ns 

RAS" pulse width tRAS 60 10K 60 10K 70 10K ns 

RAS hold time tRSH 17 17 20 ns 

CAS" hold time tCSH 50 50 60 ns 

CAS pulse width tCAS 10 10K 10 10K 15 10K ns 11 

RAS to CAS" delav time tRCD 20 43 20 43 20 50 ns 4 

RAS" to column address delav time tRAD 15 30 15 30 15 35 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 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 10 15 ns 

Column address to RAS" lead time tRAL 30 30 35 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 set-up time tWCS 0 0 0 ns 7 

Write command hold time tWCH 10 10 10 ns 

Write command pulse width tWP 10 10 10 ns 

Write command to RAS" lead time tRWL 15 15 15 ns 

Write command to CAS" lead time tCWL 10 10 15 ns 

t,:ftI¥jiiW. 
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KM48C124 CMOS DRAM 

AC CHARACTERISTICS (O°CSTAgO°C, See note 1,2) 

-55 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-uD time ItDS 0 0 0 ns 9 

Data hold time 'IDH 10 10 15 ns 9 

Refresh Deriod INormal) tREF 8 8 8 ms 

Refresh period (L-ver) IREF 64 64 64 ms 

CAS" to W delav lime !CWO 36 36 44 ns 7 

RAS" 10 W delav lime IIRWO 74 79 94 ns 7 

Column address 10 W delav time ItAWn 49 49 59 ns 7 

CAS" orecharae 10 W delav lime IIr.pwn 54 54 64 ns • CAS" sel-UD lime lCAS"-before-RAS" refresh) ItCRR 5 5 5 ns 

CAS" hold lime ICAS"-before-RAS" refresh) IICHR 10 10 10 ns 

RAS" to CAS" ,time ItRPC 5 5 5 ns 

CAS" orecharae time ICBR counler tesl cvcle) ItCPT 20 20 25 ns 

I Access time from CAS" ItCPA 35 35 40 ns ~ 

I HvnF!r P"nF! mnrlF! r.vr.fF! tim" III-Ipr. 25 25 30 ns 11 

: Hvoer Paae mode read-morlifv-write evele timE 56 56 71 ns 11 

'N~ I lim" (Hlln"r n .. n" "1Ir.1,,\ IIr.p 10 10 10 ns 

RAS" Dulse width IHvDer n"oe r.vr.fe) ItRA!=:P 60 100K 60 100K 70 lOOK ns 

RA!':" hnlrl tim" frnm ~ or"r.h"rn" IIRI-lr.P 35 35 40 ns 

OE" access time It()FA 15 15 20 ns ~ 

01= tn rl"',, rl"l"v Ilnl"n 15 15 20 ns 

()ut nut huffer turn nff rl"l"v tim" from riI= ·'()F7 3 15 3 15 3 20 ns F; 

01= tn n"lo"l in Inw_7 Inl7 3 3 3 ns 

01=" "nn"" ""rI hnlrl tim" InFI-I 15 15 20 ns 

nlllolli rI"I" hnlrl limA Innl-l 5 5 5 ns 

()ulnut huff'" turn nff rl"l .. v frnm RA!':" IRF7 3 15 3 1<; 3 ')0 ns '" ,., 
n"lo"l h"ffAr "orn nff rI"I,,,, frnm W IIAlI"7 3 1" ~ 1<; 3 '>n ns c 

W_tn Mta rI"b, +lA/en 15 15 20 ns 

01= In 1"'1<"1':" hnlrl limA Inrl-l 5 5 5 ns 

CA!':" holrl tim" to IT!=" 1r.1-I() 5 5 5 ns 

OE" ,time t()FP 5 5 5 ns 

W Dulse width (hvDer Daae cvcle) tWPE 5 5 5 ns 

RAS" pulse width(C-B-R self refresh) ItRARR 100 100 100 Ils 12 

RAS" precharge timeJC-B-R self refresh) tRPS 110 110 130 ns 12 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 12 

tl&¥jih'tP 
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KM48C124 CMOS DRAM 

NOTES 

1. An initial pause of 200llS is required after power-up followed by any 8 RAS"-only 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 equivalent to 2 TTL loads and 50pF. 

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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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. tASC~6ns, Assume tT =2.0ns. 

12. For all of the refresh mode except the distributed CAS"-before-RAS" refresh mode, 512 cycles of burst 

refresh must be executed within 4ms before and after self refresh, in order to meet refresh 

specification. (L-version). 

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

high going. If CAS" goes high before RAS" high going, the open circuit condition of the output is 

achieved by"RAS" high going . 
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KM416C60 CMOS DRAM 

64K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 65,536 x 16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(55,60 or 70) power consumption (Normal 
or Low power) and package type(SOJ or TSOP) are optional features of this family. All of this family have 
CAS"-before-"Ri\S" refresh, "Ri\S"-only refresh and Hidden refresh capabilities. Further more, Self-refresh 
operation is available in Low power version. 
This 64Kx16 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. It may be used as graphic memory unit 
for microcomputer, personal computer and portable machines. 

FEATURES 
• Part Identification 

- KM416C601L 

• Active power consumption 
Unlt:mW 

Speed Active power consumption 

-55 495 
-6 440 
-7 385 

• Refresh cycles 

Part 
Vcc 

Refresh Refresh period 
NO. cycle Normal L 

416C60 5V 256 4ms 32ms 

• Performance range: 

Speed tRAC tCAC tRC tPC 

-55 55ns 15ns 110ns 40ns 
-6 60ns 15ns 110ns 40ns 
-7 70ns 20ns 130ns 45ns 

• Fast Page Mode operation 
• 2 WE" ByteIWord Write operation 
• CAS"-before-"RAS" refresh capability 
• "RAS"-only and Hidden refresh capability 

• Self-refresh capability (L-ver only) 

• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Available in plastic SOJ and TSOP(II) packages 

• Single +5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

Jlp;s....,----.., ....-___ --, .. r: ~: CAS" 
ow 
rw---t.---r---' 

Vee Generator I::J 

SAM SUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM416C60 CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C6OJ • KM416C60T 

vee [ 1 0 '-' 40 PVss vee Vss 
DOO[2 39 ~D015 DOO D015 
D01[3 38 D014 D01 D014 
D021 4 37 D013 D02 D013 

D03 D012 D03 5 36 D012 
D04 D011 D04 6 35 D011 
D05 D010 D05 7 34 D010 D06 D09 

D06 8 33 D09 D07 D08 
D07 9 32 D08 N.C N.C 
N.C 10 31 N.C 
Vee 11 30 Vss 
OW 12 29 CAS" Vss 
[W 13 28 OE CAS" 

l=V\S" 14 27 N.C OE 
AO 15 26 N.C N.C 

N.C A1 16 25 N.C 
N.C A2 17 24 A7 
A7 A3 18 0 23 A6 A6 

A4 19 22 flA5 A5 vec 20 21 PVss Vss 

(SOJ) (TSOP(II)-Forward Type) 

Pin Name Pin Function 

AO-A7 Address In~uts 
DOO-15 Data In/Out 

Vss Ground 
RAS" Row Address Strobe 
CAS" Column Address Strobe 
[W Lower Write Input 
OW Upper Write Input 
OE Data Output Enable 

Vee Power (+5V) 

N.C No Connection 

tlM&jih" ELEcrRONICS 
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KM416C60 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1.0 to +7.0 V 

Voltage on Vee supply relative to VSS Vee -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 DC 

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 (Voltages referenced to Vss, TA= 0 to 70 DC) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage VIH 2.4 

Input Low Voltage VIL -1.0'2 

*1: Vcc+2.0V/20ns, Pulse width is measured at Vcc. 

*2: -2.0V/20ns, Pulse width is measured at Vss. 

Typ 

5.0 

0 

-
-

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

Max Unit 

5.5 V 

0 V 
VeC+1.0'l V 

O.B V 

Parameter Symbol Min Max Units 

Input Leakage Current (Any input os;VIN::;;VCC+0.5V, Ii(L) -5 5 IlA (Any input O::;;VIN::;;VCC+0.5V, all other pins not under test=OV) 

Output Leakage Current 10(L) -5 5 IlA (Data out is disabled, OV<VOUT<VCC) 

Output High Voltage Level (IOH=-2.5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=2.1 mAl VOL - 0.4 V 

.,,,:,+JiUI; 
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KM416C60 CMOS DRAM 

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

Symbol Power Speed 

-55 
Icc1 Don't care -6 

-7 

Icc2 Don't care Don't care 

-55 
Icc3 Don't care -6 

-7 

-55 
Icc4 Don't care -6 

-7 

Iccs 
Normal 

Don't care L 

-55 
Icc6 Don't care -6 

-7 

Icc? L Don't care 

Iccs L Don't care 

Max 

KM416C60 

75 
75 
65 

2 

75 
75 
65 

65 
65 
60 

1 
150 

75 
75 
65 

300 

200 

Icc1* : Operating current (TfI\S" , Cj\g, Address cycling @tRC=min.) 

Icc2 : Standby current (TfI\S"=Cj\g=VIH, [W=UW=Don't care) 

Icc3* : "RAS"-only refresh current ~=VIH, "RAS" , Address cycling @tRC=min.) 

Icc4* : Fast Page Mode current (TfI\S"=VILorCj\g, Address cycling @tHPC=min.) 

Iccs : Standby current (TfI\S"=CAS"=Vcc-O.2V, [W=UW=Don't care) 

Icc6* : CAS"-before-"RAS" Refresh current (TfI\S" orCj\g cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, Cj\g= O.2V 

Din = Don't care, TRC= 125J.1.S, TRAS= TRASmin-300 ns 

Iccs : Self refresh current 

"RAS"=Cj\g=VIL, [w=UW=OE"=AO - A7 = Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2V or open 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
j.IA 

mA 
mA 
mA 

j.IA 

j.IA 

* NOTE: Icc1, Icca, Icc4 and Icc6 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 Icc6, address can be changed maximum once while "RAS"=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time, tPC . 

• ,&&)110' 
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KM416C60 CMOS DRAM 

CAPACITANCE (TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A7] CIN1 - 5 pF 

Input capacitance £RAS, CAS",r:w,UW,OEJ CIN2 - 7 pF 

Output Capacitance [000 - 0015] Coo - 7 pF 

AC CHARACTERISTICS (0°C:5T~70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VitJVil=2.4/0.8V, VohIVol =2.4/0.4V 

-55 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 110 110 130 ns • I Read-modify-write cycle time tRWC 150 155 180 ns 

Access time from R~ tRAC 55 60 70 ns 3,4,10 

Access time from CAS" tCAC 15 15 20 ns 3,4,5 

Access time from column address tAA 30 30 35 ns 3,10 

CAS" to output in Low-Z tCLZ 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 15 0 15 0 15 ns 6 

Transition time (rise and fa/l) tT 3 50 3 50 3 50 ns 2 

RAS" precharge time tRP 40 40 50 ns 

R~ pulse width tRAS 60 10K 60 10K 70 10K ns 

RAS" hold time tRSH 15 15 20 ns 

C~holdtime tCSH 60 60 70 ns 

CAS" pulse width tCAS 15 10K 15 10K 20 10K ns 

~ to CAS" delav time tRCD 20 45 20 45 20 50 ns 4 

R~ to column address delay time tRAD 15 30 15 30 15 35 ns 10 

CAS" to ~ 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 IASC 0 0 0 ns 

Column address hold time tCAH 10 10 15 ns 

Column address to ~ lead time tRAL 30 30 35 ns 

Read command set-uo 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 ~ tRRH 0 0 0 ns 8 

Write command set-up time tWCS 0 0 0 ns 7 

Write command hold time tWCH 10 10 10 ns 

Write command pulse width tWP 10 10 10 ns 

Write command to ~ lead time tRWL 15 15 15 ns 

Write command to CAS" lead time tCWL 15 15 15 ns 

.,:I:I&jlld' 
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KM416C60 CMOS DRAM 

AC CHARACTERISTICS (O°C$TA!>70°C, See note 1,2) 

-55 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 10 10 15 ns 9 

Refresh period (Normal) tREF 4 4 4 ms 

Refresh period (L-ver) ItREF 32 32 32 ms 

CAS" to W delay time IICWD 40 40 50 ns 7 

RAS to W delay time tRWD 85 85 95 ns 7 

Column address to W delay time I lAwn 55 55 60 ns 7 

CAS precharge to W delay time ItCPWD 50 60 65 ns 

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

CAS hold time (CAS-before-RAS refresh) I tCI-IR 10 10 10 ns 

RAS to CAS" precharoe time tRPC 5 5 5 ns 

CAS precharge time(CBR counter test cycle) tCPT 20 20 25 ns 

Access time from CAS" precharoe tCPA 35 35 40 ns 3 

Fast Page mode cvcle time tPC 40 40 45 ns 

Fast Paoe mode read-modifv-write cycle tim ·tPRWC 80 80 95 ns 

CAS" orecharoe time (Fast oaoe cvcle) tCP 10 10 10 ns 

RAS pulse width (Fast Dace cycle) tRASP 60 lOOK 60 lOOK 70 lOOK ns 

RAS hold time from CAS" orecharae tRI-ICP 35 35 40 ns 

OE access time t()FA 15 15 20 ns 

OE to data delay t()l=n 15 15 20 ns 

Out put buffer turn off delay time from OE t()F7 0 15 0 15 0 20 ns 6 

OE command hold time t()1=1-I 15 15 20 ns 

Masked write Set-uo time tMeR 0 0 0 ns 

Masked write hold time referenced to RAS IMRI-I 0 0 0 ns 

Masked write hold time referenced to CAS" tMCH 0 0 0 ns 

RAS pulse width(C-B-R self refresh) tRASS 100 100 100 !IS 11 

RAS" precharge time (C-B-R self refresh) tRPS 100 110 130 ns 11 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 11 

tlW¥iihi; 
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KM416C60 CMOS DRAM 

NOTES 

1. An initial pause of 200llS is required after power-up followed by any 8 RAS-only or as-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 5ns for all inputs. 

3. Measured with a load equivalent to 1 TIL loads and 50pF. 

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 tRCD<': tRCD(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 characteristics only. If tWCS<,: tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD<,: tCWD(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 the CAS leading edge in early write cycles and to the W leading 

edge in 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. For all of the refresh mode except the distributed CAS-before-RAS refresh mode, 256 cycles of burst 

refresh must be executed within 4ms before and after self refresh, in order to meet refresh 

specification.(L-ver.) 

KM416C60/L Truth Table 

RAS CAS [W uw OE DOO-D07 DOS - D015 STATE 

H X X X X Hi-Z Hi-Z Standby 

L H X X X Hi-Z Hi-Z Refresh 

L L H H L DO-OUT DO-OUT Word Read 

L L L H X DO-IN - Byte Write 

L L H L X - DO-IN Byte Write 

L L L L X DO-IN DO-IN Word Write 

.,M¥)ih" 
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KM416C64 CMOS DRAM 

64K x 16 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 65,536 x 16 bit Extended Date Out CMOS DRAMs. Extended Date Out Mode offers high 
speed random access of memory cells within the same row. Access time (55, 60 or 70), power consumption 
(Normal or Low power) and package type (SOJ or TSOP-II) are optional features of this family. All of this 
family have CAS"-before-RAS" refresh, RAS"-only refresh and Hidden refresh capabilities. Further- more, 
Self-refresh operation is available in Low power version. 
This 64Kx16 Extended Date Out Mode DRAM family is fabricated using Samsung's advanced CMOS 

process to realize high band-width, low power consumption and high reliability. It may be used as graphic 
memory unit for microcomputer, personal computer and portable machines. 

FEATURES 
• Part Identification 

- KM416C64/L 

• Active power consumption 
Unil'mW 

Speed Active power consumption 

-55 495 
-6 440 

l 
-7 385 

• Refresh cycles 

Part 
Vee 

Refresh Refresh period 
NO. cycle Normal L 

416G64 5V 256 4ms 32ms 

• Performance range: 

I Speed tRAG tGAC tRC tHPC 
I -55 55ns 17ns 104ns 25ns 

I -6 60ns 17ns 104ns 25ns 

I -7 70ns 20ns 124ns 30ns 

• Extended Date Out Mode operation 

• 2 WE BytelWord Write operation 
• CAS"-before-RAS" refresh capability 
• RAS"-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• TTL compatible inputs and outputs 
• Early Write or output enable controiled write 

• Available in plastic SOJ and TSOP(II) packages 
• Single +5V ± 10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

'FIAS" ...... -----, ,-_-:--__ . _ r: ~: 'CAS" 
[W 

uw---r. __ .--'-.... VBB Generator I:J 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM416C64 CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C64J • KM416C64T 

vee Vss vee Vss 
000 0015 000 0015 
001 0014 001 0014 
002 0013 OQ2 0013 
003 0012 003 0012 

I 004 0011 004 0011 
005 0010 005 0010 006 DOg 

006 DOg 007 OOB 
DO? OOB N.C N.C I 
N.C N.C 
Vee Vss 
UW CAS" Vss 
[W OE" CAS" 

"RAS" N.C OE" 
AO N.C N.C 

N.C A1 N.C 
N.C A2 A? 
A? A3 0 A6 A6 

A4 A5 A5 vee Vss Vss 

(SOJ) (TSOP(II)-Forward Type) 

Pin Name Pin Function 

AO-A7 Address Inputs 
000 -15 Data InlOut 

Vss Ground 
"RAS" Row Address Strobe 

CAS" Column Address Strobe 
[W Lower ReadlWrite Input 
UW Upper ReadlWrite Input 
OE" Data Output Enable 

Vee Power (+5V) 

N.C No Connection 

.,,,,,,,,lih> 
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KM416C64 CMOS DRAM 

. 
ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1.0 to +7.0 V 

Voltage on Vcc supply relative to Vss Vee -1.0 to +7.0 V 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage VIH 2.4 

Input Low Voltage VIL -1.0'2 

*1: Vcc+2.0V/20ns, Pulse width is measured at Vee. 

*2: -2.0Vl20ns, Pulse width is measured at Vss. 

Typ 

5.0 

0 

-
-

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

Max Unit 

5.5 V 

0 V 

VCC+1.0'l V 

0.8 V 

I 

Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0:;;VIN:;;VCC+0.5V, 
h(L) -5 5 ItA (Any input 0:;;VIN:;;VCC+0.5V, all other pins not under test=OV) 

Output Leakage Current 10(L) -5 5 ItA (Data out is disabled, OV<Vour::>Vcc) 

Output High Voltage Level (loH=-2.5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=2.1 mA) VOL - 0.4 V 

.,W¥jih'!crRON,CS 
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KM416C64 CMOS DRAM 

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

Symbol Power Speed 

-55 
ICCl Don't care -6 

-7 

Icc2 Don't care Don't care 

-55 
Icc3 Don't care -6 

-7 

-55 
Icc4 Don't care -6 

-7 

Iccs 
Normal 

Don't care L 

-55 
Icc6 Don't care -6 

-7 

Icc7 L Don't care 

Iccs L Don't care 

Max 

75 
75 
65 

2 

75 
75 
65 

90 
90 
80 

1 
150 

75 
75 
65 

300 

200 

ICC1' : Operating current (RAS" , CAS", Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"=CAS"=VIH. [W=OW=Don't care) 

Icc3' : RAS"-only refresh current (CAS"=VIH, RAS" , Address cycling @tRC=min.) 

Icc4* : Hyper Page Mode current (RAS"=VILorCAS", Address cycling @tHPC=min.) 

Iccs : Standby current (RAS"=CAS"=Vcc-O.2V, [W=OW=Don't care) 

Icc6' : CAS"-before-"RAS" Refresh current (RAS" orCAS" cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"= O.2V 

Din = Don't care, TRC= 12511S, TRAS= TRASmin-300 ns 

Iccs : Self refresh current 

RAS"=CAS"=VIL, [w=OW=OE"=AO - A7 = Vcc-O.2V or O.2V, 

DQO - DQ15= Vcc-O.2V, O.2V or open 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
J.IA 

mA 
mA 
mA 

J.IA 

J.IA 

, NOTE: ICC1, Icc3, Icc4 and Icc6 ate dependent on output loading and cycle rates. Specified values 
are obtained Weith the output open. Icc is specified as an average current. In ICC1, Icc3, 
and Icc6. address can be changed maximum once while RAS"=VIL. In lec4, address can be 
changed maximum once within one Hyper page mode cycle time, tHPC. 

tl:ft1¥iihiiP 
ElEcrRONICS 

69 



KM416C64 CMOS DRAM 

CAPACITANCE (TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A7] CINl - 5 pF 

Input capacitance [RAS", CAS", LVI,OW, OE] . CIN2 - 7 pF 

Output Capacitance [000 - 007] Coa - 7 pF 

AC CHARACTERISTICS (0°C$TAS70°C, See note 1,2) 
Test condition: Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNol =2.0/0.8V 

- 55 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 104 104 124 ns 

Read-modify-write cycle time tRWC 135 140 165 ns 

Access time from RAS" tRAC 55 60 70 ns 3,4,10 

Access lime from ~ tCAC 17 17 20 ns 3.4,5 
Access time from column address tAA 30 30 35 ns 3,10 

CAS to output in Low-Z tCLZ 3 3 3 ns 3 

Output buffer tum-off delay from ~ tCEZ 3 15 3 15 3 15 ns 6,13 

Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2 

RAS" precharge time tRP 40 40 50 ns 

RAS Dulse width tRAS 60 10K 60 10K 70 10K ns 

R.A:S" hold time tRSH 17 17 20 ns 

~holdtime tCSH 50 50 60 ns 

I CAS" pulse width tCAS 10 10K 10 10K 15 10K ns 11 

RAS" to ~ delav time tRCD 20 43 20 43 20 50 ns 4 

RAS" to column address delay time tRAD 15 30 15 30 15 35 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 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 10 15 ns 

Column address to RAS" lead time tRAL 30 30 35 ns 

Read command set-up time tRCS 0 0 0 ns 

I Read command hold time referenced to ~ tRCH 0 0 0 ns 8 

I Read command hold time referenced to RAS" tRRH 0 0 0 ns 8 

Write command set-yptime tWCS 0 0 0 ns 7 

Write command hold time tWCH 10 10 10 ns 

Write command Dulse width tWP 10 10 10 ns 

i Write command to RAS" lead time tRWL 15 15 15 ns 

I Write command to ~ lead time tCWL 10 10 15 ns 

tlM¥ill!i. 
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KM416C64 CMOS DRAM 

AC CHARACTERISTICS (O°C:5TA:570°C, See note 1,2) 

-55 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Note! 

Data set-uD time tDS 0 0 0 ns 9 

Data hold time tDH 10 10 15 ns 9 

Refresh Deriod (Normal) tREF 8 8 8 ms 

Refresh Deriod (L-ver) tREF 64 64 64 ms 

CAS" to W delav time tCWD 36 36 44 ns 7 

RAS to W delav time tRWD 74 79 94 ns 7 

Column address to W delav time tAWD 49 49 59 ns 7 

CAS" Drecharae to W delav time tCPWD 54 54 64 ns 

CAS" set-uD time (CAS"-before-RAS refresh) ItCSR 5 5 5 ns 

CAS" hold time (CAS"-before-RAS" refreshL licHR 10 10 10 ns 

RAS" to CAS" Drecharae time ItRPC 5 5 5 ns 

CAS" Drecharae time (CBR CQunter~est cllCle) licPL 20 20 25 ns 

I Access time from CAS" ItCPA 35 35 40 ns 3 

Hvoer Paoe mode evelA limA It~pr. 25 25 30 ns 11 

I HVDer PaDe mode read-modifv-write cvele lime IIHPRWC. 56 56 71 ns 11 

leAS: ,timA (~vnA' n"nA evelA\ Itr.p 10 10 10 IlS 

IRAS Dulse width IHvDer DaDe cvcle) IIRARP 60 lOOK 60 lOOK 70 lOOK ns 

IRA'S: holdJime_frnm ~ nrAeh"mA Itl=l~r.p 35 35 40 ns 

10E" access time IIOEA 15 15 20 ns 3 

Inl= tn rl"t" rlAI"" Itol=n 15 15 20 ns 

10111 nllt hllffAr 111m off rlAI"v limA from DE" ItOl=7 3 15 3 15 3 20 ns 6 
Inl= tn nlltnllt in Inw_7 ItOl7 3 3 3 ns 

10E" holrllimA ItOI=~ 15 15 20 ns 

I Cutout data hold time Itno~ 5 Ii 5 ns 

101llnllt hllff ... tllrn off rl .. l"v from ~ Itl=l1=7 3 15 3 15 3 20 ns 6.13 

I O"tn"t h"ff.,r to orn nff rl.,I"" frnm W 1,""1=7 ::I 15 ::I 15 ::I 20 ns 6 

IWtorl"t"rlAI"v ItWl=n 15 15 20 ns 

Inl= tn l"'A~ hnlrl tim A Itnr.1- 5 Ii 5 ns 

leAS" holrl lim .. 10 DE" Itr.~o 5 5 5 ns 

OE" Drecharae time ItOEP 5 5 5 ns 

W Dulse width (hVDer Dace cvcle) ltWf>E 5 5 5 ns 

Masked write Set-uD time tMCS 0 0 0 ns 

Masked write hold time referenced to RAS tMRH 0 0 0 ns 

Masked write hold time referenced to CAS" tMCH 0 0 0 ns 

RAS Dulse wid1h(C-B-R self refresh) LtRASS 100 100 100 lIS 12 

RAS" Drecharae time (C-B-R self refresh) ItRPS 110 110 130 ns 12 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 12 
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KM416C64 CMOS DRAM 

NOTES 
1. An initial pause of 200~ is required after power-up followed by any B "RAS"-only 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 equivalent to 1 TIL loads and 50pF. 

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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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. tASC~6ns. Assume tT =2.0ns 

12. For all of the refresh mode except the distributed CAS"-before-"R]i;g refresh mode, 256 cycles of burst 

refresh must be executed withen 4ms before and after self refresh, in order to meet refresh 

specification.(L-ver.) 

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

high going. If CAS" goes high before RAS high going, the open circuit condition of the output is 

achieved by"R]i;g going 

KM416C64/L Truth Table 

"R]i;g CAS" [W OW OE DOO-D07 D08 - D015 STATE 

H X X X X Hi-Z Hi-Z Standby 

L H X X X Hi-Z Hi-Z Refresh 

L L H H L DO-OUT DO-OUT Word Read 

L L L H X DO-IN - Byte Write 

L L H L X - DO-IN Byte Write 

L L L L X DO-IN DO-IN Word Write 

.,"{")lia· 
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• KM41 C4000C 
KM41V4000C 

• KM44C1000C 
KM44V1000C 

• KM44C1003C 
• KM44C1004C 

KM44V1004C 

• KM44C1005C 

• KM48C5128 
KM48V5128 

• KM48C5148 
KM48V5148 

• KM416C2568 
KM416V2568 

• KM416C2548 
KM416V2548 

• KM48C512D 
KM48V512D 

• KM48C514D 
KM48V514D 

• KM416C256D 
KM416V256D 

• KM416C254D 
KM416V254D 





KM41C4000C, KM41V4000C CMOS DRAM 

4M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 4,194,304 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+S.OV or +3.3V), access 
time(-S, -6, -7 or -8), power consumption (Normal, Low power) ,and package type (SOJ, ZIP, TSOP-II) are 
optional features of this family. All of this family have CAS"-before-RA"S refresh, RAS-only refresh and 
Hidden refresh capabilities. Furthermore, self-refresh operation is available in Low power version. 
This 4Mx1 Fast Page Mode DRAM Family is fabricated using Sam sung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory for 
main frames ,mini computers, personal computer and high performance microprocessor systems. 

FEATURES • Fast Page Mode operation 

• Part Identification • CAS-before-RAS refresh capability 
- KM41 C4000C/CL(SV) • RAS-only and Hidden refresh capability 
- KM41V4000C/CL(3.3V) • Self-refresh capability (3.3V,L-ver only) 

• Fast parallel test mode capability 
• TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 

• Active Power Dissipation Unit:mW • Common 1/0 using early write 

Speed 3.3V 5V 
• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

-5 - 470 • +SV±10% power supply(SV product) 
-6 220 415 • +3.3V±0.3V power supply(3.3V product) 
-7 200 360 
-8 180 -

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 

Refresh Refresh time 
Vee 

cycle Normal L 

C1000C 5V lK 16ms 
V1000C 3.3V 

128ms 

.--___ ---.,. X:: ~:: 
VBB Generator I:J 

• Performance range: 

Speed tRAC tCAC tRC tPC Remark 
-5 50ns 13ns 90ns 35ns 5VOnly 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 70ns 20ns 130ns 45ns 5V13.3V AD ..,<\1 

-8 80ns 20ns 150ns 50ns 3.3V 

SAMSUNG ELECTRONIC CO .• L TO. reserves the right to 
change products and specifications without notice. 
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KM41C4000C, KM41V4000C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41CN4000CJ • KM41CN4000CT 

20 Vss D 20 Vss 

19 Q W 19 Q 

18 CAS ltW 18 CAS 

17 N.C N.C 17 N.C 

16 A9 Al0 16 A9 

15 A8 AO A8 
14 A7 Al A7 
13 A6 A2 A6 
12 A5 A3 0 A5 

Vee 0 11 A4 Vee A4 

Pin Name Pin Function 

AO - A10 Address Inputs 

D Data In 
Q Data Out 
Vss Ground 
RAS" Row Address Strobe 

CAS Column Address Strobe 
W ReadlWrite Input 
N.C No Connection 
Vee Power(+S.OV) 

Pbwer(+3.3V) 

tll'1¥jiih*' 
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KM41 C4000C, KM41 V4000C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Rating Units 
Parameter Symbol 

3.3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1 to. +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 V 

Storage temperature Tstg -55 to +150 -55 to +150 °C 

Power dissipation Po 600 600 mW 

Short circuit output current los 50 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply voltage Vee 3.0 3.3 3.6 4.5 5.0 
Ground Vss 0 0 0 0 0 

Input high voltage VIH 2.0 . Vcc+0.3'j 2.4 . 
Input low voltage VIL ·0.3'2 . 0.8 -1.0'2 . 

*1 : Vcc+ 1.3V/15ns(3.3V),Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc 

*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 

Unit 
Max 

5.5 V 

0 V 

Vec+1' j V 

0.8 V 

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

Parameter Symbol Min Max Units 

Input leakage current (Any input 0:S;VIN:S;Vcc+0.3V hILl 
, all other pins not under test=O volts.) 

-5 5 !1A 

3.3V 
Output leakage current 10(L) -5 5 IlA (Data out is disabled, OV:S;VOUThVCC) 

Output high voltage level(loH=-2mA) VOH 2.4 - V 

Output low voltage level(loL=2mA) VOL - 0.4 V 

Input leakage current (Any input 0:!>VIN:!>Vcc+0.5V hILl 
all other pins not under test=O volts.) 

-5 5 !1A 

5V 
Output leakage current IO(L) -5 5 !1A (Data out is disabled, OV:S;VOUThVCC) 

Output high voltage level(loH=-5mA) VOH 2.4 - V 

Output low voltage level(loL=4.2mA) VOL - 0.4 V 

tl&¥jihi• 
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KM41C4000C, KM41V4000C CMOS DRAM 

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

Symbol Power Speed 
KM41V4000C 

-5 -
Icc1 Don't care 

-6 60 
-7 55 
-8 50 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care 

-6 60 
-7 55 
-8 50 

-5 -
Icc4 Don't care -6 45 

-7 40 
-8 35 

Normal Don't care 0.5 
Iccs L 100 

-5 -
Iccs Don't care 

-6 60 
-7 55 
-8 50 

Icc? L Don't care 200 

Iccs L Don't care 150 

Icc1 *: Operating current (RAS" and CAS" cycling @tRC=min.) 

Icc2: Standby current (RAS"=CAS"=W=VIH) 

Max 

Icc3 *: RAS"-only refresh current (CAS"=VIH, RAS" ,Address cycling @tRC=min.) 

Icc4 *: Fast Page Mode current ("RAS"=VIL, CAS", Address cycling @tPC=min.) 

Iccs: Standby current (RAS"=CAS"=W=Vcc-O.2V) 

Iccs *: CAS"-before-RAS" refresh current ("RAS" and CAS" cycling @tRC=min.) 

KM41C4000C 

85 
75 
65 
-
2 

85 
75 
65 
-

65 
55 
45 
-
1 

200 

85 
75 
65 
-

300 

-

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"=O.2V 

DIN = Don't care, TAC= 125J.1s(L-ver), TAAS= TAAsmin-300 ns 

Iccs : Self refresh current 

"RAS"=CAS"=VIL, W=OE"=AO - A10= D= Vcc-O.2Vor O.2V 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
/lA 

mA 
mA 
mA 
mA 

J.lA 

J.lA 

* NOTE: Icc1, Icc3, Icc4and Iccsare dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icc3, 
and Iccs. address can be changed maximum once while "RAS"=VIL. In IcC4, Address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM41C4000C, KM41V4000C CMOS DRAM 
CAPACITANCE(TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [DJ CIN1 -
Input capacitance [AO - A10J CIN2 -
Input capacitance [RAS, CAS, WJ CINa -
Output capacitance [0] COUT -

AC CHARACTERISTICS (O°csr AgO°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihIViI=2.4/0.8V, VotNol=2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±O.3V, VihIViI=2.0/0.8V, VohIVol=2.0/0.8V 

_ 5>1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tAC 90 110 130 

Read-modify-write cycle time tAWC 108 130 155 

Access time from RAS" tAAC 50 60 70 

Access time from CAS" tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CAS" to output in Low-Z tCLZ 0 0 0 

Output buffer tum-off delay tOFF 0 13 0 15 0 20 

Transition time (rise and fall) tT 3 50 3 50 3 50 

RAS" precharge time tAP 30 40 50 

RAS" pulse width tAAS 50 10K 60 10K 70 10K 

RAS" hold time tASH 13 15 20 

CAS" hold time tCSH 50 60 70 

CAS" pulse width tCAS 13 10K 15 10K 20 10K 

RAS" to CAS" delall time tACO 20 35 20 45 20 50 

RAS" to column address delay time tAAD 15 25 15 30 15 35 

CAS" to RAS" precharge time tCRP 5 5 5 

Row address set-uptime tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time tCAH 10 10 15 

Column address hold time referenced to RiJl tAR 40 45 55 

Column address to RAS" lead time tAAL 25 30 35 

Read command set-up time tACS 0 0 0 

Read command hold time referenced to CAS" tRCH 0 0 0 

Read command hold time referenced to RAS" tRRH 0 0 0 

Write command hold time tWCH 10 10 15 

Write command hold time referenced to RAS" tWCR 40 45 55 

Write command Dulse width tWP 10 10 15 

Write command to RAS" lead time tRWL 13 15 20 

Write command to CAS" lead time tCWL 13 15 20 
Note) *1 : 5V only, *2 : 3.3V only 

,,"t'¥Jih'; 
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5 pF 

5 pF 

7 pF 

7 pF 

_ 8>2 

Min Max 
Units Notes 

150 ns 

175 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

60 ns 15 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

15 ns 

flO ns 15 

15 ns 

:>0 ns 

20 ns 
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KM41C4000C, KM41V4000C CMOS DRAM 

AC CHARACTERISTICS (O°C:S;T~O°C. See note 2) 

"1 -6 -7 _ 8"2 -5 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Data set-up time tDS 0 0 0 0 ns 9 

Data hold time tOH 10 10 15 15 ns 9 

Data hold time referenced to RAS" tDHR 40 45 55 60 ns 15 

Refresh period(Normal) tREF 16 16 16 16 ms 

Refresh period(L-ver} tREF 128 128 128 128 ms 

Write command set-up time tWCS 0 0 0 0 ns 7 

CAS" to W delay)ime tCwo 13 15 20 20 ns 7 

RAS" to W delay time tRWO 50 60 70 80 ns 7 

Column address to W delay time tAWO 25 30 35 40 ns 7 

CAS" precharge to W delay time tCPWO 30 35 40 45 ns 

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

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 15 15 ns 

RAS" to CAS" precharge time tRPC 5 5 5 5 ns 

CAS" precharge time(C8R counter test cycle) tCPT 20 20 25 30 ns 

Access time from CAS" precharge tCPA 30 35 40 45 ns 3 

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Paae mode read-modifv-write cvcle time tPRWC 53 60 70 75 ns 

CAS" precharge time (Fast page cycle) tCP 10 10 10 10 ns 

RAS" pulse width CFast paae cvcle) tRASP 50 1200K 60 1200K 70 200K 80 200K ns 

RAS" hold time from CAS" precharge tRHCP 30 35 40 45 ns 

Write command set-up timeCTest mode in) tWTS 10 10 10 10 ns 

Write command hold timeCTest mode in) tWTH 10 10 10 10 ns 

W to RAS" precharae timeCC-8-R refresh) tWRP 10 10 10 10 ns 

W to RAS" hold time(C-8-R refresh) tWRH 10 10 10 10 ns 

RAS" pulse width(C-8-R self refresh) tRASS 100 100 100 100 its 14 

RAS" precharae time (C-B-R self refresh) tRPS 90 110 130 150 ns 14 

1CAS" hold time CC-8-R self refresh) tCHS -50 -50 -50 -50 ns 14 
Note) *1 : 5V only, *2 : 3.3V only 

.,":':fjid'. 
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KM41C4000C, KM41V4000C CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

'1 -5 -6 -7 -8'2 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-modify-write cycle time tRWC 113 135 160 180 ns 

Access time from RAS" tRAC 55 65 75 85 ns 3,4,10 

Access time from CAS" tCAC 18 20 25 25 ns 345 

Access time from column address tAA 30 35 40 45 ns 310 

RAS" Dulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CAS" pulse width tCAS 18 .10K 20 10K 25 10K 25 10K ns 

RAS" hold time tRSH 18 20 25 25 ns 

CAS" hold time tCSH 55 65 75 85 ns 

Column address to RAS" lead time tRAL 30 35 40 45 ns 

CAS" to W delay time tCWD 18 20 25 25 ns 7 

RAS" to W delay time tRWD 55 65 75 85 ns 7 

Column address to W delay time tAWD 30 35 40 45 ns 7 

Fast Page mode cvcle time tPC 40 45 50 55 ns 

Fast page mode read-modify-write cycle time tPRWC 58 65 75 80 ns 

RAS" Dulse width (Fast Daae cvclel tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CAS" orecharae tCPA 35 40 45 50 ns 3 

Note) *1 : 5V only, *2 : 3.3V only 

.,&+)10" 
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KM41C4000C, KM41V4000C CMOS DRAM 

NOTES 

1. An initial pause of 200).1s is required after power up followed by any 8 ROR or CSR 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TIL(5V device)/1 TIL(3.3V device) loads 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(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD~ tRCD(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 characteristics only. If tWCS~WCS(min),the cycles is an early write cycle and the data 
out pin will remain high impedance for the duration of the cycle. If tCWD~ tCWD(min), tRWD~tRWD(min) 
and tAWD~ tAWD(min), then the cycle is a read-modify-write cycle and the data out 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. 

S. Either tRCH or tRRH must be satisfied for a read cycle. 
9. These parameters are referenced to the CAS' leading edge in early write cycles and to the W leading 

edge in 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, tAA, tCAC is delayed by 2ns to 5ns for the specified 

value. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) define the time at which the output achieves the open circuit condition and are not referenced 
to output voltage level. 

14. For all of the refresh modes except for distributed "CA'S'-Sefore-RAS' refresh, 1024cycles of burst refresh 
must be executed within 16ms before and after self refresh, in order to meet refresh specification.(3.3V 
L-ver.) 

15. tAR, tWCR, tDHR are referenced to tRAD(max.). 

.,,,,,¥)iiW. 
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KM44C1000C, KM44V1000C CMOS DRAM 

1 M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 1,048,576 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access 
time(-5, -6, -7 or -8), power consumption (Normal or Low power) , and package type (SOJ , DIP, ZIP or 
TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh, RA:"S-only 
refresh and Hidden refresh capabilities. Furthermore, self-refresh operation is available in 3.3V Low power 
version. 
This 1 Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory for 
main frames and mini computers, personal computer and high performance microprocessor systems. 

FEATURES • Fast Page Mode operation 

• Part Identification • CAS-before-RAS refresh capability 
- KM44C1000C/CL(5V) • RAS-only and Hidden refresh capability 
- KM44V1000C/CL(3.3V) • Self-refresh capability (3.3V,L-ver only) 

• Fast parallel test mode capability 
• TIL(5V)/L VTIL(3.3V) compatible inputs and outputs 

• Active Power Dissipation Unil:mW • Early Write or output enable controlled write 

Speed 3.3V 5V 
• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

-5 - 470 • Single +5V±10% power supply(5V product) 
-6 220 415 • Single +3.3V±0.3V power supply(3.3V product) 
-7 200 360 
-8 180 -

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 

Vee 
Refresh Refresh time 

cycle Normal L 

C1000C 5V 
.r: ~:: 

'-vBB~G-en-era-to-r-'~ 

1K 16ms 128ms 
V1000C 3.3V 

• Performance range: 

Speed tRAC tCAC tRC tPC Remark 
-5 50ns 13ns 90ns 35ns 5V 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 70ns 20ns 130ns 45ns 5V/3.3V 

-8 80ns 20ns 150ns 50ns 3.3V 

SAMSUNG ELECTRONIC CO_ , L TD_ reserves the right to 
change products and specifications without notice . 
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KM44C1000C, KM44V1000C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44CN1000CJ • KM44CN1000CT 

DOO Vss 
DOO 20 Vss DOl 003 
DOl 19 003 W 002 

W 18 DQ2 RAS" CAS" 
RAS" 17 CAS" A9 OJ: 

A9 16 OJ: 

AO A8 
AD 15 A8 Al A7 
Al 14 A7 A2 A6 
A2 13 A6 A3 0 A5 
A3 12 A5 Vee 11 A4 

Vee 0 11 A4 

Pin Name Pin Function 
AO-A9 Address Inputs 

DQO-3 Data In/Out 

Vss Ground 

"RAS" Row Address Strobe 

CAS" Column Address Strobe 

W Read/Write Input 

OE Data Outputs Enable 

Vee 
Power(+S.OV) 
Power(+3.3V) 
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KM44C1000C, KM44V1000C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Rating Units 
Parameter Symbol 

3.3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 V 

Storage temperature Tstg -55 to +150 -55 to +150 °C 

Power dissipation Po 600 600 mW 

Short circuit output current los 50 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply voltage Vee 3.0 3.3 3.6 4.5 5.0 
Ground Vss 0 0 0 0 0 

Input high voltage VIH 2.0 - Vcc+0.3"1 2.4 -
Input low voltage VIL -0.3"2 - 0.8 -1.0 "2 -

*1 : Vcc+ 1.3V/15ns(3.3V),Vcc+2.0V/20ns(5V), Pulse width is measured at Vee 

*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 

Unit 
Max 

5.5 V 

0 V 
Vcc+ 1.0' 1 V 

0.8 V 

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

Parameter Symbol Min Max Units 

Input leakage current (Any input Ii(l) 
0S;VINS;VCC+0.3V, all other pins not under test=O volts.) 

-5 5 ItA 

3.3V 
Output leakage current 10(l) -5 5 ItA (Data out is disabled, OVS;VOUTS;VCC) 

Output high voltage level(loH=-2mA) VOH 2.4 - V 

Output low voltage level(lol=2mA) VOL - 0.4 V 

Input leakage current (Any input 0S;VINS;Vcc+0.5V Ii(l) -5 5 IlA 
all other pins not under test=O volts.) 

SV 
Output leakage current 10(l) -5 5 IlA (Data out is disabled, OVS;VOUT'.5VCC) 

Output high voltage level(loH=-5mA) VOH 2.4 - V 

Output low voltage level(lol=4.2mA) VOL - 0.4 V 

tl&+ilhi' ELECTRONICS 
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KM44C1000C, KM44V1000C CMOS DRAM 

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

Symbol Power Speed 
KM44V1000C 

-5 -
Icc1 Don't care 

-6 60 
-7 55 
-8 50 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care 

-6 60 
-7 55 
-8 50 

-5 -
Icc4 Don't care -6 45 

-7 40 
-8 35 

Normal Don't care 0.5 
Iccs L 100 

-5 -
Icc6 Don't care 

-6 60 
-7 55 
-8 50 

Icc7 L Don't care 200 

Iccs L Don't care 150 

Icc1 *: Operating current (RAS" and CAS" cycling @tRC=min.) 

ICC2 : Standby current (RAS"=CAS"=W=VIH ) 

Max 

Icc3 *: RAS"-only refresh current (CAS"=VIH, RAS" ,Address cycling @tRC=min.) 

Icc4 *: Fast Page Mode current (RAS"=VIL, CAS", Address cycling @tPC=min.) 

Iccs : Standby current (RAS"=CAS"=W=Vcc-O.2V) 

ICC6 *: CAS"-before-RAS" refresh current (RAS" and CAS" cycling @tRC=min.) 

KM44C1000C 

85· 
75 
65 
-
2 

85 
75 
65 
-

65 
55 
45 
-
1 

200 

85 
75 
65 
-

300 

-

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"=O.2V 

DQO-3 = Don't care, TRc= 125~s(L-ver) ,TRAs=TRAsmin-300 ns 

Iccs : Self refresh current 

RAS"=CAS"=VIL, W=UE=AO - A9= Vcc-O.2V or O.2V, 

DQO - DQ3= Vcc-O.2V, O.2V or OPEN 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
JlA 

mA 
mA 
mA 
mA 

JlA 

JlA 

* NOTE: Icc1, Icc3, Icc4 and Icc6 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. Icc3 
and Icc6. address can be changed maximum once while RAS"=VIL. In IcC4, address can be 
changed maximum once within one fast page mode cycle time tPC . 

• ,"{:fjiUi. 
ELECl'RONICS 

86 

\ 



KM44C1000C, KM44V1000C CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V or 3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A9J CIN1 -
Input capacitance [RAS, CAS", w, OE] CIN2 -
Output capacitance [DOO - D03] Coa -

AC CHARACTERISTICS (0°CS;TAS;70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNol=2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohNol=2.0/0.8V 

-5 '1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 133 155 185 

Access time from R]\g tRAC 50 60 70 

Access time from CAS tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CAS to output in Low-Z tCLZ 0 0 0 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 

Transition time (rise and faU) tT 3 50 3 50 3 50 

RAS precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10K 60 10K 70 10K 

RASholdtime tRSH 13 15 20 

CAS" hold time tCSH 50 60 70 

CAS pulse width tCAS 13 10K 15 10K 20 10K 

RAS to CAS delay time tRCD 20 37 20 45 20 50 

RAS to column address delav time tRAD 15 25 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time ICAH 10 10 15 

Column address hold time referenced to RAS tAR 40 45 55 

Column address to R]\g lead lime IRAL 25 30 35 

Read command set-up lime tRCS 0 0 0 

Read command hold lime referenced to CAS tRr.H 0 0 0 

Read command hold time referenced to RAS IRRH 0 0 0 

Write command hold time tWr.H 10 10 15 

Write command hold time referenced to RAS tWr.R 40 45 55 

Wrile command Dulse width tWP 10 10 15 

Write command to R]\g lead tim tRWL 15 15 20 

Write command to CAS lead time tCWL 13 15 20 
Note) *1 ; 5V only, *2 ; 3.3V only 

tl:!ti¥ilh ,. 
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5 pF 

7 pF 

7 pF 

_ 8'2 

Min Max 
Units Notes 

150 ns 

205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

60 ns 15 

40 ns 

0 ns 

-~ ns 8 

0 ns 

~ ns 

AD ns 15 

11i ns 

20 ns 

20 ns 
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KM44C1000C, KM44V1000C CMOS DRAM 

AC CHARACTERISTICS (O°CsTA!>70°C, See note 2) 

-5 "1 -6 -7 _ 8"2 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units Notes 

Data set-up time IDS 0 0 0 0 ns 9 
Data hold time tDH 10 10 15 15 ns 9 
Data hold time referenced to RAS" tDHR 40 45 55 60 ns 15 
Refresh period(Normal) tREF 16 16 16 16 ms 

Refresh period(L-ver) tREF 128 128 128 0 128 ms 

Write command set-up time tWCS 0 0 0 50 ns 7 

cAS to W delay time tCWD 36 40 50 110 ns 7 

R"AS to W delay time tRWD 73 85 100 70 ns 7 

Column address to W delay time tAWD 48 55 65 75 ns 7 

CAS precharoe to W delav time tCPWD 53 60 70 10 ns 

CAS set-up time (CAS-before-RAS" refresh) tCSR 10 10 10 15 ns 

CAS hold time (CAS-before-~AS refresh) tCHR 10 10 15 5 ns 

R"AS to CAS precharge time tRPC 5 5 5 30 ns 

cAS" precharoe time(CB~ counter test evcle tCPT 20 20 25 ns 

Access time from CAS precharge tCPA 30 35 40 50 45 ns 3 

Fast Paoe mode cvcle time tPC 35 40 45 105 ns 

Fast Page mode read-modify-write c1l91e tim tPRWC 76 85 100 10 ns 

cAS precharae time (Fast paoe cvcle) tCP 10 10 10 80 ns 

RAS pulse width (Fast paoe cvcle) tRASP 50 200K 60 1200K 70 200K 45 200K ns 

RAS" hold time from CAS precharae tRHCP 30 35 40 ns 

OE" access time tOEA 13 15 20 20 20 ns 

LJJ:: to data delav tOED 13 15 20 0 ns 

Output buffer turn off delav time from OE tOEZ 0 13 0 11; 0 20 20 20 ns 6 

aE' command hold time tOEH 13 15 20 10 ns 

Write command set-up time(Test mode in) tWTS 10 10 10 10 ns 

Write command hold timelTest mode in) tWTH 10 10 10 10 ns 

W to RAS" precharoe timelC"-B-~ refreshL tWRP 1D 10 10 10 ns 

W to RAS hold timelC-B-~ refresh) tWRH 10 10 10 100 ns 

RAS nul",,, widthlC':-B-1=i ",elf refresh\ I tRASS 100 100 1100 150 us 14 

~AS orecharoe time IC-B-~ self refresh) ItRPS 90 110 130 -50 ns 14 
'rA~ hnld tim" IC':-R-I=i ",,,If r"fr"",h\ ItCHS -50 -50 -50 ns 14 
Note) *1 : 5V only, *2 : 3.3V only 

.,"{:f)ihi• 
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KM44C1000C, KM44V1000C CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

'I -5 -6 -7 -8'2 

Parameter Symbo Units Notes 
Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-modify-write cycle time tRWC 138 160 190 210 ns 

Access time from RAS" tRAC 55 65 75 85 ns 3,4,10 

Access time from CAS" tCAC 18 20 25 25 ns 345 

Access time from column address tAA 30 35 40 45 ns 310 

RAS" pulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CAS" pulse width tCAS 18 10K 20 10K 25 10K 25 10K ns • ! 

RAS" hold time tRSH 18 20 25 25 ns 

CAS" hold time tCSH 55 65 75 85 ns 

Column address to RAS" lead time tRAL 30 35 40 45 ns 

CAS" to W delay time tCWD 41 45 55 55 ns 7 

RAS" to W delay time tRWD 78 90 105 115 ns 7 

Column address to W delay time tAWD 53 60 70 75 ns 7 

Fast Paoe mode cycle time tPC 40 45 50 55 ns 

Fast page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS" Dulse width (Fast Daoe cycle) tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CAS" precharoe tCPA 35 40 45 50 ns 3 

OE access time tOEA 20 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

Note) *1 : 5V only, *2: 3.3V only 

.,:!ti¥JiiW. 
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KM44C1000C, KM44V1000C CMOS DRAM 

NOTES 

1. An initial pause of 200l-1s is required after power up followed by any 8 ROR or CSR 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 Sns for all inputs. 

3. Measured with a load equivalent to 2 TTL(SV device)/1 TTL(3.3V device) loads 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(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD:2: tRCD(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 characteristics only. If tWCS:2:tWCS(min),the cycles is an early write cycle and the data 
out pin will remain high impedance for the duration of the cycle. If tCWD:2: tCWD(min), tRWD:2:tRWD(min) 
and tAWD:2: tAWD(min), then the cycle is a read-modify-write cycle and the data out 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 the CAS" leading edge in early write cycles and to the W leading edge 

in 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, tAA, tCAC is delayed by 2ns to Sns for the specified 

value. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and are 
not referenced to output voltage level. 

14. For all of the refresh modes except for distributed CAS"-Before-RAS" refresh, 1024cycles of burst refresh 
must be executed within 16ms before and after self refresh, in order to meet refresh specification.(3.3V 
L-ver.) 

15. tAR, tWCR , tDHR are referenced to tRAD(max). 

tl"t'¥jll}i' 
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KM44C1003C CMOS DRAM 

1 M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode 

DESCRIPTION 

This is a family of 1,048,576 x 4 bit Fast Page Mode Quad CAS CMOS DRAMs. Fast Page Mode offers 
high speed random access of memory cells within the same row. Access time(-5, -6, -7 or -8), power 
consumption (Normal, Low power) , and package type (SOJ or TSOP-II) are optional features of this family. 
All of this family have CAS"-before-lt\S" refresh, It\S"-only refresh and Hidden refresh capabilities. 
All inputs and outputs are fully TTL compatible and four seperate CAS" pins provide for seperate I/O 
operation allowing this device to operate in parity mode. 
This 1 Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

FEATURES • Fast Page Mode operation 

• Part Identification • Four seperate CAS" pins provide for seperate I/O 
- KM44C1 003C/CL(5V) operation 

• CAS"-before-lt\S" refresh capability 
• RAS-only and Hidden refresh capability 
• Fast parallel test mode capability 

• Active Power Dissipation 
Unil:mW 

• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 

Speed Active power dissipation • JEDEC Standard pinout 

-5 470 • Available in Plastic SOJ and TSOP(II) packages 

-6 415 • Single +5V±10% power supply 

-7 360 

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 

Refresh Refresh Period 
Part NO. 

Cycle Normal L 

C1003C 1K 16ms 128ms 
....-___ ---, _r: ~:: 

VBB Generator I:J 

• Performance range: 

Speed tRAC tCAC tRC IPC 

-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns AO-A9 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM44C1003C 

000 
001 

W 
"RAS 

CASO 
CAS1 

A9 
AO 
A1 
A2 
A3 

Vee 

tl:!:i¥jiiW. 
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PIN CONFIGURATION (Top Views) 

• KM44C1003CJ 

-: 10 24 
2 23 

: 3 22 
4 21 

: 5 20 
6 19 

[ 7 18 
[ 8 17 
[ 9 16 
[ 10 15 
[ 11 0 14 
[ 12 13 

Pin Name 
AO-A9 
000-3 

Vss 
'RAS' 

CAS'0-CAS'3 

W 
OE' 
Vee 
N.C 

Vss 
003 
002 
CAS3 
OE 
CAS2 

N.C 
A8 
A7 
A6 
A5 
A4 

• KM44C1003CT 

Pin Function 
Address Inputs 

Data In/Out 

Ground 
Row Address Strobe 

Column Address Strobe 
ReadlWrite Input 

Data Outputs Enable 
Power{+5.0V) 

No Connection 

CMOS DRAM 

Vss 
003 
002 
CAS3 
OE 
CAS2 

N.C 
A8 
A7 
A6 
A5 
A4 
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KM44C1003C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -1 to +7.0 V 

Storage temperature Tstg -55 to +150 °C 

Power dissipation Po 600 mW 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min 

Supply voltage Vee 4.5 

Ground Vss 0 

Input high voltage VIH 2.4 

Input low voltage VIL -1.0.2 

*1 : Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured at Vss 

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

Typ Max Unit 

5.0 5.5 V 

0 0 V 

- Vcc+1.0·1 V 

- 0.8 V 

Parameter Symbol Min Max Units 

Input leakage current (Any input 0~IN~Vcc+0.5V Ii(L) -5 5 IlA 
all other pins not under test=O volts.) 

Output leakage current IO(L) -5 5 IlA (Data out is disabled, OV~Vo~Vcc) 

Output high voltage level(loH=-5mA) VOH 2.4 - V 

Output low voltage level(loL=4.2mA) VOL - 0.4 V 

.?"{:fJiU·' 
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KM44C1003C CMOS DRAM 

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

Symbol Power Speed 

-5 

Icc1 Don't care 
-6 
-7 

Icc2 Normal Don't care 
L 

-5 

Icc3 Don't care 
-6 
-7 

-5 

Icc4 Don't care -6 
-7 

Normal Don't care Iccs L 

-5 

Iccs Don't care -6 
-7 

Icc7 L Don't care 

Icc1 *: Operating current ("RAS" and CAS" cycling @tRC=min.) 

Icc2 : Standby current (RAS"=CAS"=W=VIH ) 

Max 

KM44C1003C 

85 
75 
65 

2 
1 

85 
75 
65 

65 
55 
45 

1 
200 

85 
75 
65 

300 

Icc3 *: ~-only refresh current (CAS"=VIH, "RAS" ,Address cycling @tRC=min.) 

Icc4 *: Fast Page Mode current (RAS"=VIL, CAS", Address cycling @tPC=min.) 

Iccs : Standby current (RAS"=CAS"=W=Vcc-0.2V) 

Iccs *: CAS"-before-"RAS" refresh current (RAS" and CAS" cycling @tRC=min.) 

Icc7 : 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, CAS"=0.2V 

000-3 = Don't care, TRC= 125~s(L-ver), TRAS= TRAsmin-300 ns 

Units 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 
rnA 
rnA 
rnA 
rnA 
rnA 

rnA 
IJ.A 

rnA 
rnA 
rnA 

IJ.A 

* NOTE: Icc1, Icc3, Icc4and Iccsare dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icc3, 
and Iccs, address can be changed maximum once while RAS"=VIL. In IcC4, address can be 
changed maximum once within one fast page mode cycle time tPC . 

• ,M¥JliUtP 
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KM44C1003C CMOS DRAM 

CAPACITANCE(T A=25°C, Vcc=5V , 1=1 MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A91 CINl - 5 of 
Input capacitance [RAS", CAS"0-CAS"3, W, O"E'] CIN2 - 7 pF 

Output capacitance [000 - 003] Coa - 7 pF 

i 
AC CHARACTERISTICS (O°C:s;TA90°C, See note 1,2) 
Test condition: Vcc=5.0V±10%, VihIViI=2.4/0.8V, VohIVol =2.4/0.4V 

Parameter 
-5 -6 -7 

Symbol 
Min Max Min Max Min Max 

Units Notes • Random read or write cycle time tRC 90 110 130 ns 

Read-modify-write cycle time tRWC 133 155 185 ns 

Access time from "Ri\S" tRAC 50 60 70 ns 3,4,10 

Access time from CAS" tCAC 13 15 20 ns 3,4,18 

Access time from column address tAA 25 30 35 ns 3,10 

CAS" to output in Low-Z tCLZ 0 0 0 ns 3,18 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 ns 6,18 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

RAS" precharge time tRP 30 40 50 ns 

RAS" Dulse width tRAS 50 10K 60 10K 70 10K ns 

"Ri\S" hold time tRSH 13 15 20 ns 16 

CAS" hold time tCSH 50 60 70 ns 17 

CAS" pulse width tCAS 13 10K 15 10K 20 10K ns 23 

"Ri\S" to CAS" delay time tRCD 20 37 20 45 20 50 ns 4,16 

RAS" to column address delav time tRAD 15 25 15 30 15 35 ns 10 

CAS" to "Ri\S" precharge time tCRP 5 5 5 ns 17 

Row address set-up time IASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time IASC 0 0 0 ns 16 

Column address hold time tCAH 10 10 15 ns 16 

Column address hold time referenced to "Ri\S" tAR 40 45 55 ns 

Column address to "Ri\S" lead time tRAL 25 30 35 ns 26 

Read command set-up time tRCS 0 0 0 ns 16 

Read command hold time referenced to CAS" tRCH 0 0 0 ns 8,17 

Read command hold time referenced to "Ri\S" tRRH 0 0 0 ns 8 

Write command hold time tWCH 10 10 15 ns 24 

Write command hold time referenced to RAS" tWCR 40 45 55 ns 26 

Write command Dulse width tWP 10 10 1', ns 

I_Wdle 110 RAS" I .... ll tim .. tRWI l!i 15 ?n nl: 

Write command to CAS" lead time ICWL 13 15 ?O ns 17 

.,:1:1+1%" ELECTRONICS 
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KM44C1003C CMOS DRAM 

AC CHARACTERISTICS (O°C~AS;70°C, See note 2) 

Parameter -5 -6 -7 
Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 10 

Data hold time tDH 10 10 15 ns 10 

Data hold time referenced to RAS tDHR 40 45 55 ns 26 

Refresh period(Normal) tREF 16 16 16 ms 

Refresh period(L-ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7,16 

CAS to W delay time tCWD 36 40 50 ns 7,16 

I1AS" to W delay time tRWD 73 85 100 ns 7 

Column address to W delay time tAWD 48 55 65 ns 7 

CAS" precharge to W delav time tCPWD 53 60 70 ns 

CAS set-up time (CAS-before-RAS refresh) tCSR 10 10 10 ns 16 

CAS hold time (CAS-before-l1AS refresh) tCHR 10 10 15 ns 17 

RAS to CAS" precharge time tRPC 5 5 5 ns 

CAS" precharge timelCBJi counter test cvcle tCPT 20 20 30 ns 

Access time from CAS precharge tCPA 30 35 40 ns 318 

Fast Page mode c::ycle time tPC 35 40 45 ns 19 

Fast Paqe mode read-moditv-write cvcle tim tPRWC 76 85 100 ns 19 

CAS" precharge time iFastQaae cvclel tCP 10 10 10 ns 20 

l1AS" pulse width (Fast paqe cvclel tRASP 50 200K 60 200K 70 200K ns 

l1AS"'hold time from CAS~recharae tRHCP 30 35 40 ns 

DE access time tOEA 13 15 20 ns 21 

oE to data delav tOED 13 15 20 ns 21 

CAS" precharae to W delav time tCPWD 53 60 70. ns 

Out put buffer turn off delav time from O"E tOEZ 0 13 0 15 0 20 ns 6 

OE command hold time tOEH 13 15 20 ns 

Write command set-uD time/Test mode in) tWTS 10 10 10 ns 

Write command hold time(Test mode inl tWTH 10 10 10 ns 

W to I1AS orecharae time/E-B-11 refresh) ItWRP 10 10 10 ns 

iW tn I<A~ hnlrl timp.IF.-R-11 rp.frp'",h) ItWRH fi fi fi ns 

Hold time CAS low to CAS" hioh ItCLCH 5 5 5 ns 14.25 

.,,,,,")iid*' 
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KM44C1003C CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

I 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 
r 

95 I 
! Random read or write cycle time tRC 115 135 ns I 

Read-modify-write cycle time tRWC 138 160 190 ns 

Access time from RAS" tRAC 60 65 75 ns 3,4,10,12 
"AcC6sStime from CAS" tCAC 18 20 25 ns 34512 
Access time from column address tAA 30 35 40 ns 31012 
RAS" pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS" pulse width tCAS 18 10K 20 10K 25 10K ns • I RAS" hold time tRSH 18 20 25 ns 

tCSH 55 65 75 ns rAS hold time 

j 

I~column address to RAS" lead time tRAL 30 35 40 ns 

CAS" to W delay time tCWD 41 45 55 ns 7 

[RAS" to W delay time tRWD 78 90 105 ns 7 

~column address to W delay time tAWD 53 60 70 ns 7 

Fast Page mode cycle time tPC 40 45 50 ns 

~ast page mode read-modify-write cycle time tPRWC 81 90 105 ns 

R~ulse width (Fast page cycle) tRASP 55 200K 65 200K 75 200K ns 

I Access time form CAS" orecharae tCPA 35 40 45 ns ::l 

OE access time tOEA 20 20 25 ns 

lPE to data delay tOED 18 20 25 ns 

tOE command hold time tOEH 18 20 25 ns 

.,:1:'¥ijiUiP 
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KM44C1003C CMOS DRAM 

NOTES 

1. An initial pause of 200!JS is required after power up followed by any 8 ROR or CBR 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads 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(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD~ tRCD(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 characteristics only. "tWCS~tWCS(min),the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. "tCWD~ tCWD(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. "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 the CAS leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 
10. Operation Within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as ..:. 

reference point only. "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, tAA, tCAC is delayed by 2ns to 5ns for the specified 

value. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage level. 

14. In order to hold the address latched by the first CA5x going low, the parameter tCLCH must be met. 
15. "at least one CAS is low at the falling edge of RAS, DO will be maintained from the previous cycle. To 

initiate a neW cycle and clear the data out buffer, all four CAS must be pulsed high for tCP. 
16. The first CASx edge to transition low. 
17. The last cAs-x edge to transition low. 
18. Output parameter is referenced to corresponding CAS"x input. 
19. Last rising CA5x edge to next cycle's last rising CAs-x edge. 
20. Last rising CASx edge to first falling CASx edge. 
21. First DOx controlled by the first CASx to go low. 
22. Last DOx controlled by the first CAs-x to go low. 
23. Each CASx must meet minimum pulse width. 
24. Last CASx to go low. 
25. The last falling CAS"x edge to the first rising CASx edge 
26. tAR,tWCR,tDHR are referenced to tRAD(max) . 

• ,"{i11h•• ELECI"RONICS 
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KM44C1004C, KM44V1004C CMOS DRAM 

1 M x 4 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 1,048,S76 x 4 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high 
speed random access of memory cells within the same row. Power supply voltage(+S.OV or +3.3V), access 
time (-S, -6, -7 or -8), power consumption ( Normal or Low power) and package type(SOJ or TSOP-II) are 
optional features of this family. 
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 
This 1 Mx4 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 
It may be used as main memory unit for microcomputer, personal computer and portable machines. 

FEATURES • Extended Data Out operation 
• Part Identification • CAS-before-J1AS refresh capability 

- KM44C1004C/CL (SV) 
- KM44V1004C/CL (3.3V) 

• RAS-only and Hidden refresh capability 

• Self-refresh capability (3.3V,L-ver only) 
• TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 

• Active Power Dissipation 
Unit·mW • Early Write or output enable controlled write 

• JEDEC standard pinout 
Speed 3.3V 5V • Available in plastic SOJ and TSOP(II) packages 

-5 - 468 • Single +SV±10% power supply (SV product) 

-6 220 413 • Single +3.3V±0.3V power supply (3.3V product) 
-7 200 358 
-8 180 -

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Refresh Refresh Period 

Vcc 
cycle Normal L 

C1004C 5V 
1K 16ms 

V1004C 3.3V 
128ms '--v-BB-Ge-n-era-to-r-~ ~:: 

• Performance range: 

Speed tRAC tCAC tRC tPC Remark 

-5 50ns 15ns 84ns 35ns 5V 

-6 60ns 15ns 104ns 40ns 5V13.3V 
-7 70ns 20ns 124ns 45ns 5V/3.3V 
-8 80ns 20ns 144ns 50ns 3.3V 

SAMSUNG ELECTRONIC CO. L TO. reserves the right to 
change products and specifications without notice. 

tl:1tWi'h'iP 
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KM44C1004C, KM44V1004C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44CN1004CJ • KM44CN1004CT 

DOO Vss DOO 20 Vss 
D01 D03 D01 19 D03 

W DQ2 W 18 D02 
RAS" CAS" RAS" 17 CAS" 

A9 OE' A9 16 OE' 

A8 AO 15 A8 
A7 A1 A7 
A6 A2 13 A6 
A5 A3 0 12 A5 

Vee 0 A4 Vee 11 A4 

Pin Name Pin Function 

AO-A9 Address Inputs 

DQO-3 Data In/Out 

Vss Ground 

'RAS Row Address Strobe 

CAS" Column Address Strobe 

W ReadlWrite Input 

'OE" Data Outputs Enable 

Vee 
Power(+S.OV) 
Power(+3.3V) 

.,""")iUi. ELECTRONICS 
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KM44C1004C, KM44V1004C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3.3V 5V 

Voltage on any pin relative to Vss VIN,Vour -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 600 600 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

I 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage VIH 2.0 - VeC+O.:i1 2.4 -

Input Low Voltage VIL -0.3'2 - 0.8 -1.0'2 -
*1 : Vcc+1.3V/15ns(3.3V),Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc 

*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 

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

Parameter 

Input Leakage Current 
(Any input 0::;VIN::;VCC+0.3V, all other pins not under test=OV 

3.3V 
Output Leakage Current 
(Data out is disabled, OV::;Vou~Vcc) 

Output High Voltage Level (loH=-2mA) 

I Output Low Voltage Level (loL=2mA) 

Input Leakage Current (Any input O::;VIN::;VCC+0.5V, 
(Any input 0::;VIN::;VCC+0.5V, all other pins not under test=OV) 

5V 
Output Leakage Current 
(Data out is disabled, OV::;Vou~Vcc) 

Output High Voltage Level (loH=-5mA) 

Output Low Voltage Level (IDL=4.2mA) 

tl:!t1¥)ih'tP 
ELECTRONICS 

Symbol 

h(L) 

IO(L) 

VOH 

VOL 

h(L) 

IO(L) 

VOH 

VOL 

Unit 
Max 

5.5 V 

0 V 
Vee+1.0·1 V 

0.8 V 

Min Max Units 

-5 5 ~ 

-5 5 ~ 

2.4 - V 

- 0.4 V 

-5 5 flA 

-5 5 ~ 

2.4 - V 

- 0.4 V 
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KM44C1004C, KM44V1004C CMOS DRAM 

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

Symbol Power Speed 
Max 

KM44V1004C KM44C1004C 

-5 -
Don't care -6 60 

ICCl -7 55 
-8 50 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care -6 60 

-7 55 
-8 50 

-5 -
Don't care -6 60 

Icc4 -7 55 
-8 50 

Iccs Normal Don't care 
0.5 

L 100 

-5 -
Iccs Don't care -6 60 

-7 55 
-8 50 

Icc? L Don't care 200 

Iccs L Don't care 150 

ICC1' : Operating current (RAS", CAS", Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"=CAS"=W=VIH) 

Icc3' : "RAS"-only refresh current (CAS"=VIH, RAS" , Address cycling @tRC=min.) 

Icc4' : EDO Mode current (RAS"=VIL, CAS", Address cycling @tPC=min.) 

Iccs : Standby current (RAS"=CAS"=W=Vcc-O.2V) 

Iccs' : CAS"-before-RAS" Refresh current (RAS" and CAS" cycling @tRC=min.) 

85 
75 
65 
-
2 

85 
75 
65 
-

85 
75 
65 
-

1 
200 

85 
75 
65 
-

300 

-

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"= O.2V 

DaO-3 = Don't care, TRC=125!1S, TRAS= TRAS min-300 ns 

Iccs : Self refresh cu rrent 

RAS"=CAS"=VIL, W=OI:=AO - A9 = Vcc-O.2V or O.2V, 

DaO - Da3= Vcc-O.2V, O.2Vor open 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
jJA 

mA 
mA 
mA 
mA 

jJA 

itA 

• NOTE: ICC1, Icc3, Icc4 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 ICCl , Icc3 
and Iccs, address can be changed maximum two times while RAS"=VIL. In Icc4, address 
'can be changed maximum once within one hyper page cycle. 

,'M¥jih';; 
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KM44C1004C, KM44V1004C 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter Symbol Min 

Input capacitance [AO - A9] CIN1 -
Input capacitance [RAS", CAS", w, OE"] CIN2 -
Output Capacitance [000 - 003] Coo -

AC CHARACTERISTICS (O°CSTAgO°C, See note 1,2) 
Test condition (5V device): Vcc=5.0V±10%, VihIViI=2.4/0.8V, VohNol=2.010.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihIViI=2.010.8V, VohIVol =2.010.8V 

- 5 '1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 84 104 124 

Read-modify-write cycle time tRWC 116 140 165 

Access time from RAS" tRAC 50 60 70 

Access time from CAS" tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CAS" to output in Low-Z tCLZ 3 3 3 

Output buffer turn-off delay from CAS" tCEZ 3 13 3 15 3 20 

Transition time (rise and fall) tT 2 50 2 50 2 50 

RAS precharge time tRP 30 40 50 

RAS" pulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 13 15 20 

CAS" hold time tCSH 40 50 60 

CAS" pulse width tCAS 8 10K 10 10K 15 10K 

RAS" to CAS" delay time tRCD 20 33 20 43 20 50 

RAS" to column address delav time tRAD 15 25 15 30 15 35 

CAS" to RAS" precharge time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time tCAH 8 10 15 

Column address hold time referenced to RAS" tAR 35 42 52 

Column address to RAS" lead time tRAL 25 30. 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to CAS" tRCH 0 0 0 

Read command hold time referenced to RAS" tRRH 0 0 0 

Write command hold time tWCH 10 10 15 

Write command hold time referenced to RAS" tWCR 37 42 52 

Write command Dulse width tWP 10 10 15 

Write command to RAS" lead time tRWL 13 15 20 

Writ" r.nmm"n" tn ~ I",," tim" tr.WI 8 10 15 
Note) *1: 5V only, *2: 3.3V only 

tl&¥jiiW' 
ELEcrRONICS 

CMOS DRAM 

Max Unit 

5 pF 

7 pF 

7 pF 

'2 -8 
Units Notes 

Min Max II , 
144 ns 

190 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 20 ns 7,13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 11 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

57 ns 17 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

15 ns 

57 ns 17 

15 ns 

20 ns 

?O ns 
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KM44C1004C, KM44V1004C CMOS DRAM 

. AC CHARACTERISTICS (O°CgAS;70°C, See note 1,2) 

_ 5'1 -6 -7 - 8'2 
Parameter Symbol 

Min Max Min Max Min Max Min Max Units Notes 

Data set-u.p time tDS 0 0 0 0 ns 9 

Data hold time tDH 8 10 15 15 ns 
9 I 

Data hold time referenced to ~ tDHR 35 42 52 57 ns 17 

Refresh period(Normal) tREF 16 16 16 16 ms 

Refresh period(L-ver) tREF 128 128 128 128 ms 

Write command set-up time tWCS 0 0 0 0 ns 7 

CAS to W delay time tCWD 30 34 44 44 ns 7 

~ to W delay time tRWD 67 79 89 99 ns 7 

Column address to W delay time tAWD 42 49 59 64 ns 7 

CAS precharge to W delay time tCPWD 45 54 64 69 ns I 
I 

CAS set-up time (CAS-before-~ refresht tCSR 5 5 5 5 ns ! 

c;o;g hold time (CAS-before-~ refresh) tCHR 10 10 15 15 ns 

~ to CASprecharae time tRPC 5 5 5 5 ns 

c;o;g precharQe time(CBR counter test cycle tCPT 20 20 25 30 ns 

Access time from CAS orecharae tCPA 28 35 40 45 ns 3 

Hyoer PaQe mode cycle time tHPC 20 25 30 35 ns 15 

Hyper Page mode read-modilv-write cvcle time tHPRWC 47 56 71 81 ns 

CAS orecharQe time (Hyper page cycle) tCP 8 10 10 10 ns 

~j:)ulse width (Hvoer oaae cvcle) tRASP 50 200K 60 200K 70 200K 80 200K ns 

~ hold time from CAS orecharQe tRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Out out buffer tum off delay time from OE tOEZ 3 13 3 15 3 20 3 20 ns 613 

OE to outout in low-Z tOLZ 3 3 3 3 ns 

OE command hold time tOEH 13 15 20 20 ns 

IOlllnll1 ri"l" hnlrilimF! IIDOH 5 5 5 5 ns 

Outout buffer tum off delay from ~ ItREZ 3 13 3 15 3 20 3 20 ns 613 

Outout buffer tum off delay from W tWEZ 3 13 3 15 3 20 3 20 ns 613 

W to data delav tWED 15 15 20 20 ns I 

OE to CAS hold time tOCH 5 5 5 5 ns : 

CAS hold time to OE tCHO 5 5 5 5 ns 

OE orecharqe time tOEP 5 5 5 5 ns 

W Dulse width (hvoer oaae cycle) tWPE 5 5 5 5 ns 

~ Dulse wirithIC-B-R self refreshl IRASS 100 100 100 100 US 16 

~ orecharoe lime (C-B-R self refresh) . IRPS 90 110 130 150 ns 16 
7"~ hnlrl Hm" 17"_1'1_1:1 .. "If r"fr" .. hl tr.l-Il': -50 _<;0 _50 _50 ns 11'1 
Note) *1: 5V only. *2 : 3.3V only 

tlt!{¥Jihi• 
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KM44C1004C, KM44V1004C CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

"1 -6 I -7 -8"2 
Parameter 

-5 
Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 89 109 129 149 ns 

Read-modify-write cycle time tRWC 121 145 170 195 ns 

Access time from RAS" tRAC 55 65 75 85 ns 3,4,10 

Access time from CAS" tCAC 18 20 25 25 ns 34,5 

Access time from column address tAA 30 35 40 45 ns 310 

RAS" pulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CAS" pulse width tCAS 13 10K 15 10K 20 10K 25 10K ns • RAS" hold time tRSH 18 20 25 25 ns 

CAS" hold time tCSH 45 55 65 75 ns 

Column address to RAS" lead time tRAL 30 35 40 45 ns 

CAS" to W delav time tCWD 35 39 49 49 ns 7 

RAS" to W del~y time tRWD 72 84 94 104 ns 7 

Column address to W delay time tAWD 47 54 64 69 ns 7 

Hyper Page mode cycle time tHPC 25 30 35 40 ns 15 

Hyper page mode read-modify-write cycle time tPRWC 52 61 76 86 ns 

RAS" pulse width (Hyper page cycle) tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CAS" orecharae tCPA 33 40 45 50 ns ~ 

OJ: access time tOEA 18 20 25 25 ns 

OE to data delav tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

Note) '1: 5Vonly, '2 : 3.3V only 

tlM¥llhi' ELECTRONICS 
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KM44C1004C, KM44V1004C CMOS DRAM 

NOTES 

1. An initial pause of 200l1s is required after power-up followed by any 8 ROR or CBR cycles before proper 

device operation is achieved. 

2. VIH(min) and Vll(max) are reference levels for measuring timing of input signals. Transition times are 

measured between VIH(min) and Vll(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(SV)/1 TTL(3.3V) loads 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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle and the 

data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(min), tRWD~ 

tRWD(min) and tAWD~ tAWD(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 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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 

These parameters should be specified in test mode cycles by adding the above value to the specified 

value in this data sheet. 

13. tCEZ(max),tREZ(max),tOEZ(max) and tWEZ(max) define the time at which the output achives the open 

circuit condition and are not referenced to output voltage level. 

14. If l1.A:S" goes high before CAS" high going, the open circuit condition of the output is achieved by CAS" 

high going. If "CAS" goes high before l1.A:S" high going, the open circuit condition of the output is achieved 

by l1.A:S" high going. 

15. tASC~6ns, Assume tT =2.0ns. 

16. For all of the refresh modes except for distributed CAS"-Before-"RAS" refresh, 1024 cycles of burst refresh 

must be executed within 16ms before and after self refresh,in order to meet refresh specification.(3.3V 

L-Ver.) 

17. tAR, tWCR ,tDHR are referenced to tRAD(max). 

tl"t'¥jih " ELECTRONICS 
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KM44C1005C CMOS DRAM 

1 M x 4 Bit CMOS Quad CAS DRAM with Extended Data Out 

DESCRIPTION 

This is a family of 1 ,048,576 x 4 bit Extended Data Out Quad CAS CMOS DRAMs. Extended Data Out 
offers high speed random access of memory cells within the same row. Access time (-5, -6, -7 or -8), power 
consumption (Normal, Low power) , and package type (SOJ or TSOP-II) are optional features of this family. 
All of this family have CAS-before-R"AS refresh, RAS-only refresh and Hidden refresh capabilities. 
Furthermore, Self-refresh operation is available in Low power version. 
Four seperate CAS pins provide for seperate 1/0 operation allowing this device to operate in parity mode . 
This 1 Mx4 Extended Data Out DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

FEATURES • Extended Data Out mode operation 

• Part Identification (Fast Page Mode with Extended data out) 
- KM44C1005C/CL(5V) • Four seperate CAS pins provide for seperate 1/0 

operation 
• CAS"-before-"RAS refresh capability 

• Active Power Dissipation Unit·mW 
• RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

Speed 5V • Fast parallel test mode capability 

-5 468 
-6 413 
-7 358 

• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 

• JEDEC Standard pinout 
• Available in Plastic SOJ, TSOP(II) packages 

• Single +5V ± 10% power supply 

• Refresh cycles 
FUNCTIONAL BLOCK DIAGRAM 

Refresh Refresh Period 
Vcc 

cycle Normal L 

C1005C 5V 1K 16ms 128ms r--__ ----, . r: ~:: 
vss Generator I:J 

• Performance range: 

Speed tRAC tCAC tRC IPC 

-5 50ns 15ns 84ns 35ns 

-6 60ns 15ns 104ns 40ns 
-7 70ns 20ns 124ns 45ns 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM44C1005C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1005CJ • KM44C1005CT 

DOO 10 Vss DOO Vss 
D01 2 D03 D01 D03 

W 3 D02 W D02 
RAS 4 CAS3 RAS CAS3 

CASO 5 OE CASO OE 
CAS1 6 CAS2 CAS1 CAS"2 

A9 N.C A9 N.C 
AO A8 AO A8 
A1 A7 A1 A7 
A2 A6 A2 A6 
A3 0 AS A3 AS 

Vee A4 Vee A4 

Pin Name Pin Function 
AO-A9 Address Inouts 
000-3 Data InlOut 

Vss Ground 
RAS Row Address Strobe 

CASO-CAS3 Column Address Strobe 
W ReadlWrite Input 

OE Data Outputs Enable 

Vee Power{+5.0V) 

N.C No Connection 

tlM:fjiU" ELECTRONICS 
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KM44C1005C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -1 to +7.0 V 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 
Ground Vss 0 0 

Input High Voltage VIH 2.4 -
Input Low Voltage VIL -1.0'2 -
'1: Vcc+2.0V at pulse width S 20ns, Pulse width is measured at Vee. 

'2: - 2.0V at pulse width S 20ns, Pulse width is measured at Vss. 

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

Parameter Symbol 

Input Leakage Current (Any input OSVINSVcc+0.5V Ii(L) 
all other pins not under test=O volt.) 

Output Leakage Current 
10(L) 

(Data out is disabled, OVSVouT5.Vcc) 

Output High Voltage Level(loH=-5mA) VOH 

Output Low Voltage Level(loL=4.2mA) VOL 

.,&&1:0·' 
ELECTRONICS 

Max Unit 

5.5 V 

0 V 
Vee+f1 V 

0.8 V 

Min Max Units 

-5 5 IlA 

-5 5 JlA 

2.4 - V 

- 0.4 V 
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KM44C1005C CMOS DRAM 

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

Symbol Power Speed 

-5 

ICCl Don't care 
-6 
-7 

Icc2 Don't care Don't care 

-5 

Icc3 Don't care -6 
-7 

-5 

Icc4 Don't care 
-6 
-7 

Iccs Normal 
L 

Don't care 

-5 

Iccs Don't care -6 
-7 

Icc7 L Don't care 

Max 

KM44C1005C 

85 
75 
65 

2 

85 
75 
65 

85 
75 
65 

1 
200 

85 
75 
65 

300 

ICC1* ; Operating current (RAS", CAS, Address cycling @tRC=min.) 

Icc2 ; Standby current (RAS=CAS=W=VIH) 

Icc3* ; RAS"-only refresh current (CAS=VIH, RAS , Address cycling @tRC=min.) 

Icc4* ; EDO Mode current (RAS=VIL, CAS, Address cycling @tHPC=min.) 

Iccs ; Standby current (RAS=CAS=W=Vcc-O.2V) 

Iccs' ; CAS-before-l1AS Refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 ; Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS= 0.2V 

000-3 = Don't care, TRc=125J.!S, TRAS= TRAS min-300 ns 

Iccs ; Self refresh current 

RAS"=CAS=VIL, W=C'5E=AO - A9 = Vcc-0.2V or 0.2V, 

000 - 003= Vcc-O.2V, 0.2V or open 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
IlA 

mA 
mA 
mA 

IlA 

, NOTE; ICC1, Icc3, Icc4 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 ICCl , Icc3 
and Icca, address can be changed maximum two times while l1A"S=VIL. In Icc4, address 
can be changed maximum once within one hyper page cycle. 

tl:1{¥JihitP 
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KM44C1005C CMOS DRAM 

CAPACITANCE (TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A9] CIN1 - 5 pF 

Input capacitance [RAS", CAS, W, ITE] CIN2 - 7 pF 

Output Capacitance [000 - 003] CDO - 7 pF 

AC CHARACTERISTICS (0°C~TA:570°C, See note 1,2) 
Test condition: Vcc=5.0V±10%, VitNiI=2.4/0.BV, VohNol=2.0/0.BV 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 84 104 124 ns • Read-modify-write cycle time tRWC 116 140 165 ns 

Access time from I1AS" tRAC 50 60 70 ns 3,4,10 

Access time from CAS" tCAC 13 15 20 ns 3,4,5,20 

Access time from column address tAA 25 30 35 ns 3,10 
CAS to output in Low-Z tCLZ 3 3 3 ns 3,20 

Output buffer turn-off delay from CAS" tCEZ 3 13 3 15 3 20 ns 61320 

Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2 
liAS" precharge time tRP 30 40 50 ns 

RAS" pulse width tRAS 50 10K 60 10K 70 10K ns 

RAS" hold time tRSH 13 15 20 ns 18 
CAS" hold time tCSH 40 50 60 ns 19 
CAS" pulse width tCAS 8 10K 10 10K 15 10K ns 11,25 

liAS" to CAS" delay time tRCD 20 33 20 43 20 50 ns 418 

liAS" to column address delay time tRAD 15 25 15 30 15 35 ns 10 

CAS to liAS" precharge time tCRP 5 5 5 ns 19 
Row address set-uptime tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 18 
Column address hold time tCAH 8 10 15 ns 18 
Column address hold time referenced to I1AS" tAR 35 42 52 ns 29 
Column address to !=fAS" lead time tRAL 25 30 35 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS" tRCH 0 0 0 ns R 

Read command hold time referenced to I1AS" tRRH 0 0 0 ns R 

Write command hold time tWCH 10 10 15 ns 

Write command hold time referenced to !=fAS" tWCR 37 42 52 ns ?Q 

Write command pulse width tWP 10 10 15 ns 

Write command to !=fAS" lead time tRWL 13 15 20 ns 1Q 

I Wrile 110 cAS" lead limp. leWI 8 10 1!; ns 

.,W¥lli!'> 
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KM44C1005C CMOS DRAM 

AC CHARACTERISTICS (O°C::;;TA:5;70°C, See note 1,2) 
Test condition: Vcc=5.0V±10%, VitNiI=2.4/0.8V, VotNol=2.0/0.8V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 8 10 15 ns 9 

Data hold time referenced to RAS tDHR 35 42 52 ns 29 

Refresh period(Normal) tREF 16 16 16 ms 

Refresh period(L-ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7,18 

CAS to W delay time tCWD 30 34 44 ns 7,18 

F1AS' to W delay time tRWD 67 79 89 ns 7 

Column address to W delay time tAWD 42 49 59 ns 7 

CAS' precharge to W delay time tCPWD 45 54 64 ns 

CAS' set-up time (CAS'-before-RAS refresh) tCSR 5 5 5 ns 18 

CAS' hold time (CAS'-before-F1AS' refresh) tCHR 10 10 15 ns 19 

F1AS to CAS' precharge time tRPC 5 5 5 ns 

CAS precharge time(CB"Fi counter test cycle tCPT 20 20 25 ns 

Access time from CAS' precharge tCPA 28 35 40 ns 3,20 

Hyper Page mode cycle time tHPC 20 25 30 ns 15,21 

H."p~r Page mode read-modifv·write cvcle time tHPRWC 47 56 71 ns 21 

CAS' precharge time (Hyper page cycle) tCP 8 10 10 ns 22 

F1AS' pulse width (Hyper !lage GycleL tRASP 50 200K 60 200K 70 200K ns 

"FiAS' hold time from CAS' precharae tRHCP 30 35 40 ns 

CJt= access time tOEA 13 15 20 ns 23 

N to data delav tOED 13 15 20 ns 23 

Out put buffer turn off delav time from ITE tOEl 3 13 3 15 3 20 ns 613 

DE to output in low-l tOLl 3 3 3 ns 

DE command hold time tOEH 13 15 20 ns 

I Output data hold time ImOH 5 5 5 ns 

OutDut buffer turn off delav from F1AS' tREl 3 13 3 15 3 20 ns 613 

Output buffer tum off delav from W tWEl 3 13 3 15 3 20 ns 613 

W to data delav tWED 15 15 20 ns 

DE to CAS' hold time tOCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

N precharae time tOEP 5 5 5 ns 

W Dulse width (hvDer DaDe cvcle) tWPE 5 5 5 ns 

"FiAS' pulse widthlC-B-"Fi self refresh} tRASS 100 _100 100 IJS 2B 

1F1AS orecharae time IC-B-"Fi self refresh) tRPS 90 110 130 ns 28 
11"'71<:" hnlrl H,..,,, Il"'_R_tl" ",,1/ tr.l-I~ _!'in _"n _!'in ns ?R 
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KM44C1005C CMOS DRAM 

AC CHARACTERISTICS (O°CgAS70°C, See note 1,2) 
Test condition: Vcc=5.0V±100/0, VitNiI=2.4/0.8V, VotNol=2.0/0.8V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

I. Write command set-up time (Test mode in tWTS 10 10 10 ns 

i Write command hold time (Test mode in) tWTH 10 10 10 ns I 

~ 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 

Hold time cAS low to CAS hi!lh tCLCH 5 5 5 ns 16,27 

TEST MODE CYCLE (Note. 11) 

-5 -6 -7 
Units Parameter Symbol Notes 

Min Max Min Max Min Max 

III I 
Random read or write cycle time tRC 89 109 129 ns 

Read-modify-write cycle time tRWC 121 145 170 ns 

Access tilne from RAS tRAC 55 65 75 ns 3,4,10,12 
Access time from CAS tCAC 18 20 25 ns 34.5.12 
Access time from column address tAA 30 35 40 ns 310.12 
RAS pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS pulse width tCAS 13 10K 15 10K 20 10K ns 

RAS hold time tRSH 18 20 25 ns 

CAS hold time tCSH 45 55 65 ns 

Column address to RAS lead time tRAL 30 35 40 ns 

CAS to W delav time tCWD 35 39 49 ns 7 

RA"S to W dela." time tRWD 72 84 94 ns 7 

Column address to W delav time tAWD 47 54 64 ns 7 

Hvper Pa!le mode cvcle time tHPC 25 30 35 ns Hi 

Hyper page mode read-modify-write cycle time tPRWC 52 61 76 ns 

RAS pulse width (Hvper pa!le cvcle) tRASP 55 200K 65 200K 75 200K ns 

Access time fonn CAS orecharae tCPA 33 40 45 ns "I 

OE access time tOEA 18 20 25 ns 

OE to data delav tOED 18 20 25 ns 

OE command hold time tOEH 18 20 25 ns 

tl:1t'¥1'iU. 
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KM44C1005C CMOS DRAM 

NOTES 
1. An initial pause of 200~s is required after power up followed by any 8 ROR or C8R 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 5ns for all inputs. 
3. Measured with a load equivalent to 2 TTL loads 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(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD~ tRCD(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 characteristics only. If tWCS~tWCS(min),the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(min), 
tRWD~tRWD(min) and tAWD~ tAWD(min), then the cycle is a read-modify-write Gycle 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 the CAS" leading edge in early write cycles, and to the W leading 

edge in 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, tAA, tCAC is delayed by 2ns to 5ns for the specified 

value. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tCEZ(max),tREZ(max),tOEZ(max) and tWEZ(max) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage level. 

14 .. lf "RAS" goes high before CAS" high going, the open circuit condition of the output is achieved by CAS" high 
going. If CAS" goes high before RAS" high going, the open circuit condition of the output is achieved by 
RAS" high going. 

15. tASC~6ns, Assume tT =2.0ns. 
16. In order to hold the address latched by the first CAS"x going low, the parameter tClCH must be met. 
17. If at least one CAS" is low at the falling edge of"RAS", DO will be maintained from the previous cycle. 

To initiate a new cycle and clear the data out buffer, all four CAS" must be pulsed high for tCP. 
18. The first CAS"x edge to transition low. 
19. The last CAS"x edge to transition low. 
20. Output parameter is referenced to corresponding CAS"x input. 
21. Last rising CAS"x edge to next cycle's last rising CAS"x edge. 
22. Last rising CAS"x edge to first falling CAS"x edge. 
23. First OOx controlled by the first CAS"x to go low. 
24. Last OOx controlled by the first CAS"x to go low. 
25. Each CAS"x must meet minimum pulse width. 
26. Last CAS"x to go low. 
27. The last falling CA'S"x edge to the first rising CAS"x edge 
28. For all of the refresh modes except for distributed CAS"-8efore-RAS" refresh, 1024 cycles of burst refresh 

must be executed within 16ms before and after self refresh,in order to meet refresh specification.( L-Ver.) 
29. tAR,tWCR,tDHR are referenced to tRAD(max). 
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KM48C5128, KM48V5128 CMOS DRAM 

512K x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 524,288 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 
features of this family. 
All of this family have C"AS"-before-RAS refresh, "f1A:S-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version. 
This 512Kx8 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. 
It may be used as main memory unit for personal computer and portable machines. 

FEATURES • Fast Page Mode operation 
• Part Identification • Byte ReadlWrite operation 

- KM48C512B/BL (5V, 1K Ref.) 
- KM48V512B/BL (3.3V, 1K Ref.) 

• CAS-betore-RAS refresh capability 

• RAS-only and Hidden refresh capability 
• Self-refresh ca:pability (L over only) 

• Active power diSSipation 
Unit'mW 

• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

3.3V 5V • Early Write or output enable controlled write 
Speed (IKRef.) (IKRef.) • JEDEC standard pinout 

-5 - 470 • Available in plastic SOJ and TSOP(II) packages 

-6 255 385 • Dual+5V±10% power supply (5V product) 
-7 235 360 • Dual +3.3V±O.3V power supply (3.3V product) 
-8 220 -

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Part 

Vcc 
Refresh Refresh period 

NO. cycle Normal L 

C5128 5V 
lK 16ms 128ms 

V5128 3.3V 

.--___ ---, J: ~:: 
vee Generator I:J 

• Performance range 

Speed tRAC tCAC tRC tPC Remark 
-5 SOns 15ns 90ns 35ns 5V 
-6 60ns 15ns lIOns 40ns 5V/3.3V 

-7 70ns 20ns 130ns 45ns 5V/3.3V 

-8 80ns 20ns 150ns SOns 3.3V 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 

tl"t'¥jihi• 
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KM48C512B, KM48V512B CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48CN512BJ • KM48CN512BT 

Vee Vss Vee Vss 
DOD DQ7 DOD 007 
001 006 001 006 
002 DOS 002 DOS 
003 DQ4 003 DQ4 
N.C "CAS" N.C "CAS" 

W O"E" W O"E" 
"RAS" N.C "RAS" N.C 

A9 A8 A9 A8 
AD A7 AD A7 
A1 A6 A1 A6 
A2 AS A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 

(SOJ) (TSOP(II)-Forward Type) 

Pin Name Pin Function Pin Name Pin Function 
AD-A9 Address Inputs W ReadlWrite Input 

000-7 Data In/Out O"E" Data Output Enable 

Vss Ground 
Vee 

Power (+SV) 

"RAS" Row Address Strobe Power (+3.3V) 

"CAS" Column Address Strobe N.C No Connection 

.,M¥jih" 
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KM48C5128, KM48V5128 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

I Parameter Symbol 
Rating 

Units 
3.3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70 °C) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage VIH 2.1 - Vcc+0.3·1 2.4 -
Input Low Voltage Vil -0.3'2 - 0.8 -1.0'2 -

*1 : Vcc+ 1.3V/15ns(3.3V}, Vcc+2.0Vl20ns(5V}, Pulse width is measured at Vcc. 

*2: -1.3V /15ns(3.3V}, -2.0V/20ns(5V}, Pulse width is measured at Vss. 

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

Unit 
Max 

5.5 V 

0 V 

Vcc+l.0·1 V 

0.8 V 

Parameter Symbol Min Max Units 

Input Leakage Current 
h(L) -5 5 J.lA (Any input ~VIN:5VCC+0.3V, all other pins not under test=OV) 

3.3V 
Output Leakage Current 10(L) -5 5 J.lA (Data out is disabled, OV:5VouTS,Vcc) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level (loL=2mA) VOL 0.4 
, 

V ---
Input Leakage Current (Any input 0:5VIN:5VCC+0.5V, h(L) 
(Any input 0:5VIN:5VCC+0.5V, all other pins not under test=OV) 

-5 5 J.lA 

! 5V 
Output Leakage Current 

IO(L) -5 5 J.lA (Data out is disabled, OV:5VouT:5Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 V 

.,&&iih" 
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KM48C512B, KM48V512B CMOS DRAM 

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

Symbol Power Speed 
Max 

KM48V512B KM48C512B 

-5 -
-6 70 

Icc1 Don't care -7 65 
-8 60 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care -6 70 

-7 65 

I -8 60 

I -5 -
Don't care 

-6 55 
Icc4 -7 50 

-8 45 

Iccs 
Normal 

Don't care 
0.5 

L 100 

-5 -
Icc6 Don't care -6 70 

-7 65 
-8 60 

Iccl L Don't care 200 

l Iccs L Don't care 100 

Icc1' : Operating current ("RAS", CAS", Address cycling @tRC=min.) 

Icc2 : Standby current ("RAS"=CAS"=W=VIH) 

Icc3' : "RAS"-only refresh current (CAS"=VIH, "RAS" ,Address cycling @tRC=min.) 

Icc4' : Fast Page Mode current ("RAS"=VIL, CAS", Address cycling @tPC=min.) 

Iccs : Standby current ("RAS"=CAS"=W=Vcc-O.2V) 

Icc6' : CAS"-before-"RAS" Refresh current ("RAS" and CAS" cycling @tRC=min.) 

85 
70 
65 
-
2 

85 
70 
65 
-

65 
55 
50 
-
1 

150 

85 
70 
65 
-

300 

200 

Iccl : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"= O.2V 

Din = Don't care, TRC=125Ils, TRAS= TRAS min-300 ns 

Iccs : Self refresh current 

"RAS"=CAS"=VIL, W=UE"=AO - A9 = Vcc-O.2V or O.2V, 

DOO - 007= Vcc-O.2V, O.2V or open 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
IlA 

mA 
mA 
mA 
mA 

!-LA 

!-LA 

, NOTE: Icc1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while "RAS"=VIL. In IcC4, address can be 
changed maximum once within one fast page mode cycle time, tPC . 

• ,,,,,:filih· 
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KM48C512B, KM48V512B 

CAPACITANCE (TA=25°C,Vcc=5V or 3.3V, f=1 MHz) 

Parameter Symbol Min 

Input capacitance [AO - A9] CINl -
Input capacitance [RAS, CAS, W, DE] CIN2 -
Output Capacitance [000- 007] Coa -

AC CHARACTERISTICS (0°C:o;TA:O;70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitJViI=2.4/0.8V, VotNol =2.4/0.4V 
Test condition (3.3V device): Vcc=3.3V±O.3V, VihNiI=2.1/0.8V, VotNoJ =2.0/0.8V 

-5 "1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 135 155 185 

Access time from liAS" tRAC 50 60 70 

Access time from CAS tCAC 15 15 20 

Access time from column address IAA 25 30 35 

CA"S to output in Low-Z tCLl 0 0 0 

Output buffer tum-off delay tOFF 0 15 0 15 0 15 

Transition time (rise and fall) tT 3 50 3 50 3 50 

I1AS precharge time tRP 30 40 50 

I1AS" pulse width tRAS 50 10K 60 10K 70 10K 

I1AS" hold time tRSH 15 15 20 

CAS" hold time tCSH 50 60 70 

as" pulse width teAS 15 10K 15 10K 20 10K 

l1AS" to CAS" delav time tRCD 20 35 20 45 20 50 

liAS" to column address delay time tRAD 15 25 15 30 15 35 

as" to liAS" precharge time tCRP 5 5 5 

Row address set-up time IASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time IASC 0 0 0 

Column address hold time (5V) tCAH 10 10 15 

Column address hold time (3.3V) tCAH - 15 15 

Column address to liAS" lead time tRAL 25 30 35 

Read command set-up_ time tRCS 0 0 0 

Read command hold time referenced to CAS tRCH 0 0 0 

Read command hold time referenced to RA"S tRRH 0 0 0 

Write command set-up time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

Write command pulse width tWP 10 10 10 

Write command to RA"S lead time tRWL 15 15 15 

Write command to CA"S lead time tCWL 15 15 15 

Note) *1 : 50ns product: Vcc=5V±5%, Output Loading(CL)=50pF, *2: 3.3V only 

.,:1:'&)11#' 
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Max Unit 

5 pF 

7 pF 

7 pF 

"2 -8 
Units Notes 

Min Max 

150 ns 
I 

I 

205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 15 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

15 ns 

40 ns 

0 ns 

0 ns 8 , 

0 ns 8 

0 ns 7 

10 ns 

10 ns 

20 ns 

20 ns 
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KM48C512B, KM48V512B CMOS DRAM 

AC CHARACTERISTICS (O°Cg~70°C, See note 1,2) 
_ 5.1 -6 -7 

_ 8.2 

Parameter Symbo I Min Max Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 0 ns 9 

Data hold time (5V) tDH 10 10 15 15 ns 9 

Data hold time (3.3V) tDH - 15 15 15 ns 9 

Refresh period (Normal) tREF 16 16 16 16 ms 

Refresh period (L-ver) tREF 128 128 128 128 ms 

CAS to W delay time tCWD 40 40 50 50 ns 7 

RAS" to W delav time tRWD 75 85 95 105 ns 7 

Column address to W delav time tAWD 50 55 60 65 ns 7 

CAS orecharae to W delay time tCPWD 55 60 65 70 ns 

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

CAS" hold time (CAS"-before-RAS refresh\ tCHR 10 10 10 10 ns 

RAS" to CAS precharae time tRPC 5 5 5 5 ns 

CAS" orecharae timelCBl1 counter test cycle tCPT 20 20 25 30 ns 

Access time from CAS" orecharae tCPA 30 35 40 45 ns 3 

Fast Paoe mode cycle time tPC 35 40 45 50 ns 

Fast Paae mode read-modifv-write cycle timl tPRWC 80 80 95 105 ns 

CAS" precharae time (Fast Dace cycle) tCP 10 10 10 10 ns 

l1AS" oulse width (Fast Daoe cycle\ tRASP 50 lOOK 60 lOOK 70 100K 80 100K ns 

RAS hold time from CAS" nrecharne tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 

QE to data delav tOED 15 15 20 20 ns 

Out out buffer turn off delav lime from at=" tOEZ 0 15 0 15 0 20 0 20 ns 6 

OE command hold time tOEH 15 15 20 20 ns 

RAS" pulse width (C-B-l1 self refresh) tRASS 100 100 100 100 f.lS 11 

l1AS precharge time (C-B-l1 self refresh) tRPS 90 110 130 150 ns 11 

CAS" hold time (C-B-l1 self refresh) tCHS -50 -50 -50 -50 ns 11 

Nole) *1 : 50ns product: Vcc=5V±5%, Output Loading(CL)=50pF, '2: 3.3V only 
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KM48C512B, KM48V512B CMOS DRAM 

NOTES 

1. 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. 

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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TIL(5V)/1 TIL(3.3V) loads 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 tRCD;:: tRCD(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 characteristics only. If tWCS;:: tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD;:: tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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. For all of the refresh modes except for distributed CAS-Before-"RAS" refresh, 1024 cycle of burst 

refresh must be executed within 16ms before and after self refresh in order to meet refresh 

specification (L -version) . 
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KM48C514B, KM48V514B CMOS DRAM 

512K x 8 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of S24,288 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high speed 
random access of memory cells within the same row. Power supply voltage (+S.OV or +3.3V), access time 
(-S, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 
features of this family. 
All of this family have CAS"-before-RAS' refresh, 11AS"-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version. 
This S12Kx8 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. 
It may be used as main memory unit for personal computer and portable machines. 

FEATURES • Extended Data Out operation 
• Part Identification • Byte ReadlWrite operation 

- KM48CS14B/BL (SV, 1K Ref.) 
- KM48VS14B/BL (3.3V, 1K Ref.) 

• CAS"-before-RAS" refresh capability 
• RAS-only and Hidden refresh capability 

• Self-refresh capability (L-ver only) 
• Active power dissipation 

Unil'mW • TIL(SV)/L VTIL(3.3V) compatible inputs and outputs 

3.3V 
Speed (lKRef.) 

-5 -
-6 255 
-7 235 
-8 220 

• Refresh cycles 

Part Refresh 
NO. Vcc cycle 

C514B 5V 
1K 

V514B 3.3V 

• Performance range 

Speed tRAC tCAC tRC 

-5 50ns 15ns 84ns 

-6 60ns 15ns 104ns 

-7 70ns 20ns 124ns 

-8 80ns 20ns 144ns 

5V 
(lKRef.) 

470 

385 
360 

-

Refresh Period 
Normal L 

16ms 128ms 

tHPC Remark 

20ns 5VOnly 

25ns 5V/3.3V 

30ns 5V13.3V 

35ns 3.3VOnly 

• Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(II) packages 

• Dual +SV± 10% power supply (SV product) 
• Dual +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Vee 

vee Generator ~ Vss 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM48C514B, KM48V514B CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48CN514BJ • KM48CN514BT 

Vee Vss Vee Vss 
000 007 000 007 
001 006 001 006 
002 DOS 002 DOS 
003 004 003 004 
N.C CAS N.C CAS 

W OE" W OE" 
RAS" N.C RAS" N.C 

A9 AS A9 AS 
AO A7 AO A7 
A1 A6 A1 A6 
A2 AS A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 

(SOJ) (TSOP(II)-Forward Type) 

Pin Name Pin Function Pin Name Pin Function 

AO-A9 Address Inputs W ReadiWrite Input 
000-7 Data InlOut O'E Data Output Enable 

Vss Ground 
Vee 

Power (+SV) 
RAS" Row Address Strobe Power (+3.3V) 
CAS Column Address Strobe N.C No Connection 

tlM&jihi> 
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KM48C514B, KM48V514B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3.3V 5V 

Voltage on any pin relative to Vss VIN,VOlIT -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 ec 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70 ec) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage VIH 2.1 . Vee+0.3·1 2.4 -
Input Low Voltage VIL -0.3'2 - 0.8 _1.0'2 -

*1 : Vcc+ 1.3V/15ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 

*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 

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

Parameter 

Input Leakage Current 
(Any input O:;;VIN;S;VCC+0.3V, all other pins not under test=0V: 

3.3V 
Output Leakage Current 
(Data out is disabled, OV;S;VoiIT;S;Vcc) 

Output High Voltage Level (loH=-2mA) 

Output Low Voltage Level (IOL=2mA) 

Input Leakage Current (Any input O:;;VIN;S;VCC+0.5V, 
(Any input 0;S;VIN;S;VCC+0.5V, all other pins not under test=OV 

5V 
Output Leakage Current 
(Data out is disabled, OV;S;VOUT;S;VCC) 

Output High Voltage Level (loH=-5mA) 

Output Low Voltage Level (loL=4.2mA) 

tl&+Jlhi• 
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Symbol 

h(L) 

10(L) 

VOH 

VOL 

h(L) 

IO(L) 

VOH 

VOL 

Unit 
Max 

5.5 V 

0 V 
Vec+1.0·1 V 

0.8 V 

Min Max Units 

-5 5 I1A 

-5 5 I1A 

2.4 - V 

- 0.4 V 

-5 5 I1A 

-5 5 I1A 
2.4 - V 

- 0.4 V 
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KM48C5148, KM48V5148 CMOS DRAM 

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

i-
II, Symbol Power Speed Max Units I 

KM48V514B KM48C514B 
--------- ------------+---- -------------------------j--------------- ----------1 

Icc1 

i -5 - 85 mA II 

-6 70 70 mA 
Don't care -7 65 65 mA 

-8 60 mA 

mA= -5 - 85 mA 
Icc3 Don't care -6 70 70 mA 

I -7 65 65 mA 

[------+1 ----+--~:------1'---------=-6~-=-----+----~-5---+--:-: 

Don't care DQn'tcare 2 

I -6 55 55 mA 
IcC4 Don't care -7 50 50 mA 

-8 45 - mA 

Iccs Normal 
L 

Don't care 
0.5 1 rnA 
100 150 itA 

-5 85 rnA 

Icc6 Don't care -6 70 
65 
60 

70 rnA 
-7 65 rnA 
-8 

Icc7 L Don't care 200 

Iccs L Don't care 100 

Icc1* : Operating current (RAS", CAS, Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"=CAS"=W=VIH) 

300 

200 

Icc3* : RAS"-only refresh current (CAS=VIH, "RAS" , Address cycling @tRC=min.) 

Icc4* : Hyper Page Mode current (RAS"=VIL, CAS, Address cycling @tHPC=min.) 

Iccs : Standby current (RAS"=CAS=W=Vcc-O.2V) 

Icc6* : CAS"-before-RAS" Refresh current (RAS" and CAS cycling @tRC=min.)_ 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS= O.2V 

Din = Don't care, TRC=1251!S, TRAS= TRAS min-300 ns 

Iccs : Self refresh current 

RAS"=CAS=VIL, W=OE=AO - A9 = Vcc-O.2V or O.2V, 

DOO - D07 = Vcc-O.2V, O.2V or open 

rnA 

itA 

IlA 

* NOTE: Icc1, Icc3, Icc4and Icc6are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icc3, 
and Icc6. address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one hyper page cycle time, tHPC 

,,:J:1¥lIP·· 
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KM48C514B, KM48V514B 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter Symbol Min 

Input capacitance [AO - A9] CIN1 -
i Input capacitance [RAS", "CAS", W, OE] GIN2 -
i Output Capacitance [DOO - D07] Goa I -

AC CHARACTERISTICS (0°C$TAS;70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, Vi"nlViI=2.4/0.8V, VohNol =2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.1/0.8V, VohIVol =2.0/0.8V 

r _ 5"1 -6 -7 
i Parameter Symbol Min Max Min Max Min Max 

Random read or write cycle time tRC 84 104 124 

Read-modify-write cycle time tRWC 116 140 165 

Access time from RAg" tRAC 50 60 70 

Access time from CAS" tCAC 17 17 20 

Access time from column address tAA 25 30 35 

CAS" to output in Low-Z tCLZ 3 3 3 

Output buffer turn-off delay from CAS" tCEZ 3 13 3 15 3 15 

I Transition time (rise and fall) tT 2 50 2 50 2 50 

RAS" precharge time tRP 30 40 50 

I~AS" pulse width tRAS 50 10K 60 10K 70 10K 

RAS" hold time tRSH 17 17 20 

CAS" hold time tCSH 40 50 60 

CAS" pulse width tCAS 8 10K 10 10K 15 10K 

I RAg" to CAS" delav time tACO 20 33 20 43 20 50 

RAg" to column address delav time tRAD 15 25 15 30 15 35 

CAS" to RAg" precharae time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time (5V) tCAH 8 10 15 

Column address hold time (3.3V) tCAH - 15 15 

Column address to RAg" lead time tRAL 25 30 35 

Read command set-up time tACS 0 0 0 

Read command hold time referenced to CAS" tRCH 0 0 0 

Read command hold time referenced to RAg" tRRH 0 0 0 

, Write command set-uD time tWCS 0 0 0 

I Write command hold time tWCH 10 10 10 

Write command Dulse width tWP 10 10 10 

! Write command to RAg" lead time tRWL 13 15 15 
I 

I Write command to CAS" lead time tCWL 8 10 15 

Note) *1: 50ns product: Vcc=5V±5%, Output Loading(CL)=50pF, *2: 3.3V only 

tl"tWJiihtP 
ELEmONICS 

CMOS DRAM 

Max Unit 

5 pF 

7 pF i 

7 i pF , 

_ 8"2 

Min Max 
Units Notes 

144 ns 

190 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 15 ns 6, 13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 11 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

- ns 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

10 ns 

10 ns 

20 ns 

20 ns 
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KM48C5148, KM48V5148 CMOS DRAM 

AC C ... ARACTERISTICS (O°C~TA~70°C, See note 1,2) 

I '1 -6 -7 - 8'2 

I 

-5 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units Notes 

!Q~ta set-l1? time __ tDS 0 0 0 0 ns 9 I 

iQ~-~ hold ti~_e(~) __________ . __ . ____ ~tQf:! I 8 i 10 15 - i ns 9 

:Data hold time (3.3V) itDH - 15 15 15 I n;T--

Refresh period (Normal) tREF 16 16 16 16 ms 

Refresh ~eriod (L-ver) tREF 128 128 128 128 ms 

CAS to W delay time tCWD 34 36 44 44 ns 7 

RAS to W delav time tRWD 67 79 94 104 ns 7 

l Column address to W delav time tAWD 42 49 59 64 ns 7 II 
CAS precharae to W delav time tCPWD 45 54 64 69 ns 

CAS" set-uD time (CAS-before-RAS refresh) tCSR 5 5 5 5 ns 

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

RAS to CAS Drecharae time tRPC 5 5 5 5 ns 

~ precharae time (CBR counter test cvcle) tCPT 20 20 25 30 ns 

I Access time from CAS Drecharae tCPA 28 35 40 45 ns 3 

I I Hvper Paae mode cvcle time tHPC 20 25 30 35 ns 11 

~~per Paoe mode read-modifv-write cvcle time tHPRWC 47 56 71 81 ns 11 

ICAS precharae time (HvDer Daoe cvcle) tCP 8 10 10 10 ns I 
RAS Dulse width (HvDer Daae cvcle) tRASP 50 lOOK 60 lOOK 70 lOOK 80 lOOK ns 

FA!> hold time from CAS precharae tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 3 

OE to data delav tOED 13 15 20 20 ns 

Out Rut buffer turn off delall time from OE tOEZ 3 13 3 15 3 20 3 20 ns 6 

OE to outRut in low-Z tOLZ 3 3 3 3 ns 

OE command hold time tOEH 13 15 20 20 ns 

I ~~:~~: :~~a hold time 
tDOH 5 5 5 5 ns 

ff"r II ,rn nff rl"I"" frnm = 't~1=7 3 13 ::I 15 3 ?O 3 20 ns 6 13 

)utDut buff"r 111m off rl"IRv from W tWEZ 3 13 3 15 3 20 3 20 ns 6 

W to data delav tWED 13 15 20 20 ns 

OE to CAS" hold time tOCH 5 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 5 ns 

OE precharae time tOEP 5 5 5 5 ns 

W pulse width (hyper page cvcle) tWPE 5 5 5 5 ns 

~AS pulse width(C-B-R self refresh) tRASS 100 100 100 100 I1s 12 ---
RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 12 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12 

Note) "1: 50ns product: Vcc=5V±5%, Output Loading(Cl)=50pF, *2: 3.3V only 

tl:1:1¥JiiUiP 
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KM48C514B, KM48V514B CMOS DRAM 

NOTES 

1. An initial pause of 200~ is required after power-up followed by any 8 ROR or CBR 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 equivalent to 2 TTL(5V)/1 TTL(3.3V) loads 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 tRCD;::: tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(min), 

tRWB~ 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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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. tASC~6ns, Assume tT =2.0ns. 

12. For all of the refresh modes except for distributed CAS"-Before-"RAS" refresh, 1024 cycle of burst 

refresh must be executed within 8ms before and after self refresh in order to meet refresh 

specification (L-version). 

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

high going. If CAS" goes high before "RAS high going, the open circuit condition of the output is 

achieved by"RAS high going . 

• ,:!ti¥jihi• 
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KM416C256B, KM416V256B CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 262,144 x 16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 
features of this family. 
All of this family have CAS-before-RAS" refresh, RAS"-only refresh and Hidden refresh capabilities. Further

more, Self-refresh operation is available in Low power version. 
This 256Kx16 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. 
It may be used as graphic memory unit for microcomputer, personal computer and portable machines. 

FEATURES 
• Part Identification 

• Fast Page Mode operation 
• 2 CAS" BytelWord ReadlWrite operation 

- KM416C256B/BL (5V, 512 Ref.) 
- KM416V256BIBL (3.3V, 512 Ref.) 

• CAS"-before-RAS" refresh capability 
• RAS"-only and Hidden refresh capability 

• Self-refresh capability (L-ver only) 
• Active power dissipation 

Unil'mW 
• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

3.3V 
Speed (512 Ref.) 

-5 -
-6 325 
-7 290 
-8 270 

• Refresh cycles 

Part 
Vcc 

Refresh 
NO. cycle 

C2568 5V 
512 

V2568 3.3V 

• Performance range: 

Speed tRAC tCAC tRC 

-5 50ns 15ns 90ns 

-6 60ns 15ns 110ns 

-7 70ns 20ns 130ns 

-8 80ns 20ns 150ns 

5V 
(512 Ref.) 

605 
495 

440 

-

Refresh period 

Normal L 

8ms 128ms 

tPC Remark 

35ns 5V 

40ns 5V13.3V 

45ns 5V/3.3V 

SOns 3.3V 

• Early Write or output enable controlled write 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(II) packages 
• Triple +5V±10% power supply (5V product) 

• Triple +3.3V±O.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAS .-1----, .--___ ---,. _ r: ~: llCAS 
[CAS 

W -->-_--,_--' 
vee Generator' I::J 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice . 
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KM416C256B, KM416V256B CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416CN256BJ • KM416CN256BT 

vee 10 '-' 40 pVss vee Vss 
DOO 2 39 PD015 DOO D015 
D01 3 38 PD014 D01 D014 
D02 4 37 PD013 D02 D013 

D03 D012 D03 5 36 PD012 vee Vss 
vee 6 35 pvss . D04 D011 
D04 7 34 P D011 D05 D010 
D05 8 33 PD010 D06 D09 
D06 9 32 PD09 D07 D08 
D07 10 31 PD08 
N.C 11 30 ~N.C 
N.C 12 29 ~[CAS" N.C 

W 13 28 ~UCAS" 
[CAS" 

UCAS" ~ 14 27 pOE OE 
N.C 15 26 pA8 A8 
AO 16 25 PA7 A7 
A1 17 24 pA6 AS 
A2 18 0 23 pA5 A5 
A3 19 22 pA4 A4 

vee 20 21 PVss Vss 

(SOJ) (TSOP(II)-Forward Type) 

Pin Name Pin Function 
AO-A8 Address Inputs 
DOO -15 Data In/Out 

Vss Ground 
~ Row Address Strobe 

UCAS" Upper Column Address Strobe 
[CAS" Lower Column Address Strobe 

W ReadlWrite Input 
OE Data Output Enable 

Power (+5V) 
Vee Power (+3.3V) 

N.C No Connection 

.,&&)101• 
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KM416C256B, KM416V256B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3,3V 5V 

Voltage on any pin relative to Vss V,N,VOur -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

3,3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage V,H 2.1 , VcC+0.3'1 2.4 , 

Input Low Voltage V,L -0.3'2 - 0.8 -1.0'2 , 

*1 : Vcc+ 1.3V/15ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 

*2: -1.3V115ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 

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

Unit 
Max 

5.5 V 

0 V 
VCC+1.0'1 V 

0.8 V 

Parameter Symbol Min Max Units 

Input Leakage Current h(L) -5 5 ~A 
(Any input 0::;VIN::;VCC+0.3V, all other pins not under test=OV 

3.3V 
Output Leakage Current 

10(L) -5 5 ~ (Data out is disabled, OV::;VouTS,Vcc) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 

Input Leakage Current (Any input 0::;VIN::;VCC+0.5V, 
(Any input 0::;VIN::;VCC+0.5V, all other pins not under test=OV 

h(L) -5 5 ~ 

5V 
Output Leakage Current 10(L) -5 5 ~ (Data out is disabled, OV::;VOuBVCC) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 V 

.,"{:ti%'> 
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KM416C256B, KM416V256B CMOS DRAM 

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

Symbol Power Speed 
Max 

KM416V256B KM416C256B 

·5 · 
-6 90 

ICCI Don'teare 
·7 80 
·8 75 

Icc2 Don't eare Don'teare 1 

·5 · 
Icc3 Don'teare ·6 90 

·7 80 
·8 75 

·5 · 
Icc4 Don'teare ·6 60 

·7 55 
·8 50 

Iccs 
Normal 0.5 

L Don'teare 100 

·5 · 
Icc6 Don'teare ·6 90 

·7 80 
·8 75 

Icc7 L Don'teare 200 

Iccs L Don'teare 100 

ICCI' : Operating current (RAS' , UCAS', ~ , Address cycling @tRC=min.) 

Icc2 : Standby current (RAS'=UCAS'=~=W=VIi-t) 

110 
90 
80 
· 

2 

110 
90 
80 
· 
70 
60 
55 
· 

1 
150 

110 
90 
80 
· 

300 

200 

Icc3' : "RAS-only refresh current (UCAS'=~=VtH, "RAS , Address cycling @tRC=min.) 

ICC4' : Fast Page Mode current (RAS'=VtL, UCAS' or~, Address cycling @tPC=min.) 

Iccs : Standby current (RAS'=UCAS'=~=W=Vcc-O.2V) 

Icc6' : CAS""-before-"RAS Refresh current (RAS' , UCAS' or~ cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VtH)=Vcc-O.2V, Input low voltage(VtL)=O.2V, UCAS', ~= O.2V 

Din = Don't care, TRc= 125j.1S, TRAS=TRASmin-300 ns 

Iccs : Self refresh current 

"RAS=UCAS'=~=VIL, W='OE=AO - A8 = Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2V or open 

Units 

rnA 
rnA 
rnA 
rnA 

rnA 

rnA 
rnA 
rnA 
rnA 
rnA 
rnA 
rnA 
rnA 

rnA 
!LA 

rnA 
rnA 
rnA 
rnA 

!LA 

!LA 

• NOTE: ICCI, Icc3, Icc4 and Icc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In ICCI, Icc3, 
and Icc6. address can be changed maximum once,while "RAS=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time, tPC. 
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KM416C2568, KM416V2568 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter Symbol Min 

Input capacitance [AO - A8] CIN1 -
Input capacitance [~, QCAS,ECAS, W,OE] CIN2 -
Output Capacitance [DQO - DQ15] Coa -

AC CHARACTERISTICS (O°C~TAgO°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNiI=2.4/0.8V, VotNol=2.4/0.4V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VitNiI=2.1/0.8V, VotNol =2.0/0.8V 

-5 'I -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 135 155 185 

Access time from RAS tRAC 50 60 70 

Access time from CAS tCAC 15 15 20 

Access time from column address IAA 25 30 35 

CAS" to output in Low-Z tCLl 0 0 0 

Output buffer turn-off delay tOFF 0 15 0 15 0 15 

Transition time (rise and fall) tT 3 50 3 50 3 50 

RAS" precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 15 15 20 

CAS hold time tCSH 50 60 70 

CAS pulse width tCAS 15 10K 15 10K 20 10K 

R"AS to CAS delav time tRCD 20 35 20 45 20 50 

RAS to column address delav time tRAD 15 25 15 30 15 35 

CAS" to RAS precharge time tCRP 5 5 5 

Row address set-up time IASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time IASC 0 0 0 

Column address hold time 15V\ tCAH 10 10 15 

Column address hold time (3.3V) tCAH - 15 15 

Column address to RAS lead time tRAL 25 30 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to CAS" tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

Write command set-uD time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

Write commandJlulse width tWP 10 10 10 

Write command to RAS lead time tRWL 15 15 15 

Write command to CAS" lead time tCWL 15 15 15 

Note) *1: 50ns product: Vcc=5V±5%, *2 : 3.3V only 

.,"{¥Wid· 
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Max Unit 

5 pF 

7 pF 

7 pF 

i 

'2 -8 

Min Max 
Units Notes 

150 ns • I 205 ns 

80 ns 3,4,10 

20 ns 3.4,5 

40 ns 3,10 

0 ns 3 

0 15 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 12 

15 ns 12 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 

10 ns 

10 ns 

20 ns 

20 ns 15 
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AC CHARACTERISTICS (O°C::;T~70°C, See note 1,2) 

_5'1 -6 -7 - 8'2 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units Notes 

Data set-up time IDS 0 0 0 0 ns 9,18 

Data hold time (5V) tDH 10 10 15 15 ns 9,18 

Data hold time (3.3V) tDH - 15 15 15 ns 9,18 

Refresh period (Normal) tREF 8 8 8 8 ms 

Refresh period (L-ver) tREF 128 128 128 . .. 
128 ms 

CAS to W delay time tCWD 40 40 50 50 ns 7,14 

RAS" to W delay time tRWD 75 85 95 105 ns 7 

Column address to W delav time tAWD 50 55 60 65 ns 7 

CAS precharoe to W delay time tCPWD 55 60 65 70 ns 

CAS" set-up time (CAS-before-RAS" refresh) tCSR 10 10 10 10 ns 16 

CAS" hold time (CAS-before-RAS" refresh) tCHR 10 10 10 10 ns 17 

RAS" to CAS precharae time tRPC 5 5 5 5 ns 

CAS precharoe time(CB"R counter test cycle) tCPT 20 20 25 30 ns 

Access time from CAS precharae tCPA 30 35 40 45 ns 3 

Fast Paoe mode cycle time tPC 35 40 45 50 ns 

Fast Paae mode read-modifv-write cvcle time tPRWC 80 80 95 105 ns 

CAS precharae time (Fast paae cvcle) tCP 10 10 10 10 ns 13 

"RAS pulse width (Fast Daoe cvcle) tRASP 50 lOOK 60 lOOK 70 lOOK 80 lOOK ns 

"RA:S" hold time from CAS precharae tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 

OE to data delav tOED 15 15 20 20 ns 

lOut out buffer turn off delav fmA from OE" tOEZ 0 15 0 15 0 20 0 20 ns 6 

OE command hold time tOEH 15 15 20 20 ns 

RAS" Dulse width(C-B-"R self refresh) tRASS 100 100 100 100 !!S 11 

RAS" precharge time (C-B-"R self refresh) tRPS 90 110 130 150 ns 11 

CAS" hold time (C-B-"R self refresh) tCHS -50 -50 -50 -50 ns 11 

Note) *1: 50ns product: Vcc=5V±5%, . *2: 3.3V only 

.,:1t'¥jiiW' 
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KM416C256B, KM416V256B CMOS DRAM 

NOTES 

1 . An initial pause of 200iJ.s is required after power-up followed by any 8 ROR or CBR 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 50pF. 

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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in read-modify-write cycle!? 

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. 

KM416CN256B/BL Truth Table 

RAS" [CAS" UCAS" W OE DOO-D07 D08 - D015 STATE 

H H H H H Hi-Z Hi-Z Standby 

L H H H H Hi-Z Hi-Z Refresh 

L L H H L DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DO-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

.,:!ti¥jihi• 
ELECTRONICS 

135 



KM416C256B, KM416V256B CMOS DRAM 

11. For all of the refresh modes except for distributed CAS'-Before-'RAS refresh, 512 cycle of burst 

refresh must be executed within 8ms before and after self refresh in order to meet refresh 

specification (L-version). 

12. tASC, tCAH are referenced to the earlier CAS' falling edge. 

13. tCP is specified from the last CAS' rising edge in the previous cycle to the first CAS' falling edge in th.e 

next cycle. 

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

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

16. tCSR is referenced to earlier CAS' falling low before 'RAS transition low. 

17. tCH R is referenced to the later CAS' rising high after 'RAS transition low. 

" ( 

\ 
~ 

tCSR tCHR 

18. tDS, tDH is independently specified for lower byte DIN(O-7), upper byte DIN(8-15). 

tl&¥jiiU$ 
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KM416C254B, KM416V254B CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 262,144 x 16 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high 
speed random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), 
access time (-5, -6, -7 or -8), power consumption (Normal or Low power) and package type(SOJ or TSOP-II) 
are optional features of this family. 
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version. 
This 256Kx16 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 
It may be used as graphic memory unit for microcomputer, personal computer and portable machines. 

FEATURES • Extended Data Out operation 
• Part Identification • 2 CAS BytelWord ReadlWrite operation 

- KM416C254B/BL (5V, 512 Ref.) 
- KM416V254BIBL (3.3V, 512 Ref.) 

• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• Active power dissipation 
Unlt·mW 

• TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

Speed 
3.3V 

(512 Ref.) 

-5 -
-6 255 
-7 235 
-8 220 

• Refresh cycles 

Part Refresh 
NO. Vee cycle 

C254B 5V 
512 

V254B 3.3V 

• Performance range 

Speed tRAC tCAC tRC 

-5 50ns 17ns 84ns 
-6 60ns 17ns 104ns 
-7 70ns 20ns 124ns 
-8 80ns 20ns 144ns 

5V 
(512 Ref.) 

605 

495 
440 

-

Refresh Period 
Normal L 

8ms 128ms 

tHPC Remark 

20ns 5VOnly 

25ns 5V/3.3V 

30ns 5V/3.3V 

35ns 3.3VOnly 

• Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(II) packages 
• Triple +5V±10% power supply (5V product) 
• Triple +3.3V±O.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAS...r-----, 

r------,. r: ~:: rn:AS" 
[CAS 

w--..---,r----' 
Vee Generato~ I:J 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice . 
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KM416C254B, KM416V254B 

PIN CONFIGURATION (Top Views) 

• KM416CN254BJ 

vee 
DQO 
D01 
D02 
D03 
vee 
D04 
D05 
D06 
D07 
N.C 
N.C 

W 
"RAS 
N.C 
AO 
A1 
A2 
A3 

vee 

10 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

- 40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 

0 23 P 
22 
21 

Vss 
D015 
D014 
DQ13 
D012 
Vss 
DQ11 
DQ10 
D09 
DQ8 
N.C 
['CAS 
{J"CAg 

UE 
A8 
A7 
A6 
A5 
A4 
Vss 

vee 
DQO 
DQ1 
DQ2 
DQ3 
vee 
D04 
D05 
DQ6 
007 

N.C 
N.C 

W 
"RAS 
N.C 
AO 
A1 
A2 
A3 

vee 

• KM416CN254BT 

CMOS DRAM 

Vss 
0015 
0014 
DQ13 
0012 
Vss 
DQ11 
DQ10 
009 
008 

N.C 
['CAS 
{J"CAg 

UE 
A8 
A7 
A6 
A5 
A4 
Vss 

(SOJ) (TSOP(II)-Forward Type) 

Pin Name Pin Function 

AO-AS Address Inputs 

DOO -15 Data In/Out 

Vss Ground 

"RAS Row Address Strobe 
{J"CAg Upper Column Address Strobe 
['CAS Lower Column Address Strobe 

W ReadlWrite Input 

UE Data Output Enable 

Vee 
Power (+5V) 

Power (+3.3V) 

N.C No Connection 

tl:!{¥jiUitJ 
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KM416C254B, KM416V254B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3.3V 5V 

Voltage on any pin relative to Vss VIN,Vour -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage VIH 2.1 - Vcc+0.3·1 2.4 -
Input Low Voltage VIL -0.3'2 - 0.8 _1.0'2 -

*1 : Vcc+ 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 

*2: -1.3v/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 

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

Unit 
Max 

5.5 V 

0 V 
Vcc+ 1.0' 1 V 

0.8 V 

Parameter Symbol Min Max Units 

Input Leakage Current h(l) -5 5 ~ (Any input 0S;VINS;VCC+0.3V, all other pins not under test=OV) 

3.3V 
Output Leakage Current 10(l) -5 5 /lA (Data out is disabled, OVS;VolfTS,Vcc) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level (lol=2mA) VOL - 0.4 V 

Input Leakage Current (Any input Ds;VINS;VCC+0.5V, h(l) -5 5 /lA (Any input 0S;VINS;VCC+0.5V, all other pins not under test=OV) 

5V 
Output Leakage Current 10(l) -5 5 /lA (Data out is disabled, OVS;Vours;Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (lol=4.2mA) VOL - 0.4 V 

.,&&1'01;; 
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KM416C254B, KM416V254B CMOS DRAM 

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

Symbol Power Speed 
Max 

KM416V254B KM416C254B 

-5 -
-6 70 

ICCl Don't care 
-7 65 
-8 60 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care -6 70 

-7 65 
-8 60 

-5 -
Don't care 

-6 60 
Icc4 -7 55 

-8 50 

Iccs Normal 0.5 
L Don't care 100 

-5 -
Iccs Don't care -6 70 

-7 65 
-8 60 

Icc7 L Don't care 200 

Iccs L Don't care 100 

ICC1' : Operating current (RAS" , UCAS", CCAS", Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"::O"CAS'=CCAS"=W=VIH) 

110 
90 
80 
-
2 

110 
90 
80 
-

70 
60 
50 
-
1 

150 

110 
90 
80 
-

300 

200 

Icc3' : "RAS"-only refresh current (UCAS"=CCAS"=VIH, "RAS" , Address cycling @tRC=min.) 

Icc4' : Hyper Page Mode current (RAS"=VIL, UCAS" or [CAS" , Address cycling @tHPC=min.) 

Iccs : Standby current (RAS"=UCAS"=CCAS"=W=Vcc-O.2V) 

Iccs' : CAS"-before-"RAS" Refresh current (RAS" , UCAS" or [CAS" cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, UCAS",CCAS"= O.2V 

Din = Don't care, TRc= 125f..1S, TRAs=TRAsmin-300 ns 

Iccs : Self refresh current 

"RAS"=UCAS"=CCAS"=VIL, W=OE"=AO - A8 = Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2V or open 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
ItA 

mA 
mA 
mA 
mA 

ItA 

ItA 

• NOTE: ICC1, Icc3, IcC4 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 IccI, Icc3, 
and Icc6, address can be changed maximum once while "RAS"=VIL. In Icc4, address can be 
changed maximum once within one hyper page cycle time, tHPC . 

• ,,,:,+JiO·" 
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KM416C254B, KM416V254B 

CAPACITANCE (TA=25°C,Vcc=5Vor3.3V, f=1MHz) 

Parameter Symbol Min 

Input capacitance [AO - A8) CIN1 -
Input capacitance [RAS, UCAS",I:CAS", W, OE) CIN2 -

i 
Output Capacitance [000 - 0015) Coa -

AC CHARACTERISTICS (0°CS;TA:570°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitJViI=2.4/0.8V, Vott!Vol=2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, Vitt!ViI=2.1/0.8V, VohNoI=2.0/0.8V 

-5 '1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 84 104 124 

Read-modify-write cycle time tRWC 116 140 165 

Access time from "RAS" tRAC 50 60 70 

Access time from ~ tCAC 17 17 20 

Access time from column address tAA 25 30 35 

CAS' to output in Low-Z tCLZ 3 3 3 

Output Buffer tum-off delay from ~ tCEZ 3 13 3 15 3 20 

Transition time (rise and fall) tT 2 50 2 50 2 50 

"RAS" precharge time tRP 30 40 50 

"RAS" pulse width tRAS 50 10K 60 10K 70 10K 

"RAS" hold time tRSH 17 17 20 

~holdtime tCSH 40 50 60 

~ pulse width tCAS 8 10K 10 10K 15 10K 

"RAS" to ~ delay time tRCD 20 33 20 43 20 50 

"RAS" to column address delav time tRAD 15 25 15 30 15 35 

CAS' to "RAS" precharge time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time (5V) tCAH 8 10 15 

Column address hold time (3.3V) tCAH - 15 15 

Column address to "RAS" lead time tRAL 25 30 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to ~ tRCH 0 0 0 

Read command hold time referenced to "RAS" tRRH 0 0 0 

Write command set-up time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

Write command pulse width tWP 10 10 10 

Write command to "RAS" lead time tRWL 13 15 15 

Write command to ~ lead time tCWL 8 10 15 

Note) *1: 50ns product: Vcc=5V±5%, *2: 3.3V only 

.,,,,,:fjid·' . 
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Max Unit 

5 pF 

7 pF 

7 pF 

'2 -8 

Min Max 
Units Notes 

144 ns • 190 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 20 ns 6,13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns I 

70 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 14 

- ns 14 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

10 ns 

10 ns 

20 ns 

20 ns 17 
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KM416C254B, KM416V254B CMOS DRAM 

AC CHARACTERISTICS (O°C~AS;70°C, See note 1,2) 

-5 "1 -6 -7 _ 8"2 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 0 ns 9,20 

Data hold time (5V) tDH 8 10 15 - ns 9,20 

Data hold time (3.3Vl tDH - 15 15 15 ns 

Refresh period (Normal) tREF 8 8 8 8 ms 

Refresh period (L-verl tREF 128 128 128 128 ms 

CAS" to W delav time tCWD 34 36 44 44 ns 7,16 

RAS" to W delav time tRWD 67 79 94 104 ns 7 

Column address to W delav time tAWD 42 49 59 64 ns 7 

CAS" precharae to W delav time tCPWD 45 54 64 69 ns 

CAS" set-up time (CAS"-before-RAS" refresh) tCSR 5 5 5 5 ns 18 

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 10 10 ns 19 ; 

RAS" to CAS" precharae time tRPC 5 5 5 5 ns 

CAS" precharae time (C8R counter test cvcle) tCPT 20 20 25 30 ns 

Access time from CAS" Drecharae tCPA 28 35 40 45 ns 3 

HVDer Paae mode cvcle time tHPC 20 25 .30 35 ns 11 

HVDer Pace mode read-modifv-write cvcle timE tHPRWC 47 56 71 81 ns 11 

CAS" Drecharae time IHvDer Dace cvcle) tCP 8 10 10 10 ns 15 

m Dulse width (Hvner nace cvcle) tRASP 50 100K 60 100K 70 100K 80 100K ns 

RAS" hold time from CAS" Drecharae tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 3 

OE to data delav tOED 13 15 20 20 ns 

OutDut buffer tum off delav lime from OE tOEZ 3 13 3 15 3 20 3 20 ns 6 

OE commAnd hold time tOEH 13 15 20 20 ns 

OutDut data hold time tDOH 5 5 5 5 ns 

I Dlltno It hI 1ft-or to 1m nff 1i .. I"v from An ItREZ 3 15 3 15 3 20 3 20 ns 6,13 

I Outnut huffer lum nff delAv from W ItWI;Z 3 13 3 15 3 20 3 20 ns 6 

! W In 1i"1,, 1i .. I"v tWED 13 15 20 20 ns 

OE to CAS hold time tOCH 5 5 5 5 ns 

CAS" hold time to OE tCHO 5 5 5 5 ns 

OE nrecharce time tOEP 5 5 5 5 ns 

W Dulse width IHvDer Dace cvcle) tWPE 5 5 5 5 ns 

RAS" Dulse widthIC-B-R self refresh) tRASS 100 100 100 100 I1s 12 

RAS" Drecharae time IC-8-R self refresh) tRPS 90 110 130 150 ns 12 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12 

Note) *1 : 50ns product: Vcc=5V±5%, *2: 3.3Vonly 
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KM416C254B, KM416V254B CMOS DRAM 

NOTES 
1. 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. 

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 equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 50pF. 

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 tRCD;:: tRCD(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 characteristics only. If tWCS;:: tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD;:: tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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. tASC ;:: 6ns, Assume tT =2.0ns. 

KM416CN254B/BL Truth Table 

"RAS" LeAS" OCAS" W OE DOO-D07 D08 - D015 STATE 

H H H H H Hi-Z Hi-Z Standby 

L H H H H Hi-Z Hi-Z Refresh 

L L H H L DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DO-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

.,M&ilh" 
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KM416C254B, KM416V254B CMOS DRAM 

12. For all of the refresh modes except for distributed CAS"-Before-~ refresh, 512 cycle of burst 

refresh must be executed within 8ms before and after self refresh in order to meet refresh specification 

(L-version). 

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

high going. If CAS" goes high before ~ high going, the open circuit condition of the output is 

achieved by "RAS" going. 

14. tASC, tCAH are referenced to the earlier CAS" falling edge. 

15. tCP is specified from the last CAS" rising edge in the previous cycle to the first CAS" falling edge in the 

next cycle. 

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

17. tCWL is specified from W falling edge to the earlier CAS" rising edge 

18. tCSR is referenced to earlier CAS" falling low before ~ transition low. 

19. tCHR is referenced to the later CAS" rising high after ~ transition low. 

" if 

-+ 
tCSR tCHR 

20. toS, tDH is independently specified for lower byte DIN(0-7), upper byte DIN(8-15). 

tl:!ti¥jihi• 
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KM48C512D, KM48V512D CMOS DRAM 

512K x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 524,288 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 
features of this family. 
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further

more, Self-refresh operation is available in Low power version. 
This 512Kx8 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. 
It may be used as main memory unit for personal computer and portable machines. 

FEATURES • Fast Page Mode operation 
• Part Identification • Byte Read/Write operation 

- KM48C512D/DL (5V, lK Ref.) 
- KM48V512D/DL (3.3V, 1K Ref.) 

• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• Active power dissipation 
Unit'mW • TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

3.3V 5V • Early Write or output enable controlled write 
Speed (lK Ref.) (lK Ref.) • JEDEC standard pinout 

-5 - 470 • Available in plastic SOJ and TSOP(II) packages 

-6 255 385 
-7 235 360 
-8 220 -

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Part 

Vee 
Refresh Refresh period 

NO. cycle Normal L 
C512D 5V 

1K 16ms 128ms 
V512D 3.3V 

~ ______ ~ .. r:~: 
vaa Generator I:J 

• Performance range 

Speed tRAC tCAC tRC tPC Remark 

-5 SOns 15ns 90ns 35ns 5V 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 70ns 20ns 130ns 45ns 5V13.3V 

-8 80ns 20ns 150ns SOns 3.3V 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice . 
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KM48C512D, KM48V512D CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48CN512DJ • KM48CN512DT 

Vee Vss Vee Vss 
000 007 000 007 
001 006 001 006 
002 005 002 005 
003 DQ4 003 004 
N.C CAS N.C CAS 

W OE W ITE 
RAS N.C RAS N.C 

A9 AS A9 AS 
AO A7 AO A7 
A1 A6 A1 A6 
A2 A5 A2 A5 
A3 A4 A3 A4 

Vee Vss Vee Vss 

(SOJ) (TSOP-II) 

Pin Name Pin Function 

AO-A9 Address Inouts 
000-7 Data In/Out 

Vss Ground 
RAS Row Address Strobe 

CAS Column Address Strobe 
W ReadlWrite Input 
OE Data Output Enable 

Vee 
Power (+5V) 
Power (+3.3V) 

N.C No Connection 
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KM48C512D, KM48V512D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3.3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

3.3V 5V 
Parameter Symbol 

Min . Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage VIH 2.0 - Vec+0.3'l 2.4 -
Input Low Voltage VIL -0.3'2 - 0.8 -1.0'2 -

*1 : Vcc+ 1.3V/15ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 

*2: -1.3V/15ns(3.3V), -2.0Vl20ns(5V), Pulse width is measured at Vss. 

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

Unit 
Max 

5.5 V 

0 V 
VcC+1.0'l V 

0.8 V 

Parameter Symbol Min Max Units 

Input Leakage Current 
II(L) -5 5 ItA (Any input 0::;VIN::;VCC+0.3V, all other pins not under test=OV) 

3.3V 
Output Leakage Current 10(L) -5 5 ItA (Data out is disabled, OV::;Vou~Vcc) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 

Input Leakage Current (Any input 0::;VIN::;VCC+0.5V, 
(Any input 0::;VIN::;VCC+0.5V, all other pins not under test=OV) 

II(L) -5 5 ItA 

5V 
Output Leakage Current 10(L) -5 5 ItA (Data out is disabled, OV::;Vo~Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 V 

.,:!t1¥jihi• 
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KM48C512D, KM48V512D CMOS DRAM 

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

Symbol Power Speed 
Max 

KM48V512D KM48C512D 
i 

-5 -
-6 70 

ICCl Don't care -7 65 
-8 60 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care -6 70 

-7 65 
-8 60 

-5 -
Don't care 

-6 55 
Icc4 -7 50 

-8 45 

Icc5 
Normal 

Don't care 
0.5 

L 100 

-5 -
Icca Don't care -6 70 

-7 65 
-8 60 

Icc7 L Don't care 200 

Iccs L Don't care 100 

ICC1* : Operating current (RAS, CAS, Address cycling @tRC=min.) 

Icc2 : Standby current (RAS=CAS=W=VIH) 

ICC3* : RA:S-only refresh current (CAS=VIH, RAS , Address cycling @tRC=min.) 

Icc4* : Fast Page Mode current (RAS=VIL, CAS, Address cycling @tPC=min.) 

Icc5 : Standby current (RAS=CAS"=W=Vcc-O.2V) 

Icca* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.) 

85 
70 
65 
-
2 

85 
70 
65 
-

65 
55 
50 
-
1 

150 

85 
70 
65 
-

300 

200 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS= O.2V 

Din = Don't care, TRC=12511S, TRAS= TRAS min-300 ns 

Iccs : Self refresh current 

RAS=CAS=VIL, W="OE=AO - A9 = Vcc-O.2V or O.2V, 

000 - 007= Vcc-O.2V, O.2V or open 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
J.lA 

mA 
mA 
mA 
mA 

J.LA 

J.LA 

* NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6. address can be changed maximum once while RAS=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time, tPC. 
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KM48C512D, KM48V512D 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter Symbol Min 

Input capacitance [AO - A9] CIN1 -
Input capacitance [RAS", CAS, W, OE] CIN2 -
Output Capacitance [000- 007] Coa -

AC CHARACTERISTICS (O°C::;TAgO°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VlhlVlI=2.4/0.8V, VohNol =2.4/0.4V 
Test condition (3.3V device): Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohNol =2.0/0.8V 

-5 '1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 135 155 185 

Access time from ~ tRAC 50 60 70 

Access time from CAS tCAC 15 15 20 

Access time from column address tAA 25 30 35 

CAS to output in low-Z tCLZ 0 0 0 

Output buffer turn-off delay tOFF 0 15 0 15 0 15 

Transition time (rise and fall) tT 3 50 3 50 3 50 

RAS precharge time tRP 30 40 50 

roiS" pu Ise width tRAS 50 10K 60 10K 70 10K 

roiS hold time tRSH 15 15 20 

CAS hold time tCSH 50 60 70 

CAS pulse width tCAS 15 10K 15 10K 20 10K 

RAS" to CAS" delav time tRCD 20 35 20 45 20 50 

R"AS to column address delay time tRAD 15 25 15 30 15 35 

CAS to roiS precharge time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time (5VI tCAH 10 10 15 

Column address hold time (3.3V) tCAH - 15 15 

Column address to R"AS" lead time tRAl 25 30 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to CAS" tRCH 0 0 0 

Read command hold time referenced to F1AS" tRRH 0 0 0 

Write command set-UD time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

Write command Dulse width tWP 10 10 10 

Write command to roiS lead time tRWl 15 15 15 

Write command to CAS lead time tCWl 15 15 15 

Note) '1 : 5V only , '2: 3.3V only 

.,:!tibld •• 
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Max Unit 

5 pF 

7 pF 

7 pF 

'2 -8 
Units Notes 

Min Max 

150 ns I 
I 

205 ns 

80 ns 3.4,10 

20 ns 3.4,5 

40 ns 3,10 

0 ns 3 

0 15 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

10 ns 

10 ns 

20 ns 

20 ns 
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KM48C512D, KM48V512D CMOS DRAM 

AC CHARACTERISTICS (O°C~AgO°C, See note 1,2) 

-5 ·1 -6 -7 
_ 8.2 

Parameter Symbo 
I Min Max Min Max Min Max Min Max 

Units Notes 

Data set-up time tDS 0 0 0 0 ns 9 

Data hold time (5Vl tDH 10 10 15 - ns 9 

Data hold time (3.3Vl tDH - 15 15 15 ns 9 

Refresh period (Normal) tREF 16 16 16 16 ms 

Refresh period (L-verl tREF 128 128 128 128 ms 

CAS to W delav time tCWD 40 40 50 50 ns 7 

RAS to W delav time tRWD 75 85 95 105 ns 7 

Column address to W delav time tAWD 50 55 60 65 ns 7 

CAS precharge to W delav time tCPWD 55 60 65 70 ns 

CAS set-uo time lCAS-before-RAS refresh) tCSR 10 10 10 10 ns 

cAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 10 ns 

RAS to CAS orecharae time tRPC 5 5 5 5 ns 

CAS precharoe timelCBR counter test cvcle) tCPT 20 20 25 30 ns 

Access time from CAS orecharae tCPA 30 35 40 45 ns 3 

Fast Pa~e mode cvcle time tPC 35 40 45 50 ns 

Fast Paoe mode read-modifv-write cvcle timE tPRWC 80 80 95 105 ns 

CAS orecharoe time IFastoaoe cvcle) tCP 10 10 10 10 ns 

l1AS oulse width (Fast Mae cvcle) tRASP 50 lOOK 60 lOOK 70 lOOK 80 lOOK ns 

RAS hold time fram CAS orecharae tRHCP 30 35 40 45 ns 

DE access time tOEA 15 15 20 20 ns 

DE to data delav tOED 15 15 20 20 ns 

Out out buffer turn off delav lime from ('TI: tOEZ 0 15 0 15 0 20 0 20 ns 6 

OE command hold time tOEH 15 15 20 20 ns 

RAS pulse width iC-B-R self refresh) tRASS 100 100 100 100 IJ.S 11 

RAS precharae time iC-B-R self refreshl tRPS 90 110 130 150 ns 11 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 11 

Note) *1 : 5Vonly , *2: 3.3V only 
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KM48C512D, KM48V512D CMOS DRAM 

NOTES 

1. An initial pause of 200iJs is required after power-up followed by any 8 ROR or CBR 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TIL(5V)/1 TIL(3.3V) loads 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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS" leading edge in early write cycles and to the. W leading 

edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAO(max) is specified as 

a reference point only. If tRAO is greater than the specified tRAO(max) limit, then access time is 

controlled by tAA. 

11. For aU of the refresh modes except for distributed CAS"-Before-"RAS" refresh, 1024 cycle of burst 

refresh must be executed within 16ms before and after self refresh in order to meet refresh 

specification (L-version). 
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KM48C514D, KM48V514D CMOS DRAM 

512K x 8 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 524,288 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 
features of this family. 
All of this family have CAS"-before-RAS refresh, RAS-only refresh a:nd Hidden refresh capabilities. Further

more, Self-refresh operation is available in Low power version. 
This 512Kx8 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. 
It may be used as main memory unit for personal computer and portable machines. 

FEATURES • Extended Data Out operation 
• Part Identification • Byte ReadlWrite operation 

- KM48C514D/DL (5V, 1K Ref.) 
- KM48V514D/DL (3.3V, 1K Ref.) 

• CAS"-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• Active power dissipation 
Unil'mW 

• TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

3.3V 5V 
Speed (1K Ref.) (lK Ref.) 

• Early Write or output enable controlled write 
• JEDEC standard pinout 

-5 - 470 • Available in plastic SOJ and TSOP(II) packages 

-6 255 385 • Dual +5V±10% power supply (5V product) 
-7 235 360 • Dual +3.3V±O.3V power supply (3.3V product) 
-8 220 -

• Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Part 

Vee 
Refresh Refresh Period 

NO. cycle Normal L 

C514D 5V 
lK 16ms 128ms 

V514D 3.3\' 
""--V-BB-Ge-n-era-to-r"""dJ ~: 

• Performance range 

Speed tRAC tCAC tRC tHPC Remark 

-5 50ns 15ns 84ns 20ns 5VOnly 

-6 60ns 15ns 104ns 25ns 5V/3.3V 

-7 70ns .20ns 124ns 30ns 5V/3.3V 
-8 80ns 20ns 144ns 35ns 3.3VOn~ 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM48C514D, KM48V514D CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48CN514DJ • KM48CN514DT 

Vee Vss Vee Vss 
000 007 000 007 

• 
001 006 001 006 
002 DOS 002 DOS 
003 004 003 004 
N.C CAS N.C CAS" 

W Of W Of 
l1AS N.C l1AS N.C 

A9 A8 A9 A8 
AO A7 AO A7 
A1 A6 A1 A6 
A2 AS A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 

(SOJ) (TSOP-II) 

Pin Name Pin Function 

AO-A9 Address Inputs 
000-7 Data In/Out 

Vss Ground 
RAS Row Address Strobe 

CAS Column Address Strobe 
W Read/Write Input 
OE Data Ou~ut Enable 

Vee 
Power (+SV) 
Power (+3.3V) 

N.C No Connection 
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KM48C514D, KM48V514D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3_3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 sectiQns of 

this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 

device reliability. 

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

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 
Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 Q 0 0 

Input High Voltage VIH 2.0 - Vcc+0.3-1 2.4 -
Input Low Voltage VIL -0.3-2 - 0.8 _1.0-2 -

*1 : Vcc+ 1.3V115ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 

*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 

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

Parameter 

Input Leakage Current 
(Any input O::;;VIN::;VCC+0.3V, all other pins not under test=OV 

3.3V 
Output Leakage Current 
(Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level (loH=-2mA) 

Output Low Voltage Level (loL=2mA) 

Input Leakage Current (Any input 0::;VIN::;VCC+0.5V, 
(Any input 0::;VIN::;VCC+0.5V, all other pins not under test=OV 

5V 
Output Leakage Current 
(Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level (loH=-5mA) 

Output Low Voltage Level (loL=4.2mA) 

.,:1:i¥jih IS 
ELEcrRONICS 

Symbol 

h(L) 

10(L) 

VOH 

VOL 

h(L) 

10(L) 

VOH 

VOL 

Unit 
Max 

5.5 V 

0 V 
Vcc+1.0-1 V 

0.8 V 

Min Max Units 

-5 5 ItA 

-5 5 ItA 
2.4 - V 

- 0.4 V 

-5 5 ItA 

-5 5 ItA 
2.4 - V 

- 0.4 V 
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KM48C514D, KM48V514D CMOS DRAM 

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

Symbol Power Speed 
KM48V514D 

-5 -
IcC1 Don't care -6 70 

-7 65 
-8 60 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don'lcare -6 70 

-7 65 
-8 60 

-5 -
Icc4 Don't care -6 55 

-7 50 
-8 45 

Icc5 
Normal 0.5 

L Don'lcare 100 

-5 -
ICC6 Don't care -6 70 

-7 65 
-8 60 

Icc7 L Don't care 200 

Iccs L Don't care 100 

Max 

Icc1* : Operating current (RAS, CAS, Address cycling @tRC=min.) 

Icc2 : Standby current (RAS=CAS=W=VIH) 

KM48C514D 

85 
70 
65 
-
2 

85 
70 
65 
-

65 
55 
50 
-
1 

150 

85 
70 
65 
-

300 

200 

Icc3* : RAS-only refresh current (CAS"=VIH, RAS , Address cycling @tRC=min.) 

Icc4* : Hyper Page Mode current (RAS=VIL, CAS, Address cycling @tHPC=min.) 

Icc5 : Standby current (RAS=CAS=W=Vcc-O.2V) 

Icce* : CAS-before-RAS Refresh current (AAS and CAS cycling @tRC=iTlin.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS= O.2V 

Din = Don't care, TRC=125j.1.S, TRAS= TRAS min-300 ns 

Iccs : Self refresh current 

l1AS=CAS=VIL, W=aE=AO - A9 = Vcc-O.2V or O.2V, 

DQO - DQ7 = Vcc-O.2V, O.2V or open 

Units 

rnA 
rnA 
rnA 
rnA 

rnA 

rnA 
rnA 
rnA 
rnA 

rnA 
rnA 
rnA 
rnA 

rnA 
j.LA 

rnA 
rnA 
rnA 
rnA 

j.LA 

j.LA 

* NOTE: Icc1, Icc3, Icc4 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, Icc3, 
and Icc6, address can be changed maximum once while R"AS=VIL. In Icc4, address can be 
changed maximum once within one hyper page cycle time, tHPC 
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KM48C514D, KM48V514D 

CAPACITANCE (TA=25°C, Vcc=5V or 3.3V, 1=1 MHz) 

Parameter Symbol Min 

Input capacitance [AO - A9] C'N! -
Input capacitance [RA'S", CAS', W, 0El C'N2 -
Output Capacitance [000 - 007] Coa -

AC CHARACTERISTICS (0°C:S:TA:S:70°C, See note 1,2) 
Test condition (5V device): Vcc=5.0V±10%, VitJViI=2.4/0.8V, VohNol=2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VitJViI=2.0/0.8V, VoWVol =2.0/0.8V 

_5*1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC S4 104 124 

Read-modify-write cycle time tRWC 116 140 165 

Access time from RAS tRAC 50 60 70 

Access time from CAS" tCAC 15 15 20 

Access time from column address tAA 25 30 35 

CAl) to output in Low-Z tCLl 3 3 3 

Output buffer turn-off delay from CAS" tCEZ 3 13 3 15 3 15 

ITransition time (rise and fall) tT 2 50 2 50 2 50 

RAg precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10K 60 10K 70 10K 

RAg hold time tRSH 15 15 20 

CAS" hold time tCSH 40 50 60 

CAl) pulse width tCAS S 10K 10 10K 15 10K 

RAS to CAS" delav time tRCD 20 35 20 45 20 50 

RAS" to column address delav time tRAD 15 25 15 30 15 35 

1 CAS" to RAS" precharge time tCRP 5 5 5 

I Row address set-up time lASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time lASC 0 0 0 

Column address hold time (5Vl tCAH S 10 15 

Column address hold time (3.3V) tCAH - 15 15 

Column address to RAS lead time tRAL 25 30 35 

Read command set-up time tRCS 0 0 0 

f Read command hold time referenced to CAS" tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

cWrite command set-uD time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

I Write command Dulse width tWP 10 10 10 

i Write command to RAS lead time tRWL 13 15 15 

Write command to CAS" lead time tCWL 8 10 15 

Note) *1 : 5V only , *2: 3.3V only 

.,&&ll'a> 
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Max Unit 

5 pF 

7 pF 

7 pF 

_ S"2 

Min Max 
Units Notes 

144 ns 

190 ns 

SO ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 15 ns 6, 13 

2 50 ns 2 

60 ns 

SO 10K ns 

20 ns 

70 ns 

20 10K ns 11 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

- ns 

15 ns 

40 ns 

0 ns 

0 ns S 

0 ns 8 

0 ns 7 

10 ns 

10 ns , 

20 ns 

20 ns 
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KM48C514D, KM48V514D CMOS DRAM 

AC CHARACTERISTICS (O°C::;TA:QO°C, See note 1,2) 

-5 ·1 -6 -7 - 8.2 

Parameter Symbol 
Min Max Min Max Min Max Min Max 

Units Notes 

Data set-up time tDS 0 0 0 0 ns 9 

Data hold time (5V) tDH 8 10 15 ns 9 

Data hold time (3.3V) tDH - 15 15 15 ns 

Refresh Deriod (Normal) tREF 16 16 16 16 ms 

Refresh period (L-ver) tREF 128 128 128 128 ms 

CAS" to W delav time ICWD 34 36 44 44 ns 7 

R"AS" to W delav time tRWD 67 Z9 94 104 ns 7 

Column address to W delav time IAWD 42 49 59 64 ns 7 

CAS" precharae to W delav time tCPWD 45 54 64 69 ns 

CAS" set-uD time (CAS"-before-~ refresh) ICSR 5 5 5 5 ns 

CAS" hold time (CAS"-before-F\"AS" refresh I tCHR 10 to 10 10 ns 

R"AS to CAS" Drecharae fme IRPr. 5 fi 5 5 ns 

CAS" , time (CBR" counter 1,,,.1 ,",vdel tr.PT 20_ ?n ?fi _30 ns 

A,",cess lime from CAS" nr",.h"rno Itr.PA 28 35 40 45 ns 3 

HVDer Pace mode evcle time IIHPC 20 25 30 35 ns 11 

Hvnp.r P",np. mndp. rp'",d-modifv-wrile evele . 47 fiR 71 81 ns 11 

CAS" ,time (HVDer n"nA "vdAl ItCP 8 in in _10 ns 

RAS nulse width (HvDer Daoe evcle\ ItRASP 50 100K RO 100K 70 100K 80 100K ns 

R"AS_hold timA from ~ ItI:u-lr.p ~O ~o:; 40 4fi ns 

D£ access time IIOFA 15 15 20 20 ns 3 

01= tn rI"I" rlAI"v ItOl=n 1~ 10; ?O ?O ns 

Oul Dul buffer lurn off delav lime from ()J; IIOF7 ~ 13 ~ 15 ~ 20 3 20 ns 6 

01= In n •• ln •• 1 in Inw-7 ItOl7 ~ ~ ~ ~ ns 

DE hold limp. 1101=1-1 1~ 1fi ?O 20 ns 

O •• ln •• 1 rI"l .. hnlrl timA Itnol- fi 0; 0; fi ns 

0, ,tn, ,t h, ,ff"r to orn nff ri"I"" frnm J:lXc:: .eC7 <I 1~ ., 1fi ., ?O ~ ?n ns R 1~ 

Olllnlll hllffAr IIIrn nff rlAI"v from W Itlft/1=7 ~ 13 ~ 15 ~ 20 ~ ?O ns 6 

W 10 dala delav IIWFn 13 1fi ?O 20 ns 

DE to CAS" hnlrl limA I tor.I- 5 _Ii 5 5 ns 

CAS" hold time 10 O£ 11r.1-I0 5 fi fi 5 ns 

DE Drecharae time IOEP 5 5 5 5 ns 

W pulse width (hvper pace cvcle) tWPE 5 5 5 5 ns 

RAS" pulse width(C-B-R self refresh) tRASS 100 100 100 100 Ils 12 

I1:AS precharce time (C-B-R self refreshl tRPS 90 110 130 150 ns 12 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12 

Note) "1 : 5Vonly • "2: 3.3V only 

tl"t'¥jiih' 
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KM48C514D, KM48V514D CMOS DRAM 

NOTES 

1. An initial pause of 200jls is required after power-up followed tiy any 8 ROR or CBR 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 equivalent to 2 TTL(5V)/1 TTL(3.3V) loads 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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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. 

S. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS" leading edge in early write cycles and to the W"leading 

edge in 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. tASC~6ns, Assume tT =2.0ns. 

12. For all of the refresh modes except for distributed CAS"-Before-"RAS" refresh, 1024 cycle of burst 

refresh must be executed within Sms before and after self refresh in order to meet refresh 

specification (L-version). 

13. If "AM goes high before CAS" high going, the open circuit condition of the output is achieved by CAS" 

high going. If CAS" goes high before RAS" high going, the open circuit condition of the output is 

achieved by RAS" high going . 

• ,:!ti¥jihi• 
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KM416C256D, KM416V256D CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 262,144 x 16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 
features of this family. , 
All of this family have ~-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version. 
This 256Kx16 Fast Pjl.ge Mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. 
It may be used as graphic memory unit for microcomputer, personal computer and portable machines. 

FEATURES • Fast Page Mode operation 
• Part Identification • 2 cAS Byte/Word ReadlWrite operation 

- KM416C256D/DL (5V, 512 Ref.) 
- KM416V256D/DLJ (3.3V, 512 Ref.) 

• CAS-before-!=iAS refresh capability 

• RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• Active power dissipation 
Unit·mW 

• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

3.3V 
Speed (S12 Ref.) 

-S -
-6 325 
-7 290 
-8 270 

• Refresh cycles 

Part Refresh 
NO. Vee cycle 

C2568 SV 
S12 

V2568 3.3V 

• Performance range: 

Speed tRAC tCAC tRC 

-S 50ns 15ns 90ns 

-6 60ns 15ns 110ns 

-7 70ns 20ns 130ns 

-8 80ns 20ns 150ns 

SV 
(S12 Ref.) 

605 
495 

440 

-

Refresh period 

Normal L 

8ms 128ms 

tPC Remark 

35ns 5V 

40ns 5V/3.3V 

45ns 5V/3.3V 

50ns 3.3V 

• Early Write or output enable controlled write 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(II) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS~-----, 

..--_,.--_---,. J-: ~:: UCAS 
!:CAS 

W ~_--,,----' 
VBB Generator I:J 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice . 

• ,,,,,")iUi. 
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KM416C256D, KM416V256D 

PIN CONFIGURATION (Top Views) 

• KM416CN256DJ • KM416CN256DT 

vee 
DOO 
D01 
D02 
D03 
vee 
D04 
D05 
D06 
D07 
N.C 
N.C 

W 
R"AS 
N.C 

AO 
A1 
A2 
A3 

vee 

'-' 
10 40 
2 39 
3 38 
4 37 
5 36 
6 35 
7 34 P 
8 33 P 
9 32 P 
10 31 ~ 
11 30 ~ 
12 29 ~ 
13 28 ~ 
14 2n 

I 15 26 ~ 
16 25 P 

I 17 24 P 
18 0 23 P 

I 19 22 P 
120 21 P 

(SOJ) 

Pin Name 
AO-A8 
DOO -15 

Vss 
RAS 

UCAS 
[CAS 

W 
OE 

Vee 

N.C 

41+WJlih> 
. REcrRONICS 

Vss 
D015 
D014 
D013 
D012 
Vss 
D011 
D010 
D09 
D08 
N.C 
[CAS 

UCAS 
ITE 
A8 
A7 
A6 
A5 
A4 
Vss 

vee 
DOO 
D01 
D02 
D03 
vee 
D04 
D05 
D06 
D07 

N.C 
N.C 

W 
RAS 
N.C 
AO 
A1 
A2 
A3 

vee 

Pin Function 
Address Inputs 
Data InlOut 
Ground 
Row Address Strobe 

(TSOP-II) 

Upper Column Address Strobe 
Lower Column Address Strobe 
Read/Write Input 
Data Output Enable 
Power (+SV) 
Power (+3.3V) 
No Connection 

CMOS DRAM 

Vss 
D015 
D014 
0013 
D012 
Vss 
D011 
D010 
D09 
D08 

N.C 
[CAS 
UCAS 
OE 
A8 
A7 
A6 
A5 
A4 
Vss 
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KM416C256D, KM416V256D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3.3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage VIH 2.0 - VcC+0.3"1 2.4 -
Input Low Voltage VIL -0.3"2 - 0.8 -1.0 "2 -

*1 : Vcc+ 1.3V115ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 

*2: -1.3V115ns(3.3V), -2.0Vl20ns(5V), Pulse width is measured at Vss. 

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

Unit 
Max 

5.5 V 

0 V 
Vee+1.0"1 V 

0.8 V 

Parameter Symbol Min Max Units 

Input Leakage Current Ii(L) -5 5 IlA 
(Any input 0:'>VIN:'>VCC+0.3V, all other pins not under test=OV 

3.3V 
Output Leakage Current 

10(L) -5 5 !lA (Data out is disabled, OV:,>Vou~Vcc) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 

Input Leakage Current (Any input os;VIN:,>VCC+0.5V, 
(Any input os;VIN:,>VCC+0.5V, all other pins not under test=OV) 

Ii(L) -5 5 !lA 

5V 
Output Leakage Current 10(L) -5 5 !lA (Data out is disabled, OV:,>Vou~Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 V 

.,Millih> 
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KM416C256D, KM416V256D CMOS DRAM 

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

Power Speed 
Max 

I Symbol I 
KM416V256D KM416C256D 

r-----+ 
i I I -5 -' i I 

-6 90 
Icc1 Don't care -7 80 

-8 75 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care -6 90 

-7 80 
-8 75 

-5 -
Icc4 Don't care 

-6 60 
-7 55 
-8 50 

Icc5 
Normal 0.5 

L Don't care 100 

-5 -
Icc6 Don't care -6 90 

-7 80 
-8 75 

Icc7 L Don't care 200 

Iccs L Don't care 100 

Icc1* : Operating current (RAS , OCAS, [CAS , Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"=DCAS"=[CAS=W=VIH) 

110 
90 
80 
-
2 

110 
90 
80 
-

70 
60 
55 
-

1 
150 

.110 
90 
80 
-

300 

200 

Icc3* : RAS"-only refresh current (OCAS=[CAS=VIH, RAS ,Address cycling @tRC=min.) 

Icc4* : Fast Page Mode current (RAS=VIL, OCAS or [CAS, Address cycling @tPC=min.) 

Icc5 : Standby current (RAS=0CAS=[CAS"=W=Vce-O.2V) 

Icc6* : CAS-before-RAS Refresh current (RAS , DCAS or [CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, lJCAS, [CAS= O.2V 

Din = Don't care, TRc= 125JlS, TRAs=TRAsmin-300 ns 

Iccs : Self refresh current 

RAS=UCAS"=LCAS=VIL, W=aE=AO - A8 = Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2V or open 

Units 

I rnA 
rnA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
J.lA 

mA 
mA 
mA 
mA 

J.lA 

J.lA 

* NOTE: Icc1, Icc3, IcC4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time, tPC . 

• ,"{:fWd·; 
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KM416C256D, KM416V256D CMOS DRAM 

CAPACITANCE (TA=25°C,Vcc=5V or 3.3V, f=1 MHz) 

Parameter I Symbol Min Max I Unit I 
Input capacitance [AD - A8] I C'Nl 5 1 pFl 

'~~~~~~~~--~~--------------~--~~---+--------~--~----~---~----I 
Input capacitance [RAS", tTCAS",CCAS", W, OE] I CIN2 : - I 7 1 pF I ........ _____ ... _ .. _____ . ___ ._ .. ____ .. ___ . __________ ---+--____ L ______ . ___ .. _~ ____ . ________ ...: _____ . 

Output Caoacitance [000 - OQ15] . CDa' '7 of 

I 
i Read-modify-write cycle time tRWC 135 155 185 205 ns I i 
1---~--~------~--~~--+-+--~-+-4--~~~-+--
i Access time from RAS" tRAC 50 60 70 80 ns 13,4,101 

1-Access time from CAS" tCAC 15 15 20 20 ns r~ 
I A_c_c_e_ss_t_im_e._fr_om __ c_o_lu_m_n_a_d_d_re_s_s ____ '----+_tA_A __ -+ __ -+-_2_5-+-__ -+-_3_0~~'--3-5+----1_____-4___+0-~:!~J 
[CAS" to output in low-Z tClZ 0 0 0 0 I ns I 3 i 
~9utPut buffer turn-off delay tOFF 0 15 0 15 0 15 0 15 ns 61 

l.,..ransition time (rise and fall) tT 3 50 3 50 3 50 3 50 ns 2 I 
I RAS" precharge time tRP 30 40 50 60 ns 

IRAS"pul~se~w~id~th~ ________________ ~~tR~A~S~~5~0_+_1~0~K4-~6~0~10~K~_7~0~1~0~K+-~80~~I~OK~~ns~~_ 
I RAS" hold timec ___________________ +---'tR:...:..::.SH'-'---+--1.:...:5+ __ -+-....:1..:::5-+-__ +--2=:0=+-__ +---=2:=.0I_____---+-..:.:n.=.s---+ __ ~I 
CAS" hold time tCSH 50 60 70 80 ns 

tCAS" pulse width tCAS 15 10K 15 10K 20 10K 20 10K ns 

12 

'Column address hold time (5V\ tCAH 10 10 15 15 ns 12 

Column address hold time (3.3V) tCAH - 15 15 15 ns 

~9lumn address to RAS" lead time tRAl 25 30 35 40 ns 

!_R_e_a_d-'-c~om_'__m-"ac-nd'--"se"-'t-'-u-"'--'pt"-'im.:.:e'---________ ---t_t;;o.R.:...:C:..:S---t ___ O+--__ +--_O=-+ ___ -+_--'-O+--__ I-_-"O!---- ~_ , ______ _ 

[_Read command hold time referenced to CAS" tRCH ° 0 0 ° I ns i 8----, 

fRead command hold time referenced to RAS" tRRH ° 0 ° Ions i 8 : 

!Write command,-"s"'e_t'--U,.,uD"...t"'im'-'e"'--__________ +-->-tW.....",C""S'-+--'O'-+-__ -+----"-O+--__ +-----'O"+---__ +---"-0l_____--~~n"'-s---+I --------1 
I 
I Write command hold time tWCH 10 10 10 10 ns 

I Write command Dulse width tWP 10 10 10 10 ns 

I_write command to RAS" lead time tRWl 15 15 15 20 

:-'-W'-'r"-"ite"-c"'o"'-m"'m-'-'a~n'-'-'d"-'t"'o--"CAS"='_'I"'ea"'d"-t"-'im-'-'e~ ______ ...L._'t"'C"_W!-,l"-.l--=.:15::..L __ -L_l~5:.L-__ ...l-~1 :::.5L....--'~2~0~ __ ...l-..:..n::::s~I---"1 ~J 
ns 

Note) *1: 5Vonly, *2 : 3.3V only 
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KM416C256D, KM416V256D CMOS DRAM 

AC CHARACTERISTICS (O°C:S;T~O°C, See nOle 1,2) 

_5'1 -6 -7 - 8'2 
Parameter Symbo I Min Max Min Max Min Max Min Max 

Units Notes 

Data set-up time tDS 0 0 0 0 ns 9,18 

Data hold time (5V) tDH 10 10 15 - ns 9,18 

Data hold time (3.3V) tDH - 15 15 15 ns 9 

Refresh period (Normal) tREF 8 8 8 8 ms 

Refresh period (L-ver) tREF 128 128 128 128 ms 

CAS" to W delay time tCWD 40 40 50 50 ns 7,14 

RAS" to W delav time tRWD 75 85 95 105 ns 7 

Column address to W delay time tAWD 50 55 60 65 ns 7 

CAS" precharqe to W delay time tCPWD 55 60 65 70 ns 

CAS" set-up time (CAS"-before-RAS" refresh! tCSR 10 10 10 10 ns 16 

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 10 10 ns 17 

RAS" to CAS" orecharae time tAPC 5 5 5 5 ns 

CAS" precharae time(CBR counter test cvcle tCPT 20 20 25 30 ns 

Access time from CAS" precharae tCPA 30 35 40 45 ns 3 

Fast Paoe mode cvcle time tPC 35 40 45 50 ns 

Fast Paae mode read-modify-write cvcle timE tPRWC 80 80 95 105 ns 

CAS" orecharae time (Fast oaae cvcle! tCP 10 10 10 10 ns 13 

RAS" Dulse width (Fast nane cvcle\ tRASP 50 100K 60 100K 70 100K 80 100K ns 

RAS" hold time from CAS" orecharae tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 

OE to data delav tOED 15 15 20 20 ns 

Out put buffer to I rn off rlAla r timA from OE tOEZ 0 15 0 15 0 20 0 20 ns 6 

OE command hold time tOEH 15 15 20 20 ns 

RAS" Dulse width(C-S-R self refresh! tRASS 100 100 100 100 J.1S 11 

RAS" precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 11 

CAS" hold time (C-S-R self refresh) tCHS -50 -50 -50 -50 ns 11 

Note) *1: 5Vonly, *2: 3.3Vonly 

tl"t'¥jih" 
ELECTRONICS 

164 



KM416C256D, KM416V256D CMOS DRAM 

NOTES 

1. An initial pause of 200l1s is required after power-up followed by any 8 ROR or CBR 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TIL(5V)/1 TIL(3.3V) loads and 50pF. 

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 tRCD~ tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

? tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 

data sheet as electrical characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the ~AS" leading edge in early write cycles and to the W leading 

edge in 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. 

KM416CN256D/DL Truth Table 

RAS" [CAS" UCAS" W OE" DOO-DO? D08 - D015 STATE 

H H H H H Hi-Z Hi-Z Standby 

L H H H H Hi-Z Hi-Z Refresh 

L L H H L DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte ReCid 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DO-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

tl:!ti&)iih' 
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KM416C256D, KM416V256D CMOS DRAM 

11. For all of the refresh modes except for distributed CAS-8efore-'RA'S' refresh, 512 cycle of burst 

refresh must be executed within 8ms before and after self refresh in order to meet refresh 

specification (L-version). 

12. tASC, tCAH are referenced to the earlier CAS falling edge. 

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

next cycle. 

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

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

16. tCSR is referenced to earlier CAS' falling low before 'RA'S' transition low. 

17. tCHR is referenced to the later CAS' rising high after 'RA'S' transition low. 

, / 

\ 
..---. 
tCSR tCHR 

18. tDS, tDH are specified by the earlier CAS falling edge. 

UCAS 

000-
0015 

w \~-----------------------------------

tl:1t1¥jih'· 
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KM416C254D, KM416V254D CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 262,144 x 16 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high 
speed random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), 
access time (-5, -6, -7 or -8), power consumption (Normal or Low power) and package type(SOJ or TSOP-II) 
are optional features of this family. 
All of this family have CAS-before-RAS refresh, !=lAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version. 
This 256Kx16 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 
It may be used as graphic memory unit for microcomputer, personal computer and portable machines. 

FEATURES • Extended Data Out operation 
• Part Identification • 2 CAS BytelWord ReadlWrite operation 

- KM416C254D/DL (5V, 512 Ref.) 
- KM416V254D/DL (3.3V, 512 Ref.) 

• CAS-before-RAS refresh capability 

• !=lAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• Active power dissipation 
Unit·mW • TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

3.3V 
Speed (512 Ref.) 

-5 -
-6 255 
-7 235 
-8 220 

• Refresh cycles 

Part Refresh 
NO. Vee eycle 

C254D 5V 
512 

V254D 3.3V 

• Performance range 

Speed tRAC tCAC tRC 
-5 50ns 15ns 84ns 
-6 60ns 15ns 104ns 
-7 70ns 20ns 124ns 
-8 80ns 20ns 144ns 

5V 
(512 Ref.) 

605 
495 
440 
-

Refresh Period 
Normal L 

8ms 128ms 

tHPC Remark 
20ns 5VOnly 
25ns 5V/3.3V 
30ns 5V/3.3V 
35ns 3.3VOnly 

• Early Write or output enable controlled write 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(II) packages 
• Triple +5V±10% power supply (5V product) 
• Triple +3.3V±O.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAS ...... ----' ,--____ .. r.: ~:: UCAS 
[CAS 
w~_--.,_--' 

vaa Generator I::J 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM416C254D, KM416V254D 

PIN CONFIGURATION (Top Views) 

• KM416CN254DJ • KM416CN254DT 

VCC 
DOO 
D01 
D02 
D03 
VCC 
D04 
D05 
D06 
D07 
N.C 
N.C 

W 
RAS 
N.C 

AO 
A1 
A2 
A3 

VCC 

110 - 40 
12 39 
13 38 
14 37 
I 5 36 
16 35 
17 34 
I 8 33 
I 9 32 
I 10 31 
I 11 30 
I 12 29 
I 13 28 
I 14 27 
I 15 26 
I 16 25 

17 24 
I 18 a 23 
I 19 22 

20 21 

(SOJ) 

Pin Name 

AO-A8 
DOO -15 

Vss 
RAS" 

tJCAS 
[CAS 

W 
OE 

Vee 

N.C 

.,:!t1filh'· 
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Vss 
D015 
D014 
D013 
D012 
Vss 
D011 
D010 
D09 
D08 
N.C 
[CAS" 

UCAS 
DE 
A8 
A7 
A6 
A5 
A4 
Vss 

VCC 
DQO 
D01 
D02 
D03 
VCC 
D04 
D05 
D06 
D07 

N.C 
N.C 

W 
RAS" 
N.C 
AO 
A1 
A2 
A3 

VCC 

Pin Function 

Address Inputs 
Data In/Out 
Ground 
Row Address Strobe 

(TSOP-II) 

Upper Column Address Strobe 
Lower Column Address Strobe 
ReadlWrite Input 
Data Output Enable 
Power (+5V) 
Power (+3.3V) 
No Connection 

CMOS DRAM 

Vss 
D015 
D014 
D013 
D012 
Vss 
D011 
D010 
D09 
D08 

N.C 
[CAS 
UCAS 
OE 
A8 
A7 
A6 
A5 
A4 
Vss 
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KM416C254D, KM416V254D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3.3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 DC 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70 DC) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage VIH 2.0 - Vcc+0.3·1 2.4 -
Input Low Voltage VIL -0.3'2 - 0.8 _1.0'2 . 

*1 : Vcc+ 1.3V/15ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 

*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 

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

Unit 
Max 

5.5 V 

0 V 
Vcc+1.0·1 V 

0.8 V 

Parameter Symbol Min Max Units 

Input Leakage Current h(L) -5 5 IlA (Any input 0~VIN~VCC+0.3V, all other pins not under test=OV) 

3.3V 
Output Leakage Current 10(L) -5 5 IlA (Data out is disabled, OV~VOUT$.Vcc) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 

Input Leakage Current (Any input 0~VIN~VCC+0.5V, h(L) -5 5 IlA (Any input ~VIN~VCC+0.5V, all other pins not under test=OV) 

5V 
Output Leakage Current 10(L) -5 5 IlA (Data out is disabled, OV~VouT$.Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 V 

.,"t'¥j¥'. 
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KM416C254D, KM416V254D CMOS DRAM 

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

Symbol Power Speed 
Max 

KM416V254D KM416C254D 

-5 -
Don't care -6 70 

ICCI -7 65 
-8 60 

Icc2 Don't care Don't care 1 

-5 -
Icc3 Don't care -6 70 

-7 65 
-8 60 

-5 -
Icc4 Don't care 

-6 60 
-7 55 
-8 50 

Iccs Normal 0.5 
L 

Don't care 100 

-5 -
Icc6 Don't care -6 70 

-7 65 
-8 60 

Icc7 L Don't care 200 

Iccs L Don't care 100 

ICCI" : Operating current ~ , UCAS, [CAS' , Address cycling @tRC=min.) 

Icc2 : Standby current (RAS"=UCAS=[CAS=W=VIH) 

110 
90 
80 
-
2 

110 
90 
80 
-

70 
60 
50 
-
1 

150 

110 
90 
80 
-

300 

200 

Icc3" : R:AS-only refresh current (UC"AS=reAS=VIH, RAS , Address cycling @tRC=min.) 

Icc4" : Hyper Page Mode current (RAS"=VIL, UCAS or [CAS, Address cycling @tHPC=min.) 

Iccs : Standby current (RAS=UCAS=[GAS=W=Vcc-O.2V) 

Icc6" : CAS-before-RAS Refresh current (RAS , UCAS or [CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, UC"AS,[CAS'= O.2V 

Din = Don't care, TRC= 125f.1s, TRAS= TRAsmin-300 ns 

Iccs : Self refresh current 

RAS=UCAS=[CAS=VIL, W=C)E=AO - A8 = Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2Vor open 

Units 

mA 
mA 
mA 
rnA 

rnA 

rnA 
rnA 
rnA 
rnA 

rnA 
rnA 
rnA 
rnA 

rnA 
IlA 

rnA 
rnA 
rnA 
rnA 

IlA 

IlA 

" NOTE: ICCI, Icc3, Icc4 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 ICCI, Icc3, 
and Iccs, address can be changed maximum once while RAS'=VIL. In Icc4, address can be 
changed maximum once within one hyper page cycle time, tHPC . 

• ,',{:fi'd'· 
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KM416C254D, KM416V254D 

CAPACITANCE (TA=25°C, Vcc=5V or 3.3V, 1=1 MHz) 

1= Parameter Symbol Min 

I Input capacitance [AO - AS] CINl -
i Input capacitance [RAS", UCAS,CCAS", W, OE"] CIN2 -
I Output Capacitance [DOO - D015] Coa -

AC CHARACTERISTICS (0°CsrA$70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VihNiI=2.4/0.SV, VohNol =2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohNol =2.0/0.8V 
r-
I -5 "1 -6 -7 
I Parameter Symbol I Min Max Min Max Min Max 

IRandom read or write cycle time tRC 84 104 124 

! Read-modify-write cycle time tRWC 116 140 165 

: Access time from RAS" tRAC 50 60! 70 

I Access time from CAS" tCAC 15 15, 20 

Access time from column address tAA 25 30 I 35 

CAS" to output in Low-Z tCLl 3 3 3 

Output Buffer turn-off delay from CAS" tCEZ 3 13 3 15 3 20 

Transition time (rise and fall) tT 2 50 2 50 2 50 

I RAS" precharge time tRP 30 40 50 

RAS" pulse width tRAS 50 10K 60 10K 70 10K 

RAS" hold time tRSH 15 15 20 

CAS" hold time tCSH 40 50 60 

CAS" pulse width tCAS 8 10K 10 10K 15 10K 

RAS" to CAS" delay time tRCD 20 35 20 45 20 50 

RAS" to column address delay time tRAD 15 25 15 30 15 35 

CAS" to RAS" precharge time tCRP 5 5 5 

I Row address set-up time tASR 0 0 0 

[B:ow address hold time tRAH 10 10 10 

lColumn address set-up time tASC 0 0 0 

~umn address hold time 15V\ tCAH 8 10 15 

I_Qolumn address hold time (3.3V) tCAH - 15 15 

i Column address to RAS" lead time tRAL 25 30 35 

i Read command set-up time tRCS 0 0 0 

CMOS DRAM 

--, 
Max Unit l 5 pF 

7 pF I 
7 pF I 

-8 "2 

Min Max 
Units Notes 

144 ns 

190 ns i 
80 ns 3,4,10 

20 ns 3,4,5 I 
40 ns 3,10 

3 ns 3 

3 20 ns 6, 13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

I 0 ns 

10 ns 

I 0 ns 14 

- ns 14 

15 ns --

40 ns 

0 ns I 

!~ad comlTland hold time referenced to.cAS" I.JRCH I _.<L---+ __ fh-_~ .. _o_,. __ .. _~_._Q.~_._L .. f1~_~_!L.i 
LRead command hold time referenced to RAS" . tRRH 0 01 0 0' I ns 8 I 

I Write command set-u~ time tWCS 0 0 0 0 ns 7 

f Write command hold time tWCH 10 10 10 10 ns 

I Write command.Q!JJse width tWP 10 10. 10 10 ns 

I Write command to RAS" lead time tRWL 13 15 15 20 ns I 
, Write command to CAS" lead time tCWL 8 10 151 20 ns 17 , 
Note) *1: 5V only, *2 : 3.3V only 

.,M:fij'a> 
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KM416C254D, KM416V254D CMOS DRAM 

AC CHARACTERISTICS (O°CSfA90°C, See note 1,2) 

-5 '1 -6 -7 - 8'2 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 0 ns 9,20 

Data hold time (5Vl tDH 8 10 15 - ns 9,20 

Data hold time (3.3V) tDH - 15 15 15. ns 

Refresh period (Normal) tREF 8 8 8 8 ms 

Refresh period (L-ver) tREF 128 128 128 128 ms 

~ to W delay time tCWD 34 36 44 44 ns 7,16 

RAS" to W delay time tRWD 67 79 94 104 ns 7 

Column address to W delay time tAWD 42 49 59 64 ns 7 

~ precharge to W delav time tCPWD 45 54 64 69 ns 

CAS set-up time (~-before-RAS" refresh) tCSR 5 5 5 5 ns 18 

~ hold time (~-before-RAS" refreshl tCHR 10 10 10 10 ns 19 

RAS" to ~ orecharoe time tRPC 5 5 5 5 ns 

CAS orecharae time (CBR counter test cvcle) tCPT 20 20 25 30 ns 

Access time from ~ orecharoe tCPA 28 35 40 45 ns 3 

Hvoer Paae mode cvcle time tHPC 20 25 30 35 ns 11 

Hyper Paae mode read-modifv-write cvcle tim' tHPRWC 47 56 71 81 ns 11 

~ orecharoe time (Hvoer Dace cvcle) tCP 8 10 10 10 ns 15 

RAS pulse width (Hvner nane cvcle) tRASP 50 lOOK 60 lOOK 70 lOOK 80 lOOK ns 

RAS" hold time from ~ orecharoe tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 3 

OE to data delav tOED 13 15 20 20 ns 

Output buffl'!r II rn off delav time from IT!" tOEZ 3 13 3 15 3 20 3 20 ns 6 

OE command hold time tOEH 13 15 20 20 ns 

Outnut data hold time !DOH 5 5 5 5 ns 

I Outout buffer turn off delav from RAS" tREZ 3 15 3 15 3 20 3 20 ns 6,13 

I (),IlniII hllffl'!r 111m nff ct .. l"v frnm W IIWEZ 3 13 3 15 3 20 3 20 ns 6 

W to data delav tWED 13 15 20 20 ns 

OE to CAS hold time tOCH 5 5 ·5 5 ns 

~ hold time to OE tCHO 5 5 5 5 ns 

OE orecharoe time IOEP 5 5 5 5 ns 

W pulse width (Hvner nane cvcle) tWPE 5 5 5 5 ns 

RAS" Dulse width(C-B-R self refresh) IRASS 100 100 100 100 Ils 12 

RAS" precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 12 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12 

Note) '1: 5V only, '2 : 3.3V only 
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KM416C254D, KM416V254D CMOS DRAM 

NOTES 
1. An initial pause of 200l1s is required after power-up followed by any 8 ROR or CBR 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 equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 50pF. 

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 tRCD<': tRCD(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 characteristics only. If tWCS<,: tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD<,: tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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. tASC ~ 6ns, Assume tT =2.0ns. 

KM416CIV2540/0L Truth Table 

RAS I:CAS" OCAS" W OE" DQO-DQ7 DQ8 - DQ15 STATE 

H H H H H Hi-Z Hi-Z Standby 

L H H H H 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 -

tl"t'¥)iU·· 
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KM416C254D, KM416V254D CMOS DRAM 

12. For all of the refresh modes except for distributed CAS"-Before-RAS" refresh, 512 cycle of burst 

refresh must be executed within 8ms before and after self refresh in order to meet 

specification (L-version). 

refresh 

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

high going. If CAS" goes high before RAS" high going, the open circuit condition of the output is 

achieved by RAS" going. 

14. tASC, tCAH are referenced to the earlier CAS" falling edge. 

15. tCP is specified from the last CAS" rising edge in the previous cycle to the first CAS" falling edge in the 

next cycle. 

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

17. tCWL is specified from W falling edge to the earlier CAS" rising edge 

18. tCSR is referenced to earlier CAS" falling low before RAS" transition low. 

19. tCHR is referenced to the later CAS" rising high after RAS" transition low. 

J 

UCAS" 

-. 
tGSR tCHR 

20. IDS, tDH are specified by the earlier CAS" falling edge. 

000-
0015 

W \~------------------------------------
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• KM41 C160008 
KM41 V160008 

• KM44C40008, KM44C41 008 
KM44V40008, KM44V41 008 

• KM44C40038, KM44C41 038 
• KM44C40048, KM44C41 048 

KM44V40048, KM44V41048 
• KM44C40058, KM44C41 058 
• KM48C20008, KM48C21 008 

KM48V20008, KM48V21 008 
• KM48C20048, KM48C21 048 

KM48V20048, KM48V21 048 
• KM416C1 OOOA, KM416C1200A 

KM416V1000A, KM416V1200A 
• KM416C1 004A, KM416C1204A 

KM416V1004A, KM416V1204A 
• KM416C10008, KM416C12008 

KM416V10008, KM416V12008 
• KM416C10048, KM416C12048 

KM416V10048, KM416V21 048 





KM41 C16000B, KM41 V16000B CMOS DRAM 

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

DESCRIPTION 

This is a family of 16,777,216 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time 

(-5, -6, -7 or -8), power consumption (Normal, Low power) and package type (SOJ or TSOP-II) 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 16Mx1 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high level computer and microcomputer. 

FEATURES 

o Part Identification 
- KM41C16000B/B-L (5V, 4K Ref.) 
- KM41V16000B/B-L (3.3V, 4K Ref.) 

o Fast Page Mode operation 
o CAS-before-RAS refresh capability 
ol1AS-only and Hidden refresh capability 
o Self-refresh capability (L-ver) 
o Fast parallel test mode capability 
o TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 
o Early Write or output enable controlled write 

o JEDEC standard pinout 
o Available in Plastic SOJ and TSOP(II) packages 
o Single +5V±10% power supply (5V product) 

o Single +3.3V±O.3V power supply (3.3V product) 

o Refresh cycles FUNCTIONAL BLOCK DIAGRAM 

....-___ ---, . r.: ~:: 
VBB Generator I:J 

o Performance range --
AO-All 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice . 
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KM41 C16000B, KM41 V16000B CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41CN16000BK • KM41CN16000BS 

Vee 1 0 24 Vss 
Vee 1 0 24 Vss 

D 2 23 Q D 2 23 Q 

N.C 3 22 N;C N.C 3 22 N.C 

W 4 21 ~ 
W 4 21 ~ 

RAS 5 20 N.C RAS 5 20 N.C 

All 6 19 A9 All 6 19 A9 

Al0 7 18 A8 Al0 7 18 A8 

AO 8 17 AT AO 8 17 A7 

Al 9 16 A6 Al 9 16 A6 

A2 10 15 A5 A2 10 15 A5 

A3 11 0 14 A4 A3 11 0 14 A4 

Vee 12 13 Vss 
Vee 12 13 Vss 

K: 300 mil 26(24) SOJ 

S : 300 mil 26(24) TSOP II 

.,"{:f)iU·· 
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KM41C16000B, KM41V16000B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS * 

* 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

*1 : Vcc+1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 

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

h(L) - 5 

3.3V 10(L) -5 

5V 

.,:!t"fj:'U> 
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KM41 C16000B, KM41 V16000B CMOS DRAM 

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

ICCl Don't care 

Icc2 
Normal 

L 

Icc3 Don't care 

Icc4 Don't care 

Iccs Normal 
L 

Icc6 Don't care 

Icc? L 

Iccs L 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

Don't care 

Don't care 

80 
70 
60 

80 
70 
60 

70 
60 
50 

0.5 
0.3 

80 
70 
60 

450 

250 

ICC1' : Operating Current (RAS" and CAS" cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=CAS"=W=VIH ) 

Icc3* : "RAS"-only Refresh Current ~=VIH, "RAS" cycling @tRC=min.) 

90 
80 
70 

2 
1 

90 
80 
70 

80 
70 
60 

1 
0.3 

90 
80 
70 

450 

300 

Icc4* : Fast Page Mode Current (RAS"=VIL,"CAS, Address cycling @tPC=min.) 

Iccs : Standby Current ("RAS"=CAS"=W=Vcc-O.2V) 

Icc6* : "CAS-Before-"RAS" Refresh Current (RAS" and CAS" cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, "CAS= O.2V 

Din = Don't care, TRc= 31.25J.1S(L-ver), TRAS= TRAsmin - 300ns 

Iccs : Self Refresh Current 

"RAS"=CAS"=O.2V, W=AO - A 11 = Vcc-O.2V or O.2V, D,a = Vcc-O.2V, O.2Vor Open 

rnA 
mA 
rnA 
rnA 

rnA 
rnA 

rnA 
rnA 
rnA 
rnA 
mA 
rnA 
rnA 
rnA 

rnA 
rnA 

rnA 
rnA 
rnA 
rnA 

IlA 

IlA 

* NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while "RAS"=VIL. In IcC4, address can be 
changed maximum once within one fast page mode cycle time, tPC. 
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KM41C16000B, KM41V16000B 

CAPACITANCE (TA=2SoC, Vcc=SVor 3.3V, f=1MHz) 

AC CHARACTERISTICS (O°Cg~70°C, See note 1,2) 
Test condition (SV device) : Vce=S.OV±10%, VihNiI=2.4/0.BV, VohNol =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.BV, VohNol =2.0/0.BV 

Note) *1 : 5V only, *2 : 3.3V only 
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KM41 C16000B, KM41 V16000B 

AC CHARACTERISTICS (O°C:S:TA:S;70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VihNII=2.4/0.8V, VohNol =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohNol =2.0/0.8V 

Note) *1 : 5V only, *2: 3.3V only 
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KM41C16000B, KM41V16000B CMOS DRAM 

• 

Note) *1 : 5V only, *2: 3.3V only 
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KM41 C16000B, KM41 V16000B CMOS DRAM 

NOTES 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads 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. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS, tRWD, tCWD, tAWD and tCPWD are non restrictive operating parameters. They are included in 

the data sheet as electric characteristics only. If tWCS<1WCS(min), the cycle is an early write cycle and 

the data output will remain high impedance for the duration of the cycle. If tCWD~tCWD(min), 

tRWD~tRWD(min), tAWD<1AWD(min) and tCPWD<1CPWD(min), then the cycle is a read-modify-write 

cycle and the data output will c6ntain the data read from the selected address. If neither of the above 

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

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the CAS" falling edge in early write cycles and to the W falling edge 

in read-modify-write cycles. 

9. 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. 

10. These specifications are applied in the test mode. 

11. In test mode read cycle, the values of tRAC, tAA and tCAC are delayed by 2ns to 5ns for the specified 

values. These parameters should be specified in test mode cycles by adding 5ns to the specified value 

in this data sheet. 

12. For all of the refresh modes except for distributed CAS"-Before-"RAS" refresh, 4096 cycles of burst 

refresh must be executed within 16ms before and after self refresh in order to meet refresh 

specification. 

t1:!t1filh'tP 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B CMOS DRAM 

4M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 4,194,304 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), refresh cycle 
(2K Ref. or 4K Ref.), access time (-5, -6, -7 or -8), power consumption (Normal, Low power) and package 
type (SOJ or TSOP-II) are optional features of this family. All of this family have CAS-before-l1AS refresh, 
I1AS"-only refresh and Hidden refresh capabilities. Furthermore, self-refresh operation is available in 
L-version. 
This 4Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high level computer, microcomputer and personal computer. 

FEATURES 

• Part Identification 
- KM44C4000B/B-L (5V, 4K Ref.) 
- KM44C4100B/B-L (5V, 2K Ref.) 
- KM44V4000BIB-L (3.3V, 4K Ref.) 
- KM44V4100B/B-L (3.3V, 2K Ref.) 

• Fast Page Mode operation 
• CAS-before-l1AS" refresh capability 
ol1AS"-only and Hidden refresh capability 
• Self-refresh capability (L-ver) 
o Fast parallel test mode capability 

• Active Power Dissipation Unit:mW o TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

• Refresh cycles 

2K 

• Performance range 

128ms 

32ms 

o Early Write or output enable controlled write 
o JEDEC standard pinout 

• Available in Plastic SOJ and TSOP(II) packages 
• Single +5V±10% power supply (5V product) 
• Single +3.3V±O.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

,-______ r: ~:: 
VBB Gene"'lo~ I::J 

AO-AII 

(AO-AIO)··l, ~~~~~~ 
(A~~~~g)·::,--.:=.:.=:.;;;;,.;;='-' 

NOle) '1 : 2K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice . 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B 

PIN CONFIGURATION 

• KM44C1V40(1)OOBK 

Vee Vss 

DOO D03 

D01 D02 

W CAS 

RAS" OE 

CMOS DRAM 

(Top Views) 

• KM44C1V4O(1)OOBS 

Vee 1 0 24 Vss 

DOO 2 23 D03 

D01 3 22 D02 

W 4 21 CAS 
RAS" 5 20 OE 

*A11(N.C) A9 *A11(N.C) 6 19 A9 

A10 A8 A10 7 18 A8 

AO A7 AO 8 17 A7 

A1 A6 A1 9 16 A6 

A2 A5 A2 10 15 A5 

A3 A4 A3 11 0 14 A4 

Vee Vss Vee 12 13 Vss 

• A11 is N.C for KM44CN4100B (5V/3.3V, 2K Ref. product) 

K : 300mil 26(24) SOJ 

S : 300mil 26(24) TSOP II 

.,"{¥illa' 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS * 

* 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

*1 : Vcc+1.3V/15ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 

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

.!:!:I¥1ih';; 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B 

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

-5 

Icc1 Don't care -6 80 100 
-7 70 90 
-8 60 80 

Icc2 
Normal 

Don't care 1 
L 1 

-5 

Icc3 Don't care -6 80 100 
-7 70 90 
-8 60 80 

-5 

Icc4 Don't care -6 70 80 
-7 60 70 
-8 50 60 

Iccs Normal Don't care 0.5 0.5 
L 0.3 0.3 

-5 

Icc6 Don't care -6 80 100 
-7 70 90 
-8 60 80 

Icc? L Don't care 450 400 

Iccs L Don't care 250 250 

Icc1' : Operating Current (AAS" and CAS" cycling @tRC=min.) 

Icc2 : Standby Current (AAS"=CAS"=W=VIH ) 

90 
80 
70 

2 
1 

90 
80 
70 

80 
70 
60 

1 
0.3 

90 
80 
70 

450 

300 

IcC3* : Ri\S-only Refresh Current (CAS"=VIH, Ri\S cycling @tRC=min.) 

Icc4* : Fast Page Mode Current (AAS"=VIL, CAS, Address cycling @tPC=min.) 

Iccs : Standby Current (Ri\S=CAS=W=Vcc-O.2V) 

Icc6' : CAS-Before-Ri\S Refresh Current (RAS" and CAS" cycling @tRC=min.) 

CMOS DRAM 

110 mA 
100 mA 
90 mA 

mA 

2 mA 
1 mA 

110 mA 
100 mA 
90 mA 

mA 

90 mA 
80 mA 
70 mA 

mA 

1 mA 
0.3 mA 

110 mA 
100 mA 
90 rnA 

mA 

400 IlA 

300 IlA 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=VCc-O.2V, Input low voltage(VIL)=O.2V, CAS= O.2V 

Din = Don't care, TRC= 31.25Ils(4K1L-ver), 62.5Ils(2K1L-ver) 

TRAS= TRAsmin-300ns 

Iccs : Self Refresh Current 

"RAS"=CAS=O.2V, W=OE"=AO - A11 = Vcc-O.2V or O.2V, 000 - 003= Vcc-O.2V, O.2V or Open 

, NOTE: Icc1, Icc3, Icc4 and Icc6 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, Icc3, and Icc6, 
address can be changed maximum once while Ri\S=VIL. In Icc4, address can be changed 
l')1aximum once within one fast page mode cycle time, tPC . 

• ,:!ti¥jiih' 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B 

CAPACITANCE (TA=25°C, Vcc=5V or 3.3V, f=1MHz) 

AC CHARACTERISTICS (O°CSfA!5;70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihIViI=2AIO.8V, VohNol =2AIOAV 
Test condition(3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohIVol =2.0/0.8V 

Note) *1 : 5V only, *2: 3.3V only 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B 

AC CHARACTERISTICS (O°csr~o°c, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNol =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±O.3V, VihNlI=2.0/0.8V, VohNoi =2.0/0.8V 

Note) *1 : 5V only, *2: 3.3V only 

.,&+jiUI. 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B 

Note) *1 : 5Vonly. *2: 3.3V only 
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KM44C4000B, KM44C4100B 
KM44V4000B, KM44V4100B 

NOTES 

CMOS DRAM 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CSR 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 Sns for all inputs. 

3. Measured with a load equivalent to 2 TIL(SV device)/1 TIL(3.3V device) loads 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. 

S. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS, tRWD, tCWD, tAWD and tCPWD are non restrictive operating parameters. They are included in 

the data sheet as electric characteristics only. If tWCS2:tWCS(min), the cycle is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD2:tCWD(min), 

tRWD2:tRWD(min), tAWD2:tAWD(min) and tCPWD2:tCPWD(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the CAS" falling edge in early write cycles and to the W falling edge 

in read-modify-write cycles. 

9. 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. 

10. These specifications are applied in the test mode. 

11. In test mode read cycle, the values of tRAC, tAA and tCAC are delayed by 2ns to Sns for the specified 

values. These parameters should be specified in test mode cycles by adding Sns to the specified value 

in this data sheet. 

12. For all of the refresh modes except for distributed CAS"-Before-lU\S" refresh, 4096(4K Ref.)/2048(2K 

Ref.) cycles of burst refresh must be executed within 16ms before and after self-refresh in order to 

meet refresh specification. 
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KM44C40038, KM44C41 038 CMOS DRAM 

4M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode 

DESCRIPTION 

This is a family of 4,194,304 x 4bit Quad CAS with Fast Page Mode DRAMs. Fast Page Mode offers high 

speed random access of memory cells within the same row. Refresh cycle (2K Ref. or 4K Ref.), access time 
(-5, -6 or -7), power consumption (Normal, Low power) and package type (SOJ or TSOP-II) 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. Four seperate CAS pins provide for 
seperate I/O operation allowing this device to operate in parity mode. 
This 4Mx4 Fast Page mode Quad CAS DRAM family is fabricated using Samsung's advanced CMOS 

process to realize high band-width, low power consumption and high reliability. 

FEATURES 

• Part Identification 
- KM44C4003B/B-L (5V, 4K Ref.) 
- KM44C4103B/B-L (5V, 2K Ref.) 

• Active Power Dissipation 

• Refresh cycles 

• Performance range 

Speed tAA$: ;:t!;l~ 
-5 50ns 13n8 90n8 
-6 60n8 15n8 110n8 
-7 70n8 20n8 130n8 

35n8 
40n8 
45n8 

• Fast Page Mode operation 
• Four separate CAS pins provide for separate 

I/O operation 

• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver) 
• Fast parallel test mode capability 

• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

• Single +5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

J:\AS ~----, ,...-____ .. r: ~:: CASO 
-CAS3 

W 

(A~~;;:~g)·::-, -.:""'-'===~ 
Nole) ·1 : 2K Refresh 

vae Generator I:J 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM44C4003B, KM44C4103B CMOS DRAM 

PIN CON.FIGURATION (Top Views) 

• KM44C40(1)038K • KM44C40(1)038S 

Vee Vss Vee Vss 
DOO D03 DOO D03 
D01 D02 D01 D02 

W CAS3 W CAS3 
l1AS ITE l1AS ITE 

*A11 (NoC) A9 *A11(NoC) A9 
CASO CAS2 CASo CAS2 
CAS1 NoC CAS1 NoC 

A10 AS A10 AS 
AO A7 AO A7 
A1 A6 A1 A6 
A2 A5 A2 A5 
A3 A4 A3 A4 

Vee Vss Vee Vss 

* A 11 is No C for KM44C4103B (5V. 2K Ref 0 product) 

K : 300mil 28 SOJ 

S : 300mil 28 TSOP II 

.,&&)101• 
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KM44C4003B, KM44C4103B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS * 

* 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

*1: Vcc+2.0V 120ns, Pulse width is measured at Vcc. 
*2: - 2.0V/20ns, Pulse width is measured at Vss. 

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

Input Leakage Current (Any input o.:;;VIN$;VCC+0.5V, 
all other pins not under test=O volt.) 

Ii(L) 

tl:!ti¥jihi. 
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KM44C4003B, KM44C4103B CMOS DRAM 

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

-5 90 
Icc1 Don't care -6 80 

-7 70 

Icc2 
Normal 

Don't care 2 
L 1 

-5 90 

Icc3 Don't care -6 80 
-7 70 

-5 80 
Icc4 Don't care -6 70 

-7 60 

Iccs Normal 
Don't care 

1 
L 300 

-5 90 
Icca Don't care -6 80 

-7 70 

Icc? L Don't care 450 

Iccs L Don't care 300 

Icc1* : Operating Current (RAS and CAS" cycling @tRC=min.) 

Icc2 : Standby Current (l1AS=C"AS=W=VIH ) 

Icc3* : RAS-only Refresh Current (CAS=VIH, R"AS" cycling @tRC=min.) 

110 
100 
90 

2 

110 
100 
90 

90 
80 
70 

1 
300 
110 
100 
90 

400 

300 

Icc4* : Static Column rylode Current (AA"S=VIL, CAS. Address cycling @tPC=min.) 

Iccs : Standby Current (l1AS=CAS"=W=Vcc-O.2V) 

Icce* : C"AS-Before-RAS" Refresh Current (RA"S and CAS cycling @tRC=min.) 

Icc? : Battery back-up current. Average power supply current. Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V. CAS"= O.2V 

Din = Don't care, TRC= 31.2511S (4K1L-ver). 62.5118 (2K1L-ver) 

TRAS= TRAsmin-300 ns 

Iccs : Self Refresh Current 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 
rnA 
rnA 
rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

IlA 

f.lA 

RAS=CAS=O.2V. W=O"E=AO - A11 = Vcc-O.2Vor O.2V. DaO - OQ3= Vcc-O.2V. O.2V or Open 

* NOTE: Icc1. Icc3. Icc4 and Icca 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. Icc3. 
and Ice6. address can be changed maximum once while R"AS"=VIL. In IcC4, address can be 
changed maximum once within one fast page mode cycle time, tPC . 
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KM44C40038, KM44C41 038 CMOS DRAM 

CAPACITANCE (TA=25°C, Vcc=5V, f=1MHz) 

AC CHARACTERISTICS (O°CSfA:S;70°C, See note 1,2) 
Test condition: Vcc=5.0V±10%, ViI-NiI=2.4/0.8V, VohIVol=2.4/0.4V 

• 
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KM44C40038, KM44C41 038 CMOS DRAM 

AC CHARACTERISTICS (O°CSfAs;?O°C, See note 1,2) 
Test condition: Vcc=5.0V±100/0, VitNiI=2.4/0.8V, VotNol =2.4/0.4V 

.,M¥J:U'· 
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KM44C4003B, KM44C4103B CMOS DRAM 

TEST MODE CYCLE 
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KM44C40038, KM44C41 038 CMOS DRAM 

NOTES 
1. An initial pause of 200us is required after power-up followed by any 8 ROR or CSR 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 Sns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCO(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 tRCO(max) limit, then access time is 

controlled exclusively by tCAC. 

S. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS, tRWO, tCWO, tAWO and tCPWO are non restrictive operating parameters. They are included in 

thedata sheet as electric characteristics only. If tWCS;::tWCS(min), the cycle is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWO;::tCWO(min), 

tRWD;::tRWO(min), tAWO;::tAWO(min) and tCPWO;::tCPWO(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the CAS" falling edge in early write cycles and to the W falling edge 

in read-modify-write cycles. 

9. Operation within the tRAO(max) limit insures that tRAC(max) can be met. tRAO(max) is specified as a 

reference point only. If tRAO is greater than the specified tRAO(max) limit, then access time is 

controlled by tAA. 

10. These specifications are applied in the test mode. 

11. In test mode read cycle, the values of tRAC, tAA and tCAC are delayed by 2ns to Sns for the specified 

values. These parameters should be specified in test mode cycles by adding Sns to the specified value 

in this data sheet. 

12. For all of the refresh modes except for distributed CAS"-Sefore-"RAS" refresh, 4096(4K Ref.)/2048(2K 

Ref.) cycles of burst refresh must be executed within 16ms before and after self-refresh in order to 

meet refresh specification. 

13. In order to hold the address latched by the first CAS" going low, the parameter tCLCH must be met. 

14. The first falling CAS"x edge to go low. 

1S. The last rising CAS"X edge to go high. 

16. Output parameter is referenced to corresponding CAS"x input. 

17. The last rising CAS"x edge to next cycle's last rising CAS"x edge. 

18. The last rising CAS"x edge to first falling CAS"x edge. 

19. The first OQx controlled by the first CAS"x to go low. 

20. The last OQx controlled by the last CAS"x to go high. 

21. Each CAS"x must meet minimum pulse width. 

22. The last CAS"x to go low. 

23. The last falling CAS"x edge to the first rising CAS"x edge . 

• ,:1:1:(1ih" 
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KM44C4004B, KM44C4104B 
KM44V4004B, KM44V4104B CMOS DRAM 

4M x 4 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 4,194,304 x 4 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power 
supply voltage (+S.OV or +3.3V), refresh cycle (2K Ref. or 4K Ref.), access time (-S, -6, -7 or -8), power 
consumption (Normal, Low power) and package type (SOJ or TSOP-II) are optional features of this family. 
All of this family have CAS-before-A"AS refresh, A"AS-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in L-version. 
This 4Mx4 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high 

band-width, low power consumption and high reliability. It may be used as main memory unit for high level 
computer, microcomputer and personal computer. 

FEATURES 

• Part Identification • Extended Data Out mode operation 
- KM44C40048/8-L (SV, 4K Ref.) (Fast Page Mode with Extended Data Out) 
- KM44C41 048/8-L (SV, 2K Ref.) 
- KM44V40048/8-L (3.3V, 4K Ref.) 
- KM44V41048/8-L (3.3V, 2K Ref.) 

• CAS-before-RAS refresh capability 
• A"AS-only and Hidden refresh capability 

• Self-refresh capability (L-ver) 

• Active Power Dissipation • Fast parallel test mode capability 
• TTL(SV)/L VTTL(3.3V) compatible inputs and outputs 

• Performance range 

RAS 
CAS 
W 

• Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

• Single +SV±10% power supply (SV product) 
• Single +3.3V±O.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

r-V-BB-G-en-er-ato-r-~ ~:: 

AO-AII 

(AO-AIO)"~1 :::===:::~ 
AO-A9 

(AO -A 1 0)':-1 -...:;.;;.;;..;~="-"-=-"'-' 
Note) '1 : 2K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM44C4004B, KM44C4104B 
KM44V4004B, KM44V4104B 

PIN CONFIGURATION (Top Views) 

• KM44CN40(1)04BK • KM44CN40(1)04BS 

Vee Vss Vee 1 0 24 

DOO D03 DOD 2 23 

D01 D02 D01 3 22 

W CAS W 4 21 

!=lAS" OJ: J:iAS 5 20 

*A11(N.C) A9 *A11(N.C) 6 19 

A10 A8 A10 7 18 

AO A7 AO 8 17 

A1 A6 A1 9 16 

A2 A5 A2 10 15 

A3 A4 A3 11 0 14 

Vee Vss Vee 12 13 

• A 11 is N.C for KM44CN41 048 (5V/3.3V, 2K Ref. product) 

K : 300mil 26(24) SOJ 

S : 300mil 26(24) TSOP II 

tl"t'¥ji·h> 
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Vss 

D03 

D02 

CAS 
OJ: 
A9 

A8 

A7 

A6 

A5 

A4 

Vss 
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KM44C4004B, KM44C4104B 
KM44V4004B, KM44V4104B 

ABSOLUTE MAXIMUM RATINGS * 

CMOS DRAM 

* 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 (Voltages referenced to VSS, TA= 0 to 70°C) 

*1 : Vcc+ 1.3V/1Sns(3.3V), Vcc+2.0V/20ns(SV), Pulse width is measured at Vcc. 
*2: - 1.3V/1Sns(3.3V), - 2.0Vl20ns(SV), Pulse width is measured at Vss. 

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

3.3V 

5V 

tl''t':fiji W; 
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KM44C4004B, KM44C4104B 
KM44V4004B, KM44V4104B CMOS DRAM 

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

ICCl 

Icc2 

Icc3. 

Icc4 

Iccs 

Icc6 

Icc7 

Iccs 

Don't care 

Normal 
L 

Don't care 

Don't care 

Normal 
L 

Don't care 

L 

L 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

Don't care 

Don't care 

80 
70 
60 

80 
70 
60 

90 
80 
70 
0.5 
0.3 

80 
70 
60 

450 

250 

100 
90 
80 

100 
90 
80 

100 
90 
80 

0.5 
0.3 

100 
90 
80 

400 

250 

ICC1' : Operating Current (RAS" and CAS" cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=CAS"=W=VIH) 

90 
80 
70 

2 
1 

90 
80 
70 

100 
90 
80 

1 
0.3 

90 
80 
70 

450 

300 

Icc3' : RAS"-only Refresh Current (CAS"=VIH,"RAS" cycling @tRC=min.) 

Icc4' : Hyper Page Mode Current ("RAS"=VIL, CAS", Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS"=CAS"=W=Vcc-O.2V) 

Icc6' : CAS"-Before-"RAS" Refresh Current ("RAS" and CAS" cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"= O.2V 

Din = Don't care, TRc= 31.25J.1s(4K1L-ver), 62.5J.1S(2K1L-ver}, 

TRAs= TRAsmin-300ns 

Iccs : Self Refresh Current 

110 
100 
90 

2 
1 

110 
100 
90 

110 
100 
90 

1 
0.3 

110 
100 
90 

400 

300 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 

/-!A 

RAS"=CAS=O.2V, W=OE"=AO - A 11 = Vcc-O.2V or O.2V, 000 - 003= Vcc-O.2V, O.2V or Open 

, NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while "RAS"=VIL. In Icc4, address can be 
changed maximum once within one hyper page mode cycle time, tHPC . 
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KM44C40048, KM44C41 048 
KM44V40048, KM44V41048 

CAPACITANCE (TA=25°C, Vcc=5Vor3.3V, f=1MHz) 

AC CHARACTERISTICS (O°C~TA$;70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNo/=2.0/0.BV 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.BV, VohNol =2.0/0.BV 

Note) *1 : 5Vonly, *2: 3.3V only 

.,:1:1&1'01; 
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KM44C4004B, KM44C4104B 
KM44V4004B, KM44V4104B 

AC CHARACTERISTICS (O°C~TA~70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNiI=2.4/0.8V, Voh!Vol=2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNIi=2.0/0.8V, VohNol =2.0/0.8V 

Note) *1 : 5V only, *2 : 3.3V only 

tl:ft1&iil}';; 
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KM44C4004B, KM44C4104B 
KM44V4004B, KM44V4104B 

AC CHARACTERISTICS (O°C:>:TA:>:70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNiI=2.4/0.8V, VohNol=2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohNol =2.0/0.8V 

Note) '1 : 5Vonly, '2: 3.3V only 

tl:1t'¥jiUi. 
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KM44C40048, KM44C41 048 

KM44V40048, KM44V41048 

NOTES 

CMOS DRAM 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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 equivalent to 2 TTL(5V device)/1 ITL(3.3V device) loads 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. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS, tRWD, tCWD, tAWD and tCPWD are non restrictive operating parameters. They are included in 

the data sheet as electric characteristics only. If tWCS~tWCS(min), the cycle is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~tCWD(min), 

tRWD~tRWD(min), tAWD~tAWD(min) and tCPWD~tCPWD(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the CAS" falling edge in early write cycles and to the W falling edge 

in read-modify-write cycles. 

9. 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. 

10. These specifications are applied in the test mode. 

11. In test mode read cycle, the values of tRAC, tAA and tCAC are delayed by 2ns to 5ns for the specified 

values. These parameters should be specified in test mode cycles by adding 5ns to the specified value 

in this data sheet. 

12. For all of the refresh modes except for distributed CAS"-Before-"RAS" refresh, 4096(4K Ref.)/2048(2K 

Ref.) cycles of burst refresh must be executed within 16ms before and after self-refresh in order to 

meet refresh specification. 

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

high going. If "CAS" goes high before "RAS" high going, the open circuit condition of the output is 

achieved by"RAS" high going. 

14. tASC ~ 6ns, Assume tT = 2.0 ns 

tl&¥)ihi• 
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KM44C40058, KM44C41 058 CMOS DRAM 

4M x 4 Bit CMOS Quad CAS DRAM with Extended Data Out 

DESCRIPTION 

This is a family of 4,194,304 x 4bit Quad CAS with Extended Data Out Mode DRAMs. Extended Data Out 
Mode offers high speed random access of memory cells within the same row, so called Hyper Page Mode. 
Refresh cycle (2K Ref. or 4K Ref.), access time (-S, -6 or -7), power consumption (Normal, Low power) 
and package type (SOJ or TSOP-II) 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. Four seperate CAS pins provide for seperate 1/0 operation allowing this 
device to operate in parity mode. 
This 4Mx4 Extended Data Out Quad CAS" DRAM family is fabricated using Samsung's advanced CMOS 

process to realize high bandwidth, low power consumption and high reliability. 

FEATURES 

• Part Identification 
- KM44C400SS/S-L (SV, 4K Ref.) 
- KM44C41 OSS/S-L (SV, 2K Ref.) 

• Active Power Dissipation 

• Refresh cycles 

• Performance range 

• Extended Data Out mode operation 
(Fast Page Mode with Extended Data Out) 

• Four seperate CAS pins provide for seperate 
1/0 operation 

• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver) 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 
• Single +SV±1 0% power supply 

FUNCTIONAL BLOCK DIAGRAM 

RAS ....J-----, .--___ ---" _ r: ~:: CASO 
-CAS3 

W 
vee Generator I:J 

Note) "I : 2K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 

DOD 
to 

D03 
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KM44C40058, KM44C41 058 CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C40(1)OSBK • KM44C40(1)OSBS 

Vee Vss Vee Vss 
DOO D03 DOO D03 
D01 D02 D01 D02 

W CAS3 W CAS3 
R"AS DE RAS DE 

*A11(N.C) A9 *A11 (N.C) A9 
CASO CAS2 CASO CAS"2 
CAS1 N.C CAS1 N.C 

A10 A8 A10 A8 
AO A7 AO A7 
A1 A6 A1 A6 
A2 AS A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 

• A11 is N.C for KM44C410S8 (SV, 2K Ref. product) 

K : 300mil 28 SOJ 

S : 300mil 28 TSOP II 

tl:1:,¥JiiW' 
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KM44C4005B, KM44C4105B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS * 

* 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 (Voltages referenced to Vss, TA= 0 to 70 DC) 

*1: Vcc+2.0V/20ns, Pulse width is measured at Vcc. 
*2: - 2.0V/20ns, Pulse width is measured at Vss. 

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

Input Leakage Current (Any input ~VIN:O;VCC+0.5V, 
all other pins not under test=O volt.) 

iI(ll 
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KM44C4005B, KM44C4105B CMOS DRAM 

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

-5 90 
Icc1 Don't care -6 80 

-7 70 

Icc2 
Normal 

Don't care 2 
L 1 

-5 90 
Icc3 Don't care -6 80 

-7 70 

-5 80 
Icc4 Don't care -6 70 

-7 60 

Iccs Normal Don't care 
1 

L 300 

-5 90 
Icc6 Don't care -6 80 

-7 70 

Iccl L Don't care 450 

Iccs L Don't care 300 

Icc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

Icc2 : Standby Current (FlAS=CAS=W=VIH) 

Icc3* : RAS-only Refresh Current (CA"S=VIH, R"AS cycling @tRC=min.) 

110 
100 
90 

2 
1 

110 
100 
90 

90 
80 
70 

1 
300 

110 
100 
90 

400 

300 

Icc4* : Hyper Page Mode CUrrent (R"AS=VIL, cAS, Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS=CAS=W=Vcc-O.2V) 

Icc6* : CAS-Before-R"AS Refresh CUrrent (R"AS and cAS cycling @tRC=min.) 

Iccl : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS= O.2V 

Din = Don't care, TAC= 31.25J.1s (4K1L-ver), 62.5J.1S (2K1L-ver) 

TAAS= TAAsmin-300 ns 

Iccs : Self Refresh Current 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

rnA 
!!A 
rnA 
rnA 
rnA 

!!A 

IlA 

R"AS=CAS"=O.2V, W=OE=AO - A11 = Vcc-O.2Vor O.2V, 000 - 003= Vcc-O.2V, O.2Vor Open 

• NOTE Icc1, Icc3, Icc4 and Icc6 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 Icc3, 
address can be changed maximum once while R"AS=VIL. In Icc4, address can be changed 
maximum once within one hyper page mode cycle time, tHPC. 
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KM44C4005B, KM44C4105B CMOS DRAM 

CAPATANCE (TA=25°C,Vcc=5V, f=1MHz) 

AC CHARACTERISTICS (0°CgA:S;70°C, See note 1, 2) 
Test condition : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohNol =2.0/0.8V 

I 
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KM44C40058, KM44C41 058 CMOS DRAM 

AC CHARACTERISTICS (O°CSfA!>70°C, See note 1, 2) 
Test condition : Vcc=5.0V±10%, VihIViI=2.4/0.8V, VohIVol =2.0/0.8V 

tlW¥jlh·· 
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KM44C40058, KM44C41 058 CMOS DRAM 

TEST MODE CYCLE 

I 
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KM44C4005B, KM44C4105B CMOS DRAM 

NOTES 
1. An initial pause of 200llS is required after power-up followed by any 8 ROR or CBR cycles beforeproper 

device operation is achieved. 
2. VIH(min) and Vll(max) are reference levels for measuring timing of input signals. Transition times are 

measured between VIH(min) and Vll(max) and are assumed to be 2ns for all inputs. 
3. Measured with a load equivalent to 2TTl loads and 100pF. 
4. Operation within the tRCO(max) limit insures that tRAC(max) can be met. tRCO(max) is specified as a 

reference point only. If tACO is greater than the specified tRCO(max) limit, then access time is 
controlled exclusively by tCAC. 

5. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Voh or Vol. 

6. tWCS, tRWO, tCWO, tAWO and tCPWO are non restrictive operating parameters. They are included in 
the data sheet as electric characteristics only. If tWCS~WCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWO<,: tCWO(min), 
tRWO<,:tRWO(min), tAWO<':tAWO(min) and tCPWO<,:tCPWO(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 
8. These parameters are referenced to the CAS" . falling edge in early write cycles and to the W falling 

edge in read-modify-write cycles. 
9. Operation within the tRAO(max) limit insures that tRAC(max) can be met. tRAO(max) is specified as a 

reference point only. If tRAO is greater than the specified tRAO(max) limit, then access time is 
controlled by tAA. 

10. These specifications are applied in the test mode. 
11. In test mode read cycle, the values of tRAC, tAA and tCAC are delayed by 2ns to 5ns for the specified 

values. These parameters should be specified in test mode cycles by adding 5ns to the specified value 
in this data sheet. 

12. For all of the refresh modes except for distributed CAS"-Before-RAS" refresh, 4096(4K Ref.)/2048(2K 
Ref.) cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 
meet refresh specification. 

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

14. tASC <': 6ns, Assume tT =2.0 ns 
15. In order to hold the address latched by the first CAS" going low, the parameter tClCH must be met. 
16. The first CAS"x edge to transition low. 
17. The last CAS"x edge to transition high. 
18. Output parameter is referenced to corresponding CAS"x input. 
19. The last rising CAS"x edge to next cycle's last rising CAS"x edge. 
20. The last rising CAS"x edge to first falling CAS"x edge. 
21. The first OOx controlled by the first CAS"x to go low. 
22. The last OOx controlled by the last CAS"x to go high. 
23. Each CAS"x must meet minimum pulse width. 
24. The last CA"S"x to go low. 
25. The last falling CAS"x edge to the first rising CAS"x edge . 
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KM48C2000B, KM48C2100B 
KM48V2000B, KM48V2100B CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 2,097,152 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), refresh 
cycle (2K Ref. or 4K Ref.), access time (-5, -6, -7 or -8), power consumption (Normal, Low power) and 
package type (SOJ or TSOP-II) 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 2Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. It may be used as main memory unit 
for high level computer, microcomputer and personal computer. 

FEATURES 
o Part Identification 

- KM48C2000B/B-L (5V, 4K Ref.) 
- KM48C2100B/B-L (5V, 2K Ref.) 
- KM48V2000B/B-L (3.3V, 4K Ref.) 
- KM48V2100B/B-L (3.3V, 2K Ref.) 

o Active Power Dissipation 

o Fast Page Mode operation 
o Byte ReadlWrite operation 
o CAS-before-l1AS refresh capability 
oRAS-only and Hidden refresh capability 

o Self-refresh capability (L-ver) 
o Fast parallel test mode capability 
o TIL(5V)/LVTIL(3.3V) compatible inputs and outputs 

o Refresh cycles 

2K 32ms 

o Performance range 

Speed, :tRAC tCAe ",IRC. l:_c' 
-5 SOns 13ns 90ns 35ns 
-6 60ns 15ns 110ns 40ns 
-7 70ns 20ns 130ns 45ns 
-8 80ns 20ns 150ns SOns 

128ms 

5V 
5V/3.3V 
5V/3.3V 

3.3V 

RAS 
CAS 
W 

o Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 
• Single +5V±10% power supply (5V product) 

• Single +3.3V±O.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

,-___ --.,. J-: ~:: 
vee Generator I:J 

Note)·' : 2K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM48C2000B, KM48C2100B 
KM48V2000B, KM48V2100B 

PIN CONFIGURATION (Top Views) 

• KM48C1V20(1 )OOBK 

Vee 
DOO 
D01 
D02 
D03 

W 
RAS 

*A11(N.C) 
A10 

AO 
A1 
A2 
A3 

Vee 

Vss 
D07 
D06 
D05 
D04 
CAS 
Of 
A9 
A8 
A7 
A6 
A5 
A4 
Vss 

• KM48CN20(1 )ooBS 

Vee 
DOO 
D01 
D02 
D03 

W 
RA5 

*A11(N.C) 
A10 

AO 
A1 
A2 
A3 

Vee 

* A11 is N.C for KM48CN2100B (5V/3.3V, 2K Ref. product) 

K : 300mil 28 SOJ 

S : 300mil 28 TSOP II 
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Vss 
D07 
D06 
D05 
D04 
CAS 
OE 
A9 
A8 
A7 
A6 
A5 
A4 
Vss 
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KM48C2000B, KM48C2100B 
KM48V2000B, KM48V2100B 

ABSOLUTE MAXIMUM RATINGS * 

CMOS DRAM 

* 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

*1 : Vcc+ 1.3V/1Sns(3.3V), Vcc+2.0Vl20ns(SV), Pulse width is measured at Vcc. 
*2: - 1.3V/1Sns(3.3V), - 2.0V/20ns(SV), Pulse width is measured at Vss. 

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

3.3V 

5V 
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KM48C2000B, KM48C2100B 
KM48V2000B, KM48V2100B CMOS DRAM 

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

-5 

Icc1 Don't care -6 80 100 
-7 70 90 
-8 60 80 

Icc2 
Normal 

Don't care L 

-5 

Icc3 Don't care -6 80 100 
-7 70 90 
-8 60 80 

-5 

Icc4 Don't care -6 70 80 
-7 60 70 
-8 50 60 

Iccs Normal 
Don't care 

0.5 0.5 
L 0.3 0.3 

-5 

Icc6 Don't care -6 80 100 
-7 70 90 
-8 60 80 

Iccl L Don't care 450 400 

l.cc1' : Operating Current (RAS" and "CAS" cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=CAS"=W=VIH ) 

90 
80 
70 

2 
1 

90 
80 
70 

80 
70 
60 

1 
0.3 

90 
80 
70 

450 

Icc3' : "RAS"-only Refresh Current (CAS"=VIH, RAS" cycling @tRC=min.) 

Icc4' : Fast Page Mode Current (RAS"=VIL,"CAS", Address cycling @tPC=min.) 

Iccs : Standby Current (RAS"=CAS"=W=Vcc-O.2V) 

Icc6' : "CAS"-Before-RAS" Refresh Current (RAS" and "CAS" cycling @tRC=min.) 

Iccl : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, "CAS"= O.2V 

Din = Don't care, TRc= 31.25iJS(4K/L-ver), 62.5iJS(2K1L-ver), 

TRAs= TRAsmin-300ns 

Iccs : Self Refresh Current 

110 mA 
100 mA 
90 mA 

mA 

2 mA 
1 mA 

110 mA 
100 mA 
90 mA 

mA 

90 mA 
80 mA 
70 mA 

mA 

1 mA 
0.3 mA 

110 mA 
100 mA 
90 mA 

mA 

400 I!A 

"RAS"="CAS"=O.2V, W=OE=AO - A11 = Vcc-O.2V or O.2V, DaO - DQ7= Vcc-O.2V, O.2V or Open 

, NOTE: Icc1, Icc3, Icc4 and ICC6 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, Icc3, and Iccs, 
address can be changed maximum once while RAS" =VIL. In Icc4, address can be changed 
maximum once within one fast page mode cycle time, tPC. 

tl:1:,¥jihitP 
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KM48C20008, KM48C21 008 
KM48V20008, KM48V21 008 

CAPACITANCE (TA=25°C, Vcc=5V or 3.3V, 1=1 MHz) 

AC CHARACTERISTICS (O°C:,>TA:,>70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VihiViI=2.4/0.8V, VohiVoI=2.4/0.4V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.010.8V, VohNoI=2.010.8V 

Note) *1 : 5V only, *2: 3.3V only 

.,&+)101• 
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KM48C2000B, KM48C2100B 
KM48V2000B, KM48V2100B 

AC CHARACTERISTICS (O°C:::;T~70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VnNiI=2.4/0:8V, VotNol=2.4/0.4V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VotNOI =2.0/0.8V 

Note) *1 : 5V only, *2 : 3.3V only 

.,&:(110 liP 
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KM48C2000B, KM48C2100B 
KM48V2000B, KM48V2100B 

Note) *1 : 5V only, *2 : 3.3V only 
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KM48C2000B, KM48C2100B 
KM48V2000B, KM48V2100B 

NOTES 

CMOS DRAM 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CSR cycles before 

proper device operatiori 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads 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. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS, tRWD, tCWD, tAWD and tCPWD are non restrictive operating parameters. They are included in 

the data sheet as electric characteristics only. If tWCS:<::tWCS(min), the cycle is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD:<::tCWD(min), 

tRWD:<::tRWD(min), tAWD:<::tAWD(min) and tCPWD:<::tCPWD(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the 'CAS' falling edge in early write cycles and to the W falling edge 

in read-modify-write cycles. 

9. 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. 

10. These specifications are applied in the test mode. 

11. In test mode read cycle, the values of tRAC, tAA and tCAC are delayed by 2ns to 5ns for the specified 

values. These parameters should be specified in test mode cycles by adding 5ns to the specified value 

in this data sheet. 

12. For all of the refresh modes except for distributed CAS'-Sefore-RAS' refresh, 4096(4K Ref.)/2048(2K 

Ref.) cycles of burst refresh must be executed within 16ms before and after self-refresh in order to meet 

refresh specification. 

tl:!ti¥jlhi• 
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KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 2,097,152 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power 
supply voltage (+5.0V or +3.3V), refresh cycle (2K Ref. or 4K Ref.), access time (-5, -6, -7 or -8), power 
consumption (Normal, Low power) and package type (SOJ or TSOP-II) are optional features of this family. 
All of this family have CA5-before-R"AS" refresh, R"AS"-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in L-version. 
This 2Mx8 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high 

band-width, low power consumption and high reliability. It may be used as main memory unit for high level 
computer, microcomputer and personal computer. 

FEATURES 

• Part Identification • Extended Data Out mode operation 
- KM48C2004B/B-L(5V, 4K Ref.) (Fast Page mode with Extended Data Out) 
- KM48C2104B/B-L(5V, 2K Ref.) 
- KM48V2004B/B-L(3.3V, 4K Ref.) 
- KM48V2104B/B-L(3.3V, 2K Ref.) 

• Byte ReadlWrite operation 
• CAS"-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 

• Active Power Dissipation Unit:mW • Self-refresh capability (L-ver) 

• Fast parallel test mode capability 
• TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

• Refresh cycles 

• Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

• Single +5V±10% power supply (5V product) 
• Single +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

,-____ .. r: ~:: 
vee Generator I::J 

AO-Att 

(AO-AIO)·~1 ~~~~~~ 
(t~ A~·I:--=::":":;:=;::':;:=:...J 

Note) ., : 2K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 

.?"{:fWd'· 
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KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 

PIN CONFIGURATION (Top Views) 

CMOS DRAM 

• KM48CN20(1)04BK • KM48CN20(1)04BS 

Vee Vss Vee Vss 
DOO D07 DOO D07 
D01 D06 D01 D06 
D02 DOS D02 DOS 
D03 D04 D03 D04 

W CAS" W CAS" 
RAS OE RAS OE 

*A11 (N.C) A9 *A11 (N.C) A9 
A10 A8 A10 A8 

AO A7 AO A7 
A1 A6 A1 A6 
A2 AS A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 

* A 11 is N.C for KM48CN21 048 (SVl3.3V, 2K Ref. product) 

K : 300mil 28 SOJ 

S : 300mil 28 TSOP II 

.,:1:1+)10 ,. 
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KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS * 

* 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 (Voltages referenced to Vss, TA= 0 to 70 °C) 

*1 : Vcc+ 1.3V/15ns(3.3V), Vcc+2.0Vl20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 

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

Ii(L) - 5 

3.3V 

5V 10(L) - 5 

.,:1:1+)101• 
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KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 CMOS DRAM 

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

-5 

ICCl Don't care -6 
-7 
-8 

Icc2 
Normal 

Don't care L 

-5 

Icc3 Don't care -6 
-7 
-8 

-5 

Icc4 Don't care -6 
-7 
-8 

Icc5 
Normal 

Don't care L 

-5 

Icca Don't care -6 
-7 
-8 

Icc? L Don't care 

Iccs L Don't care 

80 
70 
60 

80 
70 
60 

90 
80 
70 

0.5 
0.3 

80 
70 
60 

450 

250 

100 
90 
80 

100 
90 
80 

100 
90 
80 

0.5 
0.3 

100 
90 
80 

400 

250 

ICC1' : Operating Current ("RAS' and CAS' cycling @tRC=min.) 

Icc2 : Standby Current ("RAS'=CAS'=W=VIH) 

90 
80 
70 

2 
1 

90 
80 
70 

100 
90 
80 

1 
0.3 

90 
80 
70 

450 

300 

Icc3' : 'RAS'-only Refresh Current (CAS'=VIH, 'RAS' cycling @tRC=min.) 

Icc4' : Hyper Page Mode Current ('RAS'=VIL, CAS', Address cycling @tHPC=min.) 

Icc5 : Standby Current (RAS'=CAS'=W=Vcc-O.2V) 

Icca' : CAS'-Before-'RAS' Refresh Current ('RAS' and CAS' cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH}=Vcc-O.2V, Input low voltage(VIL}=O.2V, CAS'=O.2V 

Din = Don't care, TRc= 3l.25f1s(4K1L-ver}, 62.5f1S(2K1L-ver} 

TRAS= TRAsmin-300ns 

Iccs : Self Refresh Current 

110 mA 
100 mA 
90 mA 

mA 

2 rnA 
1 mA 

110 mA 
100 mA 
90 mA 

mA 

110 mA 
100 mA 
90 mA 

rnA 

1 rnA 
0.3 mA 

110 mA 
100 mA 
90 mA 

mA 

400 !lA 

300 /LA 

"RAS'=CAS'=O.2V, W=OE'=AO - All = Vcc-O.2V or O.2V, DOO - D07= Vcc-O.2V, O.2V or Open 

• NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and ICC6, address can be changed maximum once while 'RAS'=VIL. In Icc4, address can be 
changed maximum once within one hyper page mode cycle time, tHPC . 
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KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 

CAPACITANCE (TA=25°C, Vcc=5Vor 3.3V, f=1MHz) 

AC CHARACTERISTICS (O°C::;TA::;?O°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitJViI=2.4/0.8V, VohIVol=2.010.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohIVol =2.010.8V 

Note) '1 : 5V only, '2 : 3.3V only 
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KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 

AC CHARACTERISTICS (O°Csr~70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNiI=2.4/0.8V, VohiVol=2.010.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihiViI=2.010.8V, VohNol =2.010.8V 

Note) *1 : 5V only, *2: 3.3V only 

tl:!ti¥)ih" 
ELECJRONICS 

CMOS DRAM 

230 



KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 

AC CHARACTERISTICS (O°C5r~70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VihlViI=2.4/0.BV, VohlVol =2.0/0.BV 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.0/0.BV, . VohNol =2.0/0.BV 

TEST MODE CYCLE 

Note) *1 : 5V only, *2 : 3.3V only 

tl&¥)iiW' 
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KM48C20048, KM48C21 048 
KM48V20048, KM48V21 048 

NOTES 

CMOS DRAM 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CSR 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 equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads 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. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS. tRWD. tCWD. tAWD and tCPWD are non restrictive operating parameters. They are included in 

the data sheet as electric characteristics only. If tWCS;::tWCS(min). the cycle is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD;::tCWD(min). 

tRWD;::tRWD(min). tAWD~tAWD(min) and tCPWD;::tCPWD(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the CAS" falling edge in early write cycles and to the W falling 

edge in read-modify-write cycles. 

9. 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. 

10. These specifications are applied in the test mode. 

11. In test mode read cycle. the values of tRAC. tAA and tCAC are delayed by 2ns to 5ns for the specified 

values. These parameters should be specified in test mode cycles by adding 5ns to the specified 

value in this data sheet. 

12. For all of the refresh modes except for distributed CAS"-Before-'RAS" refresh. 4096(4K Ref.)/2048(2K 

Ref.) cycles of burst refresh must be executed within 16ms before and after self-refresh in order to 

meet refresh specification. 

13. If RAS" goes high before CAS" high going. the open circuit condition of the output is achieved by CAS" 

high going. If CAS" goes high before 'RAS" high going. the open circuit condition of the output is 

achieved by 'RAS" high going. 

14. tASC ;:: 6ns. Assume tT = 2.0 ns 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 

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

DESCRIPTION 

This is a family of 1,048,S76 x16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+S.OV or +3.3V), refresh 
cycle(1 K Ref. or 4K Ref.), access time(-6, -7 or -8), power consumption(Normal or Low power) and package 
type(SOJ or TSOP-II) are optional features of this family. 
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in self-refresh version. 
This 1 Mx16 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 

realize high band-width, low power consumption and high reliability. It may be used as main memroy unit for 
microcomputer, personal computer and portable machines. 

FEATURES • Fast Page Mode operation 

• Part Identification • 2 CAS BytelWord ReadlWrite operation 
- KM416C1000AlA-L (SV, 4K Ref.) • CAS-before-RAS refresh capability 
- KM416C1200AlA-L (SV, 1K Ref.) 
- KM416V1000AlA-L (3.3V, 4K Ref.) 

• RAS-only and Hidden refresh capability 
• Self-refresh capability(L-ver only) 

- KM416V1200A/A-L (3.3V, 1K Ref.) 
• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

• Active Power Dissipation 

3.3V 
Speed 

4K 1K 
-6 324 540 
-7 288 504 
-8 252 468 

• Refresh cycles 

Part Refresh 
NO. 

Vee 
cycle 

C1000A 5V 
4K 

V1000A 3.3V 
C1200A 5V 
V1200A 3.3V 

1K 

• Performance range: 

Speed tRAC tCAC 
-6 60ns 15ns 

-7 70ns 20ns 

-8 80ns 20ns 

Unit:mW 

5V 
4K 1K 
550 880 
495 825 
440 770 

Refresh time 
Normal L-ver 

64ms 
128ms 

16ms 

tRC tPC 
110ns 40ns 
130ns 45ns 
150ns 50ns 

• Early Write or output enable controlled write 
• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 
• Triple +5V±10% power supply(5V product) 
• Triple +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAll ~---~ 

,..-------, .. '- ~:: llCAS 
[Cli;S 

W 

(A~~A:r.l-.c:.:;====:.J 
Note) ·1 : lK Refresh 

vee Generator I:J 

SAM SUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice . 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A 

PIN CONFIGURATION (Top Views) 

CMOS DRAM 

• KM416CN10(2)OOAJ • KM416CN10(2)OOAT 

vee Vss vee Vss 
000 0015 000 0015 
001 0014 

001 0014 
002 0013 002 0013 003 0012 

003 0012 vee Vss 
vee Vss 004 0011 
004 0011 005 0010 
005 0010 006 009 

006 009 
007 DOS 
N.C N.e 

007 DOS 
N.C N.C 
N.C ["CAS" 

N.C W UCAS" N.C 

"RAS" OE 
N.C ["CAS" 

W UCAS" 
A11(N.C) A9 "RAS" OE 
A10(N.C) AS A11(N.C~ A9 

AO A7 A10(N.C AS 
A1 A6 AO A7 

A2 A5 
A1 A6 
A2 A5 

A3 A4 A3 A4 
vee Vss vee Vss 

* Note: ( ) --> 1 K Product 

Pin Name Pin Function 
AO - A11 Address Inputsl4K Producll 
AO-A9 Address Inputs(1 K Product) 
000 -15 Data In/Out 
Vss Ground 
"RAS" Row Address Strobe 

UCAS" Upper Column Address Strobe 
["CAS" Lower Column Address Strobe 
W Read/Write Input 
OE Data Outputs Enable 
vee Power(+5.0V) 

Power(+3.3V) 
N.C No Connection 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

I 

Rating Units 
Parameter Symbol 

3.3V 5V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 °C 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 50 rnA 

, 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

3.3V 
Parameter Symbol 

Min TYP Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage VIH 2.1 - VcC+0.3'1 2.4 

Input Low Voltage VIL -0.32 - 0.8 -1.0"2 

'1 : Vee + 1.3Vf15ns(3.3V). Vce+2.0Vf20ns(5V), Pulse width is measured at Vec. 
'2: - 1.3Vf15ns(3.3V), - 2.0Vf20ns(5V), Pulse width is measured at Vss. 

5V 
Unit 

Typ Max 

5.0 5.5 V 

0 0 V 

- VCC+1"1 V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input OSVINSVCC+0.3V, II(L) -5 5 IJA 
all other pins not under test=O volt.) 

I Output Leakage Current 
3.3V (Data out is disabled, OVSVOUTSVCC) 

10(L) -5 5 I1A 

Output High Voltage Level(loH=-2mA) VOH 2.4 - V 

: Output Low Voltage Level(loL=2mA) VOL - 0.4 V 

I 

Input Leakage Current (Any input OSVINSVCC+0.5V, Ii(L) -5 5 IJA 
all other pins not under test=O volt.) 

5V 
Output Leakage Current 10(L) -5 5 I1A (Data out is disabled, OV<VOUT<VCC) 

Output High Voltage Level(loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level(loL=4.2mA) VOL - 0.4 V 

tl&¥jihi> 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 

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

Max 
Symbol Power Speed 

KM416V1000A KM416V1200A KM416C1000A KM416C1200A 

-6 90 150 100 
Icc1 Don't care -7 80 140 90 

-8 70 130 80 

Icc2 
Normal Don't care 

1 1 2 
L 1 1 1 

-6 90 150 100 
Icc3 Don't care -7 80 140 90 

-8 70 130 80 

-6 90 100 100 
Icc4 Don't care -7 80 90 90 

-8 70 80 80 

Iccs Normal Don't care 0.5 0.5 1 
L 0.2 0.2 0.2 

-6 90 150 100 
Icce Don't care -7 80 140 90 

-8 70 130 80 

Icc? L Don't care 400 300 450 

Iccs L Don't care 200 200 250 

Icc1* : Operating Current (RAS" ,UCAS",E"CAS ,Address cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=UCAS"=["CAS=W=VIH) 

160 
150 
140 

2 
1 

160 
150 
140 

110 
100 
90 

1 
0.2 

160 
150 
140 

350 

250 

Icc3* : "RAS"-Only Refresh Current (UCAS"=E"CAS=VrH, "RAS" ,Address cycling @tRC=min.) 

Icc4* : Fast Page Mode Current ("RAS"=Vll, UCAS" or ["CAS, Address cycling @tPC=min.) 

Iccs : Standby Current ("RAS"=UCAS"=E"CAS=W=Vcc-O.2V) 

Icce* : CAS"-before-"RAS" Refresh Current ("RAS" , UCAS" orE"CAS cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VrH)=Vcc-O.2V, Input low voltage(Vrl)=O.2V, UCAS",E"CAS= O.2V, 

Din = Don't care, TRc= 31.25(.1S(4K1L-ver), 125(.1S(1 KlL-ver), TRAs= TRAsmin-300 ns 

Iccs : Self Refresh Current 

RAS"=UCAS"=E"CAS=Vrl, W=UE"=AO - A11 = Vcc-O.2V or O.2V, 

DOO - 0015= Vcc-O.2V, O.2V or Open 

Units 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

~A 

~A 

* NOTE: ICC1, Icc3, Icc4 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, Icc3, 
and Icce, address can be changed maximum once while "RAS"=VIL In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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CAPACITANCE(TA=25°C,Vcc=5V or 3.3V, f=1 MHz) 

r Parameter 
I 

Input capacitance [AO - A 111 

Input capacitance [RAS", ~,[C'A"S", w, OE] 

Output Capacitance [000 - 0015) 

AC CHARACTERISTICS (0°CgA~70°C, See note 2) 

Symbol Min 

CINl -
CIN2 -
Coa -

Test condition(5V device) : Vcc=5.0V±10%, VihNii =2.4/0.8V, VohNol =2.4/0.4V 
Test condition(3.3V device): Vcc=3.3V±O.3V, VihNiI=2.1/0.8V, VohNol=2.0/0.8V 

-6 -7 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 110 130 

Read-modify-write cycle time tRWC 155 185 

Access time from RAS" tRAC 60 70 

Access time from "CAS" tCAC 15 20 

Access time from column address tAA 30 35 

CAS" to output in Low-Z tCLl 0 0 

Output buffer turn-off delay tOFF 0 15 0 15 

Transition time (rise and fall) tT 3 50 3 50 

RAS" precharge time tRP 40 50 

RAS" pulse width tRAS 60 10K 70 10K 

RAS" hold time tRSH 15 20 

"CAS" hold time tCSH 60 70 

CAS" pulse width tCAS 15 10K 20 10K 

RAS" to CAS" delay time tRCD 20 45 20 50 

RAS" to column address delay time tRAD 15 30 15 35 

CAS" to RAS" precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-up time tASe 0 0 

I Column address hold time tCAH 10 15 

Column address to RAS" lead time tRAL 30 35 

Read command set-up time tRCS 0 0 

i Read command hold time referenced to "CAS" tRCH 0 0 

Read command hold time referenced to RAS" tRRH 0 0 

Write command set-up time tWCS 0 0 

Write command hold time tWCH 10 15 

Write command pulse width tWP 10 15 

I Write command to RAS" lead time tRWL 15 15 

I~Write command to "CAS" lead time tCWL 15 15 

tl:!:'¥jihi• 
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Max Unit 

5 pF 

7 pF 

7 pF 

-8 

Min 
Units Notes 

Max • 150 ns 

205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 15 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 11 

15 ns 11 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

15 ns 

15 ns 

20 ns 

20 ns 
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AC CHARACTERISTICS (O°CSTA:'>70°C, See note 2) 

Parameter Symbol 
Min 

Data set-up time tDS 0 

Data hold time tDH 10 

Refresh period(1 K, Normal) tREF 

Refresh period(4K, Normal) tREF 

Refresh period(L over) tREF 

CAS" to W delay time tCWD 40 

I1A"S to W delay time tRWD 85 

Column address to W delay time tAWD 55 

CAS precharge to W delay time tCPWD 60 

CAS set-up time (CAS"-before-l1AS" refresh) tCSR 5 

CAS" hold time (CAS"-before-l1AS" refresh) tCHR 10 

11AS" to CAS precharge time tRPC 5 

CAS precharge time(CBI1 counter test cycle) tCPT 20 

Access time from CAS precharge tCPA 

Fast Page mode cycle time ·tPC 40 

Fast Page mode read-modify-write cycle time tPRWC 80 

CAS" precharge time (Fast page cycle) tCP 10 

l1AS" pulse width (Fast page cycle) tRASP 60 

l1AS hold time from CAS precharge tRHCP 35 

o E access time tOEA 

DE to data delay tOED 15 

Out put buffer turn off delay time from ~ tOEZ 0 

CJE command hold time tOEH 15 

l1AS pulse width(C-B-11 self refresh) tAASS 100 

I1AS precharge time (C-B-11 self refresh) tAPS 110 

CAS hold time (C-8-11 self refresh) tCHS -50 

.,,,:,&jiUI; 
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Max 

16 

64 

128 

35 

200K 

15 

15 

CMOS DRAM 

-7 -8 

Min Max Min Max 
Units Notes 

0 0 ns 9,17 

15 15 ns 9,17 

16 16 ms 

64 64 ms 

128 128 ms 

50 50 ns 7 

95 105 ns 7 

60 65 ns 7 

65 70 ns 

5 5 ns 15 

10 10 ns 16 

5 5 ns 

25 30 ns 

40 45 ns 3 

45 50 ns 

95 100 ns 

10 10 ns 

70 200K 80 200K ns 

40 45 ns 

20 20 ns 3 

20 20 ns 

0 20 0 20 ns 6 

20 20 ns 

100 100 us 18 

130 150 ns 18 

-50 -50 ns 18 
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NOTES 

CMOS DRAM 

1. An initial pause of 200llS is required after power-up followed by any 8 RAS-only or CAS-before-J1AS 

refresh cycles before proper qevice 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL (5V device)/1 TTL(3.3V device) loads 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 tRCD::?: tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

? tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 

data sheet as electrical characteristics only. If tWCS::?: tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD::?: tCWD(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 the CAS leading edge in early write cycles and to the W leading 

edge in 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. 

KM416CN10(2)OONA-L Truth Table 

RAS [CAS OCAS W Of DOO-DO? 008 - 0015 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 DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DO-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

tl:!{¥)ihi• 
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11. tASC, tCAH are referenced to the earlier CAS" falling edge. 

CMOS DRAM 

12. tCP is specified fr?m the last CAS" rising edge in the previous cycle to the first CAS" falling edge in the 

next cycle. 

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

14. tCWL is specified from W falling edge to the earlier CAS" rising edge. 

15. tCSR is referenced to earlier CAS" falling low before "RAS" transition low. 

16. tCHR is referenced to the later CAS" rising high after"RAS" transition low. 

"RAS" 

, 
" 

1-
tGSR tGHR 

17. 1OS, 10H is independently specified for lower byte DIN(0-7), upper byte DIN(8-15). 

18. For all of the refresh modes except for distributed CAS"-8efore-"RAS" refresh, 4096 cycle(1 024 cycle) 

of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 

specification(L-version). 

tl:!:'¥)Ih" 
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KM416V1004A, KM416V1204A CMOS DRAM 

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

DESCRIPTION 

This is a family of 1,048,576 x16 bit Dxtended Data Out CMOS DRAMs. Dxtended Data Out mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply 
voltage(+5.0V or +3.3V), refresh cycle(1K Ref. or 4K Ref.), access time(-6, -7 or -8), power 
consumption(Normal or Low power) and package type(SOJ or TSOP-II) are optional features of this family. 
All of this family have CAS-before-f\"AS" refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in Low power version. 
This 1 Mx16 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS 

process to realize high band-width, low power consumption and high reliability. It may be used as main 
memroy unit for microcomputer, personal computer and portable machines. 

FEATURES 
• Part Identification 

- KM416C1004A1A-L (5V, 4K Ref.) 
- KM416C1204A/A-L (5V, 1K Ref.) 
- KM416V1004A1A-L (3.3V, 4K Ref.) 
- KM416V1204A/A-L (3.3V, 1 K Ref.) 

• Extended Data Out mode operation 
(Fast Page mode with Extended Data Out) 

• 2CAS" Byte/Word Read/Write operation 
• CAS-before-RAS" refresh capability 
·RAS-only and Hidden refresh capability 
• Self-refresh capability(L-ver only) 

• Active Power Dissipation Unit:mW • TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

Speed 
4K 

3.3V 

1K 
-6 324 540 
-7 288 504 
-8 252 468 

• Refresh cycles 

Part 
Vcc Refresh 

NO. cycle 

G1004A 5V 
4K 

V1004A 3.3V 

G1204A 5V 
V1204A 3.3V 

1K 

• Performance range: 

Speed tRAG tGAC 
-6 60ns 17ns 

-7 70ns 20ns 

-8 80ns 20ns 

5V 

4K 1K 
550 880 

495 825 
440 no 

Refresh period 
Normal L-ver 

64ms 

128ms 

16ms 

tRC tHPC 
104ns 25ns 

124ns 30ns 

144ns 35ns 

• Early Write or output enable controlled write 
• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 
• Triple +5V± 10% power supply(5V product) 
• Triple +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAS ..... ----...., .--____ . _ r= ~:: UCAS 
[CAS 

W 

AD-A7 
(AD-A9)·I--=::'==:;;":;';;;;;.;;'-I 

Note) 'I : 1 K Refresh 

VBB Generator I:J 

SAMSUNG ELECTRONIC CO, • L TO. reserves the right to 
change products and specifications without notice. 
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PIN CONFIGURATION (Top Views) 

CMOS DRAM 

• KM416CN10(2)04AJ • KM416CN10(2)04AT 

vee Vss vee Vss 
DOO D015 DOO D015 
D01 D014 

D01 D014 

D013 
D02 D013 D02 D03 D012 

D03 D012 vee Vss 
vee Vss D04 D011 
D04 D011 D05 D010 
D05 D010 D06 D09 

D06 D09 
D07 D08 
N.C N.C 

D07 D08 
N.C N.C 
N.C ECA'S 

N.C W UCAS" N.C 

RAS" OE 
N.C ECA'S 

W OCAS" 
A11(N.C) A9 "RAS" OE 
A10(N.C) A8 A11(N.C) A9 

AO A7 A10(N.C) A8 
A1 A6 AO A7 

A1 A6 A2 A5 A2 A5 
A3 A4 A3 A4 

vee Vss vee Vss 

* Note: (N.C ) --> 1 K Product 

Pin Name Pin Function 

AO - A11 Address Inouts(4K Product) 

AO-A9 Address Inouts(1 K Product) 

DOO -15 Data In/Out 
Vss Ground 

RAS" Row Address Strobe 
OCAS" Upper Column Address Strobe 

ECA'S Lower Column Address Strobe 
W ReadlWrite Input 
OE Data Outputs Enable 
Vce Power(+5.0V) 

Power(+3.3V) 
N.C No Connection 

.,"{:fjin,. 
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ABSOLUTE MAXIMUM RATINGS 

Rating Units 
Parameter Symbol 

3.3V 5V 
I 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 V 

Storage Temperature Tstg -55 to +150 -55 to +150 DC 

Power Dissipation Po 1 1 W 

Short Circuit Output Current los 50 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 (Voltages referenced to Vss, TA= 0 to 70 DC) 

Parameter Symbol 
Min 

3.3V 

Typ Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage VIH 2.1 - VeC+0.3"1 2.4 

Input Low Voltage VIL -0.3'2 - 0.8 -1.0'2 

*1 ; Vec + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vce. 
*2; - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 

5V 
Unit 

Typ Max 

5.0 5.5 V 

0 0 V 

- Vec+fl V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0:>;VIN:>;VCC+0.3V, Ji(l) -5 5 J.IA 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current 10(l) -5 5 J.IA (Data out is disabled, OV::;VOUT::;VCC) 

Output High Voltage Level(loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level(lol=2mA) VOL - 0.4 V 

Input Leakage Current (Any input O::;VIN:>;VCC+0.5V, Ji(l) -5 5 J.IA 
all other pins not under test=O volt.) 

5V 
Output Leakage Current 10(l) -5 5 JlA (Data out is disabled, OV:>;Vour::;Vcc) 

Output High Voltage Level(loH=-5mA) VOH 2.4 - V 

I Output Low Voltage Level(lol=4.2mA) VOL - 0.4 V 

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

Max 
Symbol Power Speed 

KM416V1004A KM416V1204A KM416C1004A KM416C1204A 

-6 90 150 100 
ICCl Don't care -7 80 140 90 

-8 70 130 80 

Icc2 
Normal 

Don't care 
1 1 2 

L 1 1 1 

-6 90 150 100 
Icc3 Don't care -7 80 140 90 

-8 70 130 80 

-6 110 120 120 
ICC4 Don't care -7 100 110 110 

-8 90 100 100 

Iccs Normal Don't care 0.5 0.5 1 
L 0.2 0.2 0.2 

-6 90 150 100 
Icc6 Don't care -7 80 140 90 

-8 70 130 80 

Icc7 L Don't care 400 400 450 

Iccs L Don't care 200 200 250 

ICC1' : Operating Current (RAS" ,UCAS",CCAS" ,Address cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=UCAS"=CCAS"=W=VIH) 

160 
150 
140 

2 
1 

160 
150 
140 

130 
120 
110 

1 
0.2 

160 
150 
140 

350 

250 

Icc3' : l=lAS"-Only Refresh Current (UCAS"=CCAS"=VIH, RAS" ,Address cycling @tRC=min.) 

Icc4' : Hyper Page Mode Current (l=lAS"=VIL, UCAS" or [CAS", Address cycling @tHPC=min.) 

Icc5 : Standby Current (RAS"=UCAS"=CCAS"=W=Vcc-O.2V) 

Icc6' : CAS"-before-RAS" Refresh Current (RAS" , UCAS" or CCAS" cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, UCAS",[cAS"= O.2V, 

Din = Don't care, TRc= 31.25J.ls(4K1L-ver), 125J.lS(1K1L-ver), TRAs=TRAsmin-300 ns 

Iccs : Self Refresh Current 

RAS"=O"CAS"=CCAS"=VIL, W="f5E=AO - A11 = Vcc-O.2V or O.2V, 

DOO - D015= Vcc-O.2V, O.2V or Open 

Units 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

IlA 

IlA 

, NOTE: ICC1, Icc3, Icc4 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, Icc3, 
and Icc6, address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 
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CAPACITANCE{TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter 

Input capacitance [AO - A111 

Input capacitance [RAS", UCAS",J:CAS", W, UE] 

Output Capacitance [DOO - D015] 

AC CHARACTERISTICS (0°CsTA:S:70°C, See note 2) 

Symbol Min 

CIN! -
CIN2 -
Coo -

Test condition{5V device) : Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNol=2.0/0.8V 
Test condition{3.3V device): Vcc=3.3V±O.3V, VihNiI=2.1/0.8V, VohNol=2.0/0.8V 

-6 -7 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 104 124 

Read-modify-write cycle time tRWC 140 170 

Access time from ~ tRAC 60 70 

Access time from CAS" tCAC 17 20 

Access time from column address tAA 30 35 

CAS- to output in Low-Z tCLZ 3 3 

OE to output in Low-Z tOLZ 3 3 

Output buffer tum-off delay from CAS" tCEZ 3 15 3 20 

Transition time (rise and fall) tT 2 50 2 50 

"RAS- precharge time tAP 40 50 

~ pulse width tRAS 60 10K 70 10K, 

"RAS- hold time tRSH 17 20 

CAS- hold time tCSH 50 60 

CAS" pulse width !CAS 10 10K 15 10K 

RAS- to CAS" delay time tRCD 20 43 20 50 

RAS" to column address delay time tRAD 15 30 15 35 

CAS" to ~ precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-up time tASe 0 0 

Column address hold time tCAH 10 15 

Column address to ~ lead time tRAL 30 35 

Read command set-up time tRCS 0 0 

Read command hold time referenced to CAS" tRCH 0 0 

Read command hold time referenced to ~ tRRH 0 0 

Write command set-up time tWCS 0 0 

Write command hold time tWCH 10 15 

Write command pulse width tWP 10 15 

Write command to ~ lead time tRWL 15 20 

.,"t'¥)ihi• 
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Max Unit 

5 pF 

7 pF 

7 pF 

-8 

Min 
Units Notes 

Max • 144 ns 

190 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 ns 3 

3 20 ns 6,13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 14 

15 ns 14 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

15 ns 

15 ns 

20 ns 
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AC CHARACTERISTICS (Continued) 

Parameter Symbol 

Write command to CAS" lead time tCWL 

Data set-up time tDS 

Data hold time tDH 

Refresh period( 1 K, Normal) tREF 

Refresh period(4K, Normal) tREF 

Refresh period(L -ver) tREF 

CAS" to W delay time tCWD 

FlAS" to W delay time tRWD 

Column address to W delay time tAWD 

CAS" precharge to W delay time tCPWD 

CAS" set-up time (CAS"-before-FlAS" refresh) tCSR 

"CAS" hold time (CAS"-before-FlAS" refresh) tCHR 

FlAS" to CAS" precharge time tRPC 

CAS" precharge time(CBFl counter test cycle) tCPT 

Access time from CAS" precharge tCPA 

I Hyper Page mode cycle time tHPC 

! Hyper Page mode read-modify-write cycle time tHPRW( 

CAS" precharge time Hyper page cycle) tCP 

FlAS" pulse width (Hyper page cycle) tRASP 

FlAS" hold time from CAS" precharge tRHCP 

OE access time tOEA 

OE to data delay tOED 

Out put buffer turn off delay time from OE tOEZ 

OE command hold time tOEH 

Output data hold time tDOH 

Output buffer turn off delay from FlAS" tREZ 

Output buffer tum off delay from W tWEZ 

W to data delay tWED 

OE to CAS" hold time tOCH 

CAS" hold time to OE tCHO 

OE precharge time tOEP 

W pulse width tWPE 

FlAS" pulse width(C-B-Fl self refresh) tRASS 

,FlAS" precharge time (C-B-Fl self refresh) tRPS 

iCAS" hold time (C-B-Fl self refresh) tCHS 

.,&+)101• 
ELECTRONICS 

-6 

Min Max 

10 

0 

10 

16 

64 

128 

36 

79 

49 

54 

5 

10 

5 

20 

35 

25 

56 

10 

60 200K 

35 

15 

15 

3 15 

15 

5 

3 15 

3 15 

15 

5 

5 

5 

5 

100 

110 

-50 

CMOS DRAM 

-7 -8 

Min Max Min Max 
Units Notes 

15 20 ns 17 

0 0 ns 9,20 

15 15 ns 9,20 

16 16 ms 

64 64 ms 

128 128 ms 

44 44 ns 7,16 

94 104 ns 7 

59 64 ns 7 

64 69 ns 

5 10 ns 18 

10 10 ns 19 

5 5 ns 

25 30 ns 

40 45 ns 3 

30 35 ns 11 

71 81 ns 11 

10 10 ns 15 

70 200K 80 200K ns 

40 45 ns 

20 20 ns 3 

20 20 ns 

3 20 3 20 ns 6 

20 20 ns 

5 5 ns 

3 20 3 20 ns 6,13 

3 20 3 20 ns 6 

20 20 ns 

5 5 ns 

5 5 ns 

5 5 ns 

5 5 ns 

100 100 us 12 

130 150 ns 12 

-50 -50 ns 12 
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NOTES 

CMOS DRAM 

1. An initial pause ef 200j.ls is required after pewer-up fellewed by any 8 ~-enly er CAS-before-f1AS 

refresh cycles befere proper device pperatien is achieved. 

2. VIH(min) and VIL(max) are reference levels for measuring timing ef input signals. Transitien times are 

measured between VIH(min) and VIL(max) and are assumed to. be 2ns fer all inputs. 

3. Measured with a lead equivalent to. 2 TTL (5V device)/ 1 TTL(3.3V device) leads and 100pF. 

4. Operatien within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 

a reference peint enly. If tRCD is greater than the specified tRCD(max) limit, then access time is 

centrolled exclusively by tCAC. 

5. Assumes that tRCD;:: tRCD(max). 

6. This parameter defines the time at which the eutput achieves the epen circuit cenditien and is no.t 

referenced to. Voh er Vol. 

7. tWCS, tRWD, tCWD and tAWD are nen restrictive eperating parameters. They are included in the 

data sheet as electrical characteristics enly. If tWCS;:: tWCS(min), the cycles is an early write cycle 

and the data eutput will remain high impedance fer the duratien ef the cycle. If tCWD;:: tCWD(min), 

tRWD2! tRWD(min) and tAWD;:: tAWD(min), then the cycle is a read-medify-write cycle and the data 

eutput will centain the data read frem the selected address. If neither ef the abeve cenditiens is 

satisfied, the cenditien ef the data eut is indeterminate. 

8. Either tRCH er tRRH must be satisfied fer a read cycle. 

9. These parameters are referenced to. the CAS leading edge in early write cycles and to. the W leading 

edge in read-medify-write cycles. 

10. Operatien within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 

a reference peint enly. If tRAD is greater than the specified tRAD(max) limit, then access time is 

centrelled by tAA. 

KM416CIV1 O(2)04A/A-L Truth Table 

f1A:S LeAS DCAS 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 Refre.sh 

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 Werd 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 Werd Write 

L L L H H Hi-Z Hi-Z -

.,:!ti&jiU •• 
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11. tASC;:: 6 ns, Assume tT = 2.0 ns 

CMOS DRAM 

12. For all of the refresh modes except for distributed CAS"-8efore-11J\S" refresh, 4096 cycle(1 024 cycle) of 

burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 

specification(L-version). 

13. 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 11J\S" high going, the open circuit condition of the output is 

achieved by 11J\S" high going. 

14. tASC, tCAH are referenced to the earlier CAS" falling edge. 

15. tCP is specified from the last CAS" rising edge in the previous cycle to the first CAS" falling edge in the 

next cycle. 

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

17. tCWL is specified from W falling edge to the earlier CAS" rising edge. 

18. tCSR is referenced to earlier CAS" falling low before 11J\S" transition low. 

19. tCHR is referenced to the later CAS" rising high after"RAS" transition low. 

\ 'I 

\ 
.-.. 
tCSR tCHR 

20. IDS, tDH is independently specified for lower byte DIN(0-7), upper byte DIN(8-15). 

t1",,¥Wd·· 
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KM416V1000B, KM416V1200B 

Preliminary 
CMOS DRAM 

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

DESCRIPTION 

This is a family of 1 ,048,S76 x16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+S.OV or +3.3V), refresh 
cycle (1 K Ref. or 4K Ref.), access time (-S, -6, -7 or -8), power consumption (Normal or Low power) and 
package type (SOJ or TSOP-II) are optional features of this family. All of this family have CA"S"-before-R"AS 
refresh, R"AS-only refresh and Hidden refresh capabilities. Furthermore, self-refresh operation is available 
in L-version. 

This 1 Mx16 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memroy unit 
for microcomputer, personal computer and portable machines. 

FEATURES 
• Part Identification • Fast Page Mode operation 

- KM416C1000B/B-L (SV, 4K Ref.) • 2 CAS BytelWord ReadlWrite operation 
- KM416C1200B/B-L (SV, 1K Ref.) 
- KM416V1 OOOB/B-L (3.3V, 4K Ref.) 
- KM416V1200B/B-L (3.3V, 1K Ref.) 

• CAS-before-l1As- refresh capability 
• R"As--only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• Active Power Dissipation • TTL(SV)/L VTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

• Single +SV±10% power supply (SVproduct) 
• Single +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAS~----' 

OCAS 
[CAS" 

W 

Note)'1 : 1 K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 

.,&&1'01• 
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PIN CONFIGURATION (Top Views) 

Preliminary 
CMOS DRAM 

• KM416CN10(2)OOBJ • KM416CN10(2)OOBT 

vee Vss vee Vss 
000 0015 000 0015 
001 0014 001 0014 

002 0013 002 0013 003 0012 
003 0012 vee Vss 
vee Vss 004 0011 
004 0011 005 0010 
005 0010 006 009 

007 OOS 006 009 N.C N.C 
007 008 
N.C N.C 
N.C [CAS 

W DCAS N.C N.C 
N.C [CAS 

I1A:S oE W UCAS 
*A11(N.C) A9 I1AS OE 
*A10(N.C) AS *A11 ~N.C) A9 

AO A7 *A10 N.C) AS 
A1 A6 AO A7 

A2 A5 A1 A6 
A2 A5 

A3 A4 A3 A4 
vee Vss vee Vss 

* A 10 and A 11 are N.C for KM416CN1200B (5V/3.3V, 1 K Ref. product) 

J : 400mil 42 SOJ 
T : 400mil 50(44) TSOP II 

.,&&)101• 
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Preliminary 
CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS * 

* 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

*1 : Vcc+ 1.3v/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 

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

Input Leakage Current (Any input 0:'>VIN:'>VCC+0.3V, 
all other pins not under test=O volt.) 

3.3V 

5V 

.,:!t1¥jiiW. 
ELECTRONICS 

II(L) 

10(L) 

-5 5 

-5 

-5 5 ~A 
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Preliminary 
CMOS DRAM 

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

-5 

Icel Don't care -6 100 150 
-7 90 140 
-8 80 130 

Icc2 
Normal Don't care 

L 

-5 
-6 100 150 

Icc3 Don't care -7 90 140 
-8 80 130 

-5 
-6 90 90 

Icc4 Don't care -7 80 80 
-8 70 70 

Iccs Normal Don't care 0.5 0.5 
L 0.2 0.2 

-5 
-6 100 150 

Icc6 Don't care -7 90 140 
-8 80 130 

Icc? L Don't care 400 300 

Iccs L Don't care 200 200 

110 
100 
90 

2 
1 

110 
100 
90 

100 
90 
80 

1 
0.2 

110 
100 
90 

450 

250 

ICC1* : Operating Current (RAS" ,rn:AS",CCAS" ,Address cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=rn:AS"=CCAS"=W=VIH) 

160 
150 
140 

2 
1 

160 
150 
140 

100 
90 
80 

1 
0.2 

160 
150 
140 

350 

250 

Icc3* : RAS"-Only Refresh Current (rn:AS"=CCAS"=VIH, RAS" ,Address cycling @tRC=min.) 

Icc4* : Fast Page Mode Current (RAS"=VIL, UCAS" or CCAS" , Address cycling @tPC=min.) 

Iccs : Standby Current (RAS"=rn:AS"=CCAS"=W=Vcc-O.2V) 

Icc6* : CAS"-before-RAS" Refresh Current (RAS" , UCAS" or CCAS" cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, UCAS",CCAS"= O.2V, 

Din = Don't care, TRc= 31.25~(4K/L-ver), 12511S(1 K!L-ver), TRAs= TRAsmin-300ns 

Iccs : Self Refresh Current 

"RAS"=rn:AS"=CCAS"=VIL, W=OE"=AO - A11 = Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2V or Open 

* NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time, tPC . 

• ,&:fjiOI. 
ELECTRONICS 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 

J.!A 

J.!A 
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CAPACITANCE (TA=25°C, Vcc=5V or 3.3V, f=1MHz) 

AC CHARACTERISTICS (O°C~TA$;70°C, See note 1, 2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNii =2.4fO.8V, VotNol =2.4fO.4V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VitNii =2.1fO.8V, VohNol =2.0fO.8V 

Note) *1 : 5V only, *2 : 3.3V only 

.,&+)lIU> 
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KM416V1000B, KM416V1200B 

AC CHARACTERISTICS (0°Csr~70°C, See note 2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNii =2.4/0.8V, VotNol =2.4/0.4V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNii =2.1/0.8V, VohNol =2.010.8V 

Note) *1 : 5V only, *2 : 3.3V only 

.,&¥J:U1• 
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NOTES 

Preliminary 
CMOS DRAM 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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 Sns for all inputs. 

3. Measured with a load equivalent to 2 TTL (SV device)/ 1 TTL(3.3V device) loads 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. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS, tRWD, tCWD. tAWD and tCPWD are non restrictive operating parameters. They are included in 

the data sheet as electric characteristics only. If tWCS:2:tWCS(min), the cycle is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD:2:tCWD(min), 

tRWD:2:tRWD(min), tAWD:2:tAWD(min) and tCPWD:2:tCPWD(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 

9. 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. 

KM416CN1 O(2)OOB/B-L Truth Table 

L H H X X Hi-Z Hi-Z Refresh 

L L H H L DO-OUT Hi-Z Byte Read 

L 

L L L H L DO-OUT DO-OUT Word Read 

L H L H DO-IN Byte Write 

L Word Write 

L L 

.,W¥jih'tP 
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10. tASC, tCAH are referenced to the earlier CAS' falling edge. 

Preliminary 
CMOS DRAM 

11 . tCP is specified from the last CAS' rising edge in the previous cycle to the first CAS' falling edge in the 

next cycle. 

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

13. tCWL is specified from W falling edge to the earlier "CAS' rising edge. 

14. tCSR is referenced to earlier CAS' falling low before RAS' transition low. 

15. tCHR is referenced to the later "CAS' rising high after RAS' transition low. 

\ 'I 

\ -tCSR tCHR 

16. tDS, tDH is independently specified for lower byte DIN(0-7), upper byte DIN(8-15). 

17. For all of the refresh modes except for distributed CAS'-Before-RAS' refresh, 4096(4K Ref.)/21 024(1 K 

Ref.) of burst refresh must be executed within 16ms before and after self-refresh in order to meet 

refresh specification (L-version). 

tl"t'¥iihitP 
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Preliminary 
CMOS DRAM 

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

DESCRIPTION 

This is a family of 1 ,048,S76 x16 bit Extended Data Out CMOS DRAMs. Dxtended Data Out mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power 
supply voltage (+S.OV or +3.3V), refresh cycle (1 K Ref. or 4K Ref.), access time (-S, -6, -7 or -8), power 
consumption (Normal or Low power) and package type (SOJ or TSOP-II) 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 1 Mx16 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS 

process to realize high band-width, low power consumption and high reliability. It may be used as main 
memroy unit for microcomputer, personal computer and portable machines. 

FEATURES 

• Part Identification • Extended Data Out mode operation 
- KM416C1004B/B-L (SV, 4K Ref.) (Fast Page mode with Extended Data Out) 
- KM416C1204B/B-L (SV, 1 K Ref.) 
- KM416Vl004B/B-L (3.3V, 4K Ref.) 
- KM416V1204B/B-L (3.3V, lK Ref.) 

• 2CAS' BytelWord ReadlWrite operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 

• Active Power Dissipation • Self-refresh capability (L-ver) 
• TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 

• Refresh cycles 

lK 

• Performance range 

Speed ·tRA~~ ,.tOA:e, 
-5 50ns l7ns 
-6 60ns l7ns 
-7 70ns 20ns 
-8 80ns 20ns 

l28ms 
l6ms 

:JA~" 
., 

84ns 20ns 5V 
l14ns 25ns 5V/3.3V 
l24ns 30ns 5V/3.3V 
l44ns 35ns 3.3V 

• Early Write or output enable controlled write 
• JEDEC standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 
• Single +SV±10% power supply (SV product) 
• Single +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RIIS ~-----, 

OCAS 
[CAS 

W 

AO-At1 

(AO-A9)"11:::====~ 
(A~~;~1--oot:::;;~===:.J 

No1a) '1 : 1 K Refresh 

VBB Generator 

SAMSUNG ELECTRONIC CO. , L TO, reserves the right to 
change products and specifications without notice. 
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PIN CONFIGURATION (Top Views) 

Preliminary 
CMOS DRAM 

• KM416CN10(2)04BJ • KM416CN10(2)04BT 

vee 
000 
DOl 
002 
003 
vee 
004 
005 
D06 
007 
N.C 
N.C 

W 
RAS 

*All(N.C) 
*Al0(N.C) 

AO 
Al 
A2 
A3 

vee 

1 0 

2 
3 
4 

15 
16 
17 

8 
9 
10 
11 
12 
13 

I 14 
15 
16 

117 
18 

I 19 
20 

I 21 

...... 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 

0 23 
22 

Vss vee 
0015 DQO 
0014 DOl 

0013 
002 
003 

0012 vee 
Vss 004 
0011 005 
0010 006 

D07 D09 N.C 
008 
N.C 
[CAS 

UCAS N.C 

OE N.C 
w 

A9 RAS 
A8 *All(N.C) 
A7 *Al0(N.C) 
A6 AO 

A5 Al 
A2 

A4 A3 
Vss vee 

* Al0 and All are N.C for KM416CN12048 (5V/3.3V. lK Ref. product) 

J : 400mil 42 SOJ 
T : 400mil 50(44) TSOP II 

41&&1%·' ELECJRONICS 

Vss 
0015 
0014 
0013 
0012 
Vss 
0011 
0010 
009 
D08 
N.C 

N.C 
LeAS 
UCAS 
DE 
A9 
A8 
A7 
A6 
A5 
A4 
Vss 
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Preliminary 
CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

* 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 (Voltages referenced to Vss, TA= 0 to 70 DC) 

*1 : Vcc+1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 

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

.,:!t1¥)'h" 
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Preliminary 
CMOS DRAM 

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

-5 

Icc1 Don't care -6 100 150 
-7 90 140 
-8 80 130 

Icc2 
Normal Don't care 

L 

-5 

Don't care 
-6 100 150 

Icc3 -7 90 140 
-8 80 130 

-5 
-6 110 110 

Icc4 Don't care 
-7 100 100 
-8 90 90 

Iccs Normal Don't care 0.5 0.5 
L 0.2 0.2 

-5 
-6 100 150 

Icc6 Don't care -7 90 140 
-8 80 130 

Icc? L Don't care 400 300 

Iccs L Don't care 200 200 

110 
100 
90 

2 
1 

110 
100 
90 

120 
110 
100 

1 
0.2 

110 
100 
90 

450 

250 

Icc1* : Operating Current (RAS" ,UCAS",[CAS" ,Address cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=UCAS"=CCAS"=W=VIH) 

160 
150 
140 

2 
1 

160 
150 
140 

120 
110 
100 

0.2 

160 
150 
140 

350 

250 

Icc3* : RAS"-Only Refresh Current (UCAS"=CCAS"=VIH, RAS" ,Address cycling @tRC=min.) 

Icc4* : Hyper Page Mode Current (RAS"=VIL, UCAS" orCCAS", Address cycling @tHPC=min.) 

Iccs : Standby Current ("RAS"=UCAS"=CCAS"=W=Vcc-O.2V) 

Icc6* : CAS"-before-RAS" Refresh Current (RAS" , UCAS" or CCAS" cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH}=Vcc-O.2V, Input low voltage(VIL}=O.2V, OCAS",CCAS"=O.2V, 

Din = Don't care, TAC= 31.25I1S(4K/L-ver}, 12511S(1 KlL-ver}, TAAS= TAAsmin-300ns 

Iccs : Self Refresh Current 

RAS" =OCAS" =[CAS"=VIL, W=UE=AO - A 11 = Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2V or Open 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
rnA 
mA 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 

IlA 

IlA 

* NOTE: Icc1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one hyper page mode cycle time, tHPC. 

.,,,:,¥jihi. 
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CAPACITANCE (TA=25°C,Vcc=5V or 3.3V, 1=1 MHz) 

Input capacitance [AO - A 11] 

Input capacitance [RAS, DCAS, LCAS, W, DE] 

Output Capacitance [000 - 0015] 

CIN1 

CIN2 

Coo 

AC CHARACTERISTICS WCSfAS:70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNol =2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±0.3V, VihNiI=2.1/0.8V, VohNol =2.0/0.8V 

Preliminary 
CMOS DRAM 

5 pF 

7 pF 

7 pF 

~~~-,~--~~--.---, 

Note) *1 : 5V only, *2 : 3.3V only 
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KM416C10048, KM416C12048 
KM416V10048, KM416V12048 

AC CHARACTERISTICS (O°CgA:::;70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNiI=2.4/0.8V, VotNol=2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±O.3V, VihNiI=2.1/0.8V, VotNol =2.0/0.8V 

Note) *1 : 5V only, *2: 3.3V only 

.,"{¥lld" 
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KM416C1004B, KM416C1204B 
KM416V1004B, KM416V1204B 

NOTES 

Preliminary 
CMOS DRAM 

1. An initial pause of 200us is required after power-up followed by any 8 RAS"-only 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 equivalent to 2 TTL(SV device)/1 TTL(3.3V device) loads 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. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Voh or Vol. 

6. tWCS, tRWD, tCWD, tAWD and tCPWD are non restrictive operating parameters. They are included in 

the data sheet as electrical characteristics only. If tWCS~tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~tCWD(min), 

tRWD~tRWD(min), tAWD~tAWD(min) and tCPWD~tCPWD(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. 

7. Either tRCH or tRRH must be satisfied for a read cycle. 

8. These parameters are referenced to the cAS" leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 

9. 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. 

KM416CN1 O(2)04B/B-L Truth Table 

L H H x x Hi-Z Hi-Z Refresh 

L L H H L DO-OUT Hi-Z Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN 

DO-IN DO-IN Word Write 

tl:1:WJiiW. 
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KM416C10048, KM416C12048 
KM416V10048, KM416V12048 

1 O. tASC~ 6 ns, Assume tT = 2.0 ns 

Preliminary 
CMOS DRAM 

11. For all of the refresh modes except for distributed CAS"-Before-"RAS" refresh, 4096(4K Ref.)/1024(1 K 

Ref.) of burst refresh must be executed within 16ms before and after self-refresh in order to meet 

refresh specification(L-version). 

12. 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. 

13. tASC, tCAH are referenced to the earlier CAS" falling edge. 

14. tCP is specified from the last CAS" rising edge in the previous cycle to the first CAS" falling edge in the 

next cycle. 

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

16. tCWL is specified from W falling edge to the earlier CAS" rising edge. 

17. tCSR is referenced to earlier CAS" falling low before"RAS" transition low. 

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

\ if 

\ ........ 
tGSR tGHR 

19. IDS, tDH is independently specified for lower byte DIN(0-7), upper byte DIN(8-15). 

.,:!:i¥j¥" 
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• KM44V16000A, KM44V16100A 
• KM44V16004A, KM44V16104A 
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• KM44C16004A, KM44C161 04A 
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KM44V16000A, KM44V16100A CMOS DRAM 

16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7), power consumption(Normal or Low power) and package type(SOJ or TSOP-II) are optional features 
of this family. All of this family have CAS-before-liAS refresh, liAS-only refresh and Hidden refresh 
capabilities. Further- more, Self-refresh operation is available in L- version. This 16Mx4 Fast Page mode 
DRAM family is fabricated using Samsung's advanced CMOS process to realize high band-width, low 
power consumption and high reliability. 

FEATURES 
• Part Identification 

- KM44V16000A/A-L(3.3V, 8K Ref.) 
- KM44V161 OOA/A-L(3.3V, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed 8K 4K 
-5 360 540 
-6 324 504 
-7 288 468 

• Refresh cycles 

Part Refresh Refresh time 

NO. cycle Normal L-ver 

KM44V16000A' 8K 
128ms 64ms 

KM44V16100A 4K 

* Access mode & liAS" only refresh mode 
: 8K cycle/64ms 

C"AS"-before-RAS & Hidden refresh mode 
: 4K cycle/64ms 

• Performance range: 

Speed tRAC tCAC tRC tPC 
-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

• Fast Page Mode operation 
• CAS-before-liAS refresh capability 
• liAS only and Hidden refresh capability 
• Self-refresh capability(L-ver only) 
• Fast parallel test mode capability 
• LVTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 
• +3.3V±O.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

,...-___ ---,. J-: ~:: 
VBB Generator I:J 

(A~~A~~)~:-1 ~===~~ 
Note) '1 : 4K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM44V16000A, KM44V161 OOA 

PIN CONFIGURATION (Top Views) 

• KM44V160(1)OOAK • KM44V160(1)OOAS 

Vee 
000 
001 
N.C 
N.C 
N.C 
N.C 

W 
RAS 

AO 
A1 
A2 
A3 
A4 
A5 

vee 

(K: 400mil SOJ) 

Vss 
003 
002 
N.C 
N.C 
N.C 
CAS 
OE • 
A12{N.C) 
A11 
A10 
A9 
A8 
A7 
A6 
vss 

Vee 
000 
001 
N.C 
N.C 
N.C 
N.C 

W 
RAS 

AO 
A1 
A2 
A3 
A4 
A5 

vee 

(S: 400mil TSOP(II)) 

• ( N.C) : N.C for 4K Refresh product 

Pin Name Pin Function 
AO - A12 Address Inputs(8K Product) 

AO - A11 Address Inputs(4K Product) 

000-3 Data In/Out 
Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

W Read/Write Input 

OE Data Outputs Enable 

Vcc Power{+3.3V) 

N.C No Connection 

tl'Nfilh'· ELECTRONICS 

CMOS DRAM 

Vss 
003 
002 
N.C 
N.C 
N.C 
CAS 
CJE • 
A12(N.C) 
A11 
A10 
A9 
AS 
A7 
A6 
VSS 
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KM44V16000A, KM44V16100A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 V 

Storage Temperature Tstg -55 to +150 °C 

Power Dissipation PD 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min 

Supply Voltage Vee 3.0 

Ground Vss 0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3"2 

'1 : Vcc+ 1.3V at pulse width :<; 15ns which is measured at Vcc 
*2 : -1 .3V at pulse width :<; 15ns which is measured at Vss 

Typ Max Unit 

3.3 3.6 V 

0 0 V 

- VcC+0.3"1 V 

- O.B V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0:<;VIN:<;VCC+0.3V, II(L) 
all other pins not under test=O volt.) 

-5 5 IlA 

Output Leakage Current 
10(L) -5 5 IlA (Data out is disabled, OV:<;VouT5,Vcc) 

Output High Voltage Level(IOH=-2mA) VOH 2.4 - V 

Output Low Voltage Level(loL=2mA) VOL - 0.4 V 

.,:1:1:(1%1' 
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KM44V16000A, KM44V16100A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Max 
Symbol Power Speed 

KM44V16000A KM44V16100A 

-5 100 
ICCl Don'! care -6 90 

-7 80 

Normal 1 
Icc2 L 

Don'! care 
1 

-5 100 
Icc3 Don'! care -6 90 

-7 80 

Icc4 Don'! care 
-5 70 
-6 60 
-7 55 

Iccs Normal Don'! care 500 
L 300 

-5 150 
Icc6 Don'! care -6 140 

-7 130 

Icc7 L Don'! care 550 

Iccs L Don'! care 450 

ICC1*: Operating Current (~andCAS" cycling @tRC=min.) 

Icc2 : Standby Current (~=CAS"=VIH ) 

Icc3* : ~-only Refresh Current (CAS"=VIH,"RAS" cycling @tRC=min.) 

Icc4* : Fast Page Mode Current (RAS"=VIL, CAS", Address cycling @tPC=min.) 

Icc5 : Standby Current (RAS"=CAS"=Vcc-O.2V) 

Icc6* : CAs"-Before-~ Refresh Current (RAS" and CAS" cycling @tRC=min.) 

150 
140 
130 

1 
1 

150 
140 
130 

80 
70 
65 

500 
300 

150 
140 
130 

550 

450 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Units 

rnA 
rnA 
rnA 

rnA 
rnA 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

JlA 
JlA 

rnA 
rnA 
rnA 

JlA 

JlA 

Input high voltage(VIH)=VCc-O.2V, Input low voltage(VIL)=O.2V, CAS"=CAS"-before-~ cycling or O.2V 

W, "OE = VIH, Address = Don't care, DO = Open, TRc= 31.25JlS 

TRAS= TRAsmin-300 ns 

Iccs : Self Refresh Current 

"RAS"=CAS"=O.2V, W="OE=AO - A12(A11) = Vcc-O.2Vor O.2V, DOO - D03= Vcc-O.2V, O.2V or Open 

• NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while "RAS"=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 

.,"t'illiU> 
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KM44V16000A, KM44V16100A CMOS DRAM 

CAPACITANCE(T A=25°C, VCC= 3.3V, 1=1 MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A12J CIN1 - 5 of 
Input capacitance [R"A:"s, cAS, W, GEl ClN2 - 7 pF 

Output Capacitance [DOO - D031 Goa - 7 pF 

AC CHARACTERISTICS (0°C:sTAs70°C, See note 2) 
Test condition: Vcc=3.3V±O.3V, VihlViI=2.0/0.BV, VohlVol=2.0/0.BV 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes • 

Random read or write cycle time tRC 90 110 130 ns 

Read-modify-write cycle time tRWC 133 153 180 ns 

Access time from liAS tRAC 50 60 70 ns 3,4,10 

Access time from CAS tCAC 13 15 20 ns 3,4,5 

Access time from column address tAA 25 30 35 ns 3,10 

CAS to output in Low-Z tCLl 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 13 0 15 ns 6 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

RAS" precharge time tRP 30 40 50 ns 

RAS pulse width tRAS 50 10K 60 10K 70 10K ns 

RAS hold time tRSH 13 15 20 ns 

CAS hold time tCSH 50 60 70 ns 

CAS pulse width tCAS 13 10K 15 10K 20 10K ns 

RAS" to CAS delay time tRCD 20 37 20 45 20 50 ns 4 

RAS" to column address delay time tRAD 15 25 15 30 15 35 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 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold lime ICAH 10 10 15 ns 

Column address to RAS" lead time tRAL 25 30 35 ns 

Read command set-up time IRCS 0 0 0 ns 

Read command hold time referenced to as tRCH 0 0 0 ns 8 

Read command hold time referenced to liAS tRRH 0 0 0 ns 8 

Write command hold time tWCH 10 10 15 ns 

Write command pulse width tWP 10 10 15 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS" lead time tCWL 13 15 20 ns 

tl"t'ijii}l> 
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KM44V16000A, KM44V16100A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 - 6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 10 10 15 ns 9 

Refresh period(4K, Normal) IREF 64 64 64 ms 

Refresh period(8K, Normal) IREF 64 64 64 ms 

Refresh period(L-ver) IREF 128 128 128 ms 

Write command set-up lime IWCS 0 0 0 ns 7 

CAS" 10 W delay time ICWD 36 38 45 ns 7 

RAS" to W delay time tRWD 73 83 95 ns 7 

Column address to W delay time tAWD 48 53 60 ns 7 

CAS precharge to W delay time tCPWD 53 60 70 ns 

CAl) set-up time (CAS-before-RAS" refresh) tCSR 10 10 10 ns 

CAl) hold time (CAS"-before-RAS" refresh) tCHR 10 10 15 ns 14 

RAl) to CAS" precharge time tRPC 5 5 5 ns 

CAS" precharge time(CBR counler test cycle) tCPT 20 20 30 ns 

Access time from CAS precharge tCPA 30 35 40 ns 3 

Fast Page mode cycle time tPC 35 40 45 ns 

Fast Page mode read-modify-write cycle timE tPRWC 76 85 100 ns 

CAS" precharge time (Fast page cycle) tCP 10 10 10 ns 

RAl) pulse width (Fast page cycle) tRASP 50 200K 60 200K 70 200K ns 

RAS" hold time from CAS" precharge tRHCP 30 35 40 ns 

"DE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 13 15 ns 

Out put buffer turn off delay time from OE tOEZ 0 13 0 13 0 15 ns 6 

OE command hold lime tOEH 13 15 20 ns 

Write command sel-up lime(Tesl mode in) IWTS 10 10 10 ns 11 

Write command hold lime(Tesl mode in) tWTH 15 15 15 ns 11 

W to RAS precharge lime(C-B-R refresh) IWRP 10 10 10 ns 

W to RAl) hold time(C-B-R refresh) tWRH 10 10 10 ns 

RAl) pulse widlh(C-B-R self refresh) IRASS 100 100 100 us 13 

RAS" precharge time (C-B-R self refresh) tRPS 90 110 130 ns 13 

CAl) hold lime (C-B-R self refresh) tCHS -50 -50 -50 ns 13 

.t:!:l¥jihi' . 
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KM44V16000A, KM44V16100A CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 ns 

Read-modify-write cycle time tRWC 138 160 190 ns 

Access time from RA"S tRAC 55 65 75 ns 3,4,10,12 
Access time from CAS tCAC 18 20 25 ns 3,4,5,12 
Access time from column address tAA 30 35 40 ns 3,10,12 
RAS pulse width tRAS 55 10K 65 10K 75 10K ns 

cAS pulse width tCAS 18 10K 20 10K 25 10K ns I 
RAS hold time tRSH 18 20 25 ns 

CAS hold time tCSH 55 65 75 ns 

Column address to RAS lead time tRAL 30 35 40 ns 

CAS to W delay time tCWD 41 43 50 ns 7 
RAS to W delay time tRWD 78 88 100 ns 7 
Column address to W delay time tAWD 53 58 65 ns 7 
Fast Page mode cycle time tPC 40 45 50 ns 

Fast page mode read-modify-write cycle time tPRWC 81 90 105 ns 

liAS pulse width (Fast page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS precharge tCPA 35 40 45 ns 3 
OJ:: access time tOEA 18 20 25 ns 

O~ to data delay tOED 18 18 20 ns 

Of command hold time tOEH 18 20 25 ns 

.,:!ti¥)ihi• 
ELECTRONICS 

273 



KM44V16000A, KM44V16100A CMOS DRAM 

NOTES 

1. An initial pause of 200~ is required after power-up followed by any 8 ROR or CSR 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 5ns for all inputs. 

3. Measured with a load equivalent to 1TTL 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 tRCD~ tRCD(max). 
6. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 

and are 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 electric characteristics only. If tWCS~tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS" leading edge in early write cycles and to the W 

leading edge in 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, tAA, 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. For all of the refresh mode except the distributed CAS"-before-"RAS" refresh mode, 4096(8192) cycles 
of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. 

14. It can get less "CAS"-before-RAS" current loss if tCHR~tRAS or CAS"s;0.2V at CAS"-before-"RAS" refresh 
mode. 
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KM44V16004A, KM44V16104A CMOS DRAM 

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

DESCRIPTION 

This is a family of 16,777,216 x 4 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(-5, -6, or -7), power consumption(Normal or Low power) and package type(SOJ or TSOP-II) 
are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and 
Hidden refresh capabilities. Further- more, Self-refresh operation is available in L- version. This 16Mx4 
EDO mode DRAM family is fabricated using Samsung's advanced CMOS process to realize high 
band-width, low power consumption and high reliability. 

FEATURES • Extended Data Out Mode operation 

• Part Identification • CAS-before-RAS refresh capability 
- KM44V16004A/A-L(3.3V, 8K Ref.) • RAS only and Hidden refresh capability 
- KM44V161 04A/A-L(3.3V, 4K Ref.) • Self-refresh capability(L-version) 

• Fast parallel test mode capability 
• Active Power Dissipation Unit:mW • LVTTL(3.3V) compatible inputs and outputs 

Speed 8K 4K • Early Write or output enable controlled write 

-5 360 540 • JEDEC Standard pinout 

-6 324 504 • Available in Plastic SOJ and TSOP(II) packages 

-7 288 468 

• Refresh cycles 

Part Refresh Refresh time 
NO. cycle Normal L-ver 

KM44V16004A* 8K 
64ms 

KM44V16104A 
128ms 

4K 
* Access mode & RAS' only refresh mode 

: 8K cycle/64ms 
l:A'S'-before-RA'S' & Hidden refresh mode 

: 4K cycle/64ms 

• Performance range: 

Speed tRAC tCAC tRC tHPC 
-5 50ns 13ns 84ns 20ns 

-6 60ns 15ns 104ns 25ns 

-7 70ns 20ns 124ns 30ns 

!lAS 
CAS 
W 

• +3.3V±O.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

r-------,. -r: ~:: 
VBB Generator I:J 

(A~~A~t\~:-1 -';;';;;;';';;:;;';';;;;;;';=;;...0 

Note) 'I : 4K Refresh 

SAMSUNG ELECTRONIC CO. , L TO, reserves the right to 
change products and specifications without notice . 
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KM44V16004A, KM44V16104A 

PIN CONFIGURATION (Top Views) 

• KM44V160(1)04AK • KM44V160(1)04AS 

Vee 
DOO 
D01 
N.C 
N.C 
N.C 
N.C 

W 
RAS" 

AO 
A1 
A2 
A~ 
A4 
A5 

vee 

(K: 400mil SOJ) 

Vss 
D03 
D02 
N.C 
N.C 
N.C 
CAS 
OE • 
A12(N.C) 
A11 
A10 
A9 
AS 
A7 
A6 
vss 

Vee 
DOO 
D01 
N.C 
N.C 
N.C 
N.C 

W 
RAS 

AO 
A1 
A2 
A3 
A4 
A5 

vee 

(S: 400mil TSOP(II» 

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

Pin Name Pin Function 

AO - A12 Address Input~SK Productt 
AO - A11 Address Inputs(4K Product) 

DOO-3 Data In/Out 
Vss Ground 
RAS Row Address Strobe 
CAS Column Address Strobe 
W ReadlWrite Input 
OE Data Outputs Enable 
Vcc Power(+3.3V) 
N.C No Connection 

.,:1:1:(1"W' 
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Vss 
D03 
D02 
N.C 
N.C 
N.C 
CAS 
ITE 
A12(N.C) 
A11 
A10 
A9 
AS 
A7 
A6 
VSS 
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KM44V16004A, KM44V16104A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 V 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min 

Supply Voltage Vee 3.0 

Ground Vss 0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3'2 

*1 : Vcc+ 1.3V at pulse width!> 15ns which is measured at Vcc 
*2 : -1.3V at pulse width!> 15ns which is measured at Vss 

Typ Max Unit 

3.3 3.6 V 

0 0 V 

- VcC+0.3'l V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0!>VIN!>VCC+0.3V, Ii(L) 
all other pins not under test=O volt.) 

-5 5 j.LA 

Output Leakage Current 
10(L) -5 5 JlA (Data out is disabled, OV!>Vour.;Vcc) 

Output High Voltage Level(loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level(loL=2mA) VOL - 0.4 V 
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KM44V16004A, KM44V16104A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Symbol Power Speed 
KM44V16004A 

-5 100 
ICCl Don't care -6 90 

-7 80 

Icc2 
Normal 

Don't care 
1 

L 1 

-5 100 
Icc3 Don't care -6 90 

-7 80 

Icc4 Don't care 
-5 110 
-6 100 
-7 90 

Iccs Normal Don't care 500 
L 300 

-5 150 
Icce Don't care -6 140 

-7 130 

Iccl L Don't care 550 

Iccs L Don't care 450 

ICC1' : Operating Current (RAS" and CAS" cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=CAS"=W=VIH ) 

Max 

Icc3' : RAS"-only Refresh Current (CAS"=VIH, RAS" cycling @tRC=min.) 

KM44V16104A 

150 
140 
130 

1 
1 

150 
140 
130 

120 
110 
100 

500 
300 

150 
140 
130 

550 

450 

Icc4' : Extended Data Out Mode Current (RAS"=VIL, CAS", Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS"=CAS"=W=Vcc-O.2V) 

Icce' : CAS"-Before-RAS" Refresh Current (RAS" and CAS" cycling @tRC=min.) 

Iccl : Battery back-up current, Average power supply current, Battery back-up mode 

Units 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

j.LA 
IlA 

mA 
mA 
mA 

j.LA 

j.LA 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"=CAS"-before-RAS" cycling or O.2V 

W, UE" = VIH, Address = Don't care, DO = Open, TRC= 31.25J.1.S 

TRAS= TRAsmin-300 ns 

Iccs : Self Refresh Current 

RA"S"=CAS"=O.2V, W=UE"=AO - A12(A11) = Vcc-O.2V or O.2V, DOO - 003= Vcc-O.2V, O.2V or Open 

, NOTE: ICC1, Icc3, Icc4 and lcee 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, Icc3, 
and Icce, address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one EDO mode cycle time tHPC, 
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KM44V16004A, KM44V16104A CMOS DRAM 

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

Parameter Symbol Min Max Unit 

Input capacitance [AO - A1~ CIN1 - 5 pF 

Input capacitance [RAS, CAS, W, OE] CIN2 - 7 pF 

Output Capacitance [DOO - D03] Coa - 7 pF 

AC CHARACTERISTICS (0°CSTA90°C, See note 2) 
Test condition: Vcc=3.3V±0.3V, VihNiI=2.010.8V, VohNol =2.010.8V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 84 104 124 ns • Read-modify-write cycle time tRWC 116 138 165 ns 

Access time from f1A"S tRAC 50 60 70 ns 3,4,10 

Access time from CAS tCAC 13 15 20 ns 3,4,5 

Access time from column address tAA 25 30 35 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 15 ns 6,13 

0E to output in Low-Z tOLZ 3 3 3 ns 3 

Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2 

RAS precharge time tRP 30 40 50 ns 

l"iAS pulse width tRAS 50 10K 60 10K 70 10K ns 

RAS hold time tRSH 13 15 20 ns 

CAS hold time tCSH 38 45 50 ns 

CAS pulse width tCAS 8 10K 10 10K 15 10K ns 15 

RAS to CAS delay time tRCD 20 37 20 45 20 50 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 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 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 8 10 15 ns 

Column address to l"iAS lead time tRAL 25 30 35 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 10 10 15 ns 

Write command pulse width tWP 10 10 15 ns 

Write command to RA"S lead time tRWL 13 15 20 ns 

Write command to CAS lead time tCWL 8 10 15 ns 
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KM44V16004A, KM44V16104A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 8 10 15 ns 9 

Refresh period(4K, Normal) tREF 64 64 64 ms 

Refresh period(8K, Normal) tREF 64 64 64 ms 

Refresh period(L-ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7 

CAS" to W delay time tCWD 30 32 39 ns 7 

RAS" to W delay time tRWD 67 77 89 ns 7 

Column address to W delay time tAWD 42 47 54 ns 7 

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

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 15 ns 17 

RAS" to CAS" precharge time tRPC 5 5 5 ns 

CAS" precharge time(CBR counter test cycle tCPT 20 20 30 ns 

Access time from CAS" precharge tCPA 28 35 40 ns 3 

Hyper Page cycle time tHPC 20 25 30 ns 16 

Hyper Page read-modify-write cycle time tHPRWC 47 56 71 ns 16 

CAS" precharge time (Hyper page cycle) tCP 8 10 10 ns 

RAS" pulse width (Hyper page cycle) tAASP 50 200K 60 200K 70 200K ns 

RAS" hold time from CAS" precharge tAHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 13 15 ns 

CAS" precharge to W delay time tCPWD 45 54 64 ns 

Out put buffer turn off delay time from OE tOEl 3 13 3 13 3 15 ns 6 

OE command hold time tOEH 13 15 20 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 timeCC-B-R refresh) tWRH 10 10 10 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delav from RAS" tAEZ 3 15 3 15 3 20 ns 615 

Output buffer turn off delay from W tWEZ 3 13 3 15 3 20 ns 6 

W to data delav tWED 15 15 20 ns 

OE to CAS" hold time tOCH 5 5 5 ns 

CAS" hold time to OE tCHO 5 5 5 ns 

OE precharae time tOEP 5 5 5 ns 

W oulth widthlHvoer Paoe Cvclel tWPE 5 5 5 ns 

RAS" pulse widthCC-B-R self refresh) tRASS 100 100 100 us 14 

RAS" orecharoe time IC-B-R self refreshl tAPS 90 110 130 ns 14 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 14 

11Millia> 
ELEC1'RONICS 

280 



KM44V16004A, KM44V16104A CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 89 109 129 ns 

Read-modify-write cycle time tRWC 121 145 175 ns 

Access time from l1AS tRAC 55 65 75 ns 3,4,10 
Access time from CAS tCAC 18 20 25 ns 3,4,5 
Access time from column address tAA 30 35 40 ns 3,10 
I1AS pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS pulse width tCAS 13 10K 15 10K 20 10K ns 

"RAS hold time tRSH 18 20 25 ns 

CAS hold time tCSH 43 50 55 ns 

Column address to I1AS lead time tRAL 30 35 40 ns 

CAS" to W delay time tCWD 35 37 44 ns 7 
liAS to W delay time tRWD 72 82 94 ns 7 

Column address to W delay time tAWD 47 52 59 ns 7 
Hy.per Page cycle time tHPC 25 30 35 ns 

Hyper page read-modify-write cycle time tHPRWC 53 61 76 ns 

liAS pulse width (Hyper page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form cAS precharge tCPA 33 40 45 ns 3 
O~ access time tOEA 18 20 25 ns 

bE to data delay tOED 18 20 25 ns 

OJ: command hold time tOEH 18 20 25 ns 
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KM44V16004A, KM44V16104A CMOS DRAM 

NOTES 

1. An initial pause of 200~s is required after power-up followed by any 8 ROR or CSR 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 equivalent to 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 tRCD;:>: tRCD(max). 
6. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Vah or Vol. 
7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 

data sheet as electric characteristics only. If tWCS<':IWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD;:>: tCWD(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 the CAS" leading edge in early write cycles and to the W leading 

edge in 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, tAA, 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. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 

open circuit condition and are not referenced to output voltage level. 
14. For all of the refresh mode except the distributed CAS"-before-RAS" refresh mode, 4096(8192) cycles 

of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
speCification. 

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

16. tASC ;:>: 6 ns, Assume tT = 2.0 ns 
17. It can get less CAS"-before-RAS" current loss if tCHR;:>:tRAS or CAS"s;0.2V at CAS"-before-RAS" refresh 

mode . 
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KM44C16000A, KM44C16100A CMOS DRAM 

16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycie(4K Ref. or 8K Ref.), access time(-S, -6, 
or -7) and package type(SOJ or TSOP-II) are optional features of this family. All of this family have 
CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. This 16Mx4 Fast Page mode 
DRAM family is fabricated using Samsung's advanced CMOS process to realize high band-width, low 
power consumption and high reliability. 

FEATURES 

• Part Identification 
- KM44C16000A/A-L(S.OV, 8K Ref.) 
- KM44C16100AlA-L(S.OV, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed 8K 4K 
-5 550 825 
-6 495 770 
-7 440 715 

• Refresh cycles 

Part Refresh Refresh lime 

NO. cycle Normal 

KM44C16000A 8K 
KM44C16100A 

64ms 
4K 

* Access mode & RAS only refresh mode 
: 8K cycle/64ms 

CA"S-before-RA"S & Hidden refresh mode 
. 4K cycle/64ms 

• Performance range: 

Speed tRAC ICAC IRC tPC 
-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

• Fast Page Mode operation 
• CA'S-before-RAS refresh capability 
• RAS only and Hidden refresh capability 
• Fast parallel test mode capability 
• TTL(S.OV) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 
• +S.OV±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

r-----. J": ~:: 
vee Generator I::J 

AO-AIO 
(AO-All).':-1 _=:'==:'==.1 

Note) *1 : 4K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM44C16000A, KM44C16100A 

PIN CONFIGURATION (Top Views) 

• KM44C160(1 )OOAK • KM44C160(1 )OOAS 

Vee 
DOO 
D01 
N.C 
N.C 
N.C 
N.C 

W 
l1J\S" 

AO 
A1 
A2 
A3 
A4 
A5 

vee 

(K: 400mil SOJ) 

Vss 
D03 
D02 
N.C 
N.C 
N.C 
CAS" 
OE". 
A12(N.C) 
A11 
A10 
A9 
AS 
A7 
A6 
vss 

Vee 
DaO 
Da1 
N.C 
N.C 
N.C 
N.C 

W 
l1J\S" 

AO 
A1 
A2 
A3 
A4 
A5 

vee 

(S: 400mil TSOP(II)) 

• ( N.C) : N.C for 4K Refresh product 

Pin Name Pin Function 
AO - A12 Address IrlQut~SK Producn 
AO - A11 Address Inputs(4K Product) 

DaO-3 Data In/Out 
Vss Ground 
l1J\S" Row Address Strobe 
CAS" Column Address Strobe 
W ReadlWrite Input 

OE" Data Outputs Enable 
Vcc Power(+5.0V) 
N.C No Connection 

.,M&jlh" 
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Vss 
D03 
D02 
N.C 
N.C 
N.C 
CAS" 
OE" • 
A12(N.C) 
A11 
A10 
A9 
AS 
A7 
A6 
VSS 
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KM44C16000A, KM44C16100A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1.0 to +7.0 V 

[ Voltage on Vee supply relative to Vss Vee -1.0 to +7.0 V 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

I 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage VIH 2.4 

Input Low Voltage VIL -1.0'2 

'1 : Vee+2.0V at pulse width ~ 20ns which is measured at Vcc 
'2 : -2.0V at pulse width ~ 20ns which is measured at Vss 

Typ Max Unit 

5.0 5.5 V 

0 0 V 

- Vee '1 V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

I 

Input Leakage Current (Any input 0~VIN~VCC+0.5V, h(L) -5 5 j.LA 
all other pins not under test=O volt.) 

Output Leakage Current IO(L) -5 5 j.LA (Data out is disabled, OV~VOUTS.Vcc) 

Output High Voltage Level(loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level(loL=4.2mA) VOL - 0.4 V 
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KM44C16000A, KM44C16100A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Symbol Power Speed 
-KM44C16000A 

-5 100 
ICCl Don't care -6 90 

-7 80 

Icc2 Normal Don't care 2 

-5 100 
Icc3 Don't care -6 90 

-7 80 

-5 70 
Icc4 Don't care -6 60 

-7 55 

Icc5 Normal Don't care 1 

-5 150 
Icc6 Don't care -6 140 

-7 130 

ICC1' : Operating Current (RAS and CAS cycling @tRC=min.) 

Icc2 : Standby Current (11AS"=CAS"=W=VIH ) 

Max 

ICC3' : RA"S-only Refresh Current (CAS=VIH, RAS cycling @tRC=min.) 

KM44C16100A 

150 
140 
130 

2 

150 
140 
130 

80 
70 
65 

1 

150 
140 
130 

ICC4' : Extended Data Out Mode Current (RAS=VIL, CAS, Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS=C"AS=W=Vce-O.2V) 

ICC6' : CAS-Before-RAS" Refresh Current (RAS and CAS cycling @tRC=min.) 

Units 

rnA 
rnA 
rnA 

rnA 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

rnA 

rnA 
rnA 
rnA 

* NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while RAS=VIL. In Icc4, address can be 
changed maximum once within one EOO mode cycle time tHPC. 
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KM44C16000A, KM44C16100A CMOS DRAM 

CAPACITANCE(TA=25°C, Vcc=5.0V, f=lMHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A12J CIN1 - 5 of 

I 
Input capacitance ~, CAS", W, "OE] CIN2 - 7 pF 

Output Capacitance [DOO - D03] Coa - 7 pF 

AC CHARACTERISTICS (O°CSTA::;70°C, See note 2) 
Test condition: Vcc=5.0V±10%, VitNiI=2.4/0.8V, VohNol=2.4/0.4V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 90 110 130 ns 

II 
I 

Read-modify-write cycle time IRWC 133 155 185 ns 

Access time from "RAS tRAC 50 60 70 ns 3,4,10 

Access time from CAS" ICAC 13 15 20 ns 3,4,5 

Access time from column address IAA 25 30 35 ns 3,10 

CAS" to output in Low-Z ICLZ 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 ns 6 

Transition time (rise and fall) IT 3 50 3 50 3 50 ns 2 

"RAS precharge time tRP 30 40 50 ns 

RAS" pulse width tRAS 50 10K 60 10K 70 10K ns 

"RAS hold time IRSH 13 15 20 ns 

CAS" hold time ICSH 50 60 70 ns 

CAS" pulse width ICAS 13 10K 15 10K 20 10K ns 

RAS" to CAS" delay time IRCD 20 37 20 45 20 50 ns 4 

RAS" to column address delay time IRAD 15 25 15 30 15 35 ns 10 

CAS" to "RAS precharge time tCRP 5 5 5 ns 

I Row address set-up time IASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time IASC 0 0 0 ns 

Column address hold time ICAH 10 10 15 ns 

Column address to RAS" lead time IRAL 25 30 35 ns 

Read command sel-up time IRCS 0 0 0 ns 
I I Read command hold time referenced to CAS" tRCH 0 0 0 ns 8 

I Read command hold time referenced to RAS" tRRH 0 0 0 ns 8 

Write command hold time IWCH 10 10 15 ns 

Write command pulse width tWP 10 10 15 ns 

Write command to RAS" lead time IRWL 15 15 20 ns 

Write command 10 CAS" lead time tCWL 13 15 20 ns 
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KM44C16000A, KM44C16100A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Dala sel-up lime IDS 0 0 0 ns 9 

Dala hold lime tDH 10 10 15 ns 9 

Refresh period(4K, 8k, Normal) tREF 64 64 64 ms 

Write command sel-up lime tWCS 0 0 0 ns 

"CAS" 10 W delay time ICWD 36 40 50 ns 7 

RAS" 10 W delay lime tRWD 73 85 100 ns 7 

Column address to W delay lime tAWD 48 55 65 ns 7 

"CAS" precharge to W delay time tCPWD 53 60 70 ns 7 

"CAS" set-up lime ("CAS"-before-RAS" refresh) tCSR 10 10 10 ns 

"CAS" hold time ("CAS"-before-RAS" refresh) tCHR 10 10 15 ns 13 

RAS" 10 "CAS" precharge lime tRPC 5 5 5 ns 

"CAS" precharge time("cBR counler test cycle) tCPT 20 20 30 ns 

Access lime from "CAS" precharge tCPA 30 35 40 ns 

Fasl Page mode cycle lime tPC 35 40 45 ns 3 

Fasl Page mode read-modify-write cycle timE tPRWC 76 85 100 ns 

"CAS" precharge lime (Fast page cycle) tCP 10 10 10 ns 

RAS" pulse width (Fast page cycle) tRASP 50 200K 60 200K 70 200K ns 

RAS" hold time from "CAS" precharge tRHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to dala delay tOED 13 15 20 ns 

Oul pul buffer lurn off delay lime from aE tOEZ 0 13 0 15 0 20 ns 

Q"E command hold lime tOEH 13 15 20 ns 6 

Write command sel-up time(Test mode in) IWTS 10 10 10 ns 

IWrile command hold Iime(Test mode in) tWTH 15 15 15 ns 11 

W 10 RAS" precharge Iime("c-B-R refresh) tWRP 10 10 10 ns 11 

Iw 10 RAS" hold time("c-B-R refresh) tWRH 10 10 10 ns 
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KM44C16000A, KM44C16100A CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

~~ , 
i ·5 ·6 ·7 I 

j Parameter Symbol Units Notes I 

: Min Max Min Max Min Max 

I Random read or write cycle time tRC 95 115 135 ns 

l Read-modify-write cycle time tRWC 138 160 190 ns 

f Access time from "RAS tRAC 55 65 75 ns 3,4,10,12 
i Access time from CAS" tCAC 18 20 25 ns 3,4,5,12 
I Access time from column address tAA 30 35 40 ns 3,10,12 
I"RAS pulse width tRAS 55 10K 65 10K 75 10K ns 

I CAS" pulse width tCAS 18 10K 20 10K 25 10K ns 

I"RAS" hold time tRSH 18 20 25 ns • I CAS" hold time tCSH 55 65 75 ns 

I Column address to "RAS lead time tRAL 30 35 40 ns 

I CAS" to W delay time tCWD 41 43 50 ns 7 
I "RAS" to W delay time tRWD 78 88 100 ns 7 

IColumn address to W delay time tAWD 53 58 65 ns 7 
i Fast Page mode cycle time tPC 40 45 50 ns 

i Fast page mode read-modify-write cycle time tPRWC 81 90 105 ns 

l"RAS" pulse width (Fast page cycle) tRASP 55 200K 65 200K 75 200K ns 

I Access time form CAS" precharge tePA 35 40 45 ns 3 
I OJ: access time tOEA 18 20 25 ns 

IOE to data delay tOED 18 18 20 ns 

IOJ: command hold time tOEH 18 20 25 ns 
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KM44C16000A, KM44C16100A CMOS DRAM 

NOTES 

1. An initial pause of 200!!s is required after power-up followed by any 8 ROR or CSR 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 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL load and100pF 
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 tRCD;:>: tRCD(max). 
6. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 

and are 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 electric characteristics only. If tWCS<>:tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD;:>: tCWD(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 the CAS leading edge in early write cycles and to the W 

leading edge in read-modify-write cycles. 
10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 

a re ference 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, tAA, 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. It can get less CAS-before-RAS current loss if tCHR;:>:tRAS or CAS~O.2V at CAS-before-RAS refresh 
mode . 
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KM44C16004A, KM44C16104A CMOS DRAM 

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

DESCRIPTION 

This is a family of 16,777,216 x 4 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(-5, -6, or -7) and package type(SOJ or TSOP-II) are optional features of this family. All of this 
family have CAS"-before-"RAS" refresh, "RAS"-only refresh and Hidden refresh capabilities. This 16Mx4 EDO 
mode DRAM family is fabricated using Samsung's advanced CMOS process to realize high band-width, 
low power consumption and high reliability. 

FEATURES • Extended Data Out Mode operation 

• Part Identification 
- KM44C16004A(5V, 8K Ref.) 
- KM44C16104A(5V, 4K Ref.) 

• Active Power Dissipation 
Unil:mW 

! Speed I 8K 4K 
I -5 550 825 

I -6 495 770 

I -7 440 715 

• Refresh cycles 

I 
Part Refresh Refresh time 
NO. cycle Normal 

jKM44C16004A' 8K 
64ms 

IKM44C16104A 4K 
* Access mode & RAS" only refresh mode 

: 8K cycle/64ms 
CAS"-before-RA"S" & Hidden refresh mode 

: 4K cycle/64ms 

• Performance range: 

I Speed tRAC tCAC tRC tHPC 

L -5 50ns 13ns 84ns 20ns 

! -6 60ns 15ns 104ns 25ns 
i -7 70ns 20ns 124ns 30ns 

RAS" 
CAS" 
W 

• CAS"-before-"RAS" refresh capability 

• "RAS" only and Hidden refresh capability 

• Fast parallel test mode capability 

• TTL(5.0V) compatible inputs and outputs 

• Early Write or output enable controlled write 

• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

• +5.0V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

,--___ ---,. X: ~:: 
vee Generator I:J 

(A~~A~~)~';-' _=':'===::.;;:..J 
Note) ·1 : 4K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 
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KM44C16004A, KM44C16104A 

PIN CONFIGURATION (Top Views) 

• KM44C160(1)04AK • KM44C160(1)04AS 

Vee 
DOO 
D01 
N.C 
N.C 
N.C 
N.C 

W 
RAS" 

AO 
A1 
A2 
A3 
A4 
AS 

vee 

(K: 400mil SOJ) 

Vss 
D03 
D02 
N.C 
N.C 
N.C 
CAS" 
OE". 
A12(N.C) 
A11 
A10 
A9 
A8 
A7 
A6 
VSS 

Vee 
DOO 
D01 
N.C 
N.C 
N.C 
N.C 

W 
RAS" 

AO 
A1 
A2 
A3 
A4 
AS 

vee 

(S: 400mil TSOP(II)) 

• ( N.C) : N.C for 4K Refresh product 

Pin Name Pin Function 

AO - A12 Address Ir1Qut~8K ProductL 
AO - A11 Address Inputs(4K Product) 

DOO-3 Data In/Out 
Vss Ground 
RAS" Row Address Strobe 
CAS" Column Address Strobe 
W ReadlWrite Input 

OE" Data Outputs Enable 
Vcc Power(+S.OV) 
N.C No Connection 

tl:!ti¥)iih' 
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Vss 
D03 
D02 
N.C 
N.C 
N.C 
CAS" 
OE" 
A12(N.C) 
A11 
A10 
A9 
A8 
A7 
A6 
VSS 
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KM44C16004A, KM44C16104A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
I 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V,N,VOUT -1.0 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -1.0 to +7.0 V 

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 (Voltages referenced to Vss, TA= 0 to 70°C) 

I Parameter Symbol Min 

I Supply Voltage Vee 4.5 

I Ground Vss 0 
! 
I- Input High Voltage V,H 2.4 

i Input Low Voltage V,L -1.0'2 

'1 : V,ee+2.0V at pulse width:5 20ns which is measured at Vee 
*2 : -2.0V at pulse width :5 20ns which is measured at Vss 

Typ Max Unit 

5.0 5.5 V 

0 0 V 

- VCC'1 V 

- 0.8 V 

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

i Parameter Symbol Min Max Units 

I Input Leakage Current (Any input O:5V,N:5VCC+0.5V, hell -5 5 I-lA I all other pins not under test=O volt.) 
I 

Output Leakage Current I 
10(l) 1 -5 I 5 : I!A 

i 

I (Data out is disabled, OV:5VOUT:5VCC) i 1 i 
--

I 
Output High Voltage Level(loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level(lol=4.2mA) VOL - 0.4 V 
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KM44C16004A, KM44C16104A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Symbol Power Speed 
KM44C16004A 

-5 100 
ICC1 Don'! care -6 90 

-7 80 

ICC2 Normal Don'! care 2 

-5 100 
ICC3 Don'! care -6 90 

-7 80 

-5 110 
ICC4 Don'! care -6 100 

-7 90 

Iccs Normal Don'! care 1 

-5 150 
ICC6 Don'! care -6 140 

-7 130 

ICC1*: Operating Current (RAS and CAS cycling @tRC=min.) 

Icc2 : Standby Current (RAS=CAS=W=VrH ) 

Max 

Icc3* : RAS-only Refresh Current (GAS=VrH, RAS cycling @tRC=min.) 

KM44C16104A 

150 
140 
130 

2 

150 
140 
130 

120 
110 
100 

1 

150 
140 
130 

Icc4* : Extended Data Out Mode Current (RAS=VrL, CAS, Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS=CA"S=W=Vcc-O.2V) 

Icc6* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

Units 

rnA 
rnA 
rnA 

rnA 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

rnA 

rnA 
rnA 
rnA 

• NOTE: Icc1, Icc3, ICC4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while RAS=VrL. In Icc4, address can be 
changed maximum once within one EDO mode cycle time tHPC. 
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KM44C16004A, KM44C16104A CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc= 5.0V, f=1 MHz) 
, 

Parameter Symbol Min Max Unit 

j 

Inl2ut cal2acitance [AO - A12J C'Nl - 5 pF 

Input capacitance [RAS", CAS, w, OE] C'N2 - 7 pF 

I Output Capacitance [000 - 003] Coo - 7 pF 

AC CHARACTERISTICS (0°CSTA:S70°C, See note 2) 
Test condition: Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNol =2.0/0.8V 

I -5 -6 -7 
! Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

t Random read or write cycle time tRC 84 104 124 ns 

I Read-modify-write cycle time tRWC 116 138 165 ns 

Access time from "RAS" tRAC 50 60 70 ns 3,4,10 

I Access time from CAS" tCAC 13 15 20 ns 3,4,5 

• 
I Access time from column address tAA 25 30 35 ns 3,10 

l'cAS" to output in Low-Z tCLZ 3 3 3 ns 3 

! Output buffer tum-off delay from CAS" tCEZ 3 13 3 
I· 

13 3 15 ns 6,13 

i OJ: to output in Low-Z tOLZ 3 3 3 ns 3 

, Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2 

RAS" precharge time tRP 30 40 50 ns 

I,RAS" pulse width tRAS 50 10K 60 10K 70 10K ns 

I,RAS" hold time tRSH 13 15 20 ns 

I CAS" hold time tCSH 38 45 50 ns 

1 CAS" pulse width tCAS 8 10K 10 10K 15 10K ns 15 
! 

L,RAS" to CAS" delay time tRCD 20 37 20 45 20 50 ns 4 

RAS" to column address delay time tRAD 15 25 15 30 15 35 ns 10 

CAS" to "RAS" precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns I 

, Row address hold time tRAH 10 10 10 ns 
I 

i Column address set-up time tASC 0 0 0 ns 

I Column address hold time tCAH 8 10 15 ns 

Column address to "RAS" lead time tRAL 25 30 35 ns 

I Read command set-up time tRCS 0 0 0 ns 

; R8ad command hold time referenced to CAS" tRCH 0 0 0 ns 8 I 
; Read command hold time referenced to "RAS" tRRH o ! i i 

I 
I 0 i tl ns I 8 , 

Write command hold time tWCH 10 10 15 ns 
I i 

Write command pulse width tWP 10 10 15 ns 

Write command to "RAS" lead time tRWL 13 15 20 ns 

I Write command to CAS" lead time tCWL 8 10 15 ns 
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KM44C16004A, KM44C16104A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

I -5 -6 -7 I 
I Parameter Symbol Units Notes 
I Min Max Min Max Min Max 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 8 10 15 ns 9 

Refresh period(4K18K, Normal) tREF 64 64 64 ms 

Write command set-up time tWCS 0 0 0 ns 

I CAS" to W delay time tCWD 30 32 39 ns 7 

11lAS" to W delay time tRWD 67 77 89 ns 7 

Column address to W delay time tAWD 42 47 54 ns 7 

CAS" set-up time (CAS"-before-RAS refresh) tCSR 5 5 5 ns 7 

I CAS" hold time (CAS"-before-RAS refresh) tCHR 10 10 15 ns 16 

liAS" to CAS" precharge time tRPC 5 5 5 ns 

CAS" precharge time(CBll counter test cycle tCPT 20 20 30 ns 

Access time from CAS" precharge tCPA 28 35 40 ns 3 

Hyper Page cycle time tHPC 20 25 30 ns 15 

Hyper Page read-modify-write cycle time tHPRWC 47 56 71 ns 15 

CAS" precharge time (Hyper page cycle) tCP 8 10 10 ns 

llAS" pulse width (Hyper page cycle) tRASP 50 200K 60 200K 70 200K ns 

~S" hold time from CAS" precharge tRHCP 30 35 40 ns 

<JE access time tOEA 13 15 20 ns 

m: to data delay tOED 13 13 15 ns 

CAS" precharge to W delay time tCPWD 45 54 64 ns 

lOut put buffer turn off delay time from OE tOEZ 3 13 3 13 3 15 ns 6 

I OE command hold time tOEH 13 15 20 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 llAS" precharge time(C-B-ll refresh) tWRP 10 10 10 ns 

W to llAS" hold time(C-B-ll refresh) tWRH 10 10 10 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delayfrom RAS" tREZ 3 15 3 15 3 20 ns 6,14 

Output buffer turn off delay from W tWEZ 3 13 3 15 3 20 ns 6 

W to data dela." tWED 15 15 20 ns 

OE to CAS" hold time tOCH 5 5 5 ns i 

I CAS" hold time to OE tCHO 5 5 5 ns ; 

, g~ precharge time ItOEP , 5 I 5 5 ns I 

itWPE I I 
~ 

I W pulth width(Hyper Page Cycle) 5 5 5 ns ; I 
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KM44C16004A, KM44C16104A CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 89 109 129 ns 

Read-modify-write cycle time tRWC 121 145 175 ns 

Access time from RAS" tRAC 55 65 75 ns 3,4,10 
Access time from CAS" tCAC 18 20 25 ns 3,4,5 
Access time from column address tAA 30 35 40 ns 3,10 
RAS" pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS" pulse width tCAS 13 10K 15 10K 20 10K ns 

RA"S" hold time tRSH 18 20 25 ns 

CAS" hold time tCSH 43 50 55 ns 

Column address to RA"S" lead time tRAL 30 35 40 ns 

CAS" to W delay time tCWD 35 37 44 ns 7 
RAS" to W delay time tRWD 72 82 94 ns 7 
Column address to W delay time tAWD 47 52 59 ns 7 
Hyper Page cycle time tHPC 25 30 35 ns 

Hyper page read-modify-write cycle time tHPRWC 53 61 76 ns 

RAS" pulse width (Hyper page cycle) tRASP 55 200K 65 200K 75 200K ns 

I Access time form CAS" precharge tCPA 33 40 45 ns 3 
lJE access time tOEA 18 20 25 ns 

I OE to data delay tOED 18 20 25 ns 

10E command hold time tOEH 18 20 25 ns 
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KM44C16004A, KM44C16104A CMOS DRAM 

NOTES 

1. An initial pause of 200115 is required after power-up followed by any 8 ROR or CBR 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 equivalent to 2 TTL loads 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 tRCD~ tRCD(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 electric characteristics only. If tWCS~tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the 'CAS" leading edge in early write cycles and to the W leading 

edge in 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, tAA, 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. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

14. If"RAS" goes high before 'CAS" high going, the open circuit condition of the output is achieved by 'CAS" 
high going. If 'CAS" goes high before RAS" high going, the open circuit condition of the output is 
achieved by RAS" high going. 

15. tASC ~ tCPmin, Assume tT = 2.0 ns 
16. It can get less 'CAS"-before-RAS" current loss if tCHR~tRAS or CAS":::;0.2V at CAS"-before-RAS" refresh 

mode . 
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KM48V8000A, KM48V8100A CMOS DRAM 

8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7), power consumption(Normal or Low power) and package type(SOJ or TSOP-II) are optional features 
of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh 
capabilities. Further- more, Self-refresh operation is available in L - version. This 8Mx8 Fast Page mode 
DRAM family is fabricated using Samsung's advanced CMOS process to realize high band-width, low 
power consumption and high reliability. 

FEATURES • Fast Page Mode operation 

• Part Identification 
- KM48V8000A/A-L(3.3V, 8K Ref.) 
- KM48V8100A/A-L(3.3V, 4K Ref.) 

• Active Power Dissipation Unit:mW 

Speed 8K 4K 

-5 360 540 

-6 324 504 

-7 288 468 

• Refresh cycles 

Part Refresh Refresh time 

NO. cycle Normal L-ver 

KM48V8000A' 8K 
KM48V8100A 

64ms 128ms 
4K 

• Access mode & RAS only refresh mode 
: 8K cycle/64ms 

CAS-before-RAS & Hidden refresh mode 
. 4K cycle/64ms 

• Performance range: 

i Speed tRAC tCAC tRC tPC 

i -5 SOns 13ns 90ns 35ns 

I -6 60ns 15ns 110ns 40ns 

l -7 70ns 20ns 130ns 45ns 

!'lAS 
CAS 

W 

• CAS-before-RAS refresh capability 
• RAS only and Hidden refresh capability 

• Self-refresh capability(L-ver only) 

• Fast parallel test mode capability 
• LVTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 

• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

,--___ ---, . .I: ~:: 
vas Generato~ r:::..J 

(A~~A~g),-:-, -+C~=::::::"=::.:..J 
Note) '1 : 4K Refresh 

SAMSUNG ELECTRONIC CO .• L TO, reserves the right to 
change products and specifications without notice. 
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KM48V8000A, KM48V8100A CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48V80(1 )OOAK • KM48V80(1 )OOAS 

Vee Vss Vee Vss 
000 007 000 007 
001 006 001 006 
002 005 002 005 
003 004 003 004 
N.C Vss N.C Vss 
Vee CAS Vee CAS 
W ITE. W oE • 

RAS A12(N.C) RAS A12(N.C) 
AO A11 AO A11 
A1 A10 A1 A10 
A2 A9 A2 A9 
A3 AS A3 AS 
A4 A7 A4 A7 
A5 A6 A5 A6 

Vee Vss VDD Vss 

(K: 400mil SOJ) (S: 400mil TSOP(II» 

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

Pin Name Pin Function 
AO - A12 Address Inputs(SK Product) 

AO - A11 Address Inputs(4K Product) 

000-7 Data In/Out 
Vss Ground 

RAS Row Address Strobe 

CAS" Column Address Strobe 
W ReadlWrite Input 
OE Data Outputs Enable 
Vcc Power(+3.3V) 
N.C No Connection 
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KM48V8000A, KM48V8100A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 V 

Storage Temperature Tstg -55 to +150 °C 

Power Dissipation Po 1 W 

Short Circuit Output Current los 50 mA 

• Permanerit 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min 

Supply Voltage Vee 3.0 

Ground Vss 0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3*2 

*1 : Vec+ 1.3V at pulse width S; 15ns which is measured at Vcc 
*2: -1.3V at pulse width s; 15ns which is measured at Vss 

Typ Max Unit 

3.3 3.6 V 

0 0 V 

- Vee+0.3*1 V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input os;VINS;VCC+0.3V, h(L) -5 5 !JA 
all other pins not under test=O volt.) 

Output Leakage Current 
10(L) - 5 5 ~A (Data out is disabled, ovS;Vours;Vcc) 

Output High Voltage Level(loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level(IOL=2mA) VOL - 0.4 V 
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KM48V8000A, KM48V8100A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Max 
Power Speed Symbol I 

I i KM48V8000A KM48V8100A 

I 
-5 100 

ICCl Don'! care -6 90 
-7 80 

Normal 1 
Icc2 L 

Don'! care 
1 

-5 100 
Icc3 Don'! care -6 90 

-7 80 

-5 70 
Icc4 Don'! care -6 60 

-7 55 

Iccs 
Normal Don'! care 500 

L 300 

-5 150 
Icca Don'! care -6 140 

-7 130 

Icc7 
I 

L 
Don'! care 550 

Iccs L Don'! care 450 

ICCl * : Operating Current (RAS" and "CAS" cycling @tRC=min.) 

Icc2 : Standby Current (RAS"="CAS"=VIH ) 

Icc3* : RAS"-only Refresh Current ("CAS"=VIH, RAS" cycling @tRC=min.) 

Icc4* : Fast Page Mode Current (RAS"=VIL, CAS", Address cycling @tPC=min.) 

Iccs : Standby Current (RAS"="CAS"=Vcc-O.2V) 

Icca' : "CAS"-Before-RAS" Refresh Current (RAS" and "CAS" cycling @tRC=min.) 

150 
140 
130 

1 
1 

150 
140 
130 

80 
70 
65 

500 
300 

150 
140 
130 

550 

450 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 

Units I 

I 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

~A 
~A 

mA 
mA 
mA 

~ 

~ 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, "CAS"="CAS"-before-RAS" cycling or O.2V 

W, OE = VIH, Address = Don't care, DQ=Open, TRc= 31.25~ 

TRAS= TRAsmin-300 ns 

Iccs : Self Refresh Current 

RAS"=CAS"=O.2V, W=O"E=AO - A12(A11) = Vcc-O.2V or O.2V, DQO - DQ7= Vcc-O.2V, O.2V or Open 

• NOTE: ICC1, Icc3, Icc4 and Icca 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, Icc3, 
and Icca, address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM48V8000A, KM48V8100A CMOS DRAM 

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

Parameter Symbol Min Max Unit 

Input capacitance lAO - A121 CINl - 5 pF 

Input capacitance [RAS, CAS, W, OE] ClN2 - 7 pF 

Output Capacitance [DOO - D07] CDa - 7 pF 

AC CHARACTERISTICS (0°CS;TA$70°C, See note 2) 
Test condition: Vcc=3.3V±O.3V, VihNiI=2.010.BV, VohNol =2.010.8V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes • 

Random read or write cycle time tRC 90 110 130 ns 

Read-modify-write cycle time tRWC 133 153 180 ns 

Access time from RAS" tRAC 50 60 70 ns 3,4,10 

Access time from CAS" tCAC 13 15 20 ns 3,4,5 

Access time from column address tAA 25 30 35 ns 3,10 

CAS to output in Low-Z tCLl 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 13 0 15 ns 6 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

l"iAS" precharge time tRP 30 40 50 ns 

l"iAS pulse width tRAS 50 10K 60 10K 70 10K ns 

l"iAS" hold time tRSH 13 15 20 ns 

CAS" hold time tCSH 50 60 70 ns 

CAS" pulse width tCAS 13 10K 15 10K 20 10K ns 

liAS- to CAS" delay time tACO 20 37 20 45 20 50 ns 4 

RAS" to column address delay time tRAD 15 25 15 30 15 35 ns 10 

CAS" to l"iAS- precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 10 15 ns 

Column address to ~ lead time tRAL 25 30 35 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 ~ tRRH 0 0 0 ns 8 

Write command hold time tWCH 10 10 15 ns 

Write command pulse width tWP 10 10 15 ns 

Write command to l"iAS" lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 13 15 20 ns 
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KM48V8000A, KM48V8100A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 10 10 15 ns 9 

Refresh period(4K, Normal) tREF 64 64 64 ms 

Refresh peribd(8K, Normal) tREF 64 64 64 ms 

Refresh period(L -ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7 

CAS" to W delay time tCWD 36 38 45 ns 7 

RAS" to W delay time tRWD 73 83 95 ns 7 

Column address to W delay time tAWD 48 53 60 ns 7 

CAS precharge to W delay time tCPWD 53 60 70 ns 

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

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 15 ns 14 

RAS" to CAS" precharge time tRPC 5 5 5 ns 

CAS precharge time(CBR counter test cycle) tCPT 20 20 30 ns 

Access time from CAS" precharge tCPA 30 35 40 ns 3 

Fast Page mode cycle time tPC 35 40 45 ns 

Fast Page mode read-modify-write cycle time tPRWC 76 85 100 ns 

CAS precharge time (Fast page cycle) tCP 10 10 10 ns 

RAS" pulse width (Fast page cycle) tRASP 50 200K 60 200K 70 200K ns 

"RAS hold time from CAS" precharge tRHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 13 15 ns 

Output buffer turn off delay time from OE tOEZ 0 13 0 13 0 15 ns 6 

OE command hold time tOEH 13 15 20 ns 

Write command set-up time(Test mode in) tWTS 10 10 10 ns 11 

Write command hold time(Test mode in) tWTH 15 15 15 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 

RAS pulse width(C-B-R self refresh) tRASS 100 100 100 us 13 

RAS" precharge time (C-B-R self refresh) tRPS 90 110 130 ns 13 

'CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 13 

.,&&1'U" 
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KM48V8000A, KM48V8100A CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 ns 

Read-modify-write cycle time tRWC 138 160 190 ns 

Access time from 11i\S tRAC 55 65 75 ns 3,4,10,12 
Access time from CAS tCAC 18 20 25 ns 3,4,5,12 
Access time from column address tAA 30 35 40 ns 3,10,12 
RAS pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS pulse width tCAS 18 10K 20 10K 25 10K ns 

RAS hold time tRSH 18 20 25 ns 

CAS hold time tCSH 55 65 75 ns 

Column address to 11i\S lead time tRAL 30 35 40 ns 

CAS to W delay time tCWD 41 43 50 ns 7 
RAS to W delay time tRWD 78 88 100 ns 7 
Column address to W delay time tAWD 53 58 65 ns 7 
Fast Page mode cycle time tpe 40 45 50 ns 

Fast page mode read-modify-write cycle time tPRWe 81 90 105 ns 

j:ii\S pulse width (Fast page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS precharge tCPA 35 40 45 ns 3 
DE access time tOEA 18 20 25 ns 

bE to data delay tOED 18 18 20 ns 

DE command hold time tOEH 18 20 25 ns 

tl:1tWJi'}I' 
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KM48V8000A, KM48V8100A CMOS DRAM 

NOTES 

1. An initial pause of 200l1s is required after power-up followed by any 8 ROR or CSR 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 5ns for all inputs. 

3. Measured with a load equivalent to 1TTL load and100pF 
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 tRCD<: tRCD(max). 
6. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and 

are 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 electric characteristics only. If tWCS <: tWCS (min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD<: tCWD(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 the CAS' leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 
100peration 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. 
121n test mode read cycle, the value of tRAC, tAA, tCAC, tOEA, and tCPA 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. 

13For all of the refresh mode except the distributed CAS'-before-'RAS' refresh mode, 4096(8192) cycles of 
burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. 

141t can get less CAS'-before-'RAS' current loss if tCHR~tRAS or CAS'$;0.2V at CAS'-before-'RAS' refresh 
mode. 
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KM48V8004A, KM48V8104A CMOS DRAM 

8M x 8 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 8,388,608 x 8 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(-5, -6, or -7), power consumption(Normal or Low power) and package type(SOJ or TSOP-II) 
are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and 
Hidden refresh capabilities. Further- more, Self-refresh operation is available in L- version. This 8Mx8 EDO 
mode DRAM family is fabricated using Samsung's advanced CMOS process to realize high band-width, 
low power consumption and high reliability. 

FEATURES 
• Part Identification 

- KM48V8004A/A-L(3.3V, 8K Ref.) 
- KM48V8104A1A-L(3.3V, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed 8K 4K 

-5 360 540 
-6 324 504 
-7 288 468 

• Refresh cycles 

Part Refresh Refresh time 
NO. cycle Normal L-ver 

KM48V8004A' 8K 
KM48V8104A 

64ms 128ms 
4K 

* Access mode & RAS only refresh mode 
: 8K cycle/64ms 

CAS-before-RAS & Hidden refresh mode 
: 4K cycle/64ms 

• Performance range: 

Speed tRAG tGAG tRG tHPC 
-5 50ns 13ns 84ns 20ns 
-fJ 60ns 15ns 104ns 25ns 

-7 70ns 20ns 124n5 30ns 

• Extended Data Out Mode operation 
• CAS-before-RAS refresh capability 
• RAS only and Hidden refresh capability 
• Self-refresh capability(L-version) 

• Fast parallel test mode capability 
• LVTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 

• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(II) packages 

• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

,--___ --, X: ~:: 
VBS Generator J:J 

(A~~A~~)':-' -':::::::..!='::=-=::.:..J 

Note) " : 4K RefreSh 

SAMSUNG ELECTRONIC CO .• L TO. reserves the right to 
change products and specifications without notice. 
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KM48V8004A, KM48V8104A 

PIN CONFIGURATION (Top Views) 

• KM48V80(1 )04AK • KM48V80(1 )04AS 

Vee 
DOO 
D01 
D02 
D03 
N.C 
Vee 
W 

11AS" 
AO 
A1 
A2 
A3 
A4 
AS 

Vee 

(K: 400mil SOJ) 

Vss 
D07 
D06 
DOS 
D04 
Vss 
CAS" 
OE • 
A12(N.C) 
A11 
A10 
A9 
A8 
A7 
A6 
Vss 

Vee 
DOO 
D01 
D02 
D03 
N.C 
Vee 
W 

l1AS" 
AO 
A1 
A2 
A3 
A4 
AS 

Voo 

(S: 400mil TSOP(II» 

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

Pin Name Pin Function 
AO - A12 Address Input~8K Produc!l 
AO - A11 Address Inputs(4K Product) 
DOO-7 Data In/Out 

Vss Ground 

l1AS Row Address Strobe 
CAS Column Address Strobe 
W Read/write Input 
OE Data Outputs Enable 
Vcc Power(+3.3V) 
N.C No Connection 

.!",,¥jid" 
ELECTRONICS 

CMOS DRAM 

Vss 
D07 
D06 
DOS 
D04 
Vss 
CAS" 
OE • 
A12(N.C) 
A11 
A10 
A9 
A8 
A7 
A6 
Vss 
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KM48V8004A, KM48V8104A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 V 

Storage Temperature Tstg -55 to +150 ec 

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 (Voltages referenced to Vss, TA= 0 to 70 ec) 

Parameter Symbol Min 

Supply Voltage Vee 3.0 

Ground Vss 0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3'2 

*1 : Vce+ 1.3V at pulse width :0; 15ns which is measured at Vcc 
*2 : -1.3V at pulse width :0; 15ns which is measured at Vss 

Typ Max Unit 

3.3 3.6 V 

0 0 V 

- Vcc+O.3'j V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input O:O;VIN:O;VCC+0.3V, II(L) -5 5 IlA 
all other pins not under test=O volt.) 

Output Leakage Current 
IO(L) -5 5 IlA (Data out is disabled, OV:O;Vour:O;Vcc) 

Output High Voltage Level(loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level(loL=2mA) VOL - 0.4 V 

t1Milli}i' 
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KM48V8004A, KM48V8104A CMOS DRAM 

i 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Symbol Power Speed 
KM48V8004A 

-5 100 
Icc1 Don't care -6 90 

-7 80 

Normal 1 
Icc2 L 

Don't care 1 

-5 100 
Icc3 Don't care -6 90 

-7 80 

-5 110 
Icc4 Don't care -6 100 

-7 90 

Iccs Normal Don't care 500 
L 300 

-5 150 
Icc6 Don't care -6 140 

-7 130 

Icc? 
L Don't care 550 

Iccs L Don't care 450 

Icc1': Operating Current (RAS" and CAS cycling @tRC=min.) 

Icc2 : Standby Current (RAS"=CAS"=W=VIH ) 

Max 

ICC3' : "RAS-only Refresh Current (CAS=VIH,"RAS" cycling @tRC=min.) 

KM48V8104A 

150 
140 
130 

1 
1 

150 
140 
130 

120 
110 
100 

500 
300 

150 
140 
130 

550 

450 

Icc4' : Extended Data Out Mode Current (RAS"=VIL, CAS, Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS"=CAS=W=Vcc-O.2V) 

Icc6' : CAs"-Before-RAS" Refresh Current (RAS" and CAS" cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Units 

rnA 
rnA 
rnA 

rnA 
rnA 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

!lA 
!lA 

rnA 
rnA 
rnA 

IlA 

!lA 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, CAS"=CAS"-before-RAS" cycling or O.2V 

W, UE = VIH, Address = Don't care, DO=Open, TRc= 31.25/lS 

TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

"RAS"=C"AS"=O.2V, W=UE=AO - A12(A11) = Vcc-O.2V or O.2V, DOO - D07= Vcc-O.2V, O.2V or Open 

• NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6, address can be changed maximum once while "RAS"=VIL. In Icc4, address can be 
changed maximum once within one EDO mode cycle time tHPC . 

• ,&&):U'. 
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KM48V8004A, KM48V8104A CMOS DRAM 

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

I- Parameter Symbol Min Max Unit 

Input capacitance [AO - A121 CIN1 - 5 pF 

Input capacitance [RAS, CAS, W, Of] CIN2 - ? pF 

Output Capacitance [000 - ~O?] CDa - ? pF 

AC CHARACTERISTICS (O°C:5TA:QO°C, See note 2) 
Test condition: Vcc=3.3V±O.3V, VihNiI=2.0/0.8V, VohlVol =2.0/0.8V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 84 104 124 ns 

Read-modify-write cycle time tRWC 116 138 165 ns 

Access time from RAS tRAC 50 60 70 ns 3,4.10 

Access time from CAS tCAC 13 15 20 ns 3,4,5 

Access time from column address tAA 25 30 35 ns 3,10 

CAS to output in low-l ICll 3 3 3 ns 3 

Output buffer turn-off delay from CAS ICEl 3 13 3 13 3 15 ns 6,13 

i ij~ to output in low-l tOll 3 3 3 ns 3 

Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2 

RA:S precharge lime tRP 30 40 50 ns 

RA-S pulse width tRAS 50 10K 60 10K 70 10K ns 

RAS hold time tRSH 13 15 20 ns 

CAS hold time tCSH 38 45 50 ns 

I CAS pulse width tCAS 8 10K 10 10K 15 10K ns 15 

RAS 10 CAS delay time IRCD 20 37 20 45 20 50 ns 4 

R.A:S 10 column address delay time IRAD 15 25 15 30 15 35 ns 10 

I CAS 10 RAS precharge lime ICRP 5 5 5 ns 

I Row address set-up time tASR 0 0 0 ns 

Row address hold time IRAH 10 10 10 ns 

Column address set-up lime IASC 0 0 0 ns 

I Column address hold time tCAH 8 10 15 ns 

Column address 10 fiAS lead time tRAl 25 30 35 ns 

! Read command set-up lime tRCS 0 0 0 ns 

: Read command hold time referenced 10 CAS tRCH I 0 I i 0 , 0 I ns I 8 

Read command hold lime referenced to fiAS IRRH 0 0 0 ns 8 

Write command hold lime IWCH 10 10 15 ns 

I Write command pulse width IWP 10 10 15 ns 

I Write command toRAS lead time tRWl 13 15 20 ns 

Write command 10 CAS lead lime ICWl 8 10 15 ns 

.,:1t'¥jihi' ELECTRONICS 
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KM48V8004A, KM48V8104A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 8 10 15 ns 9 

Refresh period(4K, Normal) tREF 64 64 64 ms 

Refresh period(8K, Normal) tREF 64 64 64 ms 

Refresh period(L-ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7 

CAS" to W delay time tCWD 30 32 39 ns 7 

RAS" to W delay time tRWD 67 77 89 ns 7 

Column address to W delay time tAWD 42 47 54 ns 7 

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

CAS" hold time (CAs--before-RAS" refresh) tCHR 10 10 15 ns 17 

RAS" to CAS" precharge time tRPC 5 5 5 ns 

CAS" precharge time(CBR counter test cycle tCPT 20 20 30 ns 

Access time from CAS" precharge tCPA 28 35 40 ns 3 

Hyper Page cycle time tHPC 20 25 30 ns 16 

Hyper Page read-modify-write cycle time tHPRWC 47 56 71 ns 16 

CAS" precharge time (Hyper page cycle) tCP 8 10 10 ns 

RAS" pulse width (Hyper page cycle) tRASP 50 200K 60 200K 70 200K ns 

RAS" hold time from CAS" precharge tRHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 13 15 ns 

CAS" precharge to W delay time tCPWD 45 54 64 ns 

Out put buffer turn off delay time from OE tOEZ 3 13 3 13 3 15 ns 6,13 

OE command hold time tOEH 13 15 20 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 5 5 5 ns 

Output buffer turn off delay from RAS" tREZ 3 13 3 15 3 20 ns 6,13 

Output buffer turn off delay from W tWEZ 3 13 3 15 3 20 ns 6,13 

W to data delay tWED 15 15 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 pulth width(Hvper Paoe Cvcle) tWPE 5 5 5 ns 

RAS" pulse width(C-B-R self refresh) tRASS 100 100 100 us 14 

RAS" precharoe time (C-B-R self refresh) tRPS 90 110 130 ns 14 

CAS" hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 14 

.':!:i¥1"}I> 
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KM48V8004A, KM48V8104A CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tAC 89 109 129 ns 

Read-modify-write cycle time tRWC 121 145 175 ns 

Access time from RAS" tRAC 55 65 75 ns 3,4,10 
Access time from CAS" tCAC 18 20 25 ns 3,4,5 
Access time from column address tAA 30 35 40 ns 3,10 
RAS" pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS" pulse width tCAS 13 10K 15 10K 20 10K ns • RAS" hold time tRSH 18 20 25 ns 

CAS hold time tCSH 43 50 55 ns 

Column address to 11AS" lead time tRAL 30 35 40 ns 

CAS to W delay time tCWD 35 37 44 ns 7 
liAS" to W delay time tRWD 72 82 94 ns 7 
Column address to W delay time tAWD 47 52 59 ns 7 
Hyper Page cycle time tHPC 25 30 35 ns 16 
Hyper page read-modify-write cycle time tHPRWC 53 61 76 ns 16 
RAS pulse width (Hyper page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS" precharge tCPA 33 40 45 ns 3 
OE access time tOEA 18 20 25 ns 

at:" to data delay tOED 18 20 25 ns 

OE: command hold time tOEH 18 20 25 ns 

.,W¥i'hi• 
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KM48V8004A, KM48V8104A CMOS DRAM 

NOTES 

1. An initial pause of 200llS is required after power-up followed by any 8 ROR or CSR 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 equivalent to 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 tRCD~ tRCD(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 electric characteristics only. If tWCS~tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the 'CAS' leading edge in early write cycles and to the W leading 

edge in 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 paint 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, tAA, 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. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

14. For all of the refresh mode except the distributed 'CAS'-before-'RAS' refresh mode, 4096(8192) cycles 
of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. 

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

16. tASC ~ 6 ns, Assume tT = 2.0 ns 
17. It can get less 'CAS'-before-'RAS" current loss if tCHR~tRAS or 'CAS"S;O.2V at 'CAS"-before-"RAS' refresh 

mode . 
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KM48C8000A, KM48C8100A CMOS DRAM 

8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cucye(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7), package type(SOJ or TSOP-II) are optional features of this family. All of this family have 
CAS"-before-RAS refresh, RAS" only refresh and Hidden refresh capabilities. This 8Mx8 Fast Page mode 
DRAM family is fabricated using Samsung's advanced CMOS process to realize high band-width, low 
power consumption and high reliability. 

FEATURES • Fast Page Mode operation 

• Part Identification • CAS"-before-RAS" refresh capability 
- KM48C8000A(5V, 8K Ref.) • RAS" only and Hidden refresh capability 
- KM48C8100A(5V, 4K Ref.) • Fast parallel test mode capability 

• Active Power Dissipation 
Unit:mW 

• TTL(5V) compatible inputs and outputs 
• Early Write or output enable controlled write 

I Speed 8K 4K • JEDEC Standard pinout 

! -5 550 825 • Available in Plastic SOJ and TSOP(II) packages 

1-
-6 495 770 

-7 440 715 

• Refresh cycles 

I 
Part I Refresh Refresh time 

I NO. cycle Normal 

I KM48C8000A* 8K 
64ms I KM48C8100A 4K 

* Access mode & RAS" only refresh mode 
: 8K cycle/64ms 

CAS"-before-RAS" & Hidden refresh mode 
: 4K cycle/64ms 

i -----'''---+---=:---f----:-:::--+---;----:c:---+----;::--! r -6 

r -7 

• 5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

r-------,. X: ~:: 
ves Generator I:J 

(AO - A10)", NOTE)"1 : 4K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice . 
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KM48C8000A, KM48C8100A CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C80(1)OOAK • KM48C80(1)OOAS 

Vee Vss Vee Vss 
DOO D07 DOO D07 
D01 D06 D01 D06 
D02 DOS D02 DOS 
D03 D04 D03 D04 
N.C Vss N.C Vss 
Vee CAS" Vee CAS" 
W OE" W OE" 

RAS" A12(N.C) RAS" A12(N.C) 
AD A11 AO A11 
A1 A10 A1 A10 
A2 A9 A2 A9 
A3 AS A3 AS 
A4 A7 A4 A7 
AS A6 AS A6 

Vee Vss Vee Vss 

(K: 400mil SOJ) (S: 400mil TSOP(II» 

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

Pin Name Pin Function 
AO - A12 Address Inputs(SK Product) 

AO - A11 Address Inputs(4K Product) 

DOO-7 Data InlOut 
Vss Ground 
RAS" Row Address Strobe 
'CAS" Column Address Strobe 

W Read/Write Input 

OE" Data Outputs Enable 
Vcc Power(+S.DV) 
N.C No Connection 

tl'Mf)Ih" 
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KM48C8000A, KM48C8100A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -1 to +7.0 V 

Storage Temperature Tstg -55 to +150 °C 

Power Dissipation PD 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 (Voltages referenced to Vss, TA= 0 to 70 OC) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage VIH 2.4 

Input Low Voltage VIL -1.0'2 

'1 : Vee+2.0V at pulse width :S 20ns which is measured at Vcc 
*2 : -2.0V at pulse width :S 20ns which is measured at Vss 

Typ Max Unit 

5.0 5.5 V 

0 0 V 

- VCC'1 V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input O:SVIN:SVCC+0.5V, h(L) -5 5 IJA 
all other pins not under test=O volt.) 

Output Leakage Current 
10(L) -5 5 IlA (Data out is disabled, OV:SVouT:SVcc) 

Output High Voltage Level(loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level(loL=4.2mA) VOL - 0.4 V 

.,,,,,,,Wih> 
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KM48C8000A, KM48C8100A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Max 
Symbol Power Speed 

KM48C8000A KM44C810OA 

-5 100 
ICC1 Don't care -6 90 

-7 80 

ICC2 Normal Don't care 2 

-5 100 
ICC3 Don't care -6 90 

-7 80 

-5 70 
ICC4 Don't care -6 60 

-7 55 

ICC5 Normal Don't care 1 

-5 150 
ICC6 Don't care -6 140 

-7 130 

ICC1*: Operating Current (liAS and CAS cycling @tRC=min.) 

ICC2 : Standby Current (liAS=CAS=VIH ) 

Icc3* : RAS-only Refresh Current (CAS=VIH, RAS cycling @tRC=min.) 

ICC4* : Fast Page Mode Current (RAS=VIL, CAS, Address cycling @tPC=min.) 

ICC5 : Standby Current (RAS=CAS=Vcc-O.2V) 

Icc6* : CAS-8efore-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

150 
140 
130 

2 

150 
140 
130 

80 
70 
65 

1 

150 
140 
130 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

* NOTE: ICC1, ICC3, ICC4 and ICC6 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, ICC3, 
and ICC6. address can be changed maximum once while RAS=VIL. In ICC4, address can be 
changed maximum once within one fast page mode cycle time tPC . 

• ,&+)101• 
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KM48C8000A, KM48C8100A CMOS DRAM 

CAPACITANCE(TA=25°C, f=l MHz) 
----,-------,----------- - , 

+-_____ I'JI~ _ _'_ __ , ____ lIIIax ____ +--un~ ___ --i 
CINl - I 5 i ,.,pF'----_-i -----t----------r----- , 

; Input capacitance rRAS", ~, W, OE] CIN2 : 7 I pF I 

"-o--ut-pu-t-C-a-pa-c-it-an-c_-e_-.::.,[-O_0 __ 0_-_0_0_7--=1 ____ --'-: ___ - -_ -.::._C:oo:==---;-------- --'.-----7-------~----pF---' 
------~-------

AC CHARACTERISTICS (O°C:o:;T A:O:;70°C, See note 2) 
Test condition: Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohNol =2.4/0.4V 
~ 

iSymbOI 
I 

I 
I -5 I -6 -7 

I 
I 

I Parameter I Units Notes 
Min'Max Min Maxi Min Maxi I 

I 
i IRC 

! 
Ll3andom read or wrile cycle time 90 110 130 ns I 
i- f1ead-modify-write cycle time --+tRWC 133 155 i 185 ! ns i 

I i 

~ Access time from RAS' tRAC I 50 60 70 ns 3,4,10 

I : Access time from 'CAS' tCAC 13 15 20 ns I 3,4,5 
I 

! Access lime from column address IAA I 25 30 35 ns 3,10 
I 

i 'CAS' 10 output in low-Z tClZ 0 0 0 ns 3 

! Output buffer turn-oil delay tOFF 0 13 0 15 0 20 ns 6 
,-

T !Transilion time (rise and fall) tT 3 50 3 50 3 50 ns 2 i 
iRAS precharge time tRP i 30 40 50 

10K I 

ns 

I 

I , 

i RAS pulse width tRAS 50 10K 60 10K 70 ns ,--
I RAS hold time tRSH 13 15 20 I ns 
I 

! l CAS hold time tCSH 50 60 70 ns 

fgS pulse widlh tCAS I 13 10K 15 10K 20 10K ns 

L RAS 10 CAS" delay time IRCD 20 37 20 45 20 50 ns 4 

l RAS 10 column address delay lime 
, 

IRAD 15 25 15 30 15 35 I 10 ns 
I 

I CAS 10 RAS precharge time ICAP 5 5 
, 

5 ns 
r-
! Row address set-up time tASR 0 0 0 I ns 

I Row address hold time tRAH 10 10 10 
I 

j ns 

I Column address set-up time tASC 0 0 0 ns 

! Column address hold time tCAH 10 10 15 ns 
f----

i Column address 10 RAS lead time I IRAl 25 30 I 35 ns , 
I i _13~~.9 __ ~ommand set-up time tRCS , 0 I 0 0 ns I 

! Read command hold time referenced to CAS tRCH I 0 I 0 I 0 ns i 8 

I_Read command hold time referenced to RAS tRRH ! 0 0 0 ns 8 

: Write command hold time tWCH 10 I 10 15 ns I ,._--

~ommand pulse width I tWP 10 I 10 i 15 ns 

i Write command to RAS lead time 
I 

tRWl 15 15 20 ns I 
, 

13 i 1 I Write command to CAS lead time I tCWl 15 20 I ns 

tllMfJihi• 
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KM48C8000A, KM48C8100A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time IDS 0 0 0 ns 9 

Dala hold time tDH 10 10 15 ns 9 

Refresh period(4K18K. Normal) tREF 64 64 64 ms 

Write command set-up time tWCS 0 0 0 ns 7 

"CAS" to W delay time tCWD 36 40 50 ns 7 

RAS" to W delay time tRWD 73 85 100 ns 7 

Column address to W delay time tAWD 48 55 65 ns 7 

CAS" precharge to W delay time tCPWD 53 60 70 ns 

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

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 15 ns 13 

RAS" to "CAS" precharge time tRPC 5 5 5 ns 

"CAS" precharge time(CBR counter test cycle) tCPT 20 20 30 ns 

Access time from CAS" precharge tCPA 30 35 40 ns 3 

Fast Page mode cycle time tPC 35 40 45 ns 

Fast Page mode read-modify-write cycle time tPRWC 76 85 100 ns 

CAS" precharge time (Fast page cycle) tCP 10 10 10 ns 

RAS" pulse width (Fast page cycle) tRASP 50 200K 60 200K 70 200K ns 

RAS" hold time from CAS" precharge tRHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 15 20 ns 

Output buffer tum off delay time from OE tOEZ 0 13 0 15 0 20 ns 6 

OE command hold time tOEH 13 15 20 ns 

Write command set-up time(Test mode in) tWTS 10 10 10 ns 11 

Write command hold time(Test mode in) tWTH 15 15 15 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 

.,&&1'0·· 
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KM48C8000A, KM48C8100A CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 ns 

Read-modify-write cycle time IRWC 138 160 190 ns 

Access time from "RAS tRAC 55 65 75 ns 3,4,10,12 
Access lime from CAS" ICAC 18 20 25 ns 3,4,5,12 
Access lime from column address tAA 30 35 40 ns 3,10,12 
RAS pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS pulse width tCAS 18 10K 20 10K 25 10K ns • RAS hold time IRSH 18 20 25 ns 

CAS" hold time ICSH 55 65 75 ns 

Column address to "RAS lead time IRAL 30 35 40 ns 

CAS" to W delay time tCWD 41 45 55 ns 7 
RAS" to W delay time tRWD 78 90 105 ns 7 
Column address to W delay time IAWD 53 60 70 ns 7 
Fast Page mode cycle lime IPC 40 45 50 ns 

Fast page mode read-modify-write cycle time tPRWC 81 90 105 ns' 

"RAS pulse width (Fasl page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS" precharge tCPA 35 40 45 ns 3 
OE access time tOEA 18 20 25 ns 

OE to data delay tOED 18 20 25 ns 

"DE command hold time tOEH 18 20 25 ns 

.,&+)I'U. 
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KM48C8000A, KM48C8100A CMOS DRAM 

NOTES 

1. An initial pause of 200~ is required after power-up followed by any 8 ROR or CSR 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 5ns for all inputs. 
3. Measured with a load equivalent to 2TTL loads and100pF 

4. Operation within the tRCO(max) limit insures that tRAC(max) can be met. tRCO(max) is specified as a 
reference point only. If tACO is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCO:<: tRCO(max). 
6. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and 

are not referenced to Voh or Vol. 
7. tWCS, tRWO, tCWD and tAWD are non restrictive operating parameters. They are included in the 

data sheet as electric characteristics only. If tWCS :<: tWCS (min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD:<: tCWD(min), 

tRWO:<:tAWD(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 tACH or tAAH must be satisfied for a read cycle. 
9. These parameters are referenced to the CAS" leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 
10. Operation within the tAAD(max) limit insures that tAAC(max) can be met. tAAD(max) is specified as a 

reference point only. If tRAD is greater than the specified tAAD(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, tAA, tCAC, tOEA, and tCPA 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. It can get less CAS -before-l=fI\S" current loss if tCHA:<:tAAS or CAS" 5,O.2V at CAS"-before-l=fI\S" refresh 

mode . 

• ,:!:i"jiiU> 
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KM48C8004A, KM48C8104A CMOS DRAM 

8M x 8 Bit CMOS Dynamic RAM with Extended Data Out 

DESCRIPTION 

This is a family of 8,388,608 x 8 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(-5, -6, or -7), package type(SOJ or TSOP-II) are optional features of this family. All of this 
family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. This 8Mx8 EDO 
mode DRAM family is fabricated using Samsung's advanced CMOS process to realize high band-width, 
low power consumption and high reliability. 

FEATURES • Extended Data Out Mode operation 

• Part Identification • CAS-before-RAS refresh capability 
- KM48C8004A(5V, 8K Ref.) • RAS only and Hidden refresh capability 
- KM48C8104A(5V, 4K Ref.) • Fast parallel test mode capability 

• Active Power Dissipation Unit:mW 

• TTL(5V) compatible inputs and outputs 
• Early Write or output enable controlled write 

Speed 8K 4K • JEDEC Standard pinout 
-5 550 825 • Available in Plastic SOJ and TSOP(II) packages 
-6 495 770 

-7 440 715 

• Refresh cycles 

Part Refresh Refresh time 

NO. cycle Normal 

KM48G8000A' 8K 
KM48G8100A 

64ms 
4K 

• Access mode & RAS" only refresh mode 
: 8K cycle/64ms 

CAS"-before-RA:S & Hidden refresh mode 
: 4K cycle/64ms 

• Performance range: 

Speed tRAG tGAG tRG tHPG 
-5 50ns 13ns 84ns 20ns 

-6 60ns 15ns 104ns 25ns 

-7 70ns 20ns 124ns 30ns 

RIIS 
CAS 
W 

AO -A12 

• +5V ± 10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

r--=----.. r: ~:: 
VBB Generator I:J 

(AO - A 11 r, L.!r:-:-~:---::--::-1 
AO-AS 
(AO - A10)*, NOTE)·1 : 4K Refresh 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice. 

.,&&1'01• 
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KM48C8004A, KM48C8104A CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C8004AK • KM48C8004AS 

Vee Vss Vee Vss 
000 007 000 007 
001 006 001 006 
002 005 002 005 
003 004 003 004 
N.C Vss N.C Vss 
Vee CAS" Vee CAS" 
W Of" W Of" 

"RAS" A12(N.C) "RAS" A12(N.C) 
AO A11 AO A11 
A1 A10 A1 A10 
A2 A9 A2 A9 
A3 A8 A3 A8 
A4 A7 A4 A7 
A5 A6 A5 A6 

Vee Vss Vee Vss 

(K: 400mil SOJ) (S: 400mil TSOP(II)) 

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

Pin Name Pin Function 

AO - A12 Address Irmuts(8K Product) 
AO - A11 Address Irmuts(4K Product) 
000-7 Data In/Out 
Vss Ground 
"RAS" Row Address Strobe 
"CAS" Column Address Strobe 
W Read/write Input 
Of" Data Outputs Enable 
Vcc Power(+5.0V) 
N.C No Connection 

.,:!:i¥jiiU> 
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KM48C8004A, KM48C8104A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -1 to +7.0 V 

Voltage on Vee supply relative to Vss Vee -1 to +7.0 V 

Storage Temperature Tstg -55 to +150 °C 

Power Dissipation PD 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 (Voltages referenced to Vss, TA= 0 to 70°C) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage VIH 2.4 

Input Low Voltage VIL -1.0'2 

*1 : Vee+2.0V at pulse width :5 20ns which is measured at Vcc 
*2 : -2.0V at pulse width :5 20ns which is measured at Vss 

Typ Max Unit 

5.0 5.5 V 

0 0 V 

- Vcc" V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0:5VIN:5VCC+0.5V, II(L) -5 5 !lA 
all other pins not under test=O volt.) 

I 
Output Leakage Current 10(L) -5 5 !lA I (Data out is disabled, OV:5VOUT:5VCC) 

I 
I Output High Voltage Level(loH=-5mA) VOH 
I 

2.4 - V 

I Output Low Voltage Level(loL=4.2mA) VOL - 0.4 V 

tl:1:i¥jiiU> 
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KM48C8004A, KM48C8104A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Symbol Power Speed 
KM48C8000A 

-5 100 
Icc1 Don't care -6 90 

-7 80 

Icc2 Normal Don't care 2 

-5 100 
Icc3 Don't care -6 90 

-7 80 

-5 110 
Icc4 Don't care -6 100 

-7 90 

Iccs Normal Don't care 1 

-5 150 
Icc6 Don't care -6 140 

-7 130 

Icc1' : Operating Current (RAS and CAS cycling @tRC=min.) 

ICC2 : Standby Current (RAS=CAS=VIH) 

Max 

ICC3' : RAS-only Refresh Current (CAS=VIH, AAS cycling @tRC=min.) 

KM44C8100A 

150 
140 
130 

2 

150 
140 
130 

120 
110 
100 

1 

150 
140 
130 

ICC4' : Extended Data Out Mode Current (RAS=VIL, CAS, Address cycling @tHPC=min.) 

Iccs : Standby Current (AAS=CAS=Vcc-O.2V) 

ICC6' : CAS-Sefore-RAS Refresh Current (AAS and CAS cycling @tRC=min.) 

Units 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

, NOTE: ICC1, lec3. ICC4 and Icc6 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. Icc3. 
and Icc6, address can be changed maximum once while AAS=VIL. In Icc4. address can be 
changed maximum once within one EDO mode cycle time tHPC. 

.,:!:i¥ji'U» 
ELECIlIONICS 

326 



KM48C8004A, KM48C8104A CMOS DRAM 

CAPACITANCE(TA=25°C, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A12} CIN1 - 5 pF 

Input capacitance [RAS", "CAS", W, OE] CIN2 - 7 pF 

Output Capacitance [000 - 007] Coa - 7 pF 

AC CHARACTERISTICS (0°CSfA:o;;;70°C, See note 2) 
Test condition: Vcc=5.0V±10%, VihNiI=2.4/0.8V, VohIVol =2.0/0.8V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes I 

I 

Random read or write cycle time tRC 84 104 124 ns 

Read-modify-write cycle time tRWC 116 138 165 ns 

Access time from RAS" tRAC 50 60 70 ns 3,4,10 

I Access time from CAS" tCAG 13 15 20 ns 3,4,5 

Access time from column address tAA 25 30 35 ns 3,10 

CAS" to output in low-l tGll 3 3 3 ns 3 

Output buffer tum-off delay from CAS" tGEl 3 13 3 13 3 15 ns 6,13 

OE to output in low-l tOll 3 3 3 ns 3 

Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2 

RAS" precharge time tRP 30 40 50 ns 

RAS" pulse width tRAS 50 10K 60 10K 70 10K ns 

RAS" hold time tRSH 13 15 20 ns 

CAS" hold time tGSH 38 45 50 ns 

CAS" pulse width tCAS 8 10K 10 10K 15 10K ns 14 

RAS" to CAS" delay time tRCD 20 37 20 45 20 50 ns 4 

RAS" to column address delay time tRAD 15 25 15 30 15 35 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 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tGAH 8 10 15 ns 

Column address to RAS" lead time tRAl 25 30 35 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 10 10 15 ns 

Write command pulse width tWP 10 10 15 ns 

Write command to RAS" lead time tRWl 13 15 20 ns 

Write command to CAS" lead time tGWl 8 10 15 ns 
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KM48C8004A, KM48C8104A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Daia hold time tDH 8 10 15 ns 9 

Refresh period(4k18K, Normal) tREF 64 64 64 ms 

Write command set-up time tWCS 0 0 0 ns 7 

CAS" to W delay time tCWD 30 32 39 ns 7 

RAS" to W delay time tRWD 67 77 89 ns 7 

Column address to W delay time tAWD 42 47 54 ns 7 

CAS" set-up time (CAS"-before-RAS" refresh) tCSR 5 5 5 ns 

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 15 ns 16 

RAS" to CAS" precharge time tRPC 5 5 5 ns 

CAS" precharge time(CBR counter test cycle tCPT 20 20 30 ns 

Access time from CAS" precharge tCPA 28 35 40 ns 3 

Hyper Page cycle time tHPC 20 25 30 ns 15 

Hyper Page read-modify-wrile cycle time tHPRWC 47 56 71 ns 15 

CAS" precharge time (Hyper page cycle) tCP 8 10 10 ns 

RAS" pulse width (Hyper page cycle) tRASP 50 200K 60 200K 70 200K ns 

RAS" hold time from CAS" precharge tRHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 13 15 ns 

CAS" precharge to W delay time tCPWD 45 54 64 ns 

Out put buffer turn off delay time from OE tOEZ 3 13 3 13 3 15 ns 6,13 

OE command hold time tOEH 13 15 20 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) IWRH 10 10 10 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay from RAS" tREZ 3 13 3 15 3 20 ns 6,13 

Output buffer turn off delay from W tWEZ 3 13 3 15 3 20 ns 6,13 

W to data delay tWED 15 15 20 ns 

OE 10 CAS" hold time lOCH 5 5 5 ns 

CAS" hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

Wpulth width(Hyper Page Cycle) tWPE 5 5 5 ns 
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KM48C8004A, KM48C8104A CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 89 109 129 ns 

Read-modify-write cycle time tRWC 121 145 175 ns 

Access time from RAS" tRAC 55 65 75 ns 3,4,10 

Access time from CAS tCAC 18 20 25 ns 3.4,5 

Access time from column address tAA 30 35 40 ns 3,10 

RAS" pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS pulse width tCAS 13 10K 15 10K 20 10K ns • RAg hold time tRSH 18 20 25 ns 

CAS" hold time tCSH 43 50 55 ns 

Column address to RAS" lead time tRAL 30 35 40 ns 

CAS" to W delay time tCWD 35 37 44 ns 7 

RAg to W delay time tRWD 72 82 94 ns 7 

Column address to W delay time tAWD 47 52 59 ns 7 

Hyper Page cycle time tHPC 25 30 35 ns 15 

Hyper page read-modify-write cycle time tHPRWC 53 61 76 ns 15 

RAg pulse width (Hyper page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS precharge tCPA 33 40 45 ns 3 

OE access time tOEA 18 20 25 ns 

OE to data delay tOED 18 20 25 ns 

OE command hold time tOEH 18 20 25 ns 
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KM48C8004A, KM48C8104A CMOS DRAM 

NOTES 

1. An initial pause of 200j.l.S is required after power-up followed by any 8 AOA or CSA 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 equivalent to 2 TTL loads and 100pF. 
4. Operation within the tACD(max) limit insures that tAAC(max) can be met. tACD(max) is specified as 

a re ference point only. If tACD is greater than the specified tACD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tACD~ tACD(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, tAWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 

data sheet as electric characteristics only. If tWCS~tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the, cycle. If tCWD~ tCWD(min), 
tRWD~tAWD(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 tAAH must be satisfied for a read cycle. 
9. These parameters are referenced to the CAS" leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 
10. Operation within the tAAD(max) limit insures that tAAC(max) can be met. tAAD(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, tAA, 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. tCEZ(max), tAEZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

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

15. tASC ~ tCPmin, Assume tT = 2.0 ns 
16. It can get less CAS"-before-RAS" current loss if tCHA~tAAS or CAS"~O.2V at CAS"-before-RAS" refresh 

mode . 

• ,:!:i¥ilh·· 
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KM416V4000A, KM416V4100A CMOS DRAM 

4M x 16Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of 4,194,304 x16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6 
or -7) and power consumption(Normal or Low power) are optional features of this family. All of this family 
have CAS" -before-1=fA"s" refresh, 1=fAS"-only refresh and Hidden refresh capabilities. Further- more, 
self-refresh operation is available in L- version. This 4Mx16 Fast Page Mode DRAM family is fabricated 
using Samsung's advanced CMOS process to realize high band-width, low power consumption and high 
reliability. 

FEATURES 
• Part Identification 

- KM416V4000A/A-L (3.3V, 8K Ref.) 
- KM416V4100A/A-L (3.3V, 4K Ref.) 

~ Active Power Consumption Unit:mW 

Speed 8K 4K 
-5 396 540 

-6 360 504 

-7 324 468 

• Refresh cycles 

Part Refresh Refresh time 

NO. cycle Normal L-ver 

KM416V4000A 8K 
128ms 

IKM416V4100A 
64ms 

4K 

* Access mode & RAg only refresh mode 
: 8K cycle/64ms 

CAS"-before-RAS & Hidden refresh mode 
: 4K cycle/64ms 

• Performance range: 

Speed tRAG tGAG tRC tPC 
-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

o Fast Page Mode operation 
o 2 CAS" BytelWord ReadlWrite operation 
o CAS"-before-1=fAS" refresh capability 
o 1=fAS"-only and Hidden refresh capability 
o Self-refresh capability(L-ver only) 
o L VTTL(3.3V) compatible inputs and outputs 
o Early Write or output enable controlled write 

• JEDEC Standard pinout 
• Available in Plastic TSOP(II) package 
• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

RAS" ...,-----, 

r-----~ .. r.: ~:: = 
~ 

W 

Note) '1 : 4K Refresh 

vee Generator t::J 

SAMSUNG ELECTRONIC CO. , L TO. reserves the right to 
change products and specifications without notice . 
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KM416V4000A, KM416V4100A 

PIN CONFIGURATION (Top Views) 

• KM416V40(1)OOAS 

vee 
DOO 
D01 
D02 
D03 
vee 

D04 
D05 
D06 
D07 
N.C 
vee 

W 
W\S' 
N.C 
N.C 
N.C 
N.C 
AO 
A1 
A2 
A3 
A4 
A5 

vee 

Vss 
D015 
D014 
D013 
D012 
Vss 
DQ11 
D010 
D09 
D08 
N.C 
Vss 
[CAS 
UCAS' 
'OE 
N.C 
N.C 'N t 
A12(N.C) oe 

A11 
A10 
A9 
A8 
A7 
A6 
Vss 

• Note: A12 --> 8K Product(KM416V4000A) 
N.C --> 4K Product(KM416V4100A) 

Pin NAmA Pin Function 
AO - A12 Address Inputs(8K Product) 
AO - A11 Address Inouts(4K Product) 
DOO -15 Data In/Out 
Vss Ground 
W\S' Row Address Strobe 
~ Upper Column Address Strobe 
[CAS Lower Column Address Strobe 
W ReadlWrite Input 
'OE Data Outputs Enable 
vee Power(+3.3V) 
N.C No Connection 

.,:f:1¥jih •• 
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KM416V4000A, KM416V4100A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 V 

Voltage on Vee supply relative to Vss Vcr::. -0.5 to +4.6 V 

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 (Voltages referenced to Vss, TA= 0 to 70 OC) 

Parameter Symbol Min 

Supply Voltage Vee 3.0 

Ground Vss 0 

Input High Voltage VIH 2.0 

Input Low Voltage Vil -0.3"2 

*1 : Vcc + 1.3V at pulse width~15ns which is measured at Vcc. 
*2: - 1.3V at pulse width~15ns which is measured at Vss. 

Typ Max Unit 

3.3 3.6 V 

0 0 V 

- VcC+0.3"1 V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0~VIN~VCC+O.3V, II(L) -5 5 IlA 
all other pins not under test=O volt.) 

Output Leakage Current 
10(L) - 5 5 IlA (Data out is disabled, OV~Vo~Vcc) 

Output High Voltage Level(loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level(loL=2mA) VOL - 0.4 V 

.,&&1'01' ELECIlIONICS 
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KM416V4000A, KM416V4100A CMOS DRAM 

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

Max 
Symbol Power Speed 

KM416V4000A KM416V4100A 

-5 110 
ICCI Don't care -6 100 

-7 90 

Icc2 
Normal Don't care 1 

L 1 

-5 110 
ICC3 Don't care -6 100 

-6 90 

-5 90 
Icc4 Don't care -6 80 

-7 70 

Icc5 Normal Don't care 500 
L 300 

-5 150 
Icc6 Don't care -6 140 

-7 130 

Icc? L Don't care 550 

Iccs L Don't care 450 

ICC1' : Operating Current (l1I\S" ,OCAS",[CAS" ,Address cycling @tRC=min.) 

Icc2 : Standby Current (l1I\S"=OCAS"=[CAS"=W=VIH) 

150 
140 
130 

1 
1 

150 
140 
130 

90 
80 
70 

500 
300 

150 
140 
130 

550 

450 

Icc3' : "RAS"-Only Refresh Current (OCAS"=[CAS"=VIH, RAS" ,Address cycling @tRC=min.) 

Icc4' : Fast Page Mode Current (RAS"=VIL, UCAS" or [CAS", Address cycling @tPC=min.) 

Iccs : Standby Current (RAS"=UCAS"=[CAS"=W=Vcc-O.2V) 

Icc6' : "CAS"-before-RAS" Refresh Current (RAS" , UCAS" or ["CAS" cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, UCAS",["CAs"= O.2V, 

Din = Don't care, TRC= 31.25J.1S, TRAS= TRAsmin-300 ns 

Iccs : Self Refresh Current 

RAS"=UCAS"=[CAS"=O.2V, W=OE"=AO - A11 = Vcc-O.2V or O.2V, 

DOO - 0015= Vcc-O.2V, O.2V or Open 

Units 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

)lA 
)lA 

mA 
mA 
mA 

)lA 

)lA 

• NOTE: ICC1, Icc3, ICC4 and Icc6 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, Icc3, 
and Icc6. address can be changed maximum once while RAS"=VIL. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC . 
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KM416V4000A, KM416V 41 OOA CMOS DRAM 

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

Parameter Symbol Min Max Unit 

Input capacitance [AO - A 12] C'N1 - 5 pF 

Input capacitance ~, CAS", W, OE] C'N2 - 7 pF 

Output Capacitance [000 - 0015] Coo - 7 pF 

AC CHARACTERISTICS (0°C:'>TA:'>70°C, See note 2) 
Test condition: Vcc=3.3V±0.3V, VihNiI=2.010.BV, VohNol =2.010.BV 

-5 - 6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes • !,r 

Random read or write cycle time tRC 90 110 130 ns 

Read-modify-write cycle time tRWC 133 153 180 ns 

Access time from RAS" tRAC 50 60 70 ns 3,4,10 

Access time from CAS" tCAC 13 15 20 ns 3,4,5 

Access time from column address tAA 25 30 35 ns 3,10 

CAS" to output in Low-Z tCLl 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 13 0 15 ns 6 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

RAS" precharge time tRP 30 40 50 ns 

"RAS" pulse width tRAS 50 10K 60 10K 70 10K ns 

"RAS" hold time tRSH 13 15 20 ns 

CAS" hold time tCSH 50 60 70 ns 

CAS" pulse width tCAS 13 10K 15 10K 20 10K ns 

"RAS" to CAS" delay time tRCO 20 37 20 45 20 50 ns 4 

RAS" to column address delay time tRAO 15 25 15 30 15 35 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 10 10 10 ns 

Column address set-up time IASC 0 0 0 ns 13 

Column address hold time tCAH 10 10 15 ns 13 

Column address to RAS" lead time tRAL 25 30 35 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 10 10 15 ns 

Write command pulse width tWP 10 10 15 ns 

Write command to RAS" lead time tRWL 15 15 20 ns 

Write command to CAS" lead time tCWL 13 15 20 ns 16 

t1"ti" , h$ 
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KM416V4000A, KM416V41 OOA CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9,19 

Data hold time tDH 10 10 15 ns 9,19 

Refresh period(4K, Normal) tREF 64 64 64 ms 

Refresh period(8K, Normal) tREF 64 64 64 ms 

Refresh period(L -ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7 

CAS" to W delay time tCWD 36 38 45 ns 7,15 

RAS" to W delay time tRWD 73 83 95 ns 7 

Column address to W delay time tAWD 48 53 60 ns 7 

CAS" precharge to W delay time tCPWD 53 60 70 ns 

CAS" set-up time (CAS"-before-RAS" refresh) tCSR 10 10 10 ns 17 

CAS" hold time (CAS"-before-RAS" refresh) tCHR 10 10 15 ns 18,21 

RAS" to CAS" precharge time tRPC 5 5 5 ns 

CAS" precharge time(CB"R counter test cycle) tCPT 20 20 30 ns 

Access time from CAS" precharge tCPA 30 35 40 ns 3 

Fast Page mode cycle time tPC 35 40 45 ns 

Fast Page mode read-modify-write cycle timE tPRWC 76 85 100 ns 

CAS" precharge time (Fast page cycle) tCP 10 10 10 ns 14 

RAS" pulse width (Fast page cycle) tRASP 50 200K 60 200K 70 200K ns 

RAS" hold time from CAS" precharge tRHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 13 15 ns 

Output buffer tum off delay time from OE tOEZ 0 13 0 13 0 15 ns 6 

OE command hold time tOEH 13 15 20 ns 

Write command set-up time(Test mode in) tWTS 10 10 10 ns 11 

Write command hold time(Test mode in) tWTH 15 15 15 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 

"RAS" pulse width(C-B-"R self refresh) tRASS 100 100 100 us 20 

"RAS" precharge time (C-B-"R self refresh) tRPS 90 110 130 ns 20 

CAS" hold time (C-B-"R self refresh) tCHS -50 -50 -50 ns 20 

.,"t'¥)iUi. 
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KM416V4000A, KM416V41 OOA CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

! -5 -6 -7 
Notes I Parameter Symbol Units 

! Min Max Min Max Min Max 

~ Random read or write cycle time tRC 95 115 135 ns 

Read-modify-write cycle time tRWC 138 160 190 ns 

Access time from RAS" tRAC 55 65 75 ns 3,4,10,12 
Access time from CAS" tCAC 18 20 25 ns 3,4,5,12 
Access time from column address tAA 30 35 40 ns 3,10,12 
RAS" pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS" pulse width tCAS 18 10K 20 10K 25 10K ns 

RAS" hold time tRSH 18 20 25 ns I 
CAS" hold time tCSH 55 65 75 ns 

Column address to RAS" lead time tRAL 30 35 40 ns 

CAS" to W delay time tCWD 41 43 50 ns 7 
RAS" to W delay time tRWD 78 88 100 ns 7 
Column address to W delay time tAWD 53 58 65 ns 7 
Fast Page mode cycle time tPC 40 45 50 ns 

Fast page mode read-modify-write cycle time tPRWC 81 90 105 ns 

RAS" pulse width (Fast page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS" precharge tCPA 35 40 45 ns 3 
OE access time tOEA 18 20 25 ns 

i OE to data delay tOED 18 18 20 ns 

OE command hold time tOEH 18 20 25 ns 

tl"t'¥Jih liP 
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KM416V4000A, KM416V4100A CMOS DRAM 

NOTES 

1. An initial pause of 200l1s is required after power-up followed by any B ROR or CBR 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 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL load and100pF 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 

a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 

controlled exclusively by tCAC. 

5. Assumes that tRCD~ tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and are 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 electric characteristics only. If tWCS~tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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 the CAS' leading edge in early write cycles and to the W 

leading edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 

a re ference 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. 

KM416V40(1)OOAlA-L Truth Table 

"RAS" CCAS UCAS" W OE' DOO-D07 DOB - D015 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 DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DO-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

tl&¥)ihi• 
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KM416V4000A, KM416V41 OOA CMOS DRAM 

12. In test mode read cycle, the value of tRAC, tAA, 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. tCP is specified from the last CAS' rising edge in the previous cycle to the first CAS' falling edge in the 

next cycle. 

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

16. tCWL is specified from W falling edge to the earlier CAS' rising edge. 

17. tCSR is referenced to earlier CAS' falling low before "RAS'transition low. 

18. tCHR is referenced to the later CAS' rising high after"RAS' transition low. 

\ / 

\ 
.-
tCSR tCHR 

19. tOS is specified by the earlier CAS' falling edge and tDH is specified by the later CAS' falling edge. 

OQO
OQ15 

w \~------------------------------------

20. For all of the refresh mode except the distributed CAS'-before-'RAS' refresh mode, 4096(8192) 

cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 

meet refresh specification. 

21. It can get less CA'S'-before-"RAS' current loss if tCHR~tRAS or CAS'~0.2V at CAS'-before-"RA'S' 

refresh mode. 
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KM416V4004A, KM416V4104A CMOS DRAM 

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

DESCRIPTION 

This is a family of 4,194,304 x16 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(-5, -6 or -7) and 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. 
Further- more, self-refresh operation is available in L- version. This 4Mx16 EDO Mode DRAM family is 
fabricated using Samsung's advanced CMOS process to realize high band-width, low power consumption 
and high reliability. 

FEATURES 
• Part Identification 

- KM416V4004A1A-L (3.3V, 8K Ref.) 
- KM416V4104A/A-L (3.3V, 4K Ref.) 

• Active Power Consumption Unit:mW 

Speed 8K 4K 

-5 396 504 

-6 360 432 

-7 324 396 

• Refresh cycles 

Part Refresh Refresh time 

NO. cycle Normal L-ver 

KM416V4004A" 8K 
128ms 

KM416V4104A 
64ms 

4K 

• Access mode & RAS" only refresh mode 
: 8K cycle/64ms 

CAS"-before-RAS" & Hidden refresh mode 
: 4K cycle/64ms 

• Performance range: 

Speed tRAG tGAG tRG tHPG 
-5 50ns 13ns 84ns 20ns 

-6 60ns 15ns 104ns 25ns 

-7 70ns 20ns 124ns 30ns 

• Extended Data Out Mode operation 
• 2 "CAS" BytelWord ReadlWrite operation 
• "CAS"-before-"RAS" refresh capability 
• "RAS"-only and Hidden refresh 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(II) package 
• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

...-____ . _ r: ~:: 
VBB Generator I:J 

Note) ., : 4K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice . 
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KM416V4004A, KM416V4104A 

PIN CONFIGURATION (Top Views) 

• KM416V40(1)04AS 

vee 
000 
001 
002 
003 
vee 

004 
005 
006 
DO? 
N.C 
vee 

w 
"RAS' 
N.C 
N.C 
N.C 
N.C 

AO 
A1 
A2 
A3 
A4 
A5 

vee 

Vss 
0015 
0014 
0013 
0012 
Vss 
0011 
0010 
009 
008 
N.C 
Vss 
[CAS' 
U'CAS' 
OE' 
N.C 
N.C -N 
A 12(N.C) ote 

A11 
A10 
A9 
A8 
A? 
A6 
Vss 

* Note: A12 --> 8K Product(KM416V4004A) 
N.C --> 4K Product(KM416V4104A) 

Pin Name Pin Function 
AO - A12 Address Inputs(8K Product) 

AO - A11 Address Inputs(4K Product) 

000 -15 Data In/Out 

Vss Ground 

"RAS' Row Address Strobe 

U'CAS' Upper Column Address Strobe 
[CAS' Lower Column Address Strobe 
W ReadlWrite Input 

OE' Data Outputs Enable 

vee Power(+3.3V) 

N.C No Connection 
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KM416V4004A, KM416V4104A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Rating Units 
Parameter Symbol 

3.3V 

Voltage on any pin relative to Vss VIN,VOUT -0.5 to +4.6 V 

Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 V 

Storage Temperature Tstg -55 to +150 DC 

Power Dissipation PD 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 (Voltages referenced to Vss, TA= 0 to 70 DC) 

Parameter Symbol Min 

Supply Voltage Vee 3.0 

Ground Vss 0 

Input High Voltage VIH 2.1 

Input Low Voltage VIL -0.3"2 

*1 : Vcc+l.3V at pulse width::; 15ns which is measured at Vcc 
*2 : -1.3V at pulse width::; 15ns which is measured at Vss 

Typ Max Unit 

3.3 3.6 V 

0 0 V 

- Vec+0.3 "1 V 

- 0.8 V 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input 0::;VIN::;VCC+0.3V, h(L) -5 5 itA 
all other pins not under test=O volt.) 

Output Leakage Current IO(L) -5 5 ~ (Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level(loH=-2mA) VOH 2.4 - V 

Output Low Voltage Level(loL=2mA) VOL - 0.4 V 

.,:!t'ijiiW' 
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KM416V4004A, KM416V 41 04A CMOS DRAM 

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

Max 
Symbol Power Speed 

KM416V4004A KM416V4104A 

-5 110 
ICCl Don't care -6 100 

-7 90 

Icc2 
Normal Don't care 1 

L 1 

-5 110 
Icc3 Don't care -6 100 

-6 90 

-5 110 
Icc4 Don't care -6 100 

-7 90 

Iccs Normal Don't care 500 
L 300 

-5 150 
Icc6 Don't care -6 140 

-7 130 

Icc? L Don't care 550 

Iccs L Don't care 450 

ICCl * : Operating Current (RAS' ,UCAS',[ 'CAS' ,Address cycling @tRC=min.) 

Icc2 : Standby Current (RAS'=UCAS'=['CAS'=W=VIH) 

150 
140 
130 

1 
1 

150 
140 
130 

120 
110 
100 

500 
300 

150 
140 
130 

550 

450 

Icc3* : "RAS'-Only Refresh Current (UCAS'=[cAS'=VIH, "RAS' ,Address cycling @tRC=min.) 

Icc4* : Fast Page Mode Current ("RAS'=VIL, UCAS' or ['CAS', Address cycling @tHPC=min.) 

Iccs : Standby Current ("RAS'=U'CAS'=[cAS'=W=Vcc-O.2V) 

Icc6* : CAS'-before-"RAS' Refresh Current (RAS' , UCAS' or ['CAS' cycling @tRC=min.) 

Icc? : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(VIH)=Vcc-O.2V, Input low voltage(VIL)=O.2V, UCAS',['CAS'= O.2V, 

Din = Don't care, TRC= 31.25I1S, TRAS= TRAsmin-300 ns 

Iccs : Self Refresh Current 

"RAS'=UCAS'=['CAS'=VIL, W=OE'=AO - A12 (11)= Vcc-O.2V or O.2V, 

000 - 0015= Vcc-O.2V, O.2V or Open 

Units 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

IlA 
!lA 

mA 
mA 
mA 

!lA 

IlA 

* NOTE: ICC1, Icc3, Icc4 and Icc6 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, Icc3, 
and Icc6. address can be changed maximum once while "RAS'=VIL. In Icc4, address can be 
changed maximum once within one EDO mode cycle time tHPC. 
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KM416V4004A, KM416V4104A CMOS DRAM 

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

Parameter Symbol Min Max Unit 

Input capacitance [AO - A121 CIN1 - 5 pF 

Input capacitance [RAS", CAS", W, O"E] CIN2 - 7 pF 

Output Capacitance [000 - 0015] Coa - 7 pF 

AC CHARACTERISTICS (0°C:O;TAS70°C, See note 2) 
Test condition: Vcc=3.3V±0.3V, VihNiI=2.010.8V, VohNoI=2.010.8V 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 84 104 124 ns 

Read-modify-write cycle time !RWC 116 140 170 ns 

Access time from RAg" tRAC 50 60 70 ns 3,4,10 

Access time from CAS" tCAC 13 15 20 ns 3,4,5 

Access time from column address tAA 25 30 35 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 15 3 20 ns 6 

OE to output in Low-Z tOLZ 3 3 3 ns 3 

Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2 

RAS" precharge time tRP 30 40 50 ns 

RAS" pulse width tRAS 50 10K 60 10K 70 10K ns 

RAS" hold time tRSH 13 15 20 ns 

CAS" hold time tCSH 38 45 50 ns 

CAS" pulse width tCAS 8 10K 10 10K 15 10K ns 15 

RAg" to CAS" delay time tRCD 20 37 20 45 20 50 ns 4 

RAg" to column address delay time tRAD 15 25 15 30 15 35 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 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 13 

Column address hold time tCAH 8 10 15 ns 13 

Column address to RAg" lead time tRAL 25 30 35 ns 

Read command set-up time tACS 0 0 0 ns 

Read command hold time referenced to CAS" tRCH 0 0 0 ns 8 

Read command hold time referenced to RAg" tRRH 0 0 0 ns 8 

Write command hold time tWCH 10 10 15 ns 

Write command pulse width tWP 10 10 15 ns 

Write command to RAg" lead time tRWL 13 15 20 ns 

Write command to CAS" lead time tCWL 8 10 15 ns 16 

.,"t':filla> 
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KM416V 4004A, KM416V4104A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time IDS 0 0 0 ns 9,19 

Data hold time tDH 8 10 15 ns 9,19 

IRefresh period(4K, Normal) tREF 64 64 64 ms 

Refresh period(8K, Normal) tREF 64 64 64 ms 

Refresh period(L-ver) tREF 128 128 128 ms 

Write command set-up time tWCS 0 0 0 ns 7 

CAS" to W delay time tCWD 30 34 44 ns 7,15 

lU\S to W delay time tRWD 67 79 94 ns 7 

Column address to W delay time tAWD 42 49 59 ns 7 • CAS set-up time (CAS"-before-lU\S refresh) tCSR 10 10 10 ns 17 

CAS hold time (CAS"-before-RAS refresh) tCHR 10 10 15 ns 18,22 

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time(CBR counter test cycle tCPT 20 20 30 ns 

Access time from CAS precharge tCPA 28 35 40 ns 3 

Hyper Page cycle time tHPC 20 25 30 ns 20 

Hyper Page read-modify-write cycle time tHPRWC 47 56 71 ns 20 

CAS" precharge time (Hyper page cycle) tCP 8 10 10 ns 14 

RAS pulse width (Hyper page cycle) tRASP 50 200K 60 200K 70 200K ns 

RAS hold time from CAS" precharge tRHCP 30 35 40 ns 

OE access time tOEA 13 15 20 ns 

OE to data delay tOED 13 15 20 ns 

CAS precharge to W delay time tCPWD 45 54 64 ns 

Out put buffer turn off delay time from OE tOEZ 3 13 3 15 3 20 ns 6 

OE command hold time tOEH 13 15 20 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 5 5 5 ns 

Output buffer turn off delay from lU\S tREZ 3 13 3 15 3 20 ns 6 

!Output buffer turn off delay from W tWEZ 3 13 3 15 3 20 ns 6 

Iw to data delay tWED 15 15 20 ns 

fOE 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 pulth width(Hyper Page Cycle) tWPE 5 5 5 ns 

RAS pulse width(C-B-R self refresh) tRASS 100 100 100 us 21 

RAS precharqe time (C-B-R self refresh) tRPS 90 110 130 ns 21 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 21 

.,W¥jj,a, 
ELECTRONICS 

345 



KM416V4004A, KM416V4104A CMOS DRAM 

TEST MODE CYCLE 
(Note 11) 

-5 -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 89 109 129 ns 

Read-modify-write cycle time tRWC 121 145 175 ns 

Access time from RAS" tRAC 55 65 75 ns 3,4,10 
Access time from CAS tCAC 18 20 25 ns 3.4,5 
Access time from column address tAA 30 35 40 ns 3,10 
RAS" pulse width tRAS 55 10K 65 10K 75 10K ns 

CAS" pulse width tCAS 13 10K 15 10K 20 10K ns 

roi:S" hold time tRSH 18 20 25 ns 

CAS" hold time tCSH 43 50 55 ns 

Column address to RAS" lead time tRAL 30 35 40 ns 

CAS" to W delay time tCWD 35 39 49 ns 7 
RAS" to W delay time tRWD 72 84 99 ns 7 
Column address to W delay time tAWD 47 54 64 ns 7 
Hyper Page cycle time tHPC 25 30 35 ns 

Hyper page read-modify-write cycle time tHPRWC 53 61 76 ns 

RAS" pulse width (Hyper page cycle) tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS" precharge tCPA 33 40 45 ns 3 
OE access time tOEA 18 20 25 ns 

OE to data delay tOED 18 20 25 ns 

OE command hold time tOEH 18 20 25 ns 

.,&&1%" 
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KM416V 4004A, KM416V41 04A CMOS DRAM 

NOTES 

1. An initial pause of 200l1s is required after power-up followed by any 8 "RAS-only 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 5ns for all inputs. 

3. Measured with a load equivalent to 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 tRCD~ tRCD(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 characteristics only. If tWCS~ tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD~ tCWD(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. This parameter is referenced to the CAS" leading edge in early write cycles and to the W leading 

edge in 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. 

KM416V40(1 )04A/A-L Truth Table 

"RAS [CAS UCAS" W OE DOO-D07 D08 - D015 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 DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DQ-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

.,&:fjihi. 
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KM416V4004A, KM416V4104A CMOS DRAM 

12. In test mode read cycle, the value of tRAC, tAA, 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. tCP is specified from the last CAS" rising edge in the previous cycle to the first CAS falling edge in the 

next cycle. 

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

16. tCWL is specified from W falling edge to the earlier CAS" rising edge. 

17. tCSR is referenced to earlier CAS" falling low before "RAS transition low. 

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

\ 'I 

\ ........ 
tCSR tCHR 

19. tDS is specified by the earlier CAS" falling edge and tDH is specified by the later CAS" falling edge. 

[CAS" 
UCAS" ~~D~H~--------------------------------------
~Din~ 000-

0015 

w \~-----------------------------------

20. tASC ~ 6 ns, Assume tT = 2.0 ns 

21. For all of the refresh mode except the distributed CAS-before-RAS" refresh mode, 4096(8192) cycles of 

burst refresh must be executed immediately before and after self refresh, in order to meet refresh 

specification. 

22. It can get less CAS"-before-"RAS current loss if tCHR~tRAS or CAS~O.2V at CAS-before-RAS" refresh 

mode. 

.,:!:I¥JiiW; 
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 

- __ V,H -
RAS V 

IL 

A V,H 
V,L -

---r~-- tRSH --+---toI 

1+------ tRAC ------t;;;;:+1-----------.l 
V,H -

Q 
V,L -------OPEN DATA-OUT 

~ Don't Care 

.,&+ll,n. 
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Fast Page Mode, x1 Device Timing Diagram 

WRITE CYCLE ( EARLY WRITE) 

V,H -
I1A:S V,L _ 

V,H -
W 

V,L -

D V,H 
V,L -

tlW+jihi• 
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM 

READ-WRITE I READ - MODIFY - WRITE CYCLE 

V,H -
RAS V,L _ 

V,H -
D V,L-

Q V,H-
V,L -

-.1<----- tRSH ----~ 

=>::Ir---H---, 1+------- tCAS ----+--1 

~--I---+--+--- tCSH ------+--1 

DATA-OUT 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

FAST PAGE MODE READ CYCLE 

RAS VV'H -
'L 

V'H -
A V'L-

V'H -w 

Q V'H-
V'L -

.,M:fWd'· 
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~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V,H -
RAS V,L -

V,H -
CAS V,L -

V,H -
A V,L -

W 
V,H 

V,L -

o V'H
V,L -

.,:!ti&jihi• 
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CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH -

RAS VIL 

VIH 
A 

VIL -

VIH -
W 

VIL -

D VIH-

VIL -

VIH -
Q 

tl:1t'ijiih' 
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~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

RAS-ONL Y REFRESH CYCLE 

NOTE: W, DIN = Don't care 
DouT = Open 

CMOS DRAM 

~------------------tRc------------------_1 

V,H -
A V,L 

C"AS"-BEFORE-R"AS REFRESH CYCLE 

NOTE: A = Don't Care 

V,H -
RAS V,L _ 

V,H -
CAS V,L _ 

V,H -
W V,L -

Q 
V,H -
V,L -

tl&+Jih'tP 
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~---------------tRC----------------~ 

r-------------------OPEN ------------------

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ) 

~-----tRC-----~r----

V,H -
RAS V 

IL 

CAS VV 'H -
IL 

------.I 
1+---- tRAS ----+\ 

~--- tRAC ---t;;~1r_-------_,i 
Q ------ OPEN DATA-OUT 

~ Don't Care 

tlW&i:Ui• 
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Fast Page Mode, x1 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DouT = OPEN 

~---------tRC----------~~----

___ VIH 

RAS VIL _ 

--------J 1+------ tRAS -------+I 

VIH -

CAS" VIL _ 

VIH -

A VIL _ 

VIH 

W VIL 

D VIH 

VIL 

.,:!t1¥jiUi. 
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II 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

VIH -

RAS" VIL 
tRAS ----------+1 

VIH -

CAS VIL _ 

~~=~ i+----tRSH --~~_Y~-
1+---- tCHR --~ ~--- tCAS ----+I 

VIH -

A VIL _ 

VIH -
W 

VIL -

VIH -
Q 

VIL 

WRITE CYCLE 

D VIH -

VIL 
---++--- OPEN ----HI 

READ_MODIO::::V-'.'DITO:::: 

VIH -
Q 

VIL -

VIH -

D VIL _ 

tlM¥jll}';; 
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Fast Page Mode, x1 Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE: D, A = Don't Care 

V,H -
CAS V,L _ 

CA"S"-BEFORE-RAS" SELF REFRESH CYCLE 

NOTE: Address = Don't Care 

CAS V,H -
V,L 

V,H -
W V,L -

Q 
VOH -
VOL -

.,&+1%'· 
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}---------- OPEN 

CMOS DRAM 

, 

II 

~ Don't Care 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

TIMING DIAGRAM 

READ CYCLE 

VIH -
R.A:S 

VIL 

A VIH -

VIL -

CMOS DRAM 

VIH - ~~~~~~~rl--T--r------1-~~~~~ W VIL - ill 

000 - 003(7) 
VOH - ------
VOL 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

WRITE CYCLE (EARLY WRITE) 
NOTE: DouT = OPEN 

VIH -

A VIL _ 

oE VIH -

VIL -

.,,,,AWh'> 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

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

VIH -

A VIL _ 

tl:!ti¥jihi> 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

READ - MODIFY - WRITE CYCLE 

VIH -

I1AS VIL _ 

VIH -

CAS VIL 

VIH -

A VIL _ 

VIH -

W VIL _ 

VIH -

Of VIL _ 

000 - 003(7) 

VI/OH - ---------~)(I 
VI/OL -

tlW&iihi• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

FAST PAGE READ CYCLE 

NOTE: DOUT = Open 

___ VIH -

RAS VIL _ 

VIH -
CAS" 

VIL -

VIH -
A 

VIL 

w VIH -

DQO - DQ3(7) 
VIH 

VIL -

tl:!:1¥JiiW' 
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~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

FAST PAGE WRITE CYCLE (EARLY WRITE) 
NOTE: Dour = Open 

VIH -
RAS 

VIL -

VIH -
CAS 

VIL -

VIH -
A 

VIL -

W 
VIH -

VIL -

DOO - D03(7) 

VIH - .~~~~~~ 
VIL - """===="' 

tl"t'¥jiih' 
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CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM 

FAST PAGE READ-MODIFY-WRITE CYCLE 

____ VIH 

RAS VIL _ 

/+-----tcsH-------+i 

VIH 

W VIL _ 

VIH -

DE VIL _ 

DOO - D03(7) 

VI/OH --------t--(l;m 
VI/Ol -

.,&&1ihl;; 
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~--- tRsH----+I 

~+.:------ tRAL----t-+l 

DATA-IN 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

RAS"-ONL Y REFRESH CYCLE 

NOTE: W, Of, DIN = Don't care 
DOUT= Open 

CMOS DRAM 

~------------------tRC----------------------~ 

VIH -

A VIL-

CA'S-BEFORE-RAS" REFRESH CYCLE 

NOTE: of, A = Don't Care 

VIH -

RAS VIL _ 

CAS VVIH -
IL 

DOO - 003(7) ------.L 

1+----------------- tRC ----------------~ 

VOH - 1>--_________ OPEN-----------
VOL - ___ --J 

~ Don't Care 

.!:!t'i)Ih liP 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( READ) 

VIH -

RAS VIL _ 

VIH -

CAS VIL _ 

VIH -

A VIL _ 

VIH -
W 

VIL -

VIH -
oE 

VIL -

1+------ tRC ------+\<_---
1+----- tRAS ----+I 

CMOS DRAM 

DOO - D03(7) 1+---- tRAC -'---J;;;;;:~-..-::===-~====l 
VOH - ______ OPEN -----~i!0%::0(1 
VOL -

~ Don't Care 

tl:!{¥jlhi• 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DOUT = OPEN 

\+------ tRC ------'i+---
VIH _ ---~ 1+----tRAS ----+I 

RAS Vil _ 

VIH -
A Vil _ 

.,"t'¥ji,a> 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 

376 



Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM 
CAS"-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

1+--------- tRAS ----------+111 

ir-----.i 1+---- tRSH ---;'~-r---

READ CYCLE 

VIH -
W 

VIL -
VIH -

OE 
VIL -

000 - 003(7) 
VOH -

VOL -

WRITE CYCLE 

000- 003(7) 
VIH -

VIL -

---++-- OPEN -----+-<1 

READ-MODIFY-WRITE 

VIH -

W VIL 

000 - 003(7) 

VI/OH - --------------~:;;MI 
VI/OL -

tl:!t1¥jj'}i' 
ELECTRONICS 

VALID DATA - OUT 

VALID VALID Don't Care 
DATA-OUT DATA-IN 
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Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM 

TEST MODE IN CYCLE 

NOTE: CE, A = Don't Care 

~---------------t~--------------~ 
~ ____ ~ ~---------tMS----------~ rr==~==~ 

VIH -
CAS" Vll _ 

VIH -
W Vll _ 

000 - 003(7) -------,l 
VOH -

Val -
I}------------------- OPEN --------------------

C'AS"-BEFORE-RAS" SELF REFRESH CYCLE 

NOTE: W= VIH (1 Mx4, 4Mx4, 16Mx4, 2Mx8, 8Mx8) 
Don't Care (512Kx8) 

Q"E, A = Don't Care 

CAS VVIH -
Il 

000-

~ Don't Care 

Val -
}----------------- OPEN ------------------

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

TIMING DIAGRAM 
WORD READ CYCLE 

NOTE: DIN = OPEN 

___ VIH -

RAS Vil _ 

VIH -

DCAS Vil _ 

A 

W 

OE 

VIH -

Vil -

VIH -
Vil -

VIH -
Vil -

DOO - DO? 
VOH - ____ --+_ 
VOL -

DOB - 0015 
VOH - _____ _ 

VOL -

.,&+)101• 
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~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE: DIN = OPEN 

___ VIH -

RAS VIL _ 

A 

W 

OE 

VIH -

VIL -

VIH -
VIL -

VIH -
VIL -

000 - DO? 
VOH -

VOL -

008 - 0015 

CMOS DRAM 

VOH ---------------------------OPEN-----------------------
VOL -

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE: DIN = OPEN 

___ VIH -

RAS VIL _ 

DC-AS VVIH -
IL 

A 

VIH -
W 

VIL -

VIH -
of 

VIL -

000 - DO? 

CMOS DRAM 

VOH -

VOL -
----------~---OPEN--_+--------4_------+_--~---------

1+--- tRAC -----j;;;;:+~------~~~~ DOB - 0015 
VOH -

VOL -
------ OPEN---------1~~1 

~ Don't Care 

tl&&jiih. 
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Fast Page Mode, x16 (2C'AS) Device Timing Diagram 

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

RA"S VVIH -
IL 

VIH -

OCAS VIL _ 

A 
VIH -

VIL -

VIH -w 
VIL -

DQO- DQ? 
VIH -

VIL -

DQ8 - DQ15 
VIH -

VIL -

.,&:(1'IW. 
ELECTRONICS 

CMOS DRAM 

~ Don'I Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

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

VIH -

DCAS VIL _ 

VIH -

A VIL _ 

VIH -w 

DOO - D07 
VIH -

VIL -

D08 - D015 
VIH -

VIL -

41&:(WO'· 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

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

__ VIH -

RA"S VIL 

VIH -

ITCAS VIL _ 

VIH -

A VIL-

VIH -oE 
VIL -

DOO - DO? 
VIH -

VIL -

D08 - D015 
VIH -

VIL -

.,"t'¥)ihilP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

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

V,H 
liAS V,L -

V,H -
DCAS V,L -

V,H -
[CAS 

V,L -

V,H -
A V,L -

V,H -w 
V,L -

DE V,H -
V,L 

DOC - 007 
V,H -

008-0015 

V,L -

.,M:filla• 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

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

VIH -

liAS VIL _ 

VIH -

DCAS VIL _ 

VIH -

A VIL _ 

VIH -w 
VIL -

DE VIH -

VIL -

DOO - DO? 
V1H -

VIL -

D08 - D015 
V1H -

VIL -

.,:!:1¥jiiU* 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

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

VIH -

RAS VIL _ 

VIH -

DCAS VIL _ 

LCAS VVIH -
IL 

VIH -

A VIL 

VIH -w 
VIL -

VIH -

OE VIL _ 

Dao - Da7 
VIH -

VIL -

Da8 - Da15 
VIH -

VIL -

tl&+Ji'W; 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, x16 (2'CAS) Device Timing Diagram CMOS DRAM 

WORD READ - MODIFY - WRITE CYCLE 

~--------------------tRWC----------------------~ 

VIH -

[CAS Vil _ 

VIH -

A Vll-

VIH -
W 

Vil -
VIH -

OE 
Vil -

DOO - D07 

~---------------tMS----------------~ 

VIIOH - ___ +-__ +-_+-_~~I 
VllOl -

DOB - D015 

VIIOH - -----------(P,~I 
VllOl -

.,:1{&jid'· 
ELECTRONICS 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

V,H -
RAS V,L _ 

V,H -
[CAS V,L _ 

V,H -
A V,L _ 

V,H -
W V,L -

V,H -
OE V,L -

000 - 007 

tRce'--IOi+------tRSH-----~ 

tCSH 

CMOS DRAM 

VOH - ___ +-_-+ __ 1-__ +--+_ OPEN---IH-----------
VOL -

008 - 0015 
VIIOH -__________ ~I 

VIIOL -

~ Don't Care 

.,:1t1¥jihi• 
ELECTRONICS 
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Fast Page Mode, x16 (2'CAS) Device Timing Diagram 

FAST PAGE MODE WORD READ CYCLE 

VIH -

A Vll-

VIH-~. W Vil _ ~ 

000 - 007 
VIIOH - __ -+-___ --+~~ 
Vl/Ol -

008 -0015 
VI/OH -
VIlOl _ -------t--<!;:!:XI 

.,"{",id" 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

FAST PAGE MODE LOWER BYTE READ CYCLE 

V,H -
11A:S" V 

Il 

DCAS" VV 'H -
Il 

V,H -
A V,l _ Y/h""A[lDR",SSI~V/AI 

1'-,--.----" 

DOG-DO? 

VItOH - -------t--<~I 
VItOl -

DOS - 0015 
VOH 

----------------------- OPEN 
VOL -

.,"t'¥)ih';; 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2C'AS) Device Timing Diagram 

FAST PAGE MODE UPPER BYTE READ CYCLE 

VIH -

A Vll-

VIH -w 

000 - 007 
VOH -

VOL -

008 -0015 

----~------~--~~-

VIIOH - _______ ~~I 

VltOl -

.,&&1'01' ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

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

VIH -
RAS 

VIL -

VIH -
DCAS 

VIL -

VIH -
[CAS 

VIL -

VIH -A 
VIL -

W 
VIH -
VIL -

008 - 0015 

V'H-R~ 
VIL -

I'--_--JI 

tl:!ti¥jiU'· 
ELECl'RONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE: DouT = Open 

RAS VV 'H -
IL 

DC-AS VV 'H -
IL 

V,H -
[CAS V,L _ 

A 
V,H -
V,L -

DQO - DQ7 
V,H - """"""""''''''''''=7777:?1 .IL'-'---'-.....;L 

V,L - ~~~~~~ 

.,%,&WOI. 
ELECTRONICS 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE: DouT = Open 

__ VIH -

RAS Vil _ 

VIH -

TICAS Vil _ 

VIH -

[CAS Vil 

A 

oE 

VIH -

Vil -

tl&¥jli}'iP 
ELECTRONICS 

~ Don't Care 
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Fast Page Mode, x16 {2C~ Device Timing Diagram 

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

l1AS 

[CAS 

A 

W 

VIH -

VIL -

VIH 

VIL 

VIH -
VIL -

VIH -
VIL -

VIH -

DE VIL _ 

000 - 007 

VIIOH - __ +-_-+_+-~<I 
VI/OL -

DOB - 0015 

VI/OH - ------+-¥~<I 
VI/OL -

.,&+1;'W' 
ELECfRONICS 

DATA-IN 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

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

~----------tRASP-------------.I 

VIH -

DC-AS Vil _ 

VIH -
A 

Vil -

VIH -
W 

Vil -

VIH -oE 
Vil -

000 - DO? 
VI/OH - ------+~I.X 
VItOl -

008 - 0015 
VOH - _____________ OPEN 

VOL -

tl:1ti¥Jihi' 
ELEcrRONICS 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

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

VIH -

liAS VIL _ 

VIH -

UCAS Vil _ 

VIH 

LCAS VIL _ 

A 

W 

VIH 

VIL 

VIH 

VIH -

VIL -

DOO - DO? 

VOH -----r---~~----~----~~ 
VOL -

DOS - 0015 

.'''1%1'01• 
ELECTRONICS 

DATA-OUT DATA-IN 

~ Don't Care 

401 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

R~-ONLY REFRESH CYCLE 

NOTE: W, oE, DIN = Don't care 
DouT = Open 

VIH -
RAS VIL _ 

VIH -
UCAS VIL _ 

VIH -
[CAS" VIL 

A 
VIH -

VIL -

C~-BEFORE-~ REFRESH CYCLE 

NOTE: W, OE, A = Don't Care 

CMOS DRAM 

1+---------tRC---------~ 

VIH -
RAS" VIL _ 

VIH -
DCAS" 

VIL -

VIH -
[CAS" 

VIL -

000 - DQ7 

1+------ tRAs------+j 
~~~~ ~------, 

1'1---tCHR--~ 

'_-- tCHR--_ 

VOH - ----.,L 
VOL _ 1>----------OPEN------------

DOS - 0015 
VOH - I}----------OPEN------------VOL - ____ T 

~ Don't Care 

.,:!ti¥)i,a. 
ELECTRONICS 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

CAS"-BEFORE-RAS" SELF REFRESH CYCLE 

NOTE: W, oE, A = Don't Care 

DCAS VVIH -
IL 

000 - DO? 
VOH -

VOL -

008 - 0015 

Ir-----------------OPEN 

VOH - Ir----------------- OPEN 
VOL - ______ --JC 

.,"t'¥jlh'· 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 

403 



Fast Page Mode, x16 (2CAS) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( READ) 

VIH 
I1AS 

Vil -

VIH -
DCAS 

Vil 

VIH -
lCAS 

Vil -

VIH -
A 

Vil -

VIH -
W 

VIL -

VIH 

Of 
Vil -

000 - DO? 
VOH 

VOL -

DOS - 0015 
VOH 

Val -

.,&&11'W. 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2'CAS) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DouT = OPEN 

V,H -
UCAS V,L 

V,H -
A V,L 

V,H -
W V,L -

V,H -
OE V,L _ 

000 - DO? 
V,H -
V,L -

008 - 0015 
V,H -
V,L -

tlt!t'¥JiiU' 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

CAS"-BEFORE-RAS" REFRESH COUNTER TEST CYCLE 

V,H -
RAS V,L _ 

tRAS ----------+11 

ir---'"\I ~---- tRSH --~:::!j.__"r__---
1+---- teHR ---.J 1\1+---- teAS ---+I 

A 

000 - 0015 
VOH -

VOL -

V,H -
OE V,L _ 

000 - 0015 
V,H -
V,L -

1+---- tCHR ---.J 

READ-MODlo;;v _"A'DITo;;l 

V,H -
W V,L _ 

V,H -
OE V,L _ 

000 - 0015 

VI/OH - ---------------""'"iIi0<1 
VI/OL -

.,&&)1'0:. 
ELECTRONICS 

VALID VALID ~ Don" Care 
DATA-OUT DATA-IN ~ 

406 







Fast Page Mode, x16 (2WE) Device Timing Diagram 

TIMING DIAGRAM 
READ CYCLE 

NOTE: DIN'" OPEN 

RAS VVIH -
IL 

CAS VVIH -
IL 

A 

ow 

[W 

OE 

VIH -

VIL -

VIH -
VIL -

VIH -
VIL -

DOO - DO? 
VOH - ------1-
VOL -

D08 - D015 
VOH - ______ OI'EN--------1W~1 
VOL -

.,:1:'¥jiiU; 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

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

VIH -

RAS VIL _ 

VIH -

CAS VIL _ 

A 

IJW 

[W 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

of V 
IL 

000- DO? 
VIH -

VIL -

008 - 0015 
VIH -

VIL -

tl"t'¥JiUitP 
ELEmONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

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

VIH -

RAS VIL _ 

___ VIH 

CAS VIL _ 

VIH -

A VIL _ 

VIH -
DW 

VIL -

[W 

DOO - DQ? 

DaB - D015 
VIH -

VIL -

tl:!t'ijihi$ 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

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

VIH -

CAS VIL _ 

VIH -

A VIL-

DW 

[W 

OE 

VIH -

VIL -

VIH -

VIL -

DQO - DQ7 
VIH -

VIL -

DQ8- DQ15 
VIH -

VIL -

.,"1'+11h·· 
ELECl'RONICS 

CMOS DRAM 

~ Don'\ Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

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

V,H -
CAS V,L 

V,H -
A V,L _ 

DW 
V,L 

V,H -[W 
V,L -

__ ViH -
OE V,L 

000 - ~O? 
V,H -
V,L -

008 - 0015 
V,H -

V,L -

tlW¥jiih$ 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

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

VIH -
RAS . 

VIL -

___ VIH -

CAS VIL _ 

VIH 
OW 

VIL -

VIH -
[W 

VIL -

Of VIH -

VIL -

000 - 007 
VIH -

VIL -

008-D015 
VIH 

VIL -

.,&+1lhl• 
ELECTRONICS 

CMOS DRAM 

~ Don" Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

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

VIH -

RAS" VIL _ 

VIH -

A VIL-

VIH -
DW 

VIL -

VIH -
[W 

VIL -

VIH -

DE VIL _ 

000 - 007 
VIH -

VIL -

008 - 0015 
VIH -

VIL -

t,:I:I¥jiiU> 
ELECIlIONICS 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

WORD READ - MODIFY - WRITE CYCLE 

V,H -
I1AS V,l 

tRC[l-+!+-------tRsH-----+I 

CMOS DRAM 

V,H -
CAS V,l _ 

~-------k~----+-~ 

V,H -
A V,l -

V,H -
OW V,l -

V,H -
[W V,l -

V,H -oE V,l -

000 - 007 

V,IOH - ----+---+--+--{!0K 
V,IOl -

008 - 0015 

V,IOH - ----------WA<.I 
V,IOl -

~ Don't Care 

.,:!ti&)iiW' 
ELECTRONICS 
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Fast Page Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

1+-----------tRWC-----------~ 

VIH -

RA"S VIL _ 

VIH -
A 

VIL -

VIH -OW 
VIL 

VIH -[W 
VIL -

VIH -
Of" 

VIL -

000 - DO? 

VIIOH - ---+---+--\---{I:0{1 
VIIOL -

008 - 0015 
VOH -

VOL ----------~I 

.,,,,,¥Wih> 
ELECIlIONICS 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

VIH -
RAS 

VIL -

VIH -
CAS 

VIL -

VIH -
A 

VIL 

OW VIH -
VIL -

[W VIH -
VIL -

VIH -
of 

VIL -

DOC - DO? 

VOH - ----t----t--t-t-o(I'A{ 
VOL -

008 - DQ15 
VIIOH 

.,:!t'i)iiW' 
ELECl'RONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16.(2WE) Device Timing Diagram 

FAST PAGE MODE READ CYCLE 

VIH -

R"AS Vil _ 

VIH -
CAS Vil -

VIH -
A 

Vil -

VIH -DW 
Vil -

VIH -[W 
Vil -

DOO - D07 

VI/OH - ---t----~~r0(1 
VI/Ol -

DOS -D015 
VI/OH -

VltOl -

.,:!ti:(j%" 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
NOTE: DouT = Open 

V,H -
RAS V,L _ 

__ V,H -
CAS V,L _ 

V,H -
A V,L -

OW 
V,H 
V,L -

[W 
V,L 

OE 

DOO - DO? 
V,H _ 7T?r.rn.,.,.,.,,,,,,,,,,,,",,,,,,,, 

V,L - <:<Z~~~~r£UI ~';';":';'':';':'';''..7[ 

DOS - 0015 
V,H - ~~m~m~ Ir-'-'--'-'---'\I 

V IL - ili:<:lli:ill:~:lZ<':illiI 

.,&¥jihi. 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

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

V,H 
RAS V,L 

CAS 
V,H 
V,L 

V,H 
A V,L 

OW 
V,H 
V,L 

V,H 
[W 

V,L 

of 
V,H 

V,L 

000 - DO? 
V,H 
V,L 

-

-

-

-

-

-
-

008 - 0015 
V,H 
V,L -

.,,,,,:fWd'· 
ELECTRONICS 

~ Don't Care 

421 
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Fast Page Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE: DOUT = Open 

___ VIH -

RAS VIL _ 

VIH -
A 

VIL -

VIH -
DW 

VIL -

VIH -
LW 

VIL -

OE 
VIH -
VIL -

.,&:(1'01» 
ElECTRONICS 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

RAS 

CAS 
V,H 

V,L 

I V,H -
A V,L -

DW 
V,H 

V,L 

DOO - D07 

VIIOH - --+---+-+-<I'A( 
VIIOL -

D08 - D015 

VIIOH - ------t-@I{I 
VIIOL -

DATA-OUT DATA-IN 

~ Don't Care 

t,:!ti"jiiW. 
ELECTRONICS 
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Fast Page Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

FAST PAGE MODE UPPER-8YTE-READ-MODIFY-WRITE CYCLE 

14--------,----tRASP ----------~ 

__ VIH 

RAS VIL _ 

VIH -
A 

VIL -

VIH -
OW 

VIL -

VIH -[W 
VIL -

VIH -
OE 

VIL -

DOG - DO? 

VaH -

VOL -

008 - 0015 
VllaH -

VllaL -

.,&&jiIW. 
ELECTRONICS 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

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

VIH -

RAS VIL _ 

VIH -

CAS VIL _ 

VIH -

A VIL 

VIH -
DW 

VIL -

VIH 
[W 

VIL -

VIH -

o~ VIL _ 

DOO - DO? 
VIIOH -

VIIOL _--t---t--+~0{1 

D08 - D015 
VOH -

VOL -

.,"t'¥)ihi• 
ELECTRONICS 

1+----- tASH ----+I 

i+---tCAS---+i 

1++-+.:---- tRAL ----+-++1 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

RAS-ONL Y REFRESH CYCLE 

NOTE: W. OE, DIN = Don't care 
DouT = Open 

VIH -

liAS VIL _ 

VIH -

CAS VIL _ 

A 
VIH -

VIL -

CAS"-BEFORE-RAS" REFRESH CYCLE 

NOTE: W. oE, A = Don't Care 

CMOS DRAM 

~--------tRC---------

\+------ tRAs--------+i 

VIH -

liAS VIL 

~----~I Ir-------~ 

___ VIH 

CAS VIL _ 

001 - 0015 
VOH 

\+--- tCHR-----+I 

VOL -
}------------------ OPEN ----------------------

-----~ 

CAS"-BEFORE-RAS SELF REFRESH CYCLE 

NOTE: W. OE, A = Don't Care 

liAS VVIH -

IL 

VIH -

CAS VIL _ 

000 - 0015 
VOH -

VOL -

tl:!ti¥jiih> 
ELECTRONICS 

I~------------------ OPEN 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( READ) 

VIH -
RA"S 

VIL -

VIH -
CAS 

VIL -

VIH -
A 

VIL -

VIH -
OW 

VIL -

VIH -
[W 

VIL -

VIH -
OE 

VIL -

DOO - DO? 
VOH -

VOL - ------+-

D08 - D015 
VOH -

VOL - ------

tl:!t1¥)iiW; 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DouT = OPEN 

~---------tRC----------~~----

VIH -

RAS VIL _ 

___ ~ 1+---- tRAS ----~ 

VIH -

CAS VIL _ 

VIH -
A 

VIL 

DW VIH -
VIL -

Lw VIH -

VIL -

OE 
VIH 

VIL 

DOO - DO? 
VIH 

VIL -

D08 - D015 
VIH 

VIL -

tl&¥jiihtP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

VIH -

liAS VIL 
tRAS ----------+lA 

ir-----,j ~---tRSH -----:;:::!j~~---
14--- tCHR --~ tCAS-----+i 

A 
VIH -

VIL -

VIH -

[W,DW VIL _ 

Of VIH -

VIL -

000 - 0015 
VOH -

VOL -

VIH -

[W,DW VIL 

000 - 0015 
VIH -

VIL -

------ OPEN----+{I 

READ-MODIFY-WRITE 

VIH -

[W,OW VIL _ 

000 - 0015 
VI/OH - _______________ ~@(I 

VI/OL -

.,:!t1¥)ihi• . 
ELECTRONICS 

VALID 
DATA·OUT 

~ Don't Care 
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Fast Page Mode, Quad CAS" Device Timing Diagram 

TIMING DIAGRAM 

READ CYCLE 
NOTE: DIN = OPEN 

___ VIH 

RAS VIL 

_____ VIH 

CAS1 VIL 

CAS2 VVIH 
IL 

A 
VIH 

VIL 

VIH 
W 

VIL 

-

-

DOO - D03 

VIH -

VIL -

.'M¥llih> 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, Quad CAS' Device Timing Diagram 

TIMING DIAGRAM 

WRITE CYCLE ( EARLY WRITE) 

___ V,H -
RAS V,L 

__ V,H -
CASO V,L 

____ V,H -
CAS1 V,L _ 

____ V,H 
CAS2 V,L _ 

____ V,H 
CAS3 V,L _ 

A 

W 
V,H 
V,L -

V,H -
OE V,L -

DOO - D03 

V,H -
V,L -

.,&&1lhl> 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, Quad 'CAS" Device Timing Diagram CMOS DRAM 

TIMING DIAGRAM 

WRITE CYCLE (OE CONTROLLED WRITE) 

A 
V,H -
V,L -

V,H -
W 

V,L -

V,H -
OE 

V,L 

DOO - D03 
V,H -
V,L -

~ Don't Care 

.,&&1%'· 
ELECTRONICS 
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Fast Page Mode, Quad CAS Device Timing Diagram 

TIMING DIAGRAM 

READ - MODIFY - WRITE CYCLE 

RAS 
V,H -
V,L -

V,H -
CASa 

V,L 

V,H -
CAST V,L 

V,H -
CAS2 V,L -

CAS3 
V,H 
V,L 

A 

V,H -
W V,L -

V,H -
of V,L -

DOO - D03 

V,H -
V,L -

tl"t'¥)iiW. 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 

436 



Fast Page Mode, Quad CAS Device Timing Diagram CMOS DRAM 

FAST PAGE MODE READ CYCLE 

V,H -
RAS V,L -

V,H -
CAsa V,L -

V,H -
CAS1 V,L -

V,H -
CAS2 V,L - II 

V,H -
CAS3 V,L -

V,H -
A V,L -

W 
V,H -
V,L -

V,H -oE 
V,L -

V,H 
DOO V,L -

V,H -
D01 V,L 

V,H -
D02 V,L -

V,H -
D03 V,L -

~ Don't Care 

.,"t'¥jihi. 
ELECTRONICS 
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Fast Page Mode, Quad CAS Device Timing Diagram 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH -

CASa Vil _ 

VIH -

CAsT Vil _ 

VIH -

CAS2 Vil _ 

A 

W 

O"E 

DQO 

DQ1 

DQ2 

DQ3 

VIH -

Vil -

VIH -
Vil -

VIH -

Vil 

VIH -
Vil -

VIH -
Vil -

VIH -
Vil -

VIH -
Vil -

tl:J:1&jiiW. 
ELECTRONICS 

CMOS DRAM 

Don't Care 
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Fast Page Mode, Quad CAS Device Timing Diagram 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

V,H -RAS V,L 

V,H -
CASO V,L -

V,H 
CAsT V,L -

CAS2 
V,H 
V,L 

V,H -
CAS3 V,L -

V,H 
A V,L -

V,H -
W V,L -

OE V,H -
V,L -

DOO - D03 
V,H 
V,L -

.,&¥ji'W; 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, Quad 'CAS' Device Timing Diagram 

RAS-ONL Y REFRESH CYCLE 

NOTE: W, OE, DIN = Don't care 
DouT = Open 

CMOS DRAM 

~---------tRC ----------~ 

CAS)( VVIH -
IL -

A 
VIH -
VIL -

CAS-BEFORE-RAS REFRESH CYCLE 

NOTE: OE, A = Don't Care 

DOO - D03 

VIH -
VIL -

tl:1t'ij j'h> 
ELECTRONICS 

~--------tRC---------~ 

I}------------------ OPEN ------------------

~ Don't Care -
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Fast Page Mode, Quad CAS Device Timing Diagram 

HIDDEN REFRESH CYCLE ( READ) 

VIH -
liAS 

VIL 

VIH -
CASX 

VIL -

VIH -
A 

VIL -

VIH -
W 

VIL -

VIH -
OE 

VIL -

OOX VIH -

VIL 

.,"t'¥)i'U> 
ELECTRONICS 

CMOS DRAM 

" II 

~ Don'! Care 
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Fast Page Mode, Quad CAS' Device Timing Diagram CMOS DRAM 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DouT = OPEN 

1+------ tRC -------1+---

VIH -
A 

VIL 

VIH -
W 

VIL -

VIH -
OE 

VIL -

DQX VIH -

VIL 

___ -----I \+---- tRAS ---~ 

tl:!t1¥JiiW; 
ELECl'RONICS 

~ Don't Care 
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Fast Page Mode, Quad CAS Device Timing Diagram 

CA'S-BEFORE-RAS" REFRESH COUNTER TEST CYCLE 

V,H -
RAS V,L _ 

V,H -
CASX V,L _ 

V,H 
W V,L -

V,H -aE 
V,L -

DOO - D03 
V,H -
V,L -

V,H -
W V,L 

DOO - D03 
V,H -
V,L -

.,&&)I'W. 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, Quad CAS Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE: OE, A = Don't Care 

VIH -

RA:S Vii. _ 

w 

CMOS DRAM 

DOO - D03 
VIH -

VIL -
}----_-----OPEN----------

CAS-BEFORE-RAS" SELF REFRESH CYCLE 

NOTE: W, oE, A = Don't Care 

___ VIH -

RAS VIL _ 

VIH -

CA:Sx VIL _ 

DOO - D03 
VOH -

VOL -

tl"t'i)iiW. 
ELECTRONICS 

}----------OPEN 

~ Don't Care 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 

liAS 
V,H -
V,l -

V,H 
CAS V,l -

II A 
V,H -
V,l -

V,H -
W V,l -

000 - 003(7) 
VOH -------
VOL 

~ Don't Care 

.,&&11'W. 
ELECTRONICS 
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EDO Mode, x4 and x8 Device Timing Diagram 

WRITE CYCLE ( EARLY WRITE) 
NOTE: DouT = OPEN 

V,H -
CAS V,L _ 

V,H 
A V,L _ 

Of V,H -
V,L -

000 - 003(7) 
V,H -
V,L -

.,&+)I'W. 
ELECTRONH:S 

CMOS DRAM 

~ Don', Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

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

V,H -
RAS V,L _ 

V,H 
A V,L _ 

.,M¥jiiW. 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

READ - MODIFY - WRITE CYCLE 

VIH -

fiAS VIL _ 

VIH -

CAS VIL 

VIH -

A VIL _ 

VIH -

W VIL _ 

VIH -

OE VIL _ 

000 - 003(7) 

VIIOH - ----------{VA<I 
VIIOL -

.,:!ti¥ji'}I' 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 

450 



EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM 

HYPER PAGE READ CYCLE 

tRASP 

VIH -
RA5 

VIL -

VIH -
CAS 

VIL -

I 
VIH 

A 
VIL 

VIH -
W 

VIL 

000 - 003(7) 

VIIOH - -------+---1-~1 
VIIOL -

~ Don't Care 

.,&&)101• 
ELECTRONICS 
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EDO Mode, x4 and x8 Device Timing Diagram 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 
NOTE: DouT = Open 

)1- VIH 

AS VIL 

VIH -
CAS 

VIL -

VIH -
A 

VIL -

VIH -
W 

VIL -

DOO - D03(7) 
VIH _ =====,.,.. JL;"";"O"...J..,;".~ 

VIL -
='-"==="""' 

tl:!ti¥lihi' ELECTRONICS 

CMOS DRAM 

tRHCP 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

VIH 
tcSH -

RAS 
VIL -

tRSH 

VIH -
CAS 

VIL 

tRAL 

VIH 

I A 
VIL 

VIH - I 

W 
VIL -

000 - 003(7) 
VI/OH - _____ -++~'.)( 

VI/OL -

~ Don't Care 

,'M¥lliU> 
ELECTRONICS 
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EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

~----------- tMSP-----------~ 

READ(tCAC) 

V,H - --++----. 
CASVIL 

DOO-D03(7) 
V,IOH 

V"OL -

. tl:J:1¥llh'tP 
ELECTRONICS 

READ(tCPA) WRITE 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

RA'S"-ONL Y REFRESH CYCLE 

NOTE: W, OE , DIN = Don't care 
DouT = Open 

CMOS DRAM 

~------------------tRC----------------------~ 

VIH -
A VIL-

CA'S"-BEFORE-RA'S" REFRESH CYCLE 

NOTE: W, OE, A = Don't Care 

VIH -
RAS VIL _ 

__ VIH 
CAS VIL _ 

DOO - D03(7) --------.L 
VOH -
VOL - ____ --" 

.,&¥jiih. 
ELECTRONICS 

~---------------tRC----------------~ 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( READ) 

VIH -

RAS VIL _ 

VIH -

CAS VIL _ 

VIH -

A VIL _ 

VIH -
W 

VIL 

VIH -
OE 

VIL -

000 - 003(7) 
VOH - _____ _ 

VOL -

.,"t:f)ihi• 
ELECl'RONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DOUT = OPEN 

VIH -

RAS VIL _ 

VIH -

A VIL _ 

.,"t'¥Jihitp 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM 
CAS"-BEFORE-RAS" REFRESH COUNTER TEST CYCLE 

VIH -

RAS Vil _ 
1+--------- tRAS ---------+1 

ir------\I /+---- tRSH --r~--'----

VIH -

A Vil _ 

READ CYCLE 

VIH -
W 

Vil -
VIH -

OE 
Vil -

000 - 003(7) 
VOH -

VOL -

WRITE CYCLE 

000- 003(7) 
VIH -

Vil -
---++-- OPEN----K 

READ-MODIFY-WRITE 

VIH -
OE 

Vil -

000 - 003(7) 

VI/OH - -----------------<l%X1 
VltOl -

.,"t'¥)iih> 
ELECTRONICS 

VALID VALID Don't Care 
DATA·OUT DATA·IN 
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EDO Mode, x4 and x8 Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE: oE, A = Don't Care 

VIH -

W VIL _ 

DOG - 003(7) 

CMOS DRAM 

VOH ----i 
r------------OPEN-------------

VOL -

CAS-BEFORE-RAS SELF REFRESH CYCLE 

NOTE: W=VIH (1Mx4, 4Mx4, 16Mx4, 2Mx8, 8Mx8) 
Don't Care (512Kx8) 

OE, A = Don't Care 

___ VIH 

RAS VIL 

___ VIH -

CAS VIL _ 

DOG - D03(7-'-) ______ ~ 
VOH -

~ Don't Care 

VOL -
r----------OPEN ------------

~ Don't Care 

tl:!t'¥jihi. 
ELECTRONICS 

459 

II 









EDO Mode, x16 (2CA"S) Device Timing Diagram 

TIMING DIAGRAM 
WORD READ CYCLE 

NOTE: DIN = OPEN 

____ VIH -

RAS VIL _ 

[CAS VVIH -
IL 

A 

VIH -
W 

VIL -

VIH 
OE 

VIL 

DOO - DO? 
VOH 

VOL 

D08 - D015 
VOH - _____ _ 

VOL -

.,&&1% ,. 
ELECIlIONICS 

CMOS DRAM 

, 

II 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE: DIN = OPEN 

11A"S VVIH -
IL 

VIH -
DCAS 

VIL -

[CAS VVIH -
IL 

A 

VIH -
W 

VIL 

VIH -
Of 

VIL -

DOD - DO? 
VOH -

VOL -
------ OPEN----+----1W~1 

CMOS DRAM 

008 - 0015 
VOH - --------------OPEN-------------
VOL -

~ Don't Care 

t1&¥1I1}i$ 
ELECTRONICS 
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EDO Mode, x16 (2'CAS) Device Timing Diagram 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE: DIN = OPEN 

VIH -

DC AS V 
IL 

[CAS ~:: _ 

A 

W 

OE 

VIH -

VIL -

VIH -
VIL 

VIH 

VIL -

DOG - DO? 
VOH -

VOL -

008-0015 
VOH -

VOL -

.,:Iti&jihi' ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

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

V,H -
RAS V,L 

V,H -
[CAS V,L _ 

A 

V,H -
W V,L 

OE 
V,L 

000- 007 
V,H -
V,L 

008 - 0015 
V,H -
V,L -

.,"t'¥)iih> 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2C"A'S) Device Timing Diagram 

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

V,H -
RAS VrL 

OCAS ~:: _ 

VrH -
[CAS VrL _ 

VrH -
A VrL _ 

V,H 
W 

VrL -

Of VrH -
VrL 

DQO - DQ7 
VrH -

VrL 

DQ8-DQ15 
VrH -

VrL -

.,:!t'ijiih· 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x16 (2CA'S) Device Timing Diagram 

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

VIH -

RAS VIL _ 

VIH -

oeAS VIL _ 

VIH -

[CAS VIL _ 

VIH 

A VIL-

VIH -w 
VIL -

DE 
VIL 

VIH -

000 - DO? 
VIH -

VIL 

008 - 0015 
VIH -

VIL -

.,:!ti¥)ihi• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

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

___ VIH 

RAS 
VIL -

VIH -
TICAS 

VIL -

VIH -
[CAS 

VIL 

VIH 
A 

VIL -

VIH -w 

__ VIH -

OE VIL 

DQO - DQ? 
VIH -

VIL -

DQ8 - DQ15 
VIH -

VIL -

.,W:(1%';; 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x16 (2C"AS) Device Timing Diagram 

LOWER BYTE WRITE CYCLE (01: CONTROLLED WRITE) 
NOTE: OOUT = OPEN 

___ V,H 
RAS V,L 

V,H 
LeAS V,L _ 

V,H 
A V,L _ 

V,H -
OE V,L 

000 - DO? 
V,H 
V,L -

DOS - OQ15 
V,H 

V,L -

.,&&1%'· 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2C~ Device Timing Diagram 

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

V,H -
liAS V,L _ 

TICAS ~:~ _ 

V,H 

A V'L-

V,H -w 
V,L -

DOO - D07 
V,H -
V,L -

DaB - D015 
V,H -
V,L -

.,&¥jiiW. 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

WORD READ - MODIFY - WRITE CYCLE 

V,H -
DCAS V,L _ 

V,H -
A V,L 

V,H -
W V,L -

V,H -
OE V,L -

DOG - D07 

VIIOH - ----+---+--,--+--I-~~ 
VIIOL -

D08 - D015 

VIIOH ------------i~ ~;~~ ~,~II}____<!Z:x.1 
VIIOL - ,'--_ ..... 

.,&+111U> 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2'C"~ Device Timing Diagram CMOS DRAM 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

V,H -
DC-AS V,L _ 

i+--------tcAs----+-t-+l 

V,H -
A V,L _ 

V,H -
W V,L -

V,H -
of V,L -

000 - 007 

tOLZ 

VOH - ---+----1--+--+-+---1- OPEN--H----------
VOL -

008 - 0015 

VI/OH -----------{VhKl 
VI/OL 

~ Don't Care 

tl&+jihi. 
ELECTRONICS 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

HYPER PAGE MODE WORD READ CYCLE 

VrH -
RAS VrL _ 

VrH -
DCAS VrL _ 

[CAS 
V,H 

VrL -

VrH 
A 

VrL -

W 
VrH 

VrL -

VrH -OE 
VrL - :LL<.~::'::';'<"""'='"""""'T'+--+--+----J 

DOO - D07 

VI/OH ----+----++---<:!0K1 
VI/OL -

D08 - D015 
VI/OH _-______ -++-~*I 
VI/OL -

.,:!ti¥ji'}I> 
ELECTRONICS 

CMOS DRAM 

tREZ 

II 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

RAS VIH -

Vil -

OCAS VIH -

Vil -

[CAS VIH -

Vil 

VIH -
A 

Vil - 7...:%AlA.DDRIEssLf'@7\J 
~-r---" 

w 

OE 
VIH -

Vil - lli~~~~~ili;O~L-+_-I-_..J 

DOO - DO? 
VI/OH --------+--+-<!0KI 
VI/Ol -

D08 - D015 

CMOS DRAM 

VOH - ____________ OPEN----------------
VOL -

~ Don't Care 

tl:!t1¥)ihitJt 
ELECTRONICS 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

HYPER PAGE MODE UPPER BYTE READ CYCLE 

V,H -
RAS V,L _ 

V,H -
OCAS V1L 

[CAS V,H -
V,L -

V,H -
A V,L _ 

V,H -w 

000 - DO? 
VOH 

VOL -

DOB -0015 
VIiOH 

VIIOL -

tl"t'¥jiih' 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2CA'S) Device Timing Diagram 

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

CMOS DRAM 

1+-----------tRASP--------~ 
V,H - tRHCP RAS V,L -

V,H -
OCAS V,L -

V,H -[CAS 
V,L -

V,H -
A V,L -

W 
V,H -
V,L 

000 - DO? 
V,H - ====== 
V,L -

~"'"''"'''=="' 

008 - 0015 
V,H 7n====~ Ji-'''--'':'''-'ll 

V,L -
,""""""'''''''''',,,",,''''''''''<U4 

~ Don't Care 

.,:ft1¥jiih. 
ELECTRONICS 
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

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

RAS 
VIH 

VIL 

VIH 
DCAS 

VIL 

VIH 
[CAS 

VIL 

VIH 
A 

VIL 

VIH 
W 

VIL 

aE 

DOO - D07 
VIH 

-
-

-

-

-
-

-

VIL - mWii2!2Z':~~ 

OOB - 0015 
VIH 

VIL -

.,,,,,:fjiO" 
ELECTRONICS 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

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

___ V,H -
RAS V,L _ 

V,H -
DCAS V,L _ 

V,H -
[CAS V,L 

V,H -

A V'L-

008 - 0015 
V,H -

V,L - ,",====UI ",,"':;';";~-..:..Jf 

.,&¥ji'U;;: 
ELECTRONICS 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

VIH 
R};:S" 

VIL 

VIH -
DCAS" 

VIL 

VIH -
[CAS" 

VIL -

VIH 
A 

VIL -

VIH -
W 

VIL -

DOD - DO? 

VI/OH - --+----+-+-@(I 
VI/OL -

DOB - 0015 
VI/OH 

VI/OL -

.,&&)lIW. 
ELECTRONICS 

DATA-OUT DATA-IN 

CMOS DRAM 

I 

DATA-OUT 

~ Don't Care 
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

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

1+-----------tRASP-----------~ 

V,H -

II [CAS" V,L 

V,H 
A V,L 

V,H -
W V,L -

000 - DO? 

VOH -___ +-__ ~~~--~----~~ 
VOL -

008 - 0015 

OAT A-OUT OAT A-IN 

~ Don't Care 

.,,,,,:fWd·' 
ELEcrRONICS 
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

/+------------ tRAsP-----------...--+J 

READ(tCAC) READ(tCPA) WRITE READ(IAA) 

DCAS 
VIH - _-+-+-_~ 
VIL -

W VIH -

VIL - ==~ 

CJEVIH 

VIL - '""'="'f"=r='"r'"f'o:----t-----il-t--+-+t-t-----t-----t---

000 - DQ7 
VIIOH - __ -+--+_-+-+--< 
VIIOL -

DOB.., 0015 
VI/OH 

VI/OL -

., &+i'hi. 
ELECTRONICS 

~ Don't Care 
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EDO Mode, x16 (2'CAS) Device Timing Diagram CMOS DRAM 

RAS-ONL Y REFRESH CYCLE 

NOTE: W. DE, DIN = Don't care 
DOUT = Open 

~-------------------tRC----------------------~ 

VIH -
RAS VIL _ 

VIH -
OCAS VIL _ 

VIH -
[CAS VIL _ 

A 
VIH -
VIL -

CAS-BEFORE-RA"S REFRESH CYCLE 

NOTE: W. DE, A = Don't Care 

VIH -
RAS VIL _ 

VIH -
OCAS 

VIL -

VIH -
[CAS 

VIL -

DOO - D07 

~---------tRC ----------------~ 

1+------- tRAS-----------~ 
~~--~ ~------, 

1+---- tcHR---+\ 

'_-- tcHR---+\ 

VOH - -----:i 
VOL _ }---------- OPEN 

DOB - D015 
VOH -

VOL -
}-----------OPEN 

~ Don't Care 

tlW&ilhi• 
ELEcrRONICS 

485 
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EDO Mode, x16 (2CAS) Device Timing Diagram 

CAS-BEFORE-RAS SELF REFRESH CYCLE 

NOTE: W, oE, A = Don't Care 

VIH -

[CAS VIL _ 

CMOS DRAM 

DQO - DQ7 
VOH -

VOL -
r----------------- OPEN --------------------

DQ8 - DQ15 
VOH - r----------------- OPEN __________________ __ 
VOL - ___ -" 

~ Don't Care 

.,&¥jiiU. 
ELECTRONICS 
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EDO Mode, x16 (2C"AS) Device Timing Diagram CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ) 

V,H 
R:AS V,L -

V,H -
OC:As V,L -

V,H -
LCAS V,L I -

V,H -
A V,L -

V,H -
W V,L -

V,H -
OE V,L -

000 - DO? 
VOH -
VOL - ------

DOB - 0015 
VOH - _____ _ 

VOL -

~ Don't Care 

tlW¥Jiih. 
ELECTRONICS 
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EDO Mode, x16 (2'CAS) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: OOUT = OPEN 

VIH -

RAS VIL _ 

DCAS ~:: _ 

VIH 
A 

VIL -

VIH 
W 

VIL -

VIH 

OE VIL _ 

DOC - DO? 
VIH -

VIL -

008-0015 
VIH -

VIL -

tlM¥1'hi' ELECIlIONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2C~ Device Timing Diagram 

CAS-BEFORE-RAS" REFRESH COUNTER TEST CYCLE 

VIH -
RA~ 

VIL 

VIH -
DCA~ VIL -

VIH -
[CA~ VIL -

VIH 
A 

VIL -

VIH -
W VIL -

__ VIH -
OE VIL 

DOD - 0015 
VOH -

VOL -

_ VIH -
W VIL -

__ VIH 

OE VIL -

DOD - 0015 
VIH -
VIL -

VIH -

OE VIL _ 

DOD - 0015 

tRAS 

tCHR 

tcHR 

OPEN 

VI/OH - ---------------~~I 
VI/OL -

,,&&1'0" 
ELECIlIONICS 

tRSH 

tRSH 

VALID 
DATA-OUT 

VALID 
DATA-IN 

CMOS DRAM 

II 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

TIMING DIAGRAM 
READ CYCLE 

NOTE: DIN = OPEN 

___ VIH -

RAS VIL _ 

__ VIH -

CAS VIL _ 

A 

ow 

[W 

of 

VIH -

VIL -

VIH -

VIL -

VIH -
VIL -

VIH -

VIL -

000 - DQ7 
VOH - ____ --/_ 

VOL -

DaB - 0015 
VOH - _____ _ 

VOL -

tl"t'¥ili} '$ 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

WRITE CYCLE ( EARLY WRITE) 
NOTE: DOUT = OPEN 

VIH -

RAS VIL _ 

VIH -
A 

VIL -

VIH -
OW 

VIL -

[W VIH -
VIL -

VIH -
OE 

VIL -

000- DO? 
VIH -
VIL -

008 - 0015 
VIH -
VIL -

tl:!:1¥jiiW. 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

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

V,H -
RAS V,L _ 

CAS Vv'H -
IL 

V,H 
A V,L _ 

oE V,H -
V,L -

DOG - 007 
V,H -
V,L -

008 - 0015 
V,H -
V,L -

.,&&1:0·· 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

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

VIH -

CAS VIL _ 

VIH -

A VIL-

VIH -
OW 

VIL -

[W 
VIH -

VIL -

VIH -Of 
VIL -

000 - DO? 
VIH -

VIL -

008- 0015 
VIH -

VIL -

tl'Mfilhi• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

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

V,H -
CAS V,L _ 

V,H -
A V,L _ 

ow 

V,H -[W 
V,L 

OE V,H -
V,L -

DOO - D07 
V,H -
V,L -

D08 - D015 

V,L -

.,&&1%" 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

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

VIH -

R"AS VIL _ 

CAS VVIH -
IL 

VIH -

A VIL-

DW 

[W 

VIH -

VIL -

VIH -

VIL -

OE VIH -

VIL -

DOO - D07 
VIH -

VIL -

D08 - D015 
VIH -

VIL -

t,:J:I¥jihi• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

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

VrH -

A VrL-

ow VrH -

VrL -

VrH -
[W VrL _ 

VrH -
DE VrL _ 

000 - 007 
VrH -

VrL -

008 - 0015 
VrH -

VrL -

t1&&jihi• 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

WORD READ - MODIFY - WRITE CYCLE 

~--------------------tRWC----------------------~ 

VIH -

RAS Vil _ 

VIH -

CAS Vil _ 

VIH -
A 

Vil -

VIH 
OW 

Vil 

VIH -
[W 

Vil 

VIH -
OE 

Vil -

000 - DO? 

~--------------- tRAs-----------------+i 

VltOH - -------t----I---t--~::KI 
VltOl 

008 - 0015 

VItOH - ------------{I;:::KI 
VItOl -

.,M:!,i'}'. 
ELECTRONICS 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

VIH -
RAS 

VIL -

VIH 

CAS VIL -

VIH -
A 

VIL -

rrw VIH 

VIL 

VIH -
[W 

VIL 

VIH -
oE 

VIL 

000 - DO? 

VIIOH - ---t---+-----i--iVA<.1 
v 1I0L - l'----.--.J\ 

DOB - 0015 
VOH -

VOL -

.,"tWjiiU; 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

__ VIH -
RAS 

VIL -

VIH -
CAS 

VIL -

VIH -
A 

VIL -

UW VIH -
VIL -

VIH -
LW 

VIL -

VIH -
OE 

VIL -

000 - 007 

VOH - ---t---t-----1I--t-tvA<.1 
VOL -

008 - 0015 

VIIOH -----------WA<I 
VIIOL -

~ Don't Care 

.,W¥jlh·· 
ELEC1'RONICS 
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EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

HYPER PAGE MODE WORD READ CYCLE 

V'H -
RAS V,L -

V,H -

CAS V,L -

A 
V,H -

I V,L -

" 

V,H -
OW V,L -

V,H -
[W V,L -

Of 
V,H -

V,L - ::'::':;':=~===~~--+--+--~+W~::'-I--' 

DOO - DQ7 

VIIOH _-----'I-----++-~VA<I 
VIIOL -

D08 - D015 
VIIOH _-------++-~t;0{1 
VIIOL -

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

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

CMOS DRAM 

1+----------- tRASP ---------.1 
VIH -

l1AS VIL _ 

VIH -
CAS 

VIL -

VIH -
A 

VIL -

DW 
VIH -
VIL -

[W VIH -
VIL -

000 - DO? 
VIH - =","'?7n=,,",7:>l'I 

VIL -
"""'==""""""""~ 

008 - 0015 
VIH - ===='?7n~ Ji-'-'-"'--~ 

VIL - '-"<=<-==== 

.'M",l' }i> ELECTRONICS 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

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

VIH -

RAS VIL _ 

CAS 
VIH -

VIL 

VIH 
A 

VIL -

OW VIH 

VIL -

[W VIH -
VIL -

oE VIH -

VIL -

DOD - DO? 
VIH -

VIL -

008 - DQ15 
VIH 

VIL -

t,:I:i¥ilh'· 
ELECTRONICS 

~ Don't Care 

505 
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EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

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

A 
VIH -

VIL -

[W VIH 

VIL -

t1:1:1¥JihitP 
ELECTRONICS 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

RAS 

CAS 

A 

OW 

[W 

OE 

V,H -

V,L -

V,H -
V,L -

V,H 
V,L -

V,H -
V,L -

000 - DO? 

VI/OH - __ +-_-+---+~~ 
VI/OL -

DOB - 0015 

VI/OH - ------t--<l:::0< 
VI/OL -

.,&&1lhl• 
ELECl'RDNICS 

CMOS DRAM 

• 

~ Don'\ Care 
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EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

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

VIH -

RAS Vil _ 

VIH -

CAS Vil _ 

A 

DW 

VIH -
[W 

Vil -

VIH -
OE 

Vil -

000 - DO? 

1+----------- tRASP ------------+1 
1+----- tcsH-----+! 14-----tHPRWC----~ 

1+---- tRsH----./ 

I+t-+--- tRAl---+t+l 

VIIOH - --+---+--l-+<l'Z:K 
VltOl -

DaB - 0015 
VOH -
VOL _ ------t-WA< 

~ Don't Care 

.,&:(1% it; 
ELECTRONICS 
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EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

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

~----------lRASP ------------+1 

V,H -
CAS" V,L 

, 

II V,H -
A V,L -

ow 

[W V,H 
V,L -

V,H -of V,L 

000 - DO? 

DOB - 0015 
VOH 

~ Don't Care 

.,"t'¥)iiU> 
ELECfRONICS 
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EDO Mode, x16 (2WE) Device Timing Diagram 

RAS-ONL Y REFRESH CYCLE 

NOTE: W, OF, DIN = Don't care 
DOUT = Open 

RAS VVIH -
IL 

CAS VVIH -
IL 

A 

CAS"-BEFORE-RAS" REFRESH CYCLE 

NOTE: W, OE, A = Don't Care 

CMOS DRAM 

!+---------tRC--------~ 

1+------ tRAs--------+i 

RAS VVIH -

~----~ Ir-------------~ 

IL 

VIH -

CAS VIL _ 

001 - D015 
VOH _ -----'---,L 

~-- tcHR---+I 

VOL _ }---------------------------------- OPEN ------------------------------------------

CAS-BEFORE-RAS" SELF REFRESH CYCLE 

NOTE: W, OE, A = Don't Care 

VIH -

CAS VIL _ 

000 - 0015 
VOH -

VOL -

.?"{:fWd'» 
ELECTRONICS 

I}----------------------------------- OPEN 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( READ) 

___ VIH 

RAS VIL _ 

VIH -

CAS VIL _ 

VIH -
A 

VIL -

VIH -
OW 

VIL -

VIH -
[W 

VIL -

VIH -
OE 

VIL -

DOG - 007 
VOH -

VOL -

008 - 0015 
VOH -

VOL -

14------ tRC ------+\<11-----

14----- tRAS -----+I 

-----+-

------

tl&¥jjih> 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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EDO Mode, x16 (2WE) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DouT = OPEN 

VIH -

RAS VIL _ 

VIH -

CAS VIL 

VIH -
A 

VIL -

DW VIH -
VIL -

[W VIH -
VIL -

VIH -
of 

VIL -

000 - 007 
VIH -
VIL -

008 - 0015 
VIH -

VIL -

tl:!t1¥jihi. 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 

512 



EDO Mode, x16 (2WE) Device Timing Diagram CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

VIH -

RAS Vil _ 
tRAS ---------~ 

VIH -

CAS Vil _ 

Ir---"'\I 1+---- tRSH -----:~H__IT'"_---
1+--- teHR --+I teAS ------+I 

A 
VIH -

Vil -

VIH -

[W,OW Vil 

OE VIH 

Vil -

000-0015 
VOH -

VOL -

VIH -

[W,OW Vil 

000 - 0015 
VIH -

Vil -

------ OPEN----+<I 

READ-MODIFY-WRITE 

VIH -

[W,OW Vil _ 

__ VIH 

OE Vil 

000 - 0015 
VI/OH - _______________ -'-<I~I 

VIIOl -

tl:!t1¥)lhi. 
ELECTRONICS 

VALID 
DATA-OUT 

~ Don't Care 

513 

II 









EDO Mode, Quad CAS' Device Timing Diagram 

TIMING DIAGRAM 

READ CYCLE 
NOTE: DIN = OPEN 

V,H -
RAS" 

V,L -

V,H 
CASTI V,L -

V,H 
CAST V,L -

V,H -
C7\S"2" 

V,L -

V,H -
CAS3" 

V,L -

A 
V,H -
V,L 

V,H -
W V,L 

DQD - DQ3 
V,H -
V,L -

tl:!ti&)iia. 
ELECTRONICS 

CMOS DRAM 

II 

~ Don't Care 
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EDO Mode, Quad CAS Device Timing Diagram 

TIMING DIAGRAM 

WRITE CYCLE ( EARLY WRITE) 

____ VIH -

RAS VIL 

_____ VIH 

CASO VIL _ 

VIH 

CAST VIL 

____ VIH -

CAS2 VIL _ 

_____ VIH 

CAS3 VIL _ 

A 

VIH -
W 

VIL 

ot=" VIH 

VIL 

DOO - D03 

VIH -

VIL -

.,&&)lIW. 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, Quad 'CAS" Device Timing Diagram 

TIMING DIAGRAM 

WRITE CYCLE (Of CONTROLLED WRITE) 

___ VIH -

RAS VIL 

_____ VIH -

CASO VIL _ 

CAsT VV
IH 

IL 

___ VIH -

CAS2 VIL 

____ VIH 

CAS3 VIL _ 

A 
VIH -
VIL -

VIH -
W 

VIL -

at: VIH 

VIL -

DOO - D03 
VIH -
VIL -

.,M&jli}itP 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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EDO Mode, Quad CAS Device Timing Diagram 

TIMING DIAGRAM 

READ - MODIFY - WRITE CYCLE 

___ VIH -

RAS VIL 

A 

VIH -
W VIL -

VIH -
OE VIL -

DOO - D03 

VIH -

VIL -

.,:1t'¥jj,W; 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, Quad CAS" Device Timing Diagram CMOS DRAM 

HYPER PAGE MODE READ CYCLE 

VIH -
RAS" 

VIL 

VIH 
CAS"O 

VIL 

VIH -
CAS"T 

VIL -

VIH -
CAS"2 

VIL D 
CAS"3 

VIH 

VIL 

VIH 
A 

VIL -

W 
VIH -
VIL -

Of 
VIH 

VIL 

VIH -
DOO 

VIL 

VIH 

D01 
VIL 

VIH -
D02 

VIL -

VIH 

D03 
VIL -

~ Don't Care 

tlW&llhi• 
ELECTRONICS 
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EDO Mode, Quad CAS' Device Timing Diagram CMOS DRAM 

HYPER PAGE MODE WRITE CYCLE (EARLY WRITE) 



EDO Mode, Quad CAS" Device Timing Diagram 

HYPER PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 
V,H 
V,L 

V,H -
CASO V,L -

V,H 
CAST V,L 

V,H -
tAS2 V,L 

V,H -
CAS3 V,L -

V,H 
A V,L 

V,H -
W V,L -

V,H -
OE 

V,L -

DOO - D03 
V,H 
V,L -

.,W¥jiiW. 
ELECTRONICS 

DATA·OUT DATA-IN 

CMOS DRAM 

I 

DATA-OUT DATA-IN 

~ Don't Care 
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EDO Mode, Quad CAS Device Timing Diagram 

RAS"-ONL Y REFRESH CYCLE 

NOTE: W, ITE, DIN = Don't care 
DouT = Open 

CMOS DRAM 

~------------------tRC--------------------~ 

VIH -
RAS VIL _ 

A 
VIH -

VIL -

CAS-BEFORE-RAS" REFRESH CYCLE 

NOTE: W, OE, A = Don't Care 

RAS VIH -
VIL -

CASX VVIH -
IL 

DOO - D03 

VIH -
VIL 

.,&+1%·' 
ELECTRONICS 

~--------------- tRC ----------------~ 

r------------------- OPEN ------------------

~ Don't Care 
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EDO Mode, Quad CAS Device Timing Diagram CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ) 

VIH -
rlAS 

VIL 

VIH -
CASX 

VIL 

II 
-

VIH -
A 

VIL -

VIH 

W 
VIL 

VIH -
0E 

VIL -

DOX 

~ Don't Care 

.'M¥JliU> 
ELECTRONICS 
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EDO Mode, Quad CAS Device Timing Diagram CMOS DRAM 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE: DouT = OPEN 

~----------tRC------------~-----

VIH -
A 

VIL -

VIH -
W 

VIL 

OE 

DQX VIH -

VIL -

.,,,,,&Jih'· 
ELECTRONICS 

~--- tRAS ---------.\ 

~ Don't Care 
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EDO Mode, Quad CAS Device Timing Diagram 

CA:S"-BEFORE-RA:S" REFRESH COUNTER TEST CYCLE 

V,H -
RAS V,L _ 

V,H -
CASX: V,L _ 

V,H -
A V,L _ 

V,H 
W V,L -

OE 
V,H 
V,L -

DOO - D03 
V,H -

V,L -

V,H -
W V,L 

_~_ V,H 
OE V,L 

DOO - D03 
V,H -
V,L -

V,H 
W V,L 

V,H 
OE 

V,L -

DOO - D03 
V,H 
V,L -

tl&¥jiiU. 
ELECTRONICS 

DATA-OUT DATA-IN 

CMOS DRAM 

II 

Don't Care 
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EDO Mode, Quad CAS' Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE: OE, A = Don't Care 

RAS 
V,H -
V,L -

V,H -
CASX V,L _ 

w 

DOO - D03 
V,H 

CMOS DRAM 

V,L - 1>----------OPEN-----------

C"AS-BEFORE-RAS SELF REFRESH CYCLE 

NOTE: W, CE, A = Don't Care 

V,H -
RAS V,L _ 

V,H -
CASx V,L _ 

~ Don't Care 

DOO - D03 
VOH -
VOL - r---------- OPEN ------------

~ Don't Care 

.,":'+)I'W. 
ELECTRONICS 

528 







PACKAGE DIMENSIONS 

PLASTIC DUAL IN-LINE PACKAGE 

18 DIP 300 mil 

0.033 (0.84) 

20 DIP 300 mil 

0.983(24.96) 
MAX 

0.959(24.36) 
0.975(24.76) 

tl:1t'¥jiiW. 
ELECfRONICS 

0.046 1.17 
0.054 (1.37) 
0.014 0.36 
0.022 (0.56) 

0 " ~ 
~ 
ci 

~ 

0.046 1.17 c::i Z 
0.054 (1.37) 0 :i: 
0.014 (0.36) ci 
0.022 (0.56) 

~ 
!:::. 

~ 
ci 

CMOS DRAM 

Unit: Inches (millimeters) 

la.OO6 (0.20) 
0.Q14 (0.35) 

Unit: Inches (millimeters) 

la.OO8 (0.20) 
0.Q14 (0.35) 

531 

II 



PACKAGE DIMENSIONS 

PLASTIC ZIGZAG IN-LINE PACKAGE 

20(19) ZIP 400 mil 

o 

0.024 (0.61) 

1.046(26.56) 
MAX 

[_ 1.022(25.96) .[ 
1.038(26.36) . 

20 ZIP 400 mil 

a 
I 
I. 

0.040 (1.02) ·11· 

o 

0.050(1.27) 
0.Q16 0.41 
0.024 (0.61) 

1.046(26.56) 
MAX I' 1.022(25.96) .j 

1.038(26.38) 

tl:!ti¥jihitP 
ELECl'RONICS 

0.110(2.79~ 
MIN l 

0.110(2.79~ 
MIN l 

CMOS DRAM 

Unit: Inches (millimeters) 

0.008 0.20 
0.014 (0.35) 

0.100 2.54 

Unit: Inches (millimeters) 

0.008 0.20 
0.014 (0.35) 

0.100 2.54 
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PACKAGE DIMENSIONS 

PLASTIC SMALL OUT-LINE J-LEAD 

26(20) SOJ 300 mil 

[::: :::::[ 
'1 

0.691 17.55 

0.660 (17.27) 
11r--_MAX -----.II~~;;·. ~ 0.670 17.03 ~ 

0.0375 (0.95 

26(24) SOJ 300 mil 

0.0375 (0.95) 

.,&il:IO> 
ELECTRONICS 

0.691(17.55) 
MAX 

0.670 17.03 
0.600 (17.28) 

0.026 0.66 
0.032 (0.81) 
0.015 0.38 
0.021 (0.53) 

CMOS DRAM 

Unit: Inches (millimeters) 

= 

l t;i' ~~ 

cO. r--:e 
~ re~ 
'" c:i 6 0.006 (o.1~ 

-±0.012 (0.30) 

0.02llO.6!1l. 
MIN 

0.027 0.69 
MIN 

1 t 

Unit: Inches (millimeters) 
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PACKAGE DIMENSIONS 

PLASTIC SMALL OUT-LINE J-LEAD 

28(24) SOJ 400 mil 

#28(24) 

,~~MAX ~ ~o·.x ,,.... . ..... 0.730 18.30 ~ 
0.720 (18.54) 

0.""'. ! 
0.0375 (0.95) 0.026 0.66 

0.032 (0.81) 
0.015 0.38 
0.021 (0.53) 

28 SOJ 400 mil 

#28 

t:~~~~~~~::~:~:l~ 
#1 

0.741 18.82) 

-If MAX 

0.720(18.30) 
0.730(18.54) 

0.0375 (0.95) 0.026 0.66 

.,,,,,,,jid" 
ELECTRONICS 

CMOS DRAM 

Unit: Inches (millimeters) 

= 
s-

J ~ me 
8 ~~ ;; 

c:i c::i 0.006 (0.15) 
.0.012 (0.30) 

0.027 (0.69) I. ,. 
MIN 

Unit: Inches (millimeters) 

s-
ci 

8 
;; 

0.027 0.69 
MIN 
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PACKAGE DIMENSIONS 

PLASTIC SMALL OUT-LINE J-LEAD 

28 SOJ 300mil 

. , 

0.0375(0.95) 

32 SOJ 400 mil 

., 

0.741(lB.82)MAX 

0.7201B.30 
0.73O(lB.54) 

0.015 0.38 
0.021 (0.53) 

~ ____ ~0.B~4~W~·3=6) ____ ~~X 

0.B20 20.84 ! :Ii 
�1+-----~0.=B3O-=(21=.OB)--------+l1 c 

.,M&jihi' ELECTRONICS 

CMOS DRAM 

Unit: Inches (millimeters) 

~ ;:~ 
~ ~e 
~ re~ 
c::i c::i c:i 0.006 (0.15) 

....L.-~*~0.012 (0.30) 

0.027 (0.691 I ... 
MIN 

0.027 (0.69) 
MIN 

Unit: Inches (millimeters) 
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PACKAGE DIMENSIONS 

PLASTIC SMALL OUT-LINE J-LEAD 

40S0J 400 mil 

#40 

o 

#1 
1.04 26.44) 

~-------=7.MA~X~------~~ 

1.020 25.92 t!. 
11+-----------T1.;;;;030~(2~6.16~) -------+11 ! 

c 

0.0375 (0.95) 

42 SOJ 400 mil 

1.091 27.71 
MAX 

1.070 (27.19) 
1.060 (27.43) 

0.0375 (0.95 

.,&+jiiW. 
ELECl'RONICS 

CMOS DRAM 

Unit: Inches (millimeters) 

0.027 (0.69) 
MIN 

Unit: Inches (millimeters) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) 

26(20) TSOP(II) 300 mil 

0.691 (17.54) 
MAX 

0.671 (17.04) 
0.679 (17.24) 0.047 1.20 

~~~~~~~~~Et. M~ l= -*-1 
0.037 (0.95) T .1 1. 0.050 (1.27) jrr T'OOO2~.O§l. 

I II 0.012(0.3ll~IN 

26(24) TSOP(II) 300 mil 

0.B71 (17.04) 
0.679 (17.24) 

0.037 (0.95) .1 1. 0.050 (1.27) 

.,"t1f)ih·tp 
ELECIlIONICS 

0.020 (0.50) 

0.047 1.20 
MAX 

Unit: Inches (millimeters) 

Unit: Inches (millimeters) 

[). 001,"J~.25) 
~~O-B" 

0~.0;;;;'B~0.~45;-.r--i'_1- J 
0.030 (0.75) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT,;,LINE PACKAGE TVPE(II) 

28(24) TSOP(II) 400 mil 

0.741 18.81 
MAX 

0.72U'8.3.!l 
0.729 (18.51) 0.047 (1.2Ql. 

~~~~~Jt MAX 

.:.;0.0,-,,3,->7 (.:.c0.9-,S)-+t-...,1,i4" .1 1. 0.050 (1.27). n 0.012 (0.30) 1'.002 (0.0§l 
'1 1 0.020 (0.50) MIN 

28 TSOP(II) 400 mil 

0.741 (18.81 
MAX 

0.721 (18.31) 
0.729 (18.51) 0.047 (1.2Ql 

-~ MAX 

...il 
0.037 (0.95) 1 

·1 
1.0.050 (1.27) i '0.002 (0.05) 

MIN 
0.012 0.30 
0.020 (0.50) 

.,M¥jih" 
ELECl'RONICS 

n 
!LJt 

Unit: Inches (millimeters) 

0.004 0.10 
0.010 (0.25) 

Unit: Inches (millimeters) 

~ 0.010 (0.25) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 

28 TSOP(II) 300mil 

0.741 (18.81) 
MAX 

0.721 (18.31) 
0.729 (18.51) 

0.037 (0.95) 

32 TSOP(II) 400 mil 

0.841 (21.35) 
MAX 

0.821 (20.85) 
0.829 (21.05) 

0.037 (0.95) T 
.1 

1.0.050 (1.27) 
I 

tlW¥)ihi• 
ELECTRONICS 

Unit: Inches (millimeters) 

n 
0.047 (1.20) 

MAX 

0.047 (1.20) 

+ MAX 

...ti 
t"O.OO2 (0.05) 

MIN 
0.01~.~ 
0.020 (0.5) 

~ 0.010 (0.25) 

Unit: Inches (millimeters) 

0.010 (0.25) 

~0_8 
~~+I--l+-
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 

44(40) TSOP(II) 400 mil Unit: Inches (millimeters) 

c::::::: ::::::::::~ n 
0.741 (18.81) 

MAX 

0.721 (18.31) 
0.729 (18.51) 

0.032 (0.805) i 
.1 

1.0.0315 (0.80) 

50(44) TSOP(II) 400 mil 

0.047~.2Q) . 

t MAX 

W. 
TI.OlqJ9.0§1. 

MIN 
0.01qJ9.2§1. 
0.018(0.45) 

II 0.004 (0.10) 
• ·0.010 (0.25) 

§ 0.010 (0.25) 

ft~0_8' 
0.018 (0.45) . J' 
0.030 (0.75) 

Unit: Inches (millimeters) 

~~U( 
0841 (21 35) 

MAX 

0.821 (20.85) 
0.829 (21.05) 

om 
0.034 (0.B75) i .1 1. 0.0315 (0.80) 

.,:!ti¥jlh·· 
ELEC1'RONICS 

0.047 1.20) 
MAX 

..li 
I to.OO2.JQ.~ 

MIN 
0.010 0.25 
0.018 (0.45) 

.11. 0.004 (0.10) 
0.010 (0.25) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 

50 TSOP(II) 400 mil Unit: Inches (millimeters) 

~~n 
0841 (21 35) 

MAX 

0.821 (20.85) 
0.829 (21.05) 

0.034 (0.B75) T ~I I~ 0.0315 (0.80) 

• ,"filll}·;; 
ELECTRONICS 

0.047 (1.20) 

t MAX 

'+1 
t +0.002.J!l.0§L 

MIN 
0.010 0.25 
0.018 (0.45) 

~II~ 0.004 (0.10) 
0.010 (0.25) 

0.010 (0.25 

~0-8 
~~?+t----t ... 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 

Northwest 
3655 North First Street 
San Jose, CA 95134 
TEL: (408) 954-7000 
FAX: (408) 954-7883 

Southwest 

North Central 
300 Park Boulevard 
Suite 210 
Itasca, IL 60143-2636 
TEL: (708) 775-1050 
FAX: (708) 775-1058 

Northeast 
119 Russell Street 
Littleton, MA 01460 
TEL: (508) 486-0700 
FAX: (508) 486-8209 

Southeast 
16253 Laguna Canyon Road 
Suite 100 

SOuth Central 
15851 Dallas Parkway 
Suite 410 

802 Greenvalley Road 
Suite 204 

Irvine, CA 92718 
TEL: (714) 753-7530 
FAX: (714) 753-7544 

Dallas, TX 75248-3307 
TEL: (214) 770-7970 
FAX: (214) 770-7971 

Greensboro, NC 27408 
TEL: (919)370-1600 
FAX: (919) 370-1633 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ALABAMA 
SOUTHERN COMPONENT SALES 

COLORADO 

307 Clinton Ave. East TEL: (205) 533-6500 FRONT RANGE MARKETING TEL: (303) 443-4780 

Suite 413 FAX: (205) 533-6578 3100 Arapahoe Road FAX: (303) 447-0371 

Huntsville, AL 35801 Suite 404 

ARIZONA Boulder, CO 80303 

O'CONNELL ASSOCIATES TEL: (602) 944-9542 FLORIDA 

2432 W. Peoria Ave. FAX: (602) 861-2615 BIB TECH SALES TEL: (305) 477-0341 

Suite 1026 3900 N.W. 79th Avenue FAX: (305) 477-0343 

Phoenix, AZ 85029 Suite 636 

O'DONNELL ASSOCIATES TEL: (602) 797-2047 Miami, FL33166 

11449 N. Copper Springs Trail FAX: (602) 797-2047 DYNE·A·MARK TEL: (407) 660-1661 

Tucson, AZ 85737 500 Winderley Place FAX: (407) 660-9407 
Suite 110 

CALIFORNIA MaiUand, FL 32751 

BESTRONICS TEL: (619) 693-1111 DYNE·A·MARK TEL: (305) 48~500 

9683 Tierro Granda Street FAX: (619) 693-1963 3355 NW. 55th Street FAX: (305) 485-6555 

Suite 102 Fort Lauderdale, FL 33309 

San Diego, CA 92126 DYNE·A·MARK TEL: (407) 725-7470 

I·SQUARED TEL: (408) 988-3400 742 Penguin Ave., NE FAX: (407) 984-2718 

3355-1 Scott Blvd. FAX: (408) 988-2079 Palm Bay, FL 32905 

Suite 102 DYNE·A-MARK TEL: (813) 345-9411 

Santa Clara, CA 95054 7884 Tent Avenue S FAX: (813) 345-3731 

WESTAR REP COMPANY TEL: (714) 453-7900 SI. Petersburg, FL 33707 

15265 Alton Parkway FAX: (714) 453-7930 GEORGIA 

Suite 400 SOUTH ATLANTIC COMPONENT SALES 

Irvine, CA 92718 3300 Holcomb Bridge Road TEL: (404) 447-6154 

WESTAR REP COMPANY TEL: (818) 880-0594 Suite 210 FAX: (404) 447-6714 

26500 Agoura Rd. FAX: (818) 880-5013 Norcross, GA 30092 

Suite 204 ILLINOIS 

Calabasas, CA 91302 DAVIX INTERNATIONA'_ LTD. 

CANADA 1655 N. Arlington Heights Rd. TEL: (708) 259-5300 

INTELATECH,INC. TEL: (613) 762-8014 Suite 204East FAX: (708) 259-5428 

275 Michael Copeland Drive FAX: (SI3) 253-1370 Arlington Heights. IL 60004 

Kanata, Ontario K2M 2G2 
INDIANA 

INTELATECH,INC. TEL: (514) 343-4877 GEN II MARKETING, INC. TEL: (317) 848-3083 

3700 Griffith Street FAX: (514) 343-4355 31 E. Main Street FAX: (317) 848-1264 

Suite 93 
Carmel, IN 46032 

SI. Laurent, Quebec H4T lA7 GEN II MARKETING, INC TEL: (219) 436-4485 

INTELATECH,INC. TEL: (905) 629-0082 1415 Ma9navox Way FAX: (219) 436-1977 

5525 Orbitor Drive FAX: (905) 629-1795 Suite 130 

Suite 2 Ft. Wayne, IN 46804 

Mississauga, Ontario L4W4Y8 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 

IOWA 
ASSOCIATED ELECTRONIC MARKETERS,INC. 
4001 Shady Oak TEL: (319)377-1129 
Marion, IA 52302 FAX: (319) 377-1539 

KANSAS 
ASSOCIATED ELECTRONIC MARKETERS,INC. 
8843 Long SI. TEL: (913) 888'{)022 
Lenexa, KS 66215 FAX: (913) 888-4848 

KENTUCKY 
GEN II MARKETING, INC. TEL: (502) 894-9903 
4012 Dupont Circle FAX: (502) 893-2435 
Suite 414 
Louisville, KY 40207 

MASSACHUSETTS 
NEW TECH SOLUTIONS, INC. 
111 South Bedford Street 
Suite 102 
Burlington, MA 01803 

MICHIGAN 
MICROTECH SALES 
9357 General Drive 
Suite 116 
Plymouth, MI 48170 

MINNESOTA 
GP SALES, INC. 
7600 Parklawn 
Suite 315 
Edina, MN 55435 

MISSOURI 

TEL: (617) 229-8888 
FAX: (617) 229-1614 

TEL: (313) 459'{)2OO 
FAX: (313) 459'{)232 

TEL: (612)831-2362 
FAX: (612) 831-2619 

ASSOCIATED ELECTRONIC MARKETERS,INC. 
1.1520 SI. Charles Rock Rd. TEL: (314) 298-9900 
Suite 131 FAX: (314) 298-8660 
Bridgeton. MO 63044 

NEW YORK 
NEPTUNE ELEC. 
255 Executive Dr. 
Suite 211 
Plainview, NY 11803 
T-8aUARED 
6170 Wynmoor Drive 
Cicero, NY 13039 
T-8aUARED 
7353 Victor-Pittsford Road 
Victor, NY 14564 
T-8aUARED 
1790 Pennsylvania Avenue 
Apalachin. NY 13732 

NORTH CAROUNA 

TEL: (516) 349-1600 
FAX: (516) 349-1343 

TEL: (315) 699-1559 
FAX: (315) 699-1705 

TEL: (716) 924-9101 
FAX: (716) 924-4946 

TEL: (607) 625-3983 
FAX: (607) 625-5294 

SOUTH ATLANTIC COMPONENT SALES 
5200 Park Road TEL: (704) 525-<>510 
Suite 103 FAX: (704) 525-9714 
Charlotte, NC 28209 
SOUTH ATLANTIC COMPONENT SALES 
4904 Waters Edge Drive TEL: (919) 859-9970 
Suite 268 FAX: (919) 859-9974 
Raleigh, NC 27606 

OHIO 
J.N. BAILEY & ASSOCIATES TEL: (513) 687-1325 
129 W. Main Street 
New Lebanon,OH 45345 
J.N. BAILEY & ASSOC.lATES 
3591 Milton Avenue 
Columbus, OH 43214 

FAX: (513) 687-2930 

TEL: (614) 262-7274 
FAX: (614) 262'{)384 

J.N. BAILEY & ASSOCIATES TEL: (216) 273-3798 
1667 Devonshire Drive FAX: (216) 225-1461 
Brunswick,OH 44212 

OREGON 
ATMI TEL: (503) 643-8307 
4900 SW Griffith FAX: (503) 643-4364 
Suite 155 
Beaverton, OR 97005 

PENNSYLVANIA 
CMS SALES & MARKETING TEL: (215) 834-8840 
527 Plymouth Road FAX: (215) 834-8848 
Suite 420 
Plymouth Meeting, PA 19462 

PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 TEL: (809) 892-4260 
Calle Cruz #2 FAX: (809) 892·3366 
Bajos, San German 
Puerto Rico 00753 

TEXAS 
O'OONNEL ASSOCIATES TEL: (915) 778-2581 
5959 Gateway West FAX: (915) 778-8429 
Suite 558 
EI Paso, TX 79925 
VIELOCK ASSOCIATE;S TEL: (214) 881-1940 
555 Republic Drive FAX: (214) 423·8556 
Suite 1 05 
Plano,TX 75074 
VIELOCK ASSOCIATES TEL: (512) 345-8498 
9430 Research Blvd. FAX: (512) 346-4037 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 
VIE LOCK ASSOCIATES TEL: (713) 974-3287 
10700 Richmond Avenue FAX: (713) 974-3289 
Suite 108 
Houston, TX 77042 

UTAH 
FRONT RANGE MARKETING, INC. 
488 E. 6400 South TEL: (801) 288-2500 
Suite 280 FAX: (801) 288-2505 
Murray, UT 84107 

WASHINGTON 
ATMI TEL: (206) 869-7636 
8521 154th Ave., NE FAX: (206) 869-9841 
Redmond,wA 98052 

WISCONSIN 
DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 

• • • • • 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 

I SAMSU;~ SEMICONDUCTOR 
EUROPE GmbH 
Am Unisyspark 1, 
65843 Sulzbach (Germany) 
TEL: 0049-6196-582-06 
FAX: 0049-6196-750-345 

MUENCHEN OFFICE 
Cari-Zeiss-Ring 9 
0-85737 Ismaning bei 
Muenchen 

MILANO OFFICE 
Viale G. Matteotti, 26 
1-20095 Cusano 
Milanino 

LONDON 
Samsung House 
225 Hook Rise South 
Surbiton 

BIRMINGHAM OFFICE 
Florence House St. 
Mary's Road Hinckley, 
Leicestershire LE1 0 
1EO TEL: 0049-89-964838 

FAX: 0049-89-964873 
TEL: 0039-2-66400181 
FAX: 0039-2-6192279 

Surrey 
KT67LD TEL: 0044-455-891111 

FAX: 0044-455-612345 

PARIS OFFICE 
Centre d'Affaires La 
Boursidiere RN 186, Bat. 
Bourgogne, BP 202 
92357 La Plessis-Robinson 
TEL: 0033-1-40940700 
FAX: 0033-1-40940216 

STOCKHOLM 
OFFICE 
Bergkaellavaegen 32 
P.O. Box 319 
S-19130 Sollentuna 
TEL: 0046-8-6269626 
FAX: 0046-8-6268638 

TEL: 0044-81-3914550 
FAX: 0044-81-9742540 

BARCELONA OFFICE 
C. Provenza, 5193-1 
E-08025 Barcelona 
TEL: 0034-3-4-504876 
FAX: 0034-3-4-331944 

BELGIUM OFFICE 
Rue de Geneve 10, 
B3 B-1140 Brussels 
TEL: 0032-2-2456510 
FAX: 0032-2-2456313 

SAMSUNG SEMICONDUCTOR-REPRESENTATIVES 

EUROPE 

BELGIUM 

DANE-LEC BELGIUM 
91-93 Rue J.D. Navez 
B-1210 Bruxelles 

TEL: 0032-2-2167058 
FAX: 0032-2-2166871 

GERMANY 

ASTRONIC GmbH 
Gruenwalder Weg 30 
0-82041 Oeisenhofen 

TEL: 0049-89-6130303 
FAX: 0049-89-6131668 

CANNING ELECTRONIC DISTRIBUTION CED GmbH 
Laatzener Str. 19 TEL: 0049-511-87640 

DENMARK 

EXATECA/S 
Mileparken 20E 
DK-2740 Skovlunde 

TEL: 0045-44927000 
FAX: 0045-44926020 

D-30539 Hannover Oelete FAX: 0049-551-8764160 

MIKO KOMPONENT AB 
Segersbyvaegen 3 
S-14502 Norsborg 

FINLAND 

TAHINIKOY 
P.O. Box 125 
SF-00241 Helsinki 

OY FINTRONIC AB 
Pyyntitie 3 
SF-02230 Espoo 

FRANCE 

MEGACHIP 
7 avenue du Canada 
ZA de Courtaboeuf 
91966 LES UILIS Cedex 
FRANCE 

SCAIB 
80 Rue d'Arcueil 
Silic 137 
94523 RUNGIS Cedex 
FRANCE 

TEL: 0046-853189080 
FAX: 0046-853175340 

TEL: 00358-1482177 
FAX: 00358-1482189 

TEL: 00358-0887331 
FAX: 00358-088733342 

TEL: 0033-1-69290404 
FAX: 0033-1-69290039 

TEL: 0033-1-46872313 
FAX: 0033-1-45605549 

tl"t'¥ji·}I;; 
ELECTRONICS 

MSC VERTRIEBS GmbH 
Industrie Str. 16 
0-76297 Stutensee 3 

TEL: 0049-7249-9100 
FAX: 0047-7249-7993 

MICRONETICS GmbH 
Oieselstrasse 12 
0-71272 Renningen 

TEL: 0049-7159-92583-0 
FAX: 0049-7159-9258355 

SILCOM ELECTRONICS VERTRIEBS GmbH 
Hindenburg Str. 284 TEL: 0049-2161-15074 
0-41061 Moenchengladbach FAX: 0049-2161-183313 

ITALY 

DEUTSCHE ITT INDUSTRIES GmbH 
Viale Milanofiori E/5 TEL: 0039-2-824701 
1-20090 Assago Mi FAX: 0039-2-8242631/8242831 

FANTON COMPONENTS BOLOGNA S.R.L. 
Via O. Simoni, 5 TEL: 0039-51-735015 
1-40011 Anzola dell' Emilia FAX: 0039-51-735013 

RAFI ELETTRONICA SPA 
Via Savona 134 
1-20144 Milano 

TEL: 0039-2-48300431 
FAX: 0039-2-428880 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

THE NETHERLANDS SWITZERLAND 

MALCHUS BV HANDELMIJ ELBATEXAG 

Fokkerstraat 511·513 TEL: 0031·10·4277777 Hard Sir. 72 TEL: 0041·56275511 
Post bus 48 FAX: 0031·10-4154867 CH·5430 Wettingen Schweiz FAX : 0041·56275532 
NI·3125 BO 5chiedam 

UNITED KINGDOM 
SPAIN MAGNATEC 

SEMICONDUCTORS S.A. Coventry Road TEL: 0044·455·554711 

Ronda General Mitre TEL: 0034·3·2172340 Lutterworth FAX: 0044·455·552612 

240 Bjs FAX: 0034·3·2176598 Leicestershire 
E·08006 Barcelona LE17 4JB 

SWEDEN ICE ELECTRONICS LTD. 
31·32 Stephenson Road TEL : 0044·480·496466 

MIKO KOMPONENTS Burrel Road Industrial Estate FAX : 0044·480·496621 
5egersbyvaegen 3 TEL: 0046-853-189080 Sl.lves 
P.P. Box 2001 FAX: 0046-853-175340 Cambridgeshire 
5·14502 Norsborg PE174WJ 

41IMfilh·; 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ASIA 

HONG KONG 

AY. CONCEPT LTD. 
Unit 11-15, 11/FL., Block A, 
Focal Industrial Centre 
21 Man Lok Street, Hunghom, 
Kowloon, Hong Kong 

PROTECH COMPONENTS LTD. 

TEL: 334733 
FAX: 7643108 

Unit 2,3IFL., Wah Shing Centre, TEL: 7930882 
11 Shing Yip Street, FAX: 7930811 
Kwun Tong, Kowloon, 
Hon9 Kon9 

WISEWORLD ELECTRONICS LTD. 
Room 708, Tower A, 71F1., TEL: 7658923 
Hunghom Commercial Centre, FAX: 3636203 
31-39 Ma Tau Wai Road, Honghom, 
Hong Kong 

CENTENNIAL ELECTRONICS LTD. 
Unit 2,23/FL., TEL: 565-5898 
Westlands Center, FAX: 564-5411 
No. 20 Westlands Road, 
Quarry Bay, Hong Kong 

SOLARBRITE ELECTRONICS LTD. 
(CALCULATOR & WATCH) 
Unit l,111FL., Tower 1, Horbour TEL: 3633233 
Centre 1, Hok cheung FAX: 3633900 
St, Hunghom, Kowloon, 
Hong Kon9 

ATLANTIC COMPONENTS LTD. 
(MEMORY & PC) 
Unit 502, 5IFL, Tower III TEL: 7991996 
Enterprise Square, FAX: 7559452 
9 Sheung Yuet Road, Kowloon Bay, 
Kowloon, Hong Kon9 

LlSENG&CO. 
(4BIT/8BIT ONE CHIP SOFTWAFE HOUSE) 
Flat B&C, 6/FL., Four Seas TEL: 5431338 
Communication Bank Bldg, FAX: 5442602 
49-51 bonham Strand 
West, Hong Kong 

DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4-51Fl., TEL: 7862611 
Yuen Shing Ind. bldg., FAX: 7856213 
1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 

SYNTHESIS SYSTEMS DESIGN LTD. 
(ASIC DESIGN HOUSE) 
Unit 4,121FL., Chai Wan Ind. City, TEL: 557-1102 
Phase 2, No.70, Wing" Tal Road, FAX: 8892962 
Chai Wan, Hong Kong 

tl" tijlh is 
ELECTlIONICS 

MACRO LONG DEVELOPMENT LTD. 
(CHINA AREA-8UMAN OFFICE) 
51FL., Block E, Hing Yip Factory Bldg., TEL: 7970605 
31, Hing Yip SI. Kwan Long. FAX: 3418363 
Kowloon, Hong Kong 

TAIWAN 

YOSUN INDUSTRIAL CORP. 
7F, No.76, Sec. 1 , 
Cheng Kung Rd. Nan Kang, 
Taipei, R.O.C 

SANT SONG CORP. 
4/FL., No.12, Lane 94, Tsao 
Ti Wei, Shen Keng Hsiang, 
Taipei, Hsien, Taiwan, R.O.C 

TEL: 02-788-1991 
FAX: 02-788-1996 

TEL: 02-662-7829 
FAX: 02-662-0781 

SUPREME ELECTRONICS CO., LTD. 
181FL., No.67, Section 2, TEL: 02-70232581 
Tun Hwa S.Road, 7023278 
Taipei, Taiwan, R.O.C FAX: 02-7063196 

JAPAN 

TOMEN ELECTRONICS CORP. 
1-1, Uchisaiwa-Cho 2-Chome, TEL: 03-3506-3654 
Chiyoda-Ku, Tokyo, 100 Japan FAX: 03-3506-3497 

RIKEI 
Nichimen Bldg., TEL: 06-201-2081 
2-2, Nakanojima 2-Chome, FAX: 06-222-1185 
Kita-Ku, Osaka, 530 Japan 

ISECO 
26-3, Kitamagome 2-Chome, TEL: 03-3777-3611 
Ota-Ku, Tokyo, 143 Japan FAX: 03-3777-3614 

ADO 
7/FL., Sasage Bldg., TEL: 03-3257-2600 
4-6 Sotokanda 2-Chome, FAX: 03-3251-9705 
Chiyoda-Ku, Tokyo, 101 Japan 

MARUBUN 
8-1 , Nihonbashi-Odenma-Cho, TEL: 03-3639-9897 
Chuo-Ku, Tokyo, 103 Japan FAX: 03-3661-7433 

SAMSUNG JAPAN 
17FL., Hamacho Center Bldg., TEL: 03-5641-9850 
2-31-1, Nihonbashi-Hamacho, FAX: 03-5641-9713 
Chuo-Ku, Tokyo, 103 Japan 

SINGAPORE 

ASTINA ELECTRONICS (S) PTE LTD. 
203B Henderson Road, TEL: 2769997 
#12-08, Henderson Industrial Park, 
Singapore 0315 

BOSTEX ELECTRONICS PTE LTD. 
219 Henderson Road, TEL: 3390713 
#10-01, Henderson Industrial Park, 
Singapore 0315 

I 
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MARUBUN ELECTRONICS (S) PTE LTD. 
4 Shentor Way, TEL: 2238855 
#16-07, shing Kwan House, 
Singapore 0106 

SAMTEK SEMICONDUCTOR DEVICES (S) PTE LTD. 
80 Robinson Road; TEL: 2259177 
#16-01, Singapore 0106 

SOUTH WEST ELECTRONICS PTE LTD. 
No. 159 Sin Min Road, TEL: 5533118 
#04-03, Amtech Bldg., 
Singapore 2057 

YIC SINGAPORE PTE LTD. 
No. 159 Sin Min Road, TEL: 5524811 
#04-04, Arntech Bldg., 
Singapore 0257 

STM INTERNATIONAL (S) PTE LTD. 
No. 12 Prince Edward Road, TEL: 2265613 
#04-06, Besway Bldg., Podium 'B' 
Singapore 0207 

TURKEY 
INTER GROUP OF COMPANIES 
Hasircibasi Caddesi No. 55 TEL: 0216-349-9400 
81310 Kadikoy-Istanbul-Turkey FAX: 0216-349-9430-31 

THAILAND 

VUTIPONG ELECTRONICS CO., LTD. 
51-53 Pahurat Road (Banmoh) TEL: 662-226-6496/9 
Bangkok 10200, Thailand 

WESTECH ELECTRONICS PTE LID. 
77/113 Ladprao Soi 3, TEL: 662-512-2751 
Ladyao, Jatujak 662-512-5427 
Bangkok 10900, Thiland 

CHINA 

CENTENNIAL ELECTRONICS LTD. 
(SHANGHAI OFFICE) 
Room 808, Area B, TEL: 021-4810697 
Yin Hai Comm. Bldg., FAX: 021-4824668 
250, Cao Xi Road, Xu Hui District, 
Shanghai, P.R. China 

CENTINNIAL ELECTRONICS LTD. 
(SHENZHEN OFRCE) 
Unit 10, 22/FL, Oriental Bldg., TEL: 0755-2284262 
39 Jianshe Road., Shenzhen, FAX: 0755-2282536 
Guangdong, China 

QINGHUA-SAMSUNG MICOM SOFTWARE HOUSE 
(DEPT OF ELECTRONICS) 
QingHua Yuan, TEL: Ol-2594785 
Beijing China FAX: 01-2594176 

SUMAN ELECTRONIC PRODUTS CO. 
Room 117, Technology Trading CenterTEL: 01-8421321 
No.37 Bai Shi Qiao Road FAX: 01-8421301 
Beijing, China 

SUMAN ELECTRONICS 
(TIANJIN OFFICE) 
No.203-205, HongQi Road., 
Nankai District, 
TianJin, China 

SUMAN ELECTRONICS 
(HANGZHOU OFFICE) 
No.27, Wen-San Road., 
HangZhou City, China 

TEL: 022-3369292 
FAX: 022-3360775 

TEL: 0571-8088584 
FAX: 0571-8073607 

SUMAN ELECTRONICS (NANJING OFFICE) 
No.8 Shitiao Xiang, Gulou, TEL: 025-3303500 
Nanjing FAX: 025-6637903 

SUMAN ELECTRONICS 
(XIAN OFFICE) 
No.l06 Frengging Road., 
Xian, China 

KOREA 

TEL: 029-4262014 
FAX: 029-4262306 

NAEWAE SEMICONDUCTOR CO., LID. 
4/FL., Chung-Um Bldg., TEL: 02-597-8121 
924-13, Bangbae-ldong, : 051-862-7979 
Seocho-Ku, Seoul, Korea FAX: 02-525-9762 

SAMSUNG LIGHT-ELECTRONICS CO., LTD 
4/FL., Room 2-3, TEL: 02-718-0045 
Electronics Main Bldg., : 02-718-9531-5 
16-9, Hankangro-3ka, FAX: 718-9536 
Yongsan-Ku, Seoul, Korea 

NEWCASTLE SEMICONDUCTOR CO., LID. 
4/FL., Room 410-411, TEL: 02-718-8531-4 
Electronics Main Bldg., FAX: 02-718-8535 
16-9, Hangkangro-3ka, 
Yongsan-Ku, Seoul, Korea 

HANKOOK SEMICONDCUTOR & 
TELECOMMUNICATION CO., LID. 
#302, Monami Bldg., 125-20, TEL: 02-545-4123 
Chungdam-dong, Kangnam-ku, FAX: 02-542-2454 
Seoul, Korea 

SEGYUNG INTERISE CORP. 
Dansan Nonhyun Bldg., 
270-45, Nonhyun-dong, 
KangNam-ku, Seoul, Korea 

SEGYUNG ELECTRONICS 

TEL: 02-469-3511 
FAX: 02-469-7966 

182-2, Jangsa-dong, TEL: 02-273-6781 
Jongro-ku, Seoul, Korea FAX: 02-275-9448 

SAMTEK 
3-4/FL., Chungju Bldg., 
156-16, Sam sung-dong, 
Kangnam-ku, Seoul, Korea 

SUNIN TRADING CO., LTD. 
7/FL., Sunin Bldg., TEL: 02-702-1257-8 
16-8, Hankangro-2ka, FAX: 02-704-097 
Yongsan-ku, Seoul, Korea 

MUJIN ELECTRONICS 
Samba Bldg., TEL: 02-783-4890 
132-2, Yeuido-dong, FAX: 02-785-7661 
Youngdeungpo-Ku, Seoul, Korea 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 

ARIZONA CANADA (Continued) 
ADDED VALUE (602) 951-9788 ACTIVE (403) 235-5300 
7741 East Gray Road FAX: (602) 951-4182 3220 5th Avenue, N.E. Bay 2 FAX: (403) 248-0750 
Suite 9 Calgary, Alberta T2A 5N 1 
Scottsdale, AZ 85260 ACTIVE (204) 788-3075 

106 King Edward SI., E FAX: (204) 783-8133 
CAUFORNIA Winnepeg, Manitoba R3H ON8 

ADDED VALUE (714) 259-8258 ACTIVE (416) 238-8825 
1582 Parkway Loop FAX: (714) 259-0828 1350 Matheson Blvd, Unit 2 FAX: (416) 238-2817 
UnitG Mississauga, Ontario L4W 4MI 
Tustin, CA 92680 ACTIVE (403) 438-5888 
ADDED VALUE (619) 558-8890 6029103rd SI. FAX: (403) 434-0812 
5752 Oberlin Drive FAX: (619) 558-3018 Edmonton, Alberta T6H 2H3 
Suite 105 ACTIVE (418) 682-5775 
San Diego, CA 92121 1990 Blvd. Charest O. FAX: (418)682-8303 
ALL AMERICAN (800) 831-8300 Ste-Foy, Quebec G1N 41<8 
369 Van Ness Way (213) 320-0240 ACTIVE (613) 728-7900 
Unit 701 FAX: (213) 320-7207 1023 Merivale Road FAX: (613) 728-3586 
Torrance, CA 90501 Ottawa, Ontario K1Z 6A6 
ALL AMERICAN (408) 943-1200 ACTIVE (514) 256-7538 
2360 Qume Drive, Suite C FAX: (408) 943-1393 6080 Metropolitan East FAX: (514) 256-4890 
San Jose, CA 95131 Montreal, Quebec H1S lA9 
ALL AMERICAN (619) 458-5850 
5060 Shoreham Place FAX: (619) 458-5866 COLORADO 
Suite 200 ADDED VALUE (303) 422-1701 
San Diego, CA 92122 4090 Youngfield FAX: (303) 422-2529 
I.E.C. (916) 363-6030 Wheatridge, CO 80033 

II 9940 Business Park Drive FAX: (916) 362-6926 I.E.C. (303) 292-5537 
Suite 145 420 East 58th Avenue FAX: (303) 292-0114 
Sacramento, CA 95827 Denver, CO 80216 
ITT Components (714) 727-4001 I.E.C. (303) 292-6121 
18 Technology Drive FAX: (714) 727-2109 5750 North Logan Street FAX: (303) 297-2053 I 

Irvine, CA 92718 Denver, CO 80216 
ITT Components (408) 453-1404 Q.P.S. (303) 343-9260 
1580 Oakland Road FAX: (408) 453-1407 14291 E. 4th Avenue FAX: (303) 343-3051 
Suite Cl02 Bldg. 7, Unit 208 
San Jose, CA 95131 Aurora, CO 80011 
JACO (714) 258-9003 
1541 Parkway Loop FAX: (714) 258-1909 
Suite A FLORIDA 
Tustin, CA 92680 ALL AMERICAN (305) 621-8282 
JACO (805) 495-9998 16085 NW 52 Avenue FAX: (305) 620-7831 
2282 Townsgate Road (800) 266-1282 Miami, FL33014-9317 
Suite 100 FAX: (805) 494-3864 ALL AMERICAN (800) 327-6237 
Westlake Village, CA 91361 5009 Hiatus Road FAX: (305) 749-9229 
JACO (408) 432-9290 Sunrise, FL 33351 
2880 Zanker Road FAX: (408) 432-9298 JACO (407) 241-7943 
Suite 202 1060 Holland Drive FAX: (407) 241-7950 
San Jose, CA 95134 Suite3K 

Boca Raton, FL 33487 
CANADA RM ELECTRONICS (407) 767-8005 

ACTIVE (514) 694-7710 581 East SI. Rte. 434 FAX: (407) 767-8165 
237 Hymus Boulevard FAX: (514) 697-8112 Longwood, FL 32750 
Point Claire, Quebec H9R 5C7 
ACTIVE (604) 324-7500 
100 S.E. Marine Drive FAX: (604) 324-3100 ILUNOIS 
Vancouver, BC V5X 2S3 I.E.C. (708) 843-2040 
ACTIVE (416) 367-2911 2200 N. Stronington Ave., FAX: (708) 843-2320 
100 Lombard Street FAX: (416) 367-4706 Suite 210 
Toronto, Ontario M5C 1M3 Hoffman Estates, IL 60195 
ACTIVE (514) 731-7441 QPS (708) 884-6620 

5651 Ferrier Street FAX: (514) 731-0129 101 E. Commerce Dr. FAX: (708) 884-7573 
Montreal, Quebec H4AP 1 N 1 Schaumburg, IL 60173 

tlIMil;'}'; 
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INDIANA PENNSYLVANIA 
RM ELECTRONICS (317) 580-9999 CAM/RPC (412) 782-3770 
1329 W. 96th Street FAX: (317) 580-9615 620 Alpha Drive FAX: (412) 963-6210 
Suite 10 Pittsburgh, PA 15238 
Indianapolis, IN 46260 

TEXAS 
ALL AMERICAN (214) 231-5300 

MARYLAND 1819 Firman Drive FAX: (214) 437-0353 
ALL AMERICAN (301) 251-1205 Suite 127 
14636 Rothgeb Dr. FAX: (301) 251-8574 Richardson, TX 75081 
Rockville, MD 20850 JACO (214) 234-5565 
JACO (410) 995-6620 1209 N. Glenville Drive FAX: (214) 238-7066 
Rivers Center FAX: (410) 995-6032 Richardson, TX 75081 
10270 Old Columbia Road JACO (713) 240-2255 
Columbia, MD 21046 10707 Corporate Drive FAX: (713) 240-6988 

Suite 124 
MASSACHUSETS Stafford, TX 77477 

ALL AMERICAN (617) 246-2300 JACO (512) 835-0220 
107 Audubon Road FAX: (617) 246-2305 2120-A Braker Lane FAX: (512) 339-9252 
Suite 104 Austin, TX 78758 
Wakefield, MA 01880 

UTAH 
JACO (508) 640-0010 ADDED VALUE (801 ) 975-9500 
1053 East Street. FAX: (508) 640-0755 1836 Parkway Blvd. FAX: (801) 977-0245 
Tewksbury, MA 01876 West Valley City, UT 84119 

ALL AMERICAN (801) 261-4210 
MICHIGAN 4455 South - 700 East FAX: (801) 261-3885 

RM ELECTRONICS (616) 531-9300 Suite 301 
4310 Roger B. Chaffee Drive FAX: (616) 531-2990 Salt Lake City, UT 84107 
Grand Rapids, MI 49508 I.E.C. (801) 977-9750 

2117 South 3600 West FAX: (802) 975-1207 
MINNESOTA W. Valley City, UT 84119 

ALL AMERICAN (612) 944-2151 
11409 Valley View Road FAX: (612) 944-9803 WASHINGTON 
Eden Prairie, MN 55344 I.E.C. (206) 455-2727 

1750 124th Avenue, N.E. FAX: (206) 453-2963 
NEW YORK Bellevue, WA 98005 

ALL AMERICAN (516) 981-3935 
711-2 Koehier Ave. FAX: (516) 981-3947 
Ronkonkoma, NY 11779 
CAM/RPC (716) 436-5070 • • • • • 
200 Buell Rd. FAX: (716) 436-5093 
Rochester, NY 14624 
JACO (516)-273-5500 
145 Oser Avenue FAX: (516) 273-5506 
Hauppauge, NY 11788 

NORTH CAROUNA 
JACO (919) 876-7767 
5206 Greens Dairy Road FAX: (919) 876-6964 
Raleigh, NC 27604 

OHIO 
CAM/RPC (216) 461-4700 
749 Miner Road FAX: (216) 461-4329 
Cleveland, OH 44143 
CAM/RPC (614) 888-7777 
733 H. Lakeview Plaza Rd. FAX: (614) 888-9779 
Worthington, OH 43085 

OREGON 
I.E.C. (503) 641-1690 
6850 S.W. 105th Ave. FAX: (503) 646-3737 
Suite B 
Beaverton, Oregon 97005 
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SM.ES 
16TH 
5-M 
SEOUL. KORfA 
TEl···· ·82(2)776-0114 
FAX·· ·· ·82(2)751-6061 

. . . ... iiiiillilillililiilllliiiiilliiiiiliiiiiiiiilii~·ii;;·;; . . . ... ... . . . 
_1RMCIf 
5TH FL. s.wsuNG 
71. SONGJEONG.DONG. GlMI 
lMJNGSANGIIUI.oo, I!ORfA 
TEL· · . . ·82(5461451·2$25 
FAX···· 82(546)4512460 

© 1995 Semsung Electronics 
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SM1SUNIS .......... 
3655 NOJmof FIRST STREET 
SAN JOSE. CA 95134. USA 
TEl·· · · ·1(40819547000 
FAX .... ·1(4081954 7286 

SAMSUNG~ 
EUROPEIM8H 
I#A UNISYSPARK 1. 
65843 sut.ZM:H/TS. GERMANY 
TEl· . . . ·49(6196158208 
FAX · · ·· 49(6196)750345 

UMa"~~.C~~~. 
HAMACHO CENTER BLDG.. 
31·1. NItfON8ASN.HA~ 2.cHOME. 
CHtJO.IQJ. TOKYO 103. »1IIf 
TEl·· · · ·81(3156419850 
FAX .. "'81(3)56419851 

SM1IUNG ELIC1'IIONICI 
HONGK0N8 CO., LtD. 
65TH FL. CENTRAl PLAZA. 
18 HARalUR ROAD. 
WANCtIAI. HONG KONG 
TELEX·· ·80303 SSTC HX 
TEl·· · · ·852·2862-6900 
FAX··· · ·852 28661343 
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