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1. Introduction 
1.1 Dynamic RAM 

CMOS 4Mx1 

di SAMSUNG 
.. Electronics 

KM41C4000-8 

KM41C4000L-8 

KM41C4001-8 

KM41C4002-8 

KM41C4000A-7 

KM41C4000AL-7 

KM41C4000ASL-7 

KM41C4001A-7 

KM41C4002A-7 

KM41C40008-5 

FUNCTION GUIDE 

KM41C4000-10 

KM41C4000L-10 • KM41C4001-10 

KM41C4002-10 

KM41C4000A-8 KM41C4000A-10 

KM41C4000AL-8 KM41C4000AL-10 

KM41C4000ASL-8 KM41C4000ASL-10 

KM41C4001A-8 KM41C4001A-10 

KM41C4002A-8 KM41C4002A-10 

KM41C4000B-6 
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FUNCTION GUIDE 

CMOS 1Mx4 KM44C1000-8 KM44C1000-10 

KM44C1000L-8 KM44C1000L-10 

KM44C1002-8 KM44C1002-10 

KM44C1000A-7 KM44C1000A-8 KM44C1000A-10 

KM44C1000AL-7 KM44C1000AL-8 KM44C1000AL-10 

KM44C1000ASL-7 KM44C1000ASL-8 KM44C1000ASL-10 

KM44C1002A-7 KM44C1002A-8 KM44C1002A-10 

KM44C1010A-7 KM44C1010A-8 KM44C1010A-10 

KM44C1012A-7 KM44C1012A-8 KM44C1012A-10 

KM44C1000B-5 KM44C1000B-6 

256Kx16 KM416C256-7 KM416C256-8 KM416C256-10 

KM416C266-7 KM416C266-8 KM416C266-10 

256Kx18 KM418C256-7 KM418C256-8 KM418C256-10 

512Kx8 KM48C512-7 KM48C512-8 KM48C512-10 

KM48C522-7 KM48C522-8 KM48C522-10 

512Kx9 KM49C512-7 KM49C512-8 KM49C512-10 

,. New Product 

=iSSAMSUNG 
Electronics 
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FUNCTION GUIDE 

1.2 Dynamic RAM Module 

1Mx8 KMM581000AN-7 KMM581000AN-8 KMM581000AN-10 

(2-chips) 

1Mx9 KMM591000AN-7 KMM591000AN-8 KMM591000AN-10 

(3-chips) • 4Mx8 KMM584000A-7 KMM584000A-8 KMM584000A-10 

4Mx9 KMM594000A-7 KMM594000A-8 KMM594000A-10 

1Mx32 KMM5321000AV/AVG-7 KM M5321000AV/AVG-8 KMM5321000AV/AVG-10 

1Mx36 KMM5361000A/AG/A1/A1G-7 KMM5361000A/AG/A1/A1G-8 KMM5361000A/AG/A1/A1G-10 

2Mx32 KMM5322000AV/AVG-7 KMM5322000AV/AVG-8 KMM5322000AV/AVG-10 

2Mx36 KMM5362000A/AG/A1/A1G-7 KMM5362000A/AG/A1/A1G-8 KMM5362000A/AG/A1/A1G-10 

1Mx40 KMM5401000A/AG-7 KMM5401000A/AG-8 KMM5401000A/AG-10 

2Mx40 KMM5402000A/AG-7 KMM542000A/AG-8 KMM5402000A/AG-10 

ex SAMSUNG 
•• Electronics 
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2. Product Guide 
2.1 Dynamic RAM 

Generation Part Number 

1st Gen. KM41C4000J 
KM41C4000Z 
KM41 C4000LJ 
KM41 C4000LZ 
KM41C4001J 
KM41C4001Z 
KM41C4002J 
KM41C4002Z 

KM44C1000J 
KM44C1000Z 
KM44C1000LJ 
KM44C1 OOOLZ 
KM44C1002J 
KM44C1002Z 

2nd Gen. KM41 C4000AJ 
KM41 C4000AP 
KM41 C4000AZ 
KM41 C4000AT 
KM41 C4000ALJ/ ASLJ 
KM41 C4000ALP/ ASLP 
KM41 C4000ALZ/ASLZ 
KM41 C4000AL T/ASL T 

KM41 C4001 AJ 
KM41 C4001 AP 
KM41 C4001 AZ 
KM41 C4002AJ 
KM41 C4002AP 
KM41 C4002AZ 

KM44C1 OOOAJ 
KM44C1 OOOAP 
KM44C1 OOOAZ 
KM44C1000AT 
KM441 OOOALJ/ ASLJ 
KM441 OOOALP/ ASLP 
KM44C1000ALZ/ASLZ 
KM44C1000ALT/ASLT 
KM44C1002AJ 
KM44C1002AP 
KM44C1002AZ 
KM44C1010AJ 

KM44C101 OAP 

KM44C101 OAZ 

KM44C1012AJ 

KM44C1012AP 

KM44C1012AZ 

3rd Gen. * KM41 C4000B 
* KM44C1000B 

*KM416C256J 
~ KM416C256Z 

•• CK SAMSUNG 
•• Electronics 

Organization Speed (ns) 

4Mx1 80/100 
4Mx1 80/100 
4Mx1 80/100 
4Mx1 80/100 
4Mx1 80/100 
4Mx1 80/100 
4Mx1 80/100 
4Mx1 80/100 

1Mx4 80/100 
1Mx4 80/100 
1Mx4 80/100 
1Mx4 80/100 
1Mx4 80/100 
1Mx4 80/100 

4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 

4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 
4Mx1 70/80/100 

1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 
1Mx4 70/80/100 

1Mx4 70/80/100 

1Mx4 70/80/100 

1Mx4 70/80/100 

1Mx4 70/80/100 

1Mx4 70/80/100 

4Mx1 50/60 
1Mx4 50/60 

256Kx16 70/80/100 
256Kx 16 70/80/100 

FUNCTION GUIDE 

Technology Feature Package Remark 

CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Nibble 20 Pin SOJ Now 
CMOS Nibble 20 Pin ZIP Now 
CMOS Static Column 20 Pin SOJ Now 
CMOS Static Column 20 Pin ZIP Now 

CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Static Column 20 Pin SOJ Now 
CMOS Static Column 20 Pin ZIP Now 

CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 18 Pin DIP Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Fast Page 20 PinTSOP Now 
CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 18 Pin DIP Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Fast Page 20 Pin TSOP Now 

CMOS Nibble 20 Pin SOJ Now 
CMOS Nibble 18 Pin DIP Now 
CMOS Nibble 20 Pin ZIP Now 
CMOS Static Column 20 Pin SOJ Now 
CMOS Static Column 18 Pin DIP Now 
CMOS Static Column 20 Pin ZIP Now 

CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 20 Pin DIP Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Fast Page 20 PinTSOP Now 
CMOS Fast Page 20 Pin SOJ Now 
CMOS Fast Page 20 Pin DIP Now 
CMOS Fast Page 20 Pin ZIP Now 
CMOS Fast Page 20 Pin TSOP Now 
CMOS Static Column 20 Pin SOJ Now 
CMOS Static Column 20 Pin DIP Now 
CMOS Static Column 20 Pin ZIP Now 
CMOS Fast Page 20 Pin SOJ Now 

withWPB 
CMOS Fast Page 20 Pin DIP Now 

withWPB 
CMOS Fast Page 20 Pin ZIP Now 

withWPB 
CMOS Static Column 20 Pin SOJ Now 

withWPB 
CMOS Static Column 20 Pin DIP Now 

withWPB 
CMOS Static Column 20 Pin ZIP Now 

withWPB 

CMOS Fast Page 20 Pin SOJ 20, '92 
CMOS Fast Page 20 Pin SOJ 20, '92 

CMOS Fast Page 40 Pin SOJ 20, '92 
CMOS Fast Page 40 Pin ZIP 20, '92 

14 



Dynamic RAM (Continued) 

Generation Part Number Organization Speed (ns) 

*KM416C266J 256Kx16 70/80/100 

* KM416C266Z 256Kx 16 70/80/100 

* KM418C256J 256Kx 18 70/80/100 
* KM418C256Z 256Kx 18 70/80/100 
*KM48C512J 512Kx8 70/80/100 
*KM48C512Z 512Kx8 70/80/100 
*KM48C522J 512Kx8 70/80/100 

*KM48C522Z 512Kx8 70/80/100 

*KM49C512J 512Kx9 70/80/100 
*KM49C512Z 512Kx9 70/80/100 

2.2 Dynamic RAM Module 

Technology 

CMOS 

CMOS 

CMOS 
CMOS 
CMOS 
CMOS 
CMOS 

CMOS 

CMOS 
CMOS 

FUNCTION GUIDE 

Feature 

Fast Page 
withWPB 
Fast Page 
withWPB 
Fast Page 
Fast Page 
Fast Page 
Fast Page 
Fast Page 
withWPB 
Fast Page 
withWPB 
Fast Page 
Fast Page 

Package Remark 

40 Pin SOJ 20, '92 

40 Pin ZIP 20, '92 

40 Pin SOJ 20, '92 
40 Pin ZIP 20, '92 
28 Pin SOJ 20, '92 
28 Pin ZIP 20, '92 
28 Pin SOJ 20, '92 

28 Pin SOJ 20, '92 

28 Pin SOJ 20, '92 
28 Pin ZIP 20, '92 

*S: Singie Side 
*D: Double Side 

Part Number Organization Speed Technology Feature Package PCB 
(ns) Height [In] 

KMM581000AN 1Mx8 70/80/100 CMOS Fast Page Mode *S, 30 Pin SIMM 0.65 

KMM591000AN 1Mx9 70/80/100 CMOS Fast Page Mode *S, 30 Pin SIMM 0.65 

KMM584000A 4Mx8 70/80/100 CMOS Fast Page Mode *S, 30 Pin SIMM 0.805 

KMM594000A 4Mx9 70/80/100 CMOS Fast Page Mode *S, 30 Pin SIMM 0.805 

KMM5321000AV/AVG 1Mx32 70/80/100 CMOS Fast Page Mode *S, 72 Pin SIMM 0.855 

KMM5361000A/AG/A1/A1G 1Mx36 70/80/100 CMOS Fast Page Mode 
A/AG: *D, 72 Pin A/AG: 1.25 
A1/A1G: *S, 72 Pin A1/A1G: 1.0 

KMM5322000AV/AVG 2Mx32 70/80/100 CMOS Fast Page Mode *D, 72 Pin SIMM 0.855 

KMM5362000A/AG/A1/A1G 2Mx36 70/80/100 CMOS Fast Page Mode *D, 72 Pin SIMM A/AG: 1.25 
A1/A1G: 1.0 

KMM5401 OOOA/AG 1Mx40 70/80/100 CMOS Fast Page Mode *S, 72 Pin SIMM 1.0 

KMM5402000A/AG 2Mx40 70/80/100 CMOS Fast Page Mode *D, 72 Pin SIMM 1.0 

•• c:cSAMSUNG 
•• Electronics 
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3. Cross Reference 

3.1 Dynamic RAM 

Org. Mode Samsung Toshiba 

X1 F. Page KM41C4000 TC514100 

Nibble KM41C4001 TC514101 

S.Column KM41C4002 TC514102 

X4 F. Page KM44C1000 TC514400 

S. Column KM44C1002 TC514402 

3.2 Dynamic RAM Module 

Density Organization Samsung 

8M bit 1M x 8 (2C) KMM581 OOOAN 

9M bit 1Mx9 (3C). KMM591000AN 

32M bit 4Mx8 KMM584000 

36M bit 4Mx9 KMM594000 

32M bit 1Mx32 KMM5321000 

36M bit 1Mx36 KMM5361000 

64M bit 2Mx32 KMM5322000 

72M bit 2Mx36 KMM5362000 

40M bit 1Mx40 KMM5401000 

SOM bit 2Mx40 KMM5402000 

dCSAMSUNG 
u Electronics 

FUNCTION GUIDE 

Hitachi Fujitsu NEC Oki 

HM514100 MB814100 MPD424100 MSM514100 

HM514101 MB814101 MPD424101 MSM514101 

HM514102 MB814102 MPD424102 MSM514102 

HM514400 MB814400 MPD424400 MSM514400 

HM514402 MB814402 MPD424402 MSM514402 

Toshiba Hitachi NEC 

HB56G18 

HB56G19 

THM84000 HB56A48 MC-4241 OOA8 

THM94000 HB56A49 MC-4241 OOA9 

THM321000 HB56D132 

THM5361020 HB56D136 MC-421 OOOA36 

THM322020 HB560232 

THM362020 HB560236 MC-422000A36 

THM401020 HB56A140 

THM402020 

16 



4. Ordering Information 

4.1 Dynamic RAM 

FUNCTION GUIDE 

KM XX X C XXXX X X X X 

SAMSUNG MEMORYT 

xx 
T SPEED 

DEVICE TYPE 

• 4: DRAM 
• 42: VRAM 
• 6: SRAM 
• 23: MASK ROM 
• 28: STANDARD EEPROM 
• 93: Serial EEPROM 
• 75: FIFO 
• 65: PSEUDO 

ORGANIZATION 

• 1: x1 
• 4: x4 
• 8: x8 
• 9: x9 
• 16: x16 
• 18: x18 

PROCESS 

• BLANK: NMOS 
• C: CMOS 
• B: Bi-CMOS 

DENSITY & MODE 

4.2 Dynamic RAM Module 

SAMSUNG 
Memory 

Module 

KM M W WW XXXX V 

TJ 
PIN/EDGE CONNECTOR 

5: DRAM SIMM (EDGE CONNECTOR) 
4: DRAM SIP (PINS) 

DENSITY & MODE/FEATURE 

1000: 1M F. Page 
2000: 2M F. Page 
4000: 4M F. Page 
4001: 4M Nibble 
4002: 4M S. Column 

•• CJCSAMSUNG 
•• Electronics 

v v 

• 5: 50ns 
• 6: 60ns 
• 7: 70ns 
• 8: 80ns 
• 10: 100ns 

TEMPERATURE RANGE 

• BLANK: 0-70°C 
• I: -40- +85°C 
• M: -55-+125°C 

PACKAGE 

• P: PLASTIC DIP 
• J: PLASTIC SOJ 

PLASTIC PLCC 
• Z: PLASTIC ZIP 
• G: SOIC 
• GD: SOIC with 

DIP Pin Out 
• FP: QFP 

PERFORMANCE 

•BLANK: Standard 
• L: Low Power 
• SL: Super Low Power 

v - zz 
T 

DIE REVISION 

• BLANK: None 
•A: First 
• B: Second 

SPEED 

7: 70ns 8: 80ns 10: 100ns 

LEAD FINISH 

• BLANK: Solder 
• G : Gold 

NUMBER OF COMPONENTS 

• BLANK: MORE THAN 7 CHIPS 
• N : LESS THAN 8 CHIPS 

PACKAGE (PCB) REVISION 

• BLANK: NONE 
• 1 : FIRST REV. 

DIE (COMPONENT) REVISION 

• BLANK: NONE 
•A : FIRST REV . 
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KM41C4000/L CMOS DRAM 

4MX1 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC 

KM41 C4000/L- 8 80ns 20ns 

KM41C4000/L-10 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 

TTL compatible inputs and output 
• Common 1/0 capability using Early Write 
• Single + 5V ± 10 % power supply 
• Refresh Cycles: 

-1024 cycles/16ms 
-1024 cycles/128ms (l-Version) 

• Power dissipation 
-Standby: 5.5mW 

1.7mW (l-Version) 
-Active : 550mW (80ns) 

468mW (1 OOns) 
• JEDEC standard pinout 
• Available in Plastic SOJ/ZIP 

tRc 

150ns 

180ns 

FUNCTIONAL BLOCK DIAGRAM 

DATA IN D 

Ao 

a: 
LJ.J 
0 
0 
(.) 
LJ.J 
0 

:s: 
0 
a: 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 

MEMORY ARRAY 
4, 194,304 Cells 

•• :::SAMSUNG 
•• Electronics 

BUFFER 

Q 

-Vee 

-Vss 

The Samsung KM41 C4000/L is a high speed CMOS 
4, 194,304 bit X 1 dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4000/L features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

GAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

The KM41 C4000/L is fabricated using Samsung's ad
vanced CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM41 C4000J/LJ • KM41 C4000Z/LZ 

D 10 Vss Ag 

w 19 Q 

CAS 

N.C. N.C. 

A10 Ag 

N.C. 
Ao 

A, 
As A2 

A3 
A, Ay Vee 

A• 
A2 A5 As 

As 
A5 

Ay 
Vee 10 A• As 

Pin Name Pin Function 

Ao-A10 Address Inputs 
f-· 

D Data In 

Q Data Out 
f-· 

w Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vee Power (+5V) 

Vss Ground 
·-

N.C . No connection 
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KM41C4000/L CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

t- Voltage on Any Pin Relative __ to_V_ss ____ -+--__ V_1N_, _V_o_ur _______ -_1._to_+_7_. O ___ .,__ ___ V __ ----< 

.__ __ V_ol_ta_g_e_o_n_V __ c_c_S_up_p_ly_R_el_at._iv_e_t_o_V_s_s __ .-+---___ V_c_c ___ ___._ ___ -_1 to + 7. O V 
--

>----S_to_ra_g~e_T_e_m __ p_e_ra_t_ur_e _________ ·+----Ts~tg,,_ __ +--__ -_5_5_t_o_+_1_5_0 ___ r ___ 0_~~ 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to ?0°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
t-·----- --

Ground Vss 0 0 0 v 
·-- ----·-·-----J . ·-

Input High Voltage V1H 2.4 - Vcc+1 v 
·-- -~------ +---·--------

Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~rA~70°c, Vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* KM41 C4000/L- 8 
lcc1 

- 100 mA 
(RAS, CAS, Address Cycling@ tRc=min) KM41C4000/L-10 - 85 mA 

Standby Current 
lcc2 - 2 mA (RAS=CAS=V1H) 

RAS-Only Refresh Current* KM41 C4000/L- 8 
lcc3 

- 100 mA 
(CAS=V1H, RAS Cycling @ tRc=min) KM41C4000/L-10 - 85 mA 

Fast Page Mode Current* KM41 C4000/L- 8 
lcc4 

- 60 mA 
(RAS=V1L, CAS Cycling@ tpc=min.) KM4 1 C4000/L-1 0 - 50 mA 

Standby Current KM41 C4000-8/10 
lees 

1 mA 
(RAS=CAS=Vcc-0.2V) KM41C4000L-8/10 

-
300 µA 

CAS-Before-RAS Refresh Current* KM41 C4000/L- 8 
lcc6 

- 100 mA 
(RAS and CAS Cycling@ tRc=min.) KM41C4000/L-10 - 85 mA 

Battery Back Up Current 
Average Power Supply Current, Battery Back Up Mode 
Input High Voltage (V1H)=Vcc-0.2V 

KM41 C4000L- 8 Input Low Voltage (ViL)=0.2V 
KM41 C4000L-1 0 lcc1 - 400 µA 

CAS=CAS Before RAS Cycling or 0.2V 
D1N=Don't Care 
TRc=125µs, TRAs=tRAS min.rv1µs 

Stand Current 
Ices 5 l mA (RAS=V1H, CAS=V1L Dout Enable) -

•• C:CSAMSUNG 
•• Electronics 
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KM41C4000/L CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Unit 

Input Leakage Current 
(Any input O~VtN~6.5V, ltL -10 10 µA 

_ all oth~ _ _pins not under_ test=O volt~----
------ -------··--- -- ·-·· .... 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, O~VouT~5.5V) 
-- -·-·--------------- -- --- --- ---- t-----

Output High Voltage Level 
VoH 2.4 - v 

(loH=-5mA) 
r------------------·-----···---·-- " ·----· -------- ... 

Output Low Voltage Level 
VOL - 0.4 v 

(loL =4.2mA) 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. lcc1, lcc3, lcca Address can be changed max
imum two times while RAS=V1L. lcc4. Address can be changed maximum once while CAS=V1H. 

CAPACITANCE (TA=25°q 

Item Symbol Min Max Unit 

5 pF 
- .. ·+----·-····--·--·---! 

Input Capacitance (Ao-A1 o. D) __ C_1N __ 1 __ --+----------

pF lnput Capacitance (RAS, CAS, W) C1N2 -r- - ----------t----------t------- ·--·----t-----
7 
----------t---

~ Output Capacitance (Q) CouT 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V± 10%, See notes 1,2) 

K M41 C4000/L-8 KM41C4000/L-10 
Parameter Symbol 1----------+---··---- ·------ Unit Notes 

Min Max Min Max 

Random read or write cycle time tRc 1 50 1 80 ns 

r-Read-modify-wr_it_e __ c_y_c_le_ti_m_e __________ --+_tR_w_c __ 7I~~---------==J:1o-T-= --r~ -__ -=-~ 

l'::~~=:~::~~:~::~:~y-write cycle time ::~c !~ c~~r-~i _ j ~u~4 ~ 
Access time from CAS tcAc 20 t t 25f ns ~4 ' Access time from column address tAA c--i __ 40 ,_ = - _;;QT_-n~_J_i:,O I 
Access time from CAS precharge tcPA 50 ' 55 

1 

ns ' l 
:GAS t_o output in Low-Z tcLz 5 ____ -=t--5 

1 
-l~~; n~ ~ _ } _ 

Output buffer turn-off delay toFF ~---- _ _!_~t- __()-+_ __ 2_() n~~-
2.ransition time _(rise and fall) h 3 5~~"""" __ 50 __ n~-+- 2 _ 

RAS precharge time tRP 60 I 70 ns 

RAS pulse width tRAS 8
8

0
0 20

10
0

,,o
0

o
0

o
0 
~1 0~-0~-+-10.9 .. 9. __ 0_r--~-1--~ 

RAS pulse width (Fast page mode) tRASP , , 200 000 ns l 

i:~ :~::e::::th :~:: ~2~0 10,0060o 

1 ~2~5 ~~Q~7Q5- ~nn~s.- =_4-.•5j 

RAS to CAS delay time tRcD . -1 
RAS to column address delay time tRAD 1 5

51 

--~()_1p1_c::i0-: ·--5_Qf~nss[ --~~J CAS to RAS precharge time tcRP ] 

... 
c:cSAMSUNG 
•• Electronics 
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KM41C4000/L CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41 C4000/L-8 KM41C4000/L-10 
Parameter Symbol r---~-----+--~--------< Unit Notes 

Min Max Min Max 

CAS precharge time ________ ,___tc_P _ __,_1_0--+---___,-1_0_+-----.----ns 
Row address set-up time tAsR 0 0 ns -------------1------+-----+------t---+--
R ow address hold time tRAH 1 0 1 5 ns 

>_C_o_lu_m_n_ad_d_r_e_s_s_s_e_t-_u_p_t_im_e ____________ +-_t_As_c __ -+-__ 0-+-------+---0-+--------+--n_s ___ +--_ ___, 
Column address hold time tcAH 1 5 20 ns 
Column address hold referenced to RAS tAR 60 7 5 ns 12 

e-----------------------1-----+-----t-------+------,1---------1----+-------
C O I Um n Address to RAS lead time tRAL 40 50 ns --------+-----C----+-----t------+----+------+--+-----------1 
Read command set-up time tRcs 0 0 ns 

----+------! 

Read command hold referenced to CAS tRcH 0 0 ns 8 
r------------------------+----+----+-------+--~r------+-----t----

f-R_e a_d_c_o_m_m_a_n_d_h o_l_d_r_e_f e_r_e_n_c_e_d _t_o_R_A_S _____ --+-_t_R R_H __ ---+---o-+------+---0-+------+--n_s __ +---_8---i 
Write command hold time twcH 1 5 20 ns 
----------------------+-----t---+-----t-----+----t----t---~ 

Write command hold referenced to RAS twcR 60 7 5 ns 1 ~ 

~W-r-ite_c_o_m_m_a_n_d_p_ul_s_e __ w_·_1d-th------------~--t:-cwR_:_P-'=--+---~1-~5--+------+--2~-0:-+- nnns: ----

9

--, Write command to RAS lead time , 
Write command to CAS lead time 

>---------------------+----+-----+-----------+-----+-------+-----<--
f-D_a t_a_-i_n _s_e_t -_u_p_t_i m_e _____________ -----l_t_os __ +---_o--+-_ 0 ns 

Data-in hold time toH 15 20 ns 9 >------------------------+----+----- ---------1---1-------t------+---~ 

Data-in hold referenced to RAS toHR 60 7 5 ns 1 2 
r----------------------------------+----- r---------1 r------- \-------+---------l 

~esh period (1024 cycles) tREF 16 _1_6_+-_m_s--+-__ __, 
Refresh period (only for L-version, 1024 cycles) tREF 128 ---------+-----t--------+-----t-------1 

128 ms 

Write command set-up time twcs 0 0 ns 7 
--------+------+----+------------+--+------t-------1---------i 

CAS to W delay time tcwo 20 , 25 t ns 7 1----------------------------+---·---+-----t--------+-----+-----
RAS to W delay time tRwo 80 I 1 00 ns 7 

r-C-o-lu_m_n_a-dd_r_e_s_s_t_o_VV_d_e __ l_ay-ti_m_e------------1-tAwD 40r-- 50 n~-+---7 -~ 

CAS setup time (CAS before RAS refresh) tcsR ~o f:------1 1 o ns +--------1 

GAS hold time (GAS before RAS refresh) tcHR 30 30 ns 

RAS to CAS precharge time tRPC 0 __ 0--+-----r--n_s_-+---~ 
CAS precharge time (GAS before RAS count_e __ r __ t_es_t_)-+---_tc_P_T ___ 4 __ 9-+--------~ ---~--------+-_n_s___,f---__ " 

W~eoomm~d~~~time~e~_m_o_d_e_i_n_) ___ ---+-_t_w_T_s_-1--_1_0---+--------1--1_0--+------+--n_s--+-----
~~~te command ho~ time (Te~_m __ o_d_e_i_n_) ____ --+-_tw_TH __ -+-_1_0_-+--------+--1_0--+-----t--n_s_~--~ 
rW_t_o_R_A_S_p_r_ec_h __ a_r~g_e_t_im_e_(C_A_S_b_e_fo_r_e_R_A_S_c_y_c_le~)--+_t_w_R_P ___ +--_10_--+-------+-1_0-+-------+---n_s _ __,_ ___ ------1 

W to RAS hold time (CAS before RAS cycle) twRH 1 0 1 0 ns 
f------------------------+-------t---+--------1------t------<--+-----; 

RAS hold time from CAS precharge tRHCP 50 55 ns 

•• C:CSAMSUNG 
•• Electronics 
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KM41C4000/L CMOS DRAM 

TEST MODE CYCLE (Note. 11) 

KM41 C4000/L-8 KM41C4000/L-10 
Parameter Symbol r-------- -------- Unit Notes 

Min Max Min Max 

Random Read or Write Cycle Time tRc 1 55 185 ns 
r--------------------------------+------t----+----·--+------t-----+-----+---

Read-Write Cycle Time tRwc 180 21 5 ns 
f-----------------------------·---·--t----- +---···---+------+---+-- -------+---+----

~ast Page~~~ Cycl0~------------~Pg__~o -:--- 65 ~+----~ 
~:~~;:gT~m~~;:mR~~~Wri~:-~:le_!~n1~-~=== ~~~~ ~5 -=-~~~~-L 1 05 ~: 3,4 

Access Time from CAS tcAc - 25 - 30 ns 3,4 f------------------·------------· - ----- ------· ---· ·---t---t------

f--Access Time from Column A_d__d_!"~~----- . _ ~---t-=--t- __ ___±~----i---- __ ~ ~~-~-°-

~f::~;~- -- ~ff~~~ i~~1jt~-=-= 
RAS Hold Time tRsH 25 - 30 - ns f----·--·------·---- --------·- -- -· 1----- ----+--- -··· 

CAS Hold Time tcsH 85 - 1 05 - ns f------- ·--· - -·----------· -------------·-·-+------- -- +------ I ____ __, ____ _ 

~C~f'ulse WlcJth__ lcAs r 2~l__!_ o_,o_oo _ ~QtO_,QQ_C)_, n~ ___ _ 

f--Column ~~~~-s-~~§-~~ad _!~rll_~----- -i~Fl_/\L_ ___ ~5- ---=-~- -= -+ ~--t--- _ 

~~~~~Time ---=-=- -l ::::-1~ ~==1 ~:, -~=- r;-: ; = 

NOTES 

1 . An initial pause of 200J..1S is required after power
up followe'd by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;>tRCD(max)· 
6. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

7. twcs, tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 

•• :::SAMSUNG 
•• Electronics 

sheet as electrical characteristics only. If 
twcs>twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo>tcwo(min) and 
tRwo>tRwo(min) and tAwo>tAwo(min), then the cy
cle is a read-write cycle and the data out will con
tain the data read from the selected address. If 
neither of the above conditions are 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-write cycles. 

1 0 Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA. 

11. These specifications are applied in the test mode. 
1 2. tAR. twcR. toHR are refrerenced to tRAD(max)· 
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KM41C4000/L 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

a 

V1H- V\.1'/<'1'"\.f\,.,A.f\f'"''"'""J\.•"- .111 

V1L- \A.~ .... D.A ...... ~4'~~ 

WRITE CYCLE (EARLY WRITE) 

A 
V1H-

V1L-

w V1H-

V1L-

D 
V1H-

V1L-

a VoH-

VOL-

ciSSAMSUNG 
Electronics 

CMOS DRAM 

'-----tcAc----' 

IQFF 

IDHR 

OPEN 

~DON'TCARE 
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KM41C4000/L 

TIMING DIAGRAMS ccontinued) 

READ·WRITE/READ·MODIFY-WRITE CYCLE 

A 

w V1H-

V1L-

a VoH-

VoL-

V1H-
D 

V1L-

FAST PAGE MODE READ CYCLE 

GAS V1H-

V1L-

V1H-
A 

Vil.-

=8SAMSUNG 
R.:ortWVW.Q 

CMOS DRAM 

I 

~DONTCARE 
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KM41 C4000/L CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V1H-

A V1L - ~r---,o;.......i--~ 1~ """);o.-1-_.,......;;;ril~ ~~_,j......;;-;#:"1~f--)-...~;;.;i_-m;k~~~Qei~~~/;;;J. 

V1H-

W V1L- ~.,l1.J:2,~~~~i;;;;..--1-4--~~~;..+-~...;;~~~-+--+-...;;~~~~~~~~ 

V1H-

D V1L - WOC:i~~~:Jer:'Y ~------....;;.JJ 
----lDHR----; 

a VoH-----------------OPEN-----------------
VoL-

m DON'T CARE 

c8SAMSUNG 
C'l...!"!lr..-.•..,.....;,..~ 
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KM41C4000/L CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-WRITE CYCLE 

• 
A 

w 

D 
V1H_...,... ........... ...,.....,.....-...... ......,-..... ......i 

V1L - ......................... ,..._....,........,......_""-+....._......, 

VoH-
Q 

VoL-

~ DON'tCARE 

c8SAMSUNG 
Electronics 
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KM41C4000/L CMOS DRAM 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, D, A10 =Don't Care 

1------tRAS -------1 

A 

tcRP 

a VoH- --------------<>PEN---------------
VoL-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

tRPC 

tcp tcsR 

w 

---tRC-------~ 

CHA 

a V1t0H - l>-----------OPEN-----------
VroL-~------. 

mDON'TCARE 
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KM41C4000/L 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

'"--,_-_ -_-_-_-_-_-l-R-AS-=-tR_C_--·-===-~--1-RP-=1__. ,____ ___ IRAs--~--1 

A 

w 

Q 
VOL-

VALID DATA 

ICLZ 

HIDDEN REFRESH CYCLE (WRITE) 

>------IRAS---__, 

RAS 
V1H-

V1L-

IRCD 
IRSH 

V1H-
GAS 

V1L-

A 

V1H-w 
V1L-

V1H-
D 

V1L-

VoH-
.__ ____ IDHR-----' 

a 
VoL-

~DON'T CARE 

c8SAMSUNG 
Electronics 
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KM41C4000/L CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H

V1L-

V1H

V1L-

A 
V1H- ~~""'V'\:"""rj\~~'V'\:"'1":"Jli:?.~~~"' _Jj--------~~.17\,~~V'\)°t'('.~~~~i'\?\"Jf:!:J~'f'V 

V1L- ~~~~~~~~~~{,.:it,,;.~~~" ... ~-....... ...----"i~"~~~~~~~~~r;;;J;.~~ 

READ CYCLE 

V1H-
a 

V1L-

IRCS 

w V1H-

V1L-

WRITE CYCLE 

Q 
VoH-

VoL-

>--+-----+-+----IRWL------+--+-----< 

w V1H-

V1L-

D V1H-

V1L-

READ-WRITE CYCLE tcLZ tcAcl 

'-___ _.....__..._-.I 
VoH-~-----+-+---~OPEN----+.---1-+---C:r\{)(X)Q(I 
VoL-

a 

V1H- ~~~~f--"-.;....--tz'V"\i'\71\AJ.~~:r---"t""r----""j 
w V1L- .&..1..l..ll.~ 

D 

~DON'T CARE 

c8SAMSUNG 
Electronics 
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KM41C4000/L 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D. Address=Don't Care 

CMOS DRAM 

,___ ______ IRAS--------1 

tcp tcsR 
lcHR 

CAS 
V1H-

V1L-

twTH 

w 
V1H-

V1L-

VoH-a 1>-----------------------~0PEN~------------------------~ 

VoL- ----~ 

TEST MODE DESCRIPTION 

The KM41 C4000L is the RAM organized 4, 194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A10R. A10c 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O "s), the data output pin indicates a "1 ". 
If any of the bits differed, the data output pin would in-

r:!SAMSUNG 
.. Electronics 

~DON'TCARE 

dicate a "O" In "Test Mode'', the 4M DRAM can be tested 
as if it were a 512K DRAM W, CAS Before RAS Cy
cle (Test Mode in Cycle) puts the device into "Test 
Mode". And "CAS Before RAS Refresh Cycle" or "RAS 
only Refresh Cycle" puts it back into "Normal Mode". 
The "Test Mode" function reduces test time (1 /8 in cases 
of N test pattern). 
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KM41C4000/L 

DEVICE OPERATION 
Device Operation 
The KM41 C4000/L contains 4, 194,304 memory loca
tions Twenty two address bits are required to address 
a particular memory location. Since the KM41 C4000/L 
has only 11 address input pins, time multiplexed address
ing is used to input 11 row and 11 column address. The 
multiplexing is controlled by the timing relationship bet
ween the row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM41 C4000/L begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 11 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM41 C4000/L cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re
mains high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 C4000/L begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAc. If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAc. In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM41C4000/L can perform early write, late write and 
read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between Wand CAS. In any type 
of write cycle, Date-in must be valid at or before the fall
ing edge of W or CAS, whichever is later. 

•• c:cSAMSUNG 
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CMOS DRAM 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 

Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwo. are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C4000/L has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (V1H) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLZ after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc. tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM4 1 C4000/L operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, CAS-only 
cycle. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM41 C4000/L is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 

34 



KM41C4000/L 

DEVICE OPERATION (Continued) 

16/1 28 (L-version)ms. There are several ways to ac
complish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM41C4000/L has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41 C4000/L hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 C4000/L by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM41 C4000/L has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 

CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the CAS-before-RAS 

•• :::SAMSUNG 
•• Electronics 

CMOS DRAM 

counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the CAS-before-RAS refresh operation, if GAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 1 1 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A10 bit is set high in
ternally. 

Column Address-Bits Ao through A1 o are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1 024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1 024 times so 
that highs are written into the 1 024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41 C4000/L could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid VIH in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 
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KM41C4000/L 

PACKAGE DIMENSIONS 
20·LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 
0 

I 

0.670 (17.02) I L...J L...J L-J I 
~~~~~~~~0-.6-80-(1-7.-27-)~~~ 

.-------.. 

~BPAAJI 1LAAAAA 
I 0.015 (0.38) I 0.026 (0.66) 

I 0.021 (0.53) I 0.032 (0.81) TYP 

0.050 (1.27) 

20-LEAD PLASTIC ZIGZAG·IN·LINE PACKAGE 

~ 

1.025 (26.04) 

1.035 (26.29) 

61NOEX 0 

H I- H H I- I- I- H I- I- H H H I- HH H I- I-

I I 

'·°'' ~.36) I 
0.024 (0.61) l 

UUUvUuvUUUVV VU 

J l 0.050 (1.27) 0.050 (1.27) 

I TYP MAX l 

ci$~SUNG 

0.050 (1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.030 (0. 76) 

MIN 

0.148 (3. 76) 

MAX 

~.113 (2.87) 

I 0.120 (3.05) 

0.009 (0.23) 

0.013 (0.33) 

0.100 (2.54) 

TYP 
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KM41C4001 CMOS DRAM 

4MX 1 Bit CMOS Dynamic RAM with Nibble Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRC 

KM41 C4001- 8 80ns 20ns 150ns. 
·- -

KM41C4001-10 100ns 25ns 180ns 

• Nibble Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Common 1/0 using Early Write 
• Single +5V:t10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in Plastic SOJ, ZIP 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

CONTROL & 
CLOCK 

REFRESH CONTROL & 
ADDRESS COUNTER 

([) 

a: a: w w 
ti: 0 
:::> 0 
co (.) 
([) w 
([) 0 
w $: 
a: 0 
8 a: 
<( 

COLUMN DECODER 

SENSE AMPS & 1/0 

MEMORY ARRAY 
4, 194,304 Cells 

•• CJCSAMSUNG 
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--Vee 

--Vss 

D 

Q 

The Samsung KM41 C4001 is a high speed CMOS 
4, 194,304 bit x 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4001 features Nibble Mode operation which 
allows high speed serial access of up to 4 bits of data. 

GAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 

The KM41 C4001 is fabricated using Samsung's advanc
ed CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM41 C4001 J • KM41C4001Z 

D 10 Vss 
w 2 Q 

RAS 3 CAS 

N.C 4 N.C 

A10 5 Ag 

As 
A, 7 A1 

A2 8 Ae 

A3 9 As 

Vee 10 0 11 A• 

Pin Name Pin Function 

Ao-A10 Address Inputs 

D Data In 

Q Data Out 

w Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vee Power (+5V) 

Vss Ground 

N.C . No connection 
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KM41C4001 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, 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 oc 
-+---- t----------

Power Dissipation Po 600 mW 
t--------------1 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
- -------1 -------- ---~--- --j 

Ground Vss 0 0 0 v 
f-- --- ------·---~- t--------------1 

Input High Voltage V1H 2.4 - Vcc+1 v 
f-- ------j -------t-------------

Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~70°c. vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* KM41 C4001- 8 
lcc1 

- 100 mA 
(RAS, CAS, Address Cycling @ tRc=min) KM41C4001-10 - 85 mA 

Standby Current 
lcc2 - 2 mA 

r- (RAS=CAS=V1H) 
t----- ----

RAS-Only Refresh Current* KM41 C4001- 8 
lcc3 

- 100 mA 
(RAS Cycling, CAS=V1H. @ tRc=min) KM41C4001-10 - 85 mA 

Nibble Mode Current* KM41 C4001- 8 
lcc4 

- 60 mA 
(RAS=V1L. CAS, Address cycling: @ tNc=min.) KM41C4001-10 - 50 mA 

f-- - - --
Standby Current 

Ices - 1 mA 
(RAS=CAS=Vcc-0.2V) 

GAS-Before-RAS Refresh Current* KM41 C4001- 8 
lcc6 

- 100 mA 
(RAS and CAS cycling @ tRc=min.) KM41C4001-10 - 85 mA 

f----

Standby Current 
lcc1 - 5 mA 

f--
(RAS=V1H, CAS=V1L Dout=Enable) 

Input Leakage Current 
(Any input O~V1N~6.5V, l1L -10 10 µA 
all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, OV~Vour~5.5V) 
----1 -

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
--

Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 
*NOTE: lcc1, lcc3, lcc4 and lcca are dependent on output loading and cycle rates. Ice is specified as an averaqe 

current. Specified value are obtained with the output open. lcc1, lcc3, lcca Address can be changed max
imum two times while RAS=V1L. lcc4. Address can be changed maximum once while CAS=V1H . 

•• c:cSAMSUNG 
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KM41C4001 CMOS DRAM 

CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (~o-~~) ____ C1N1 - 5 pF 
t------

Input Capacitance (RAS, CAS, W) C1N2 - 7 pF 

Output Capacitance (Q) Gour - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM41 C4001-8 KM41 C4001-10 
Standard Operation Symbol 1-------.------+--~-----1 Unit Notes 

Min Max Min Max • Random read or write cycle time tRc 1 50 180 ns 

r-~ead-modify-write cycle time tRwc 1 7 5 21 0 ns 

Nioble Mode Cycle Time tNc 40 45 -·-+-_n_s--+-___ , 

N~~eModeRead-W~eCycleTI_m_e ________ +--t_N_R_w_c_+_6_5--+------+--7_0--+------~-_n_s-+-----1 
Access time from RAS tRAC 80 100 ns 3,4 

Access time from CAS tcAc 20 25 ns 3,4 
r-------------------------+----+----+----+--+-----+---+------1 
Nibble Mode Access Time tNcAc 20 25 ns 

----------------I----+---+-------+---+-~---+-----+----< 

Access time from column address tAA 40 50 ns 3, 10 
f--------------------------+------f---+-------+----+-------+----+-----l 

GAS to output in Low-Z tcLZ 5 5 ns 3 

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

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

RAS precharge time --------+--tR_P __ -+_6_0__,__ 70 ns 

~pulse width tRAS 80 10,000 100 10,000 ns 

RAS hold time tRsH 20 25 ns 

CAS hold time tcsH 80 1 00 ns 

CAS pulse width tcAs 20 10,000 25 10,000 ns 
1-----------------------+-----+-----+------+---r-------+---+------l 

r--RAS to GAS delay time tRco 20 60 25 75 ns 4,5 

RAS to column address delay time tRAD 1 5 40 20 50 ns 1 0 

r-CAS to RAS precharge time tcRP 5 1 0 ns 

Row address set-up time tAsR 0 0 ns 
1-----------------------+----+-----+-------+----+------+--+-------j 

Row address hold time tRAH 1 0 1 5 ns 
f-----------------------r------+----+------+---+------+-----lf--------1 

Column address set-up time tAsc 0 0 ns 

Column address hold time tcAH 20 20 ns 
i----------------~--------+------r-----+-----+----+------+---+--__, 

Column address hold referenced to RAS tAR 60 7 5 ns 1 2 
1------------------~-----+-----+---+-------+--+------t----+------I 

Column Address to RAS lead time tRAL 40 50 ns 

Read command set-up t_im_e _____________ +-_tR_c_s __ +--O--+-------------r---O-+-------+--n_s---+------1 
Read command hold referenced to CAS tRcH 0 0 ns 8 
r----------------------------+----+----+-~----+---~---~----t---~-----

Read command hold referenced to RAS tRRH 0 O ns 8 
1------------------------+---+----+--------+----+------+----+---~ 

Write command hold time twcH 1 5 20 ns 
1------------------------+-----+--+------+---+-------+----+---------1 

Write command hold referenced to RAS twcR 60 7 5 ns 1 2 
1----------------------+---+----+------+----+-------------+-----< 

Write command pulse width twp 1 5 20 ns 

•• c:cSAMSUNG 
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KM41C4001 CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41C4001·8 KM41C4001-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max 

Write command to RAS lead time tRWL 20 25 ns 

Write command to CAS lead time tcwL 20 25 ns 

Data-in set-up time tos 0 0 ns 9 

Data-in hold time toH 15 20 ns 9 

Data-in hold referenced to RAS toHR 60 75 ns 12 

Refresh period (1024 cycles) tREF 16 16 ms 

Write command set-up time twcs 0 0 ns 7 

CAS to write enable delay tcwo 20 25 ns 7 

RAS to write enable delay tRWD 80 100 ns 7 

Column address to W delay time tAWD 40 50 ns 7 

CAS setup time (C-B-R refresh) tcsR 10 10 ns 

CAS hold time (C-B-R refresh) tcHR 30 30 ns 

RAS percharge to CAS hold time tRPC 0 0 ns 

CAS precharge (C-B-R counter test) tcPT 40 50 ns 

Nibble mode CAS pulse width tNCAS 20 25 ns 

Nibble mode CAS precharge time tNCP 10 10 ns 

Nibble mode RAS hold time tNRSH 20 25 ns 

Nibble mode CAS to W delay time tNCWD 20 25 ns 

Nibble mode W to RAS lead time tNRWL 20 25 ns 

Nibble mode W to CAS lead time tNCWL 20 25 ns 

Write command set-up time (Test mode In) twrs 10 10 ns 

Write command hold time (Test mode In) twrn 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 ns 

•• C:CSAMSUNG 
•• Electronics 
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KM41C4001 

TEST MODE CYCLE 

Parameter 

Random read or write cycle time 

Read-modify-write cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 

RAS pulse width 

CAS pulse width 

RAS hold time 

CAS hold time 

Column address to RAS lead time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 GAS-before-RAS or RAS on
ly refresh before proper device operation is 
achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAC· 

5. Assumes that tRco;;.tRCD(max)· 
6. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

7. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 

•• CJCSAMSUNG 
•• Electronics 

Symbol 

tRc 

tRwc 

tRAC 

tcAC 

tAA 

tRAS 

tcAS 

tRSH 

tcsH 

tRAL 

tcwo 

tRWD 

tAWD 

CMOS DRAM 

(Note. 11) 

KM41 C4001-8 KM41C4001-10 
Unit Notes 

Min Max Min Max 

155 185 ns 

180 215 ns 

85 105 ns 3,4 

25 30 ns 3,4 

45 55 ns 3, 10 

85 10,000 105 10,000 ns 

25 10,000 30 10,000 ns 

25 30 ns 

85 105 ns 

45 55 ns 

25 30 ns 7 

85 105 ns 7 

45 55 ns 7 

sheet as electrical characteristics only. If 
twcs;;i::twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo;;i::tcwo(min) and 
tRwo;;i::tRWD(min) and tAwo;;i::tAWD(min). then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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-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 con
trolled by tAA· 

11. These specifications are applied in the test mode. 
12. tAR. twcR, toHR are refrerenced to tRAD(max). 
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KM41C4001 CMOS DRAM 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

Q 

V1H- V'-""J"""'J\J'V''JV'V\FV'\.11 

Vil- \Q.~Wlli.oQ,Q..a..111.Q~llo.Q.A.I 
-----+---IAA _____ ___, 

-----tcAc----t 

---------IRAC---------t 
r--tclz----..--

_j 
lo FF 

VoH- --------------OPEN-----<!X)<.XXXI ~~~~ 
Vol- ~Q.iQ~·~;...._....;;.;~.:....-~r 

WRITE CYCLE (EARLY WRITE) 

A 
V1H-

V1l-

w V1H-

Vil-

D 
V1H-

Vil-

IDHR 

Q 
VoH-

Vol-
OPEN 

~DON'TCARE 

c5CSAMSUNG 
U Electronics 
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KM41C4001 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

RAS 
V1H-

V1L-

IAR 

tcsH 

GAS 
V1H-

V1L-

V1H-
A 

V1L-

w V1H-

V1L-

Q 
VoH-

VoL-

IRSH 

tcAs-----

V1H- Vt::i\)\Ai\)C'.:'1:Jr::A'1:JVC~r,lC..,:::Jo~;i:,:~~JV!\71:Aj~VC~ 
D 

V1L-

NIBBLE MODE READ CYCLE 

A V1H-

V1L-

w V1H-

V1L-

a VoH-

Vol-

c8SAMSUNG 
Electronics 

CMOS DRAM 

• 

~DON'T CARE 
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KM41C4001 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

CAS 
V1H-

Vil-

A V1H-

Vil-

D V1H-

Vil-

Q VoH-

Vol-

NIBBLE MODE READ-WRITE CYCLE 

V1H-
A 

Vil-

V1H-

w 
V1L-

VoH-
Q 

Vol-

D 
V1H-

Vil-

~DON'TCARE 

c8SAMSUNG 
Electronics 
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KM41C4001 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 

Note: CAS=V1H. W,D, A10=Don't Care 

A 

CMOS DRAM 

Q VoH--------------oPEN-------------
VoL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

~------!Rc-------------l 

V1L - ___ _, 

V1H -

V1L - ------J 

w 

Vl/oH-Q 
1,__---------0PEN-------------

V1/0L - ------

~ DON'TCARE 

c8SAMSUNG 
Electronics 
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KM41C4001 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

,___ ______ tRC- ·-----4---. 
>---- tRAS-----t I-- IRP--J 

IRSH 

A 

CMOS DRAM 

r-----tRAs--------1 

lcHR 

w 
V1H- '\7\'~7\!'iJ'Vd:iv'\:~7\T,ri-~---...:....~\i'V~-'--'---t'il\J\i'V'V'\~'1\J.'liJ'iA:iV'\i'V'\i'\i'\7\i'l'J'V'\J 

V1L- ~~c:i.:,~~~~(.J 
t~ 

·--·-tt-J:j ~ 
tcuj~----V-AL-10 D-AT-A ---~) Q 

HIDDEN REFRESH CYCLE (WRITE) 

--tRAs--------< 

RAS 
V1H-

V1L-

V1H-
CAS 

V1L-

A 

V1H-
w 

V1L-

V1H-
D 

V1L-

VoH-
f------toHR-----1 

Q 
Vol-

~DON'T CARE 

c8SAMSUNG 
Electronics 
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KM41C4001 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
v1H- ~~m:i"\7~~~~"~m~~""'- i-_...._.__ __ """"'ft~~~tit~~~"~~~ 
V1L- ~00.l::;t:.~~~~~C::.C,~~~~C;Q~-....:~=---"'f~~~~~~~~~>l:;;,l.~~C:J/. 

READ CYCLE 

V1H-
Q 

V1L-

lRCS 

w V1H-

V1L-

WRITE CYCLE 

Q 
VoH-

VoL-

1----1----l--+----lRWL ----++-----1 

w V1H-

V1L-

D V1H-

V1L-

READ-WRITE CYCLE 

Q VoH------4-4----0PEN---...+---!-4-...(rVXX 
VoL-

V1H- ~-""""""-~-.-+i~""""'~T"Trt....:---t-+------., 
w 

V1L- .1-1....1..:.r;~ 

D 

~DON'T CARE 

c8SAMSUNG 
Electronics 
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KM41C4001 

TIMING DIAGRAMS <Continued) 

TEST MODE IN CYCLE 
NOTE: D, Address= Don't Care 

CMOS DRAM 

,._ ______ tRAS------_, 

RAS 
V1H-

V1L-

tcp tcsR 
tcHR 

il1H-
CAS 

V1L-

twTH 

w 
V1H-

V1L-

a V110H -

V110L-
1>--------------~0PEN-------------~ 

----""'I 

TEST MODE .DESCRIPTION 

The KM41 C4001 is the RAM organized 4, 194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A10R- Arne 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s), the data output pin indicates a "1 ". 
If any of the bits differed, the data output pin would in-

·-C:C SAMSUNG 
-• Electronics 

~DON'TCARE 

dicate a "O" In "Test Mode", the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CAS Beofre RAS Cy
cle (Test Mode in Cycle) puts the device into 'Test 
Mode". And "GAS Before RAS Refresh Cycle" or "RAS 
only Refresh Cycle" puts it back into "Normal Mode". 
The "Test Mode" function reduces test time (1 /8 in cases 
of N test pattern). 
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KM41C4001 

DEVICE OPERATION 
Device Operation 
The KM41 C4001 contains 4, 194,304 memory loca
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41 C4001 has 
only 11 address input pins, time multiplexed addressing 
is used to input 11 row and 11 column address. The 
multiplexing is controlled by the timing relationship bet
ween the row address strobe (RAS). the column address 
strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM41 C4001 begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 11 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM41C4001 cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re
mains high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAS(min) and tcAS(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 C4001 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max). the access time to valid data is 
specified by tRAC· If CAS goes low after tRco(max). the 
access time is measured from CAS and is specified by 
tcAc. In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM41 C4001 can perform early write, late write and 
read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between Wand CAS. In any type 
of write cycle, Date-in must be valid at or before the fall
ing edge of W or CAS, whichever is later. 

•• :::SAMSUNG 
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Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 110 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
110 to avoid bus contention. 

Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwD, are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C4001 has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (V1H) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcu after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcu and 
before the valid data appears at the output. The timing 
parameters tcAc, tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM41 C4001 operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Nibble Mode Read, Nibble Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Nib
ble Mode Write, GAS-before-RAS Refresh, CAS-only 
cycle. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM41 C4001 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
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KM41C4001 

DEVICE OPERATION (Continued) 

it is necessary to refresh each of the rows every 16 ms. 
There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM41 C4001 has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 

refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41 C4001 hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 C4001 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Nibble Mode 
The KM41 C4001 has Nibble mode capability. Nibble 
mode operation allows high speed serial read, write or 
read-modify-write access of 4 consecutive bits. The first 
of 4 bits is accessed in the usual manner. The remain
ing nibble bits are accessed by toggling CAS high then 
low while RAS remains low. 

The 4 bits of data that may be accessed during Nibble 
mode are determined by the lower 1 0 row address bits 
(RAo-RAg) and 1 0 column address bits (CAo-CAg). The 
two address bits, CA10 and RA10 are used to select 1 
of the 4 nibble bits for initial access. The remaining nib
ble bits are accessed by toggling CAS with RAS held low. 
Each high-low CAS transition will internally increment the 
nibble address (CA10 RA10) as shown in the following 
diagram with RA 1 o being the least significant bit. 

Lo.0--0.1--1.0--1.1=1 

If more than 4 bits are accessed during Nibble mode, 
the address sequence will wrap around and repeat. If any 
bit is written during Nibble mode, the new data will be 
read on any subsequent access. If the write operation 
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is executed again on a subsequent access, the new data 
will be written into the selected cell location. 

A nibble mode cycle can be a read, write or read-modify
write cycle. Any combinations of reads and writes or read
modify-write be allowed. 

CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri
fying the functionality of the CAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 1 1 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A10 bit is set high in
ternally. 

Column Address-Bits Ao through Arn are strobed-in by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 CAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1 024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41 C4001 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid VIH in 
order to minimize ·the power-up current. · 

An initial pause of 200µs is required after power-up 
followed by any 8 GAS-before-RAS or RAS only refresh 
before proper device operation is achieved . 
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KM41C4001 CMOS DRAM 

PACKAGE DIMENSIONS 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 

0 
0 

0.670 (17.02) 

0.680 (17.27) 

Id 0004(01) §A PAAJI 1LPAAPtR 
I 0.015 (0.38) I 0.026 (0.66) 

I 0.021 (0.53) I 0.032 (0.81) TYP 

0.050 (1.27) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.050 (1.27) 

MAX 

I y /=_== _=IN=DE=X==~·.=~~=:=:~=::~=:=: ======0='711 ~ ?-
c) ~ 11~ ~ 

l.!;;;;;1-;:;;;;;Q~1-;;;;;;;;;;1-;;;;:.;;;H;;;;;;;H;;;;;;;;;H~H;;;;;;;;;;1-;;;;;;;;H;;;;:.;;;H;;=;;.;H;;;;;;;;H~H;;;;;;;.;1-;;;;;;;H;;;;;;;;;;H;;=;;.;H;;;;;~1-~1-L to 
1 

11 I I I :::::="'·1~ I 

,uv tVVuuVuvVVUvvvvvJ ~-

0.014 (0.36) 11 0 050 (1.27) 0.050 (1.2" 

0.024 (0.61) f-- r rvP MAx 1 
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0.030 (0.76) 

MIN 

~g 
e. e.. 
~ ~ 
0 <"> 
0 0 

0.148 (3.76) 

MAX 

H.113 (2.87) 

I 0.120 (3.05) 

0.009 (0.23) 

0.013 (0.33) 

0.100 (2.54) 
TYP 
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KM41C4002 CMOS DRAM 

4MX 1 Bit CMOS Dynamic RAM with Static Column Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRC 

KM41 C4002- 8 80ns 20ns 150ns 

KM41C4002-10 100ns 25ns 180ns 

• Static Column Mode operation 
• CS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8·bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Common 1/0 using Early Write 
~ Single +5V:t10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in Plastic SOJ, ZIP 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

cs CONTROL & 
CLOCK D 

w 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER Q 

SENSE AMPS & 1/0 

Ao (/) 
a: a: w 
LL w 
LL Cl 
::::J 0 MEMORY ARRAY CD Cl 
(/) w 4, 194,304 Cells 
(/) Cl 
w 5: --Vee a: 
Cl 0 
Cl a: 
<( --Vss 

A10 
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The Samsung KM41 C4002 is a high speed CMOS 
4, 194,304 bit X 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4002 features Static Column Mode opera
tion which allows high speed random or sequential ac
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim
ing requirements for fast usable speed. 

CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 

The KM41 C4002 is fabricated using Samsung's advanc
ed CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM41 C4002J • KM41 C4002Z 

D 10 20 Vss 
w 2 19 Q 

RAS 18 cs 
N.C 4 17 N.C 

A10 5 16 Ae 

N.C 

Ao 15 As 
Ao 

A, 
A1 7 14 A1 

AJ 
A2 8 13 A5 
AJ 9 12 As A4 

Vee 10 0 11 A4 A5 

As 

Pin Name Pin Function 

Ao-A10 Address Inputs 

D Data In 
--

Q Data Out 
r-

w Read/Write Input 

RAS Row Address Strobe 

cs Chip Select Input 

Vee Power (+5V) 

Vss Ground 

N.C . No connection 
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KM41C4002 CMOS DRAM 

ABSOLUTE MAXIMUM RA TINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, Vour - ~_t_o_+_?_.O __ ~+----V-----1 

Voltage on Vee Supply Relative to _'L"?_S ---+--- Vee --·---+---·--__ 1 __ t_o_+_7_.0 ___ +-___ V __ --1 

1- Storage Temperature Tstg -55 to + 150 

Power Dissipation Po 600 

Short Circuit Output Current los 50 

oc 
mW 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

1- Supply Voltage Vee 4.5 5.0 5.5 v 

Ground Vss 0 0 0 v 
I-

Input High Voltage V1H 2.4 - Vcc+1 v 

l Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c, Vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter 

Operating Current* 
(RAS, CS, Address Cycling @ tRc=min) 

Standby Current 
(RAS=CS=V1H) 

KM41 C4002- 8 
KM41 C4002-1 0 

Symbol Min 

lcc1 

lcc2 

Max 

100 
85 

2 

Unit 

mA 
mA 

mA 

RAS-Only Refresh Current* KM41 C4002- 8 - 100 mA 
(RAS Cycling, CS=V1H,@ tRc=min) KM41C4002-10 lcc3 - 85 mA 

Static Column Mode Current* KM41 C4002- 8 - 60 mA 
(RAS= CS= V1L, Address cycling: @ tsc =min_. )---+_K_M_4_1_C_4_0_0_2_-1_0 _ ___,. __ 

1
_cc_

4
_-+------+---5_0_,____m_A ___ _ 

Standby Current _ I 

(RAS=CS=Vcc-0.2V) lcc5 1 

CS-Before-RAS Refresh Current* KM41 C4002- 8 
lcc6 

100 
85 

mA 

mA 
mA (RAS and CS cycling @ tRc=min.) KM41C4002-10 

f----------------------~----------+---------+----+-----+-----< 

Standby Current 
(RAS=V1H, CS=V1L Dout=Enable) 

Input Leakage Current 
(Any input O~V1N~6.5V, 
all other pins not under test=O volts.) 

Output Leakage Current 
(Data out is disabled, OV~Vour~5.5V) 

Output High Voltage Level (loH=-5mA) 

Output Low Voltage Level (loL =4.2mA) 

Ice? 

hL 

loL 

VoH 

VoL 

5 mA 

-10 10 µA 

-10 10 µA 

2.4 v 
0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Ice is specified as an average 
current. Specified value are obtained with the output open. lcc1, lcc3, lcc6, Address can be changed max
imum two times while RAS=V1L. lcc4, Address can be changed maximum once while CAS=ViH-
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KM41C4002 CMOS DRAM 

CAPACITANCE (TA=25°Cl 

Item Symbol Min Max Unit 

Input Capacitance (Ao-A10, D) C1N1 - 5 pF 

Input Capacitance (RAS, CS, W) C1N2 - 7 pF 

Output Capacitance (Q) Cour - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM41 C4002-8 KM41C4002-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max 

Random read or write cycle time tRc 150 180 ns 

Read-modify-write cycle time tRwc 175 210 ns 

Static column mode cycle time tsc 45 55 ns 

Static column mode read-write cycle time tsRWC 80 100 ns 

Access time from RAS tRAC 80 100 ns 3,4, 11 

Access time from C'S tcAC 20 25 ns 3,4,5 

Access time from column address tAA 40 50 ns 3, 11 

Access time from last write tALW 75 95 ns 3, 12 

C'S to output in Low-Z tcLZ 5 5 ns. 3,12 

Output buffer turn-off delay to FF 0 15 0 20 ns 7 

Output data hold time from column address tAOH 5 5 ns 

Output data enable time from W tow 50 70 ns 

Output data hold time from W twoH 0 0 ns 

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

RAS precharge time tRP 60 70 ns 

RAS pulse width tRAS 80 10,000 100 10,000 ns 

RAS pulse width (static column mode) tRASC 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 25 ns 

CS hold time tcsH 80 100 ns 

CS pulse width tcs 20 10,000 25 10,000 ns 

CS pulse width (static column mode) tcsc 20 100,000 25 100,000 ns 

RAS to CS delay time tRCD 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 40 20 50 ns 11 

CS to RAS precharge time kRP 5 10 ns 

CS precharge time (static column mode) tcp 10 10 nS' 

Row address set-up time tASR 0 0 ns 

Row address hold time tRAH 10 15 ns 

Column address set-up time tAsc 0 0 ns 

Column address hold time tcAH 15 20 ns 

Write address hold time referenced to RAS tAWR 60 75 ns 6 

Column address hold referenced to RAS tAR 95 115 ns 

de SAMSUNG 
.. Electronics 

54 



KM41C4002 CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41 C4002-8 KM41C4002-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max 

Column Address to RAS lead time tRAL 40 50 ns 

Column address hold time referenced to RAS rise tAH 5 10 ns 

Last write to column address delay time tLWAD 20 35 25 45 ns 

Last write to column address hold time tAHLW 75 95 ns 

Read command set-up time tRCS 0 0 ns 

Read command hold referenced to CS tRCH 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 ns 9 • Write command hold time twcH 15 20 ns 

Write command hold referenced to RAS twcR 60 75 ns 6 

Write command pulse width twp 15 20 ns 

Write command inactive time tw1 10 10 ns 

Write command to RAS lead time tRWL 20 25 ns 

Write command to CS lead time tcwL 20 25 ns 

Data-in set-up time tos 0 0 ns 10 

Data-in hold time toH 15 20 ns 10 

Data-in hold referenced to RAS toHR 60 75 ns 6 

Refresh period (1024 cycles) tREF 16 16 ms 

Write command set-up time twcs 0 0 ns 8 

CS to W delay time tcwo 20 25 ns 8 

RAS to W delay time tRWD 80 100 ns 8 

Column address to W delay time tAWD 40 50 ns 8 

CS setup time (C-8-R refresh) tcsR 10 10 ns 

CS hold time (C-8-R refresh) tcHR 30 30 ns 

RAS percharge to CS hold time tRPC 0 0 ns 

CS precharge (C-8-R counter test) tcPT 40 50 ns 

Write command set-up time (Test mode In) twrs 10 10 ns 

Write command hold time (Test mode In) twrn 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 ns 

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

•• CJCSAMSUNG 
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KM41C4002 CMOS DRAM 

TEST MODE CYCLE (Note. 13) 

KM41 C4002-8 KM41C4002-10 
Parameter Symbol '---------<-----~--------1 Unit Notes 

Min Max Min Max 

Random read or write cycle time 155 185 ns 

f-R._e_a_d_-m_o_d_i_fy'----w_r_it_e_c_y_c_le_t_im_e ________ ----------+----t_R_w_c_ 180 +-----------2_1 __ 5-+--- ns 

Access time from RAS tRAC 8-~------+----------"'------l-------< 105 ns 3,4, 11 

30 f-A __ c_c_e_s_s_t_im_e_fr_o_m_C_S _________________________ tcA~--+---- _____ 2_5_-l----f------- ns 3,4,5 

Access time from column address tAA 
~-----------------------------~ 

55 ns 3, 11 45 
-----j 

RAS pulse width tRAS 85 10,000 105 1 0,000 ns 
~----"--------------------------------+------+--+-------+---t----------+----t--------1 

1--C __ S___:_p_u_ls_e __ wid_th _________________ tc"---'s'--------l--2_5----+--1 0,000 30 1 O .o~ __ ns_+---

RAS hold time tRsH 25 30 
~-------------------------i----T-------+------+-----~-----------+---+--------1 

ns 

CS hold time ----+-!~ +----- 8-~- 1 05 ns 

Column address to RAS lead time --~RAL 45 55 --+_ns __ +------j 

CS to W delay time __ tcwo 25 30 +--ns 8 

RAS to W delay time tRwD 85 105 ns 8 r-- - --------+-------- -+-------------------- ----- ----+--------------- ---+------

Column address to W delay time tAwD +-----~----1 55 ns 8 _ _, 

J3tatic column mode cycle time --+__!§g_ __ +---59-+--------- ---~9-------+-~~- --------1 

Static column mode read-modefy-write tsRwc +--~~ --------+-~2-r-------~-~------j 
RAS pulse width (Static column mode) tRASC 8_~100,00_~ 105 +-100,000 ns _ ___, 

Access time from last write _____ ____ tALW +------+-------~~-----t---~~-ns 3, 1 2 
CS pulse width (static column mode) tcsc 25 100,000 30 100,000 ns 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 CS-before-RAS or RAS on
ly refresh before proper device operation is 
achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRcD~IRCD(max). 
6. tAwR. twcR, toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs. tRwo, tcwo and tAwD are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 

•• C:CSAMSUNG 
•• Electronics 

twcs~twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo~tcwD(min) and 
tRwo~tRwD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . 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 con
trolled by tAA-

12. Operation within the tLwAD(max) limit insures that 
tALW(max) can be met. tLWAD(max) is specified as a 
reference point only. If tLWAD is greater than the 
specified tLwAD(max) limit, then access time is con
trolled by tAA· 

13. These specifications are applied in the test mode. 
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KM41C4002 

TIMING DIAGRAMS 

READ CYCLE 

RAS 

CMOS DRAM 

f-------- IRAL----

A 
V1H- V'14~,-F°--".._---~~Jl:'f'J'-i7'C':~~------------..._.--~ra~~~~*7~7m~ 

V1L-
COLUMN ADDRESS 

cs 

w 

a VoH------------ OPEN -----;.---.....ci VALID DATA 
VoL-

tcLZ 

WRITE CYCLE (EARLY WRITE) 

RAS 
V1H-

V1L-

A 
V1H-

V1L-

cs V1H-

V1L-

V1H-
w 

V1L-

V1H-
D 

V1L-

a 
toHR VoH-

OPEN 
VoL-

.~ DON'T CARE .. cc SAMSUNG 
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KM41C4002 

TIMING DIAGRAMS (Continuea) 

READ·WRITE/READ-MODIFY-WRITE CYCLE 

RAS 

A 

cs 

VrH-
w 

VrL-

VrH-

0 
VrL-

Q VoH-~~---~--~----..._<I 
VoL-

STATIC COLUMN MODE READ CYCLE 

CMOS DRAM 

f------------tRAsc-----------------
RAS 

A 

tRCH 

w 
toFF ' 

Q 

tcLZ 

~DON'T CARE 
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KM41C4002 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE r>J controlled early write) 

V1H- IRASC-

RAS 
V1L-

V1H-
A 

V1L-

• ICRP----1 

V1H-
cs 

V1L-

V1H-
w 

V1L-

V1H-
D 

V1L-

VoH-
OPEN a 

VoL-

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 

V1H-
RAS 

V1L-

V1H-
A V1L-

cs V1H-

V1L-

V1H·-

w V1L-

V1H-
D V1L-

a 
VoH-

OPEN 
VoL-

~DON'T CARE 

c8~SUNG 
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KM41C4002 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ-WRITE CYCLE 

A 

cs 

w 

V1H- ~A}~~~"~~~m~\-J.,.......~~~ /:"J(.~~""1-m. ----.. ~"~~~~\N'V'\:~7f:v 
D 

V1L-

Q 
'·voH-

~~~~~~~~~~~-+-<1 

VoL-

STATIC COLUMN MODE MIXED CYCLE 

RAS 

A 

cs 

w 

D 

a 
VoH-

~~~~..-~~~~~~~~~~~~~~--CI 

VoL-

,WRITE--·-----+-

~DON'T CARE 
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KM41C4002 

TIMING DIAGRAMS (Continued) 

AAS-ONLY REFRESH CYCLE 
NOTE: W~ D, A10=Don't Care 

RAS 
V1H

V1L-

ICAP 

V1L- -------J 

CMOS DRAM 

-----1 IRAS --

IAsRl=::j ~1RAH:1 

~::= ~"'""'"""'~ll'"T"'r"T"'ll"""l""'l_... ROW ADORES~ .... ______ _ A 

0 
VoH-
VoL- --------------OPEN--------------

CS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

t---------IRc---------. 

I cs A 
lcp jCHA 

Q 
1~-------~--0PEN-----------

V110L- -------

~ DON'TCARE 
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KM41C4002 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

....__ ___ IRAS------t r-----IRAS------..J 

ICHR 

A 

V1H- ~7\'JMr~Ait-A.it'A'.A:lli77-t-:..+----'--:t"7V\'7'J~....:...-':tci\?:J\JV'\X'?'ij'ij\7\,~7\J'\7\'i'\7'\7\J\7\'i~7 
w 

Q 

V1L- ~D[.~~~{;:£.~:J.T 

VoH-

VoL-

1---IAA 

f------IRAc-1---

~----------....,..,~, 

lcLZ 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 
V1H-

V1L-

cs V1H-

V1L-

V1H
A 

V1L- ~~f.1·-,...---~ 

V1H-
w 

V1L-

V1H-
D 

V1L-

VoH-
Q 

VoL-

c8SAMSUNG 
Electronics 

i.------------------~ 
VALID DATA 

--- IRAs-----J 

~DON'T CARE 
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KM41C4002 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H- ~~?'\?i'j'\J~~~~?':?':'j'V~~~""- --------h\,~7'\7'17\lt:it~l\°l"\~":1\J.j\J~'?\?'V 

V1L- ~~~~~~~~c:i,,c.>.£:;;1,.~~Ci.::.i.Q//'~-----......;if""Q.Cl"~~~~AC"~~~~ 

READ CYCLE 

a 

tRcs 

w 
V1H- ~i'i:::A'A?~~ti,__~~7'\J"o\A'?~1'Xt:-"T"---t-t---:.-------t't--j-'--""V\1V~~ 

V1L - ""v"'"' 

WRITE CYCLE 

a VoH-
VoL- ---------------------OPEN 

t----+-----+--+---IRWL ___ ____,.._,______, 

w V1H-

V1L-

D 
V1H-

V1L-

READ-WRITE CYCLE 

a 

V1H- °""~~"ti~...,.-~~"'Vl!:?'\?i~\?\.i°\7'...-.---t"i'""---., 
w 

V1L- .1..1.~~ 

~::::~o~ 
tos toH 

~DON'T CARE 

D 
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KM41C4002 

TIMING DIAGRAMS (Continued> 

TEST MODE IN CYCLE 
NOTE: D, Address= Don't Care 

CMOS DRAM 

1--------tRAs-------1 

tcp tcsR 
tcHR 

cs 
V1L-

twTH 

w V1H-

V1L-

a VoH- l>--------------~OPEN-------------~ 
VoL- -----'! 

TEST MODE DESCRIPTION 

The KM41 C4002 is the RAM organized 4, 194,304 
W'.)rds by 1 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A1 oR. A1 oc 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s). the data output pin indicates a "1 ''. 
If any of the bits differed, the data output pin would in-

•• CJCSAMSUNG 
•• Electronics 

~DON'TCARE 

dicate a "O" In "Test Mode", the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CS Before RAS Cycle 
(Test Mode in Cycle) puts the device into "Test Mode''. 
And "CS Before RAS Refresh Cycle" or "RAS only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time ( 1 /8 in cases 
of N test pattern) . 
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DEVICE OPERATION 
Device Operation 
The KM41 C4002 contains 4, 194,304 memory loca
tions.Twenty-two address bits are required to address 
a particular memory location. Since the KM41 C4002 has 
only 11 address input pins, time multiplexed addressing 
is used to input 11 row and 11 column addresses. The 
multiplexing is controlled by the timing relationship bet
ween the row address strobe (RAS), the chip sellect in
put (CS) and the valid row and column address inputs. 

Operating of the KM41 C4002 begins by strobing in a 
valid row address with RAS while CS remains high. Then 
the address on the 11 address input pins is changed from 
a row address to a column address and is strobed in by 
CS. This is the beginning of any KM41 C4002 cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CS have returned to the 
high state. Another cycle can be initiated after RAS re
mains high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CS Timing 
The minimum RAS and CS pulse widths are specified 
by lRAs(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM4 1 C4002 begin a complex sequence of events. lf 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 

If CS goes low before tRco(max) and if the column ad
dress is valid before tRAo(max) then the access time to 
valid data is specified by tRAc(min). However, if CS goes 
low after tRco(max) or if the column address becomes 
valid after tRAo(max), access is specified by tcAc or tAA. 
In order to achieve the minimum access time, tRAc(min), 
it is necessary to meet both tRco(max) and lRAo(max). 

Write 
The KM41 C4002 can perform early write, late write and 
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read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between Wand CS. In any type 
of write cycle, Date-in must be valid at or before the fall
ing edge of W or CS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state . 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 

Late Write: If W is brought low after CS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwo, are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C4002 has a three-state output buffer which 
is controlled by CS. Whenever CS is high (V1H) th~ 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcu after the falling edge of CS. Invalid data may be 
present at the output during the time after tcu and 
before the valid data appears at the output. The timing 
parameters tcAc, tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM41 C4002 operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Staie Column Mode 
Read-Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Static 
Column Mode Write, CS-before-RAS Refresh, CS-only 
cycle. 
Indeterminate Output State: Delayed Write 
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KM41C4002 

DEVICE OPERATION (Continued) 

Refresh 
The data in the KM41 C4002 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the rows every 16 ms. 
There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 

CS-before-RAS Refresh: The KM41 C4002 has CS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CS is held low 
for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CS active time and cycling RAS. The 
KM41 C4002 hidden refresh cycle is actually a CS
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 C4002 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS
before-RAS refresh is the preferred method. 

Static Column Mode 
Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 
within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify
write cycles may be mixed in any order. 

A Static Column mode read cycle starts as a normal cy
cle. Additional cells within the selected row are written 
by applying a new column address while W=V1H and 
RAS=V1L. 

A Static Column mode write cycle starts as a normal cy
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=V1L and tog
giling eitjler W or CS. The data is written into the cell 
trigered by the latter falling edge of W or CS . 
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CS-before-RAS Refresh Counter Test 
Cycle 
A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 

After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin
ed as follows: 

Row Address~Bits Ao through Ag are supplied by the 
on-chip refresh counter. The A10 bit is set high in
ternally. 

Column ADdress-Bits Ao through A10 are strobed-in by 
the falling edge of CS as in a normal memory cycle. 

Suggested CS-before-RAS Counter Test 
Procedure 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 

1. Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1 024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 51 2 times so 
that highs are written into the 51 2 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41 C4002 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by any 8 CS-before-RAS or RAS only refresh 
before proper device operation is achived. 
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PACKAGE DIMENSIONS 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 
0 

Id 0.004 "·11 s B PAAJ1 1LPAAAR 
I O.Q15 (0.38) I 0.026 (0.66) 

I 0.021 (0.53) I 0.032 (0.81) 

0.050 (1.27) 

TYP 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

r·INOEX 

1.025 (26.04) 

1.035 (26.29) 

0 

~ ~ ~ ~HH~~H~HHH~ HHHHH 

I I l r ,.,,. (0.36) I 
0.024 (0.61) 

VvvuuVuuu Vuu 

0.050 (1.27) 0.050 (1.27) 

TYP MAX 

c8SAMSUNG 
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v J 
l 

0.050 (1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.030 (0.76) 

MIN 

0.148 (3.76) 

MAX 

~-113 (2.87) 

I 0.120 (3.05) 

0.009 (0.23) 

0.013 (0.33) 

0.100 (2.54) 

TYP 
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KM41C4000A CMOS DRAM 

4MX1 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tcAC tRc 

KM4 1 C4000A- 7 70ns 20ns 130ns 
t----------- --

KM41 C4000A- 8 80ns 20ns 150ns 
-----t------- -----------·· 

KM41 C4000A-1 0 100ns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 

8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Common 1/0 using Early Write 
• Single +5V±10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in Plastic DIP, SOJ, ZIP, and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

-- CONTROL & 
CLOCK -

GENERAL DESCRIPTION 
The Samsung KM41 C4000A is a high speed CMOS 
4, 194,304 bit X 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4000A features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

The KM41 C4000A is fabricated using Samsung's ad
vanced CMOS process. 

DATA 
IN t--- D 

,...-- BUFFER 

l 
~ REFRESH CONTROL & 

.----1---1 
ADDRESS COUNTER 

DATA 

~ 
~ COLUMN DECODER 

'--t-1 
~ OUT t--

H SENSE AMPS & 110 i--- BUFFER 
Q 

- Cl) 
Ao . a: a: UJ . LL UJ 

LL 0 . 
~ 0 . (I) () MEMORY ARRAY 
Cl) UJ 4, 194,304 Cells . 
Cl) 0 . UJ ~ a: ---Vee . 0 0 . 0 a: 

- <{ --vss 
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KM41C4000A CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41C4000AJ 

D 10 20 Vss 

w 19 Q 

RAS 18 GAS 

N.C 17 N.C 

A10 16 As 

15 As 
A, 14 A1 

A2 13 A6 
A3 9 As 

Vee 10 0 11 A4 I 
(DIP) (SOJ) 

(ZIP) 

• KM41C4000AT • KM41C4000ATR 

D 1 0 Vss 
w 2 Q 

Vss 20 01 D 
Q 19 0 2 w 

RAS 3 CAS CAS 18 3 RAS 
N.C 4 N.C N.C 17 4 N.C 
A10 5 As As 16 A10 

Aa As 15 6 Ao 
A1 7 A7 A7 14 7 A1 
A2 8 As As 13 8 A2 
A3 9 0 As 

Vee 10 11 At 
As 12 0 9 A3 
At 11 10 Vee 

(TSOP (II)-Forward Type) (TSOP(II)-Reverse Type) 

-
Pin Name Pin Function 

Ao-A10 Address Inputs 

D Data In 
--

Q Data Out 

w Read/Write Input I 

RAS Row Address Strobe 

i 

CAS Column Address Strobe 

Vee Power (+5V) j Vss Ground 

N.C. No connection I 
I -
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KM41C4000A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

1- Voltage on Any Pin Relative to Vss V1N. 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 oc 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 

Ground Vss 0 0 0 v 

Input High Voltage V1H 2.4 - Vcc+1 v 

Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c, vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* KM41 C4000A- 7 - 105 mA 

(RAS, GAS, Address Cycling@ tRc=min) KM4 1 C4000A- 8 lcc1 - 95 mA 
KM41 C4000A-1 0 - 85 mA 

Standby Current 
lcc2 - 2 mA (RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KM4 1 C4000A- 7 - 105 mA 

(CAS=V1H, RAS Cycling @ tRc=min.) 
KM4 1 C4000A- 8 lcc3 - 95 mA 
KM41 C4000A-1 0 - 85 mA 

Fast Page Mode Current* 
KM4 1 C4000A- 7 - 80 mA 

(RAS=V1L, CAS Cycling @ tpc=min.) 
KM41 C4000A- 8 lcc4 - 70 mA 
KM41 C4000A-1 0 - 60 mA 

Standby Current 
lcc5 - 1 mA (RAS=CAS=W?-Vcc-0.2V) 

!------------------- -- ~----

GAS-Before-RAS Refresh Current* 
KM41 C4000A- 7 - 105 mA 

(RAS and CAS Cycling @ tRc=min.) 
KM4 1 C4000A- 8 lcc6 - 95 mA 
KM41 C4000A-1 0 - 85 mA 

Standby Current 
lcc7 - 5 mA 

(RAS=V1H, CAS=V1L, Dout Enable) 

Input Leakage Current 
(Any input O~V1N~6.5V, liL -10 10 µA 
all other pins not under test=O volts) 

Output Leakage Current 
IOL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 

Output High Voltage Level (loH = - 5mA) VoH 2.4 - v 

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

* Note: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Ice is specified as average current. lcc1, lcc3, lcc6. Address can be changed max
imum two times while RAS=V1L. lcc4. Address can be changed maximum once while CAS=V1H . 
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KM41C4000A CMOS DRAM 

CAPACITANCE (TA=2s 0 c) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-A1 o, D) C1N1 - 6 pF 

Input Capacitance (RAS, CAS, W) C1N2 - 7 pF 

Output Capacitance (Q) Gour - 7 pF 

AC CHARACTERISTICS (0 °C~Ta~l0°C, Vcc=5.0V± 10%, See notes 1,2) 

KM41C4000A·7 KM41 C4000A-8 KM41C4000A-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max • Random read or write cycle time tRC 130 150 180 ns 

Read-modify-write cycle time tRWC 155 175 210 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 10 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,10 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 6 

~ransition time (rise and fall) tr 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 10 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 12 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time 'RCS 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 8 

Read command hold referenced to RAS tRRH 0 0 0 ns 8 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 12 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 9 

•• CJCSAMSUNG 
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KM41C4000A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41 C4000A-7 KM41 C4000A-8 KM41C4000A-10 
Standard Operation Symbol 1---~----+-~----+--~-----< Unit Notes 

Min Max Min Max Min Max 

Data-in hold time toH 15 15 20 ns 9 

Data-in hold referenced to RAS toHR 55 60 75 ns 12 

r-~elresh period (1024 cycles) tREF 16 16 16 ms 

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

GAS to write enable delay tcwo 20 20 25 ns 7 

RAS to write enable delay tRwo 70 80 100 ns 7 

Column address to W delay time tAwo 35 40 50 ns 7 

GAS setup time (C-8-R refresh) tcsR 10 1 0 1 0 ns 

GAS hold time {C-8'.R refresh) tcHR 20 30 30 ns 
r---------'-------~-------+----+----+-----+----+------+----+------+----+-----~ 

RAS precharge to GAS hold time tRPC 1 0 1 0 1 0 ns 
-

GAS precharge (C-8-R counter test) tcpr 35 40 50 ns 

1----~ccess time from GAS precharge --+-kPA 45 45 55 ns 

FAst Page mode cycle t_im_e ______ --+-_tp_c __ --1_5_0---+-------+--5_0---+-------+--6_0---+-------+--n_s--+-----1 
GAS precharge time (Fast page mode) tcp 10 10 10 ns f----------------+--------+------+-----t----+--------1---+--------jf----+------I 

f-R __ AS_h_ol_d_t_im_e_l_ro_m_C_A_S_p_re_c_h_a_r~g_e __ _,__t_R_HC_P __ ,__4_5-+------+--4_5-+-----+--55-+----+--n_s--+--------j 
Fast page modered-modify-write tpRwc 7 5 7 5 90 ns 
r---~~----~-------+---+----+------+----+---- -------+----+-------1-----t------t 

1----RAS pulse i,vidth (Fast page mode) tRASP 70 200,00~ 200,000 100 2_0 __ 0 __ , __ o __ O_O-+--_ns--+----< 

r __ W __ ri_te_c_o_m_m_a_n_d_s_e_t_-_up_tim_e_(T_e_s_t_m_o_de __ in_)-+-t_w_r_s -+--10_-+--- 10 __ 1_0--+------+---ns_+----~ 

Write command hold time (Test mode in) twrn 10 10 1 0 ns 

W to RAS precharge time {C-8'.R refresh) twRP 1 O 1 O 1 O ns 
r-------~----------+---+----+--------+-------+-----+---+------+-----+-----< 

W to RAS hold time (C-8-R refresh) twRH 10 1 0 1 0 ns 

·-CJC SAMSUNG 
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KM41C4000A CMOS DRAM 

TEST MODE CYCLE (Note. 11) 

KM41 C4000A-7 KM41 C4000A-8 KM41C4000A-10 
Standard Operation Unit Notes 

Min Max Min Max Min Max 

Random read or write c~_c_l_e __ t_im_e ____ .__tR_C ____ ~'--13_5 __ ---------+---1 _5_5-1------1-1_8_5--+-----+--n_s---1'-----< 
Read-modify-write cycle time tRwc 160 1 80 21 5 ns 

Access time from RAS tRAC 75 85 105 ns 3,4, 10 r--- -----------+---'-'c..:.=__--+----!-------!------l---------l----l---------1f-------l-----'-_____j 
Access time from CAS tcAc 25 25 30 ns 3,4,5 
r-------------------+-~-----+----1-----+---+--

f--Access time from column address tAA 40 45 55 ns 3, 1 0 

RAS pulse width tRAS 75 10,000 85 10,000 105 10,000 ns 

CAS pulse width tcAs 25 10,000 25 10,000 30 10,000 ns 

RAS hold time tRsH 25 25 30 ns 
r-------------------+------+-----+-~---+----+-------+---+------+--+----

CAS hold time tcsH 75 85 105 ns r------------------t------1---t------+-----+--- __ ______, __ -+--~ 
Column address to RAS lead timo tRAL 40 45 55 ns 

r--CAS to write enable delay tcwo 25 -1----------+--2_5--J 30 ns 7 

RAS to write enable_d __ e_la_y ______ ----+-tR __ w _____ o ______ ----+-_7_5--+--____ _,___8_5--+-- 105 ns 7 

Column address to W delay time __ tAwo_ 40 45 ---+---5_5--+------+--n_s----1 __ 7----" 

~ast mode cycle time ~g___ 55 55_--1---_ 65 ns 

~ast page mode read-modefy-write tPRWC 80 -------+-8_0-+-- 95 ns 

~-~AS p_~I~ wid~h (Fast P~_e mode) !RASP 75 200,000 85 200,000 ~ 200,00 __ O+--n_s--+------< 

L Access time from CAS precharge tcPA 50 50 60 ns 3 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(max). and are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 
1 OOpF 

4. Operation within the tRCD(max) limit insures that 
tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco~tRCD(max). 
6. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

7. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 

•• c:cSAMSUNG 
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twcs~twcs(min) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRWD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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-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 con
trolled by tAA· 

11. These specifications are applied in the test mode. 
1 2. tAR, twcR, toHR are refrerenced to tRAD(max)-
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KM41C4000A 

TIMING DIAGRAMS 
READ CYCLE 

A 

w v I H - VV'"'-'' "''"''""'' v '"""''"II 
V1L- ~~.iul'4.il~~o.A.il~I 

Q 

WRITE CYCLE (EARLY WRITE) 

A 
V1H-

V1L-

w V1H-

V1L-

D 
V1H-

V1L-

Q 
VoH-

Vol-

ciiSAMSUNG 
Electronics 

CMOS DRAM 

-----lcAc--~~ 

IQFF 

IDHR 

OPEN 

~DON'TCARE 
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KM41C4000A 

TIMING DIAGRAMS (Continued) 

READ·WRITE/READ·MODIFY·WRITE CYCLE 

A 

w V1H-

V1L-

a VoH-

VoL-

V1H-
D 

V1L-

FAST PAGE MODE READ CYCLE 

GAS V1H-

V1L-· 

V1H-
A 

V1L-

0 

w 

c8SAMSUNG 
Electronics 

CMOS DRAM 

• 

~DON'T GP.RE 
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KM41C4000A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
t=IRP---j 

~::~ 1================-------1-RA_S_P-=--=--=--=--=-===:#J:========-:~f \_ 

A 

V1H-

w V1L-

V1H-

D V1L-

IDHR 

VoH-
OPEN Q 

VOL-

Im DON'T CARE 

ciSSAMSUNG 
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KM41C4000A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-WRITE CYCLE 

1----~------------lRASP---------------i 

GAS 

A 

w 

D 

Q 

..-----tcsH 

I lcRP lRCD -

I 
V1H -

V1L -

lASR 
lRAH 

V1H -

V1L -

V1H- ~ ............ ....,........,._....,. ..... ......_ ...... -i 

V1 L - ....._..._......._.....,,...._ ...... .L-1...._~....._.._,,,, 

VoH-

VOL -

c8SAMSUNG 
Electronics 

lpRWC 

le AS tcp 

lo FF 

VALID 
DATA 

--+--"--lOFF 

~ DON'tCARE 
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KM41C4000A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, D, A10 =Don't Care 

>------IRAS----1 

A 
V1H- ~~~~~~!\. w--------ift::!~~~~~~~~~~"""~~~"""ttir;": 

V1L-

ICAP 

Q VoH- ---------------oPEN---------------
VoL-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

IRC 

V1H-
RAS 

V1L-

IRPC 

tcp tcsR 
tcHR 

V1H-
CAS 

V1L-

w 

Q V110H - 1>------------0PEN-----------
V110L - -------'! 

~DON'T CARE 
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KM41C4000A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

1-----lRC·- ·----~-

>----IRAS----; ~lRP~ 1------lRAS---

~::=-N ft ~ ¥ 
~::=)'c"ll-''°' f"" 11 11 tc"' ~I 

I ~ lRAD I I I lRAL~ I I I 
I lARI I I' I I I I 

~~~l~~A7\7\AA/\AA7\JV\7-7\rl\7.~~~ 
A 

w 

Q 

HIDDEN REFRESH CYCLE (WRITE) 
-~ lRc-------J 

~:~~--~.__ ___ lRA-S· -· ···~--rl"-t- IRAS 

lRSH I I 
...__ __ tcHR~~- r----

A 

V1H-
w 

V1L-

V1H-
D 

V1L-

VoH-

f-----toHR ___ __ 

Q 
VoL-

~DON'T CARE 
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KM41C4000A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H- ~~'7'\J\7'\i"\7\;l\?\'~""""V":?'-"'~~~ _i--....... ...._--~\-~~~'7'\!\'ti~~~'7\J.'V\J~~i7 

V1L- ~~.C:.C.~'.:i.::I..~~~~~~~~(,;# ---.-..----~ .... ~,~~~~~~~~~~.&;,/.~ 

READ CYCLE 

V1H-
Q ~------io---~ 

V1L-

IRCS 

w V1H- ~~j\j~r'°-t-r-~"i:A?i::fu~T"°T--t-t-~-------t"t--r---v\7'\?'V"\:i'\i 

V1L-~...._.___, 

WRITE CYCLE 

Q 

t---t----+-+----IRWL -----+-+-----! 

w V1H-

V1L-

D V1H-

V1L-

READ-WRITE CYCLE 

Q 

w 

D 

V1H- ~~~"T":lr-..._"---~~~~i:'"A:i"::t'...;...--t"'t""----j 

V1L- .......,~-

c8SAMSUNG 
Electronics 

~DON'T CARE 
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KM41C4000A 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D, Address= Don't Care 

CMOS DRAM 

t--------- IRAS------...., 

V1L-

tcp tcsR 
ICHR 

CAS 
V1H-

V1L-

IWTH 

w 
V1H-

V1L-

a 1i-----------------------~OPEN--------------------------~ 

TEST MODE DESCRIPTION 

The KM41 C4000A is the RAM organized 4, 194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In 'Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A10R. A10c 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s), the data output pin indicates a "1 ". 
If any of the bits diftered, the data output pin would in-

•• c:cSAMSUNG 
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~DON'TCARE 

dicate a "O" In "Test Mode", the 4M DRAM can be tested 
as if it were a 51 2 K DRAM. W, CAS Before RAS Cycle 
(Test Mode in Cycle) puts the device into "Test Mode". 
And "CAS Before RAS Refresh Cycle" or "RAS only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1 /8 in cases 
of N test pattern) . 
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KM41C4000A 

DEVICE OPERATION 
Device Operation 
The KM41 C4000A contains 4, 194,304 memory loca
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41 C4000A 
has only 11 address input pins, time multiplexed address
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad
dress strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM41 C4000A begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41 C4000A 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and GAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low; it must not be aborted prior to satisfying 
the minimum RAS and GAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 C4000A begin a complex sequence of events. If 
the sequence if broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAC· If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAC· In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM41 C4000A can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand CAS. In any 
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CMOS DRAM 

type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 

Late Write: If Wis brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwo. are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C4000A has a three-state output buffer which 
which is controlled by CAS. Whenever CAS is high (V1H) 
the output is ;n the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLZ after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc. tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM41 C4000A operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before~RAS Refresh, CAS-only 
cycle. 

Indeterminate Output State: Delayed Write 
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KM41C4000A 

DEVICE OPERATION (Continued) 

Refresh 
The data in the KM41 C4000A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM4 1 C4000A has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuity is enabled. An i!1ternal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41 C4000A hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 C4000A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM41 C4000A has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address . 
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CAS-Before-RAS Refresh Counter 
Test Cycle _ _ 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A10 bit is set high in
ternally. 

Column Address-Bits Ao through A1 o are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1 024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41 C4000A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid VIH in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 
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KM41C4000A CMOS DRAM 

PACKAGE DIMENSIONS 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 

E : : : :- :-: ~ 3' 
--- ~ 

0 872 (22 15) I 

0.862 (21.89) I 
--1--11---0_0_50_:._(1_2_:._7) 0 015 (0 38) 

0.009 (0.2;; 

O.Q13 (0.33) 

~J-
0. 145 (3.68) 

0.100 (2.54) 
TYP 

MAX 

· fr iJ~,nJ ·- ·· 
11 I 0.035 (0.89) 

11 r--- --J 0.055 (1.40) 
0.016 (0.41) 

0.024 (0.61) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

bH;~J _[.~HR~ 
~~ ~ 

0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) I 

TYP I 0.021 (0.53) I 0.032 (0.81) 

--i 

c8SAMSUNG 
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MIN 

0.183 (4.~ 
MAX 

0.115 (2.92) 

~ 

0.050 (1.27) 

MAX 

0.027 (0.69) 

MIN 

66 
"'"' 88 
co"' 0 ~ 
0 0 
0 0 

0.128 (3.25) 

0.145 (3.68) 
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KM41C4000A 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

;-INDEX 

0.050(1.27) 

TYP 

1 .025(26.04) 
1.035(26.29) 

0.016(0.41) 

0.024(0.61) 

0 

CD';=-
C\J LO 
a:i a:i 
ii) ii) 
C\J C') 
C') C') 

0 0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.100(2.54) 

MIN 

0.009(0.23) 
0.013(0.33) 

0.100(2.54) 

TYP 

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

0 0.004 (0.1) 
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N 
N 

~ a. 
.... >
~ l
ei 

0.006 (0.15) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM41C4000AL CMOS DRAM 

4MX 1 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC 

KM41 C4000AL- 7 70ns 20ns 

KM41 C4000AL- 8 80ns 20ns 
f-· 

KM41 C4000AL-1 0 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Common 1/0 using Early Write 
• Single +5V±10% power supply 
• 1024 cycles/128ms refresh 
• Low power dissipation 

-Standby: 1.1mW 
-Active (70/80/1 OOns): 578/523/468mW 

• JEDEC standard pinout 

tRC 

130ns 

150ns 

180ns 

• Available in plastic DIP, SOJ, ZIP, and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

RAS -
CAS _ CONTROL & 

CLOCK 
w-______ __. 

The Samsung KM41 C4000AL is a high speed CMOS 
4, 194,304 bit X 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4000AL features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

GAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

The KM41 C4000AL is fabricated using Samsung's ad
vanced CMOS process. 

DATA 
IN t-- D 

....- BUFFER 

+-- REFRESH CONTROL & 
ADDRESS COUNTER 

+-- OUT f-- Q ~
t-- COLUMN DECODER '--+- DATA 

~t--~-S-f.N_S_E~AM~PS~&-1-/0----~I------' BUFFER 

Ao --1 Cl) 

• a: 
w 

• LL 
LL 

• ::J 
• m 
• Cl) 

a: 
w 
0 
0 
() 
w 
0 

MEMORY ARRAY 
4, 194,304 Cells 

Cl) • w 
• gs 
• 0 

s: 
0 
a: 

A10 - <C .............. ~--~~~~~~~~~~____. 
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---Vee 

---Vss 
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KM41C4000AL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41 C4000ALP • KM41 C4000ALJ • KM41 C4000ALZ 

0 D 10 20 Vss 

w 19 a 
RAS 3 18 GAS 

N.C 4 17 N.C 

Ag A10 16 Ag 

Aa 

A7 
Ao As 6 15 

A5 A1 7 14 A7 

As A2 8 13 A5 

0 A3 9 12 As 

Vee 10 0 11 A4 • (DIP) (SOJ) 

(ZIP) 

• KM41C4000ALT • KM41C4000ALTR 

D 1 0 20 Vss Vss 20 01 D 
w 2 19 a a 19 0 2 w 

RAS 3 18 CAS GAS 18 3 RAS 
N.e 4 17 N.e N.e 17 

A1o 16 Ag Ag 16 5 A10 

Ao 15 Aa Aa 15 6 Ao 
A1 14 A1 A1 14 7 A1 

A2 8 13 Aa Aa 13 8 A2 

A3 9 0 12 As As 12 0 Vee 11 Ai Ai 11 10 Vee 

(TSOP (IO-Forward Type) (TSOP(II)-Reverse Type) 

Pin Name Pin Function 

Ao-A10 Address Inputs 
-~ 

D Data In 
··--

Q Data Out 
--

w Read/Write Input 

RAS Row Address Strobe 1 
CAS Column Address Strobe .... 

-----

Vee Power (+5V) 
----

~ 
I _ ~~s LGround ____ -~ 

1 

N.C. LNo connection 
1 
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KM41C4000AL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, 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 oc 

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 ab· 
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 

Ground Vss 0 0 0 v 

Input High Voltage V1H 2.4 - Vcc+1 v 

Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c, Vcc=5.ov±10%J 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* 
KM41 C4000AL· 7 - 105 mA 

(RAS, CAS, Address Cycling@ tRc=min) 
KM41 C4000AL· 8 lcc1 - 95 mA 
KM41C4000AL·1 0 - 85 mA 

Standby Current (RAS=CAS=V1H) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM41 C4000AL· 7 - 105 mA 
KM41 C4000AL· 8 lcc3 - 95 mA 

(CAS=V1H. RAS Cycling @ tRc=min.) 
KM41C4000AL·10 - 85 mA 

Fast Page Mode Current* 
KM41 C4000AL· 7 - 80 mA 
KM41 C4000AL· 8 lcc4 - 70 mA 

(RAS=V1L, CAS Cycling @ tpc=min.) 
KM41C4000AL·10 - 60 mA 

Standby Current (RAS=CAS=W~Vcc-0.2V) lcc5 - 200 µA 

CAS-Before·RAS Refresh Current* 
KM41 C4000AL· 7 - 105 mA 

(RAS and CAS Cycling@ tRc=min.) 
KM41 C4000AL· 8 lcc6 - 95 mA 
KM41C4000AL·10 - 85 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Vcc·0.2V lee? - 300 µA 
Input Low Voltage (ViL)=0.2V CAS=CAS Before RAS Cycling or 
0.2V D1N=Don't Care TRc=125µS, TRAs=tRAS min."'1µS 

Standby Current (RAS=V1H, CAS=V1L, Dout Enable) lees - 5 mA 

Input Leakage Current 
fiL -10 10 µA (Any input O~V1N~6.5V, all other pins not under test=O volts) 

Output Leakage Current (Data out is disabled, O~Vour~5.5V) loL -10 10 µA 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 

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

*Note: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Ice is specified as average current. lcc1, lcc3, fcc6, Address can be changed maximum 
two times while RAS=V1L. lcc4. Address can be changed maximum once while CAS=V1H . 
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KM41C4000AL CMOS DRAM 

CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-A10, D) C1N1 - 6 pf 
Input Capacitance (RAS, CAS, W) C1N2 - 7 pF 

Output Capacitance (Q) Cour - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

.KM41C4000AL-7 KM41 C4000AL-8 KM41C4000AL-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max • Random read or write cycle time tRc 130 150 180 ns 

Read-modify-write cycle time tRwc 155 175 210 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 10 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,to 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 6 

Transition time (rise and fall) tr 3 50 3 50 3 50 ns 2 I 

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 
RAS to column address delay time tRAD 15 35 15 40 20 50 ns 10 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 12 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 8 

Read· command hold referenced to RAS tRRH 0 0 0 ns 8 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 12 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 9 

•• DC SAMSUNG 
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KM41C4000AL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41 C4000AL·7 KM41 C4000AL·8 KM41C4000AL·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Data-in hold time toH 15 15 20 ns 9 

Data-in hold referenced to RAS toHR 55 60 75 ns 12 

Refresh period (1024 cycles) tREF 128 128 128 ms 

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

CAS to write enable delay tcwo 20 20 25 ns 7 

RAS to write enable delay tRwo 70 80 100 ns 7 

Column address to W delay time tAwo 35 40 50 ns 7 

CAS setup time (C-~-R refresh) tcsR 10 10 10 ns 

CAS hold time (C-8-R refresh) tcHR 20 30 30 ns 

RAS precharge to CAS hold time tRPC 10 10 10 ns 

CAS precharge (C-8-R counter test) tcpr 35 40 50 ns 

r-Access time from CAS precharge tcPA 45 45 55 ns 3 

Fast Page mode cycle time tpc 50 50 60 ns 

CAS precharge time (Fast page mode) tcp 10 10 10 ns 

RAS hold time from CAS precharge tRHCP 45 45 55 ns 

Fast page modered-modify-write tPRWC 75 75 90 ns 

RAS pulse width (Fast page mode) tRASP 70 200,000 80 200,000 100 200,000 ns 

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

Write command hold time (Test mode in) twrn 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

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

.. 
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KM41C4000AL CMOS DRAM 

TEST MODE CYCLE (Note. 11) 

KM41 C4000AL·7 KM41 C4000AL·8 KM41C4000AL·10 
Standard Operation Symbol 1- -----------1 Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle._tim_e _______ -+-_tR_c __ --+_1 __ 3_5--+--- 155 185 ns 
- --

>-R __ ea_d_-_m_o_di_fy_-w_r_it_e_c_y_c_le_t_im_e ______ ~~w_g_ 160 _ --+-~~------+--2_1 _5-+-------r--n_s_-+-__ __, 

Access time from RAS tRAC 75 85 105 ns 3,4, 10 
f--------------------1------t------t-----+----+-------+----+------+---+-----l 

Access time from CAS tcAc 25 25 30 ns 3,4,5 
f-------------------+---------+------+-------+-----+-----+--+-----t----+-----1 

Access time from column address tAA 40 45 55 ns 3, 1 0 
f------------------+-----+---+-

~R __ A_S_p_ul_se_w_id_th ____________ --1 tRAS ___ 7_~_1_0_,0_0_0-+-__ 8_5--+_1_0_,0_0 __ 0-+-_10_5--+_1_0_,0_0_0-+-_n_s--+--~ 

~C __ A_S_pu_ls_e_w_id_th_·---------~~As 25 1 O ,000-+-__ 25-+-_1_0_,0_0 __ 0-+--_3_0--+--_1_0_,0 __ 0_0--+_n_s--+------j 

RAS hold time tRsH 25 25 30 ns 

GAS hold time tcsH 75 85 105 ns 

>-C __ ol_u_m_n_a_d_d_re_s_s_to_R_A_S_l_ea_d_t_im_e ____ -+-_t_R_AL __ -+-_4_0_,_ ____ -+-_4_5-+-------+--5_5-+-----+--n_s--+-----; 

CAS to write enable delay tcwo 25 25 30 ns 7 

RAS to write enable delay RWD 7 5 85 1 05 ns 7 

>-C __ o_lu_m_n_a_d_d_re_s_s_to_VJ_d_el_ay_tim_e ____ -+-_t_A_w_o __ +-_4 __ 0--+------+--4_5__,_ ____ -+--_5_5-+------+--n_s-+--__ 7__, 

~ast mode cycle time tpc 55 55 65 ns 

>-F_a_s_t_p_a_ge_m_o_d_e_r_ea_d_-m_od_e_fy_-_w_ri_te ___ +-t_P_R_wc-+-_8_0--+-------~-------+-9_5--+---·---+--n_s-+---J 
RAS pulse width (Fast page mode) tRASP 75 200,000 85 200,000 105 200,000 ns 
f------------~--'----+-----+------r---------------+---+------+----+----~f----+-----1 

Access time from CAS precharge tcPA 50 50 60 ns 3 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by and 8 CBR or ROA cycles before 
proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;.tRCD(max)· 
6. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

7. twcs. tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 

•• C:CSAMSUNG 
•• Electronics 

twcs;;;.twcs(min) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo;;;.tcwo(min) and 
tRwo;;;.tRWD(min) and tAwo;;;.tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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-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 con
trolled by tAA-

11. These specifications are applied in the test mode. 
12. tAR, twcR, toHR are refrerenced to tRAD(max)· 
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KM41C4000AL 

TIMING DIAGRAMS 
READ CYCLE 

A 

w VI H - ""'f'\/\./V'A/'V'V'wrv"•AJ'A JI! 

V1L- ~:l.Q.~~LA~~~J 

'----- tcAc---~ 

i---------IRAc---------" 

Q 

r-tcLz---, __ _ 

VoH-~~~~~~~~~~~~~OPEN~~~~""1)(X''I)(~ 
Vol-

WRITE CYCLE (EARLY WRITE) 

RAS 

A 

w V1H- ?::loi:'.~~~~~~ -----1-

V1L-

D V IH - • AAJ~A/VV\.fVIJ'v'V\.JVV\/VVI 
V1L-

a 
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KM41C4000AL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w V1H-

V1L-

a VoH-

VoL-

V1H-
D 

V1L-

FAST PAGE MODE READ CYCLE 

GAS V1H-

V1L-

V1H-
A 

V1L-

ciSSAMSUNG 
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CMOS DRAM 

• 

~DON'TCARE 
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KM41C4000AL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H

V1L

V1H-

~·~---..._-~1~ 

W V1L- .62.>.l:.l.~~~~~~---l--1--~~~;...+.-+-....;;~~~-+---+-....;;~~l.:J,i.~~~~~ 

V1H- f v \,/\1'.l\l'•I\1',/\l\J\l\I' 

D 
V1L- ::.lij~~~~~'J ~;._---~'-A..t;tr~---~~~---~~~C¥:;:i~~~~~ 

a 

m DON'T CARE 

ciSSAMSUNG 
Electronics 

94 



KM41C4000AL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-WRITE CYCLE 

GAS • 
A 

w 

D 

a 

~ DON'tCARE 

c8SAMSUNG 
S:IArtrnnire> 
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KM41C4000AL 

TIMING DIAGRAMS 1continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, D, A10 = Don't Care 

A 

CMOS DRAM 

t------IRAS -----< 

ICRP IRPC 

Q VoH- ---------------OPEN---------------
VoL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

V1H-
RAS 

V1L-

IRPC 

tcp tcsR 

V1H-
GAS 

V1L-

IRC 

ICHR 

0 
V110H -

1>------------0PEN~---------~ 

V110L - ------""'! 
m DON'T CARE 

ciSSAMSUNG 
Electronics 

96 



KM41C4000AL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

IRC--

I f----IRAS ~IRP=1 
V1H- N ~ ti V1L-

J tcRP I ~ tRco I IRSH 11 

V1H- _} 

11 3Ns 11 11 
V1L-

I ~IRAD I 11 IRAL~ I 11 

11 l1AR: I I' I 11 
IRAH 

I 

V1H-
w 

V1L-

V1H-
D 

V1L-

VoH-
a 

Vol-

c8SAMSUNG 
l=lortrnnirco 

CMOS DRAM 

IRAS 

¥ 
ICHR I 

~ 
I 

• I 

~DON'T CARE 
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KM41C~OOOAL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H- ~~'7'\'J~~rj\'~~"~~"O"\:~A:\ p._......._...__ __ -'lllft"7\~"bt~«~AJ,'jf\J~'f'V? 

V1L- ~~.l:;;C.'1'::£.~~~~C::.C.~~~C:w::l,CJ/}'~-~..,....--......;f-\~~~~~QC::ij:¥~~~C:!iCl"-

READ CYCLE 

V1H-
a ------+.-1---~ V1L-

-IRCS 

w V1H- ~'A,l':A?~~-t-t--~7\7\A';~A,::T'"T'---t-t--'-------r-t--r--tz~~j\'j 

V1L-.....,._....~ 

WRITE CYCLE 

a 

t---+-----+--+----IRWL ----+-t------1 

V1H-w 
V1L-

D VJH-

VJL-

READ-WRITE CYCLE 

a 

w 
V1H- ~~~"T'l,.-...._..___~~~~~rl------t""t'"---""'"" 

V1L- .1..1...t...ll:.-

D 
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KM41C4000AL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D, Address= Don't care 

CMOS DRAM 

>--------- tRAS-------< 

RAS 

tcp tcsR 
tcHR 

CAS 
V1H-

V1L-

lwrH 

w V1H-

V1L-

Q 
1>-------------------------~0PEN~------------------------~ 

TEST MODE DESCRIPTION 

The KM41C4000AL is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A10R. A10c 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s), the data output pin indicates a "1 ". 
If any of the bits differed the data output pin would in-

•• :::SAMSUNG 
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~DON'TCARE 

dicate a "O" In "Test Mode", the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CAS-Before RAS-Cycle 
(Test Mode in Cycle) puts the device into "Test Mode". 
And "CAS-Before-RAS Refresh Cycle" or "RAS only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time ( 1 /8 in cases 
of N test pattern) . 
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KM41C4000AL 

DEVICE OPERATION 
Device Operation 
The KM41 C4000AL contains 4, 194,304 memory loca
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41 C4000AL 
has only 11 address input pins, time multiplexed address
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad
dress strobe (CAS) and the valid row and column address 
inputs. 

Operating ol the KM41 C4000AL begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41 C4000AL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and GAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and GAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle.is initiated by bring
ing RAS low, it must nbt be aborted prior to satisfying 
the minimum RAS and GAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 C4000AL begin a complex sequence of events. 
If the sequence if broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAC· If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAC- In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM41 C4000AL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 

de SAMSUNG 
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Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 

Late Write: If Wis brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo. tcwo and tAwD, are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain cfata depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41C4000AL has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (V1H) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLZ after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc, tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM4 1 C4000AL operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, CAS-only 
cycle. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM41 C4000AL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
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KM41C4000AL 

DEVICE OPERATION (Continued) 

1 28 ms. There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM41C4000AL has Cfi.S
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tesR) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41 C4000AL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 C4000AL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM41 C4000AL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observ~d, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 

CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri-

CK SAMSUNG 
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fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the GAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A1 o bit is set high in
ternally. 

Column Address-Bits Ao through A10 are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" i, .. j the memory cells 
at a single column address ar:. 1024 row addresses. 
(The row addresses are ::upplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1 024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41C4000AL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid VIH in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up flow
ed by any 8 GAS-before-RAS or RAS only refresh cycles 
before proper device operation is achieved. 
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KM41C4000AL CMOS DRAM 

PACKAGE DIMENSIONS 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 

E: :-:-:~:3i 
• 

o 862 (21 89) I - ~ 
o.872 (22.15> I 

-+-f----0_0_50__:_(1_2_:_7) 0.015 (0.38) 
0.009 (O.~---;;y 
0.013 (0.33) 

0.135 (3.43) 

0.145(3.68) 

0.100(2.54) 
TYP 

MAX 

0.035 (0.89) 

0.055 (1.40) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

k mmrr""-"1 _1;HITTTil 
ldo.oo4(0.1)Monm ~ 

0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) I 

TYP ---i 0.021 (0.53) I 0.032 (0.81) 

--i 
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MIN 

0.183 (4.65) 

~ 

0.115 (2.92) 

MIN 

0.050 (1.27) 

MAX 

0.027 (0.69) 
MIN 

00 
(\j ('") 

e. e. 
co (\j 
0 ~ 
0 0 
0 0 

0.128 (3.25) 

0.145 (3.68) 
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KM41C4000AL 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

rlNDEX 

0.050(1.27) 

TYP 

1.025(26.04) 
1.035(26.29) 

0.016(0.41) 

0.024(0.61) 

0 

co ;:-
N LO 
a:i a:i 
iO iO 
N (') 
(') (') 

c:i c:i 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.100(2.54) 

MIN 

0.009(0.23) 
0.013(0.33) 

0.100(2.54) 

TYP 

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

0.006 (0.15) 

0 0.004(0.1) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM41 C4000ASL CMOS DRAM 

4MX1 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC 

KM41 C4000ASL- 7 70ns 20ns 

KM41 C4000ASL- 8 80ns 20ns 

KM41C4000ASL-10 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Common 110 using Early Write 
• Single + 5V :t 10 % power supply 
• 1024 cycles/256ms refresh 
• Low power dissipation 

-Standby: 0.6mW 
-Active (70/80/1 OOns): 578/5231468mW 

• JEDEC standard pinout 

tRc 

130ns 

150ns 

180ns 

• Available in Plastic SOJ, DIP, ZIP, and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

-- CONTROL & 
CLOCK -

The Samsung KM41 C4000ASL is a high speed CMOS 
4, 194,304 bit x 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41C4000ASL features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

The KM41 C4000ASL is fabricated using Samsung's ad
vanced CMOS process. 

DATA 
IN 1-- D 

.-- BUFFER 

H REFRESH CONTROL & 

.--1--1 ADDRESS COUNTER 

~ 
1--i COLUMN DECODER 

'--+- DATA 
~ OUT 1--
~ SENSE AMPS & 1/0 t--- BUFFER 

Q 

- (/) 
Ao . a: a: UJ . LL UJ 

LL 0 . ::l 0 . CD () MEMORY ARRAY . (/) UJ 4, 194,304 Cells 
(/) 0 . UJ s: a: ---Vee . 0 0 . 0 a: - <( ---vss 

... 
C:CSAMSUNG 

u Electronics 
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KM41C4000ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM41 C4000ASLP • KM41 C4000ASLJ • KM41 C4000ASLZ 

0 D 10 20 Vss 

w 19 Q 

RAS 3 18 eAS 

N.e 4 17 N.e 

Ag A10 5 16 Ag 

As 

A7 
Ao 15 As 6 

As A1 7 14 A7 

A5 A2 8 13 As 

0 AJ 9 12 A5 

Vee 10 0 11 A4 I 
(DIP) (SOJ) 

(ZIP) 

• KM41C4000ASLT • KM41C4000ASLTR 

D 1 0 Vss Vss D 
w 2 Q Q 0 w 

RAS 3 18 CAS CAS 18 3 RAS 
N.C 4 N.C N.C 17 4 N.C 
A10 5 Ag Ag 16 5 A10 

Ao 6 15 As As 6 Ao 
A1 7 A1 A1 14 7 A1 

A2 8 As As 13 8 A2 
AJ 9 0 As As 12 0 9 A3 

Vee 10 11 ~ ~ 11 Vee 

(TSOP (11)-Forward Type) (TSOP(II)-Reverse Type) 

Pin Name Pin Function 

Ao·A10 Address Inputs 

D Data In 

Q Data Out 

w Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 
I-· 

Vee Power (+5V) 
f-

Vss Ground 

L N.C. No connection 

•• c:cSAMSUNG 
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KM41C4000ASL CMOS DRAM 

ABSOLUTE MAXIMUM RA TINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N. 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 oc 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 

------------! 

Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c. Vcc=5.ov±10%J 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* 
KM41 C4000ASL- 7 - 105 mA 

(RAS, CA.S, Address Cycling@ tRc=min) 
KM41 C4000ASL- 8 lcc1 - 95 mA 
KM41 C4000ASL-1 0 - 85 mA 

Standby Current (RAS=CAS=V1H) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM41 C4000ASL- 7 - 105 mA 
KM41 C4000ASL- 8 lcc3 - 95 mA 

(CAS=V1H. RAS Cycling@ tRc=min.) 
KM41 C4000ASL-1 0 - 85 mA 

Fast Page Mode Current* 
KM41 C4000ASL- 7 - 80 mA 

(RAS=V1L. CAS Cycling @ tpc=min.) 
KM41 C4000ASL- 8 lcc4 - 70 mA 
KM41 C4000ASL-1 0 - 60 mA 

Standby Current (RAS=CAS=W~Vcc-0.2V) Ices - 100 µA 

GAS-Before-RAS Refresh Current* 
KM41 C4000ASL- 7 - 105 mA 

(RAS and CAS Cycling @ tRc=min.) 
KM41 C4000ASL- 8 lcc6 - 95 mA 
KM41 C4000ASL-1 0 - 85 mA 

Battery Back Up CurrentAverage Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Vcc-0.2V 

lee? - 150 µA 
Input Low Voltage (ViL)=0.2V CAS=CAS Before RAS Cycling or 
0.2V D1N=Don't Care TRc=250µS, TRAs=tRAS min.l'\J1 µS 

Standby Current (RAS=V1H, CAS=V1L, Dout Enable) lees - 5 mA 

Input Leakage Current 
hL -10 10 µA 

(Any input O~V1N~6.5V, all other pins not under test=O volts) 

Output Leakage Current (Data out is disabled, O~Vour~5.5V) loL -10 10 µA 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 

Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 
*Note: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified value are obtained with 

the output open. lee is specified as average current. lcc1. lcc3, lcc6, Address can be changed maximum 
two times while RAS=V1L. lcc4, Address can be changed maximum once while CAS=V1H . 

•• CJCSAMSUNG 
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KM41 C4000ASL CMOS DRAM 

CAPACITANCE (TA=25°ci 

Item Symbol Min Max Unit 

Input Capacitance (Ao-A10, D) C1N1 - 6 pF 

Input Capacitance (RAS, CAS, W) C1N2 - 7 pF 

Output Capacitance (Q) Gour - 7 pF 

AC CHARACTERISTICS (0°C:s:;Ta:s:;?o 0 c, Vcc=5.0V±10%, See notes 1,2) 

KM41 C4000ASL·7 K M41 C4000ASL ·8 KM41C4000ASL·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max • Random read or write cycle time tRC 130 150 180 ns 

Read-modify-write cycle time tRwc 155 175 210 ns 

Access time from RAS tRAC 70 80 100 ns 3,4,10 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,10 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 6 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width 
I-

tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

~AS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 10 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 12 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to CAS IRCH 0 0 0 ns 8 

Read command hold referenced to RAS tRRH 0 0 0 ns 8 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 12 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 9 

•• CJCSAMSUNG 
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KM41C4000ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41 C4000ASL·7 KM41C4000ASL·8 KM41C4000ASL·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Data-in hold time toH 15 15 20· ns 9 

Data-in hold referenced to RAS toHR 55 60 75 ns 12 

Refresh period (1024 cycles) tREF 256 256 256 ms 

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

GAS to write enable delay tcwo 20 20 25 ns 7 
--+-------------

RAS to write enable delay tRWD 70 80 100 ns 7 

Column address to W delay time tAWD 35 40 50 ns 7 

GAS setup time (C-B-R refresh) tcsR 10 10 10 ns 

GAS hold time (C-B-R refresh) tcHR 20 30 30 ns 

RAS precharge to GAS hold time tRPC 10 10 10 ns 

GAS precharge (C-B-R counter test) tcPT 35 40 50 ns 
r-- -

Access time from GAS precharge kPA 45 45 55 ns 3 

FAst Page mode cycle time tpc 50 50 60 ns 
j--· 

GAS precharge time (Fast page mode) tcp 10 10 10 ns 

RAS hold time from GAS precharge tRHCP 45 45 55 ns 

Fast page mode read-modify-write tPRWC 75 75 90 ns 

f--RAS pulse width (Fast page mode) tRASP . 70 200,000 80 200,000 100 200,000 ns 

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

Write command hold time (Test mode in) twrn 10 10 10 ns 

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 

•• CJCSAMSUNG 
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KM41C4000ASL CMOS DRAM 

TEST MODE CYCLE (Note. 11 l 

KM41 C4000ASL·7 KM41 C4000ASL·8 KM41C4000ASL-10 
Standard Operation Symbol +-------------+----~--------< Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time ----+--t_RC ___ +---13_5--+------+--1_5_5-+-----+--1 _85--+-----+-__ n_s--+ __ ___, 
Read-modify-write cycle time IRwc 1 60 1 80 21 5 ns 

i--- ·--·- -----+-------+---+-----+-----+------+---+--------+-----+-------

Access time from RAS IRAC 75 85 105 ns 3,4, 10 
f------------------+-----+------+-------+-----+-----1----+------+-----+-----j 

Access timg from CAS tcAc 25 25 30 ns 3,4,5 

Access time from column address IAA 40 45 55 ns 3, 1 0 
--+-----+-----1------+---+-----+--+-------+--+-------j 

RAS pulse width IRAS ---+---7_5-+-_1_0_, o_o __ o--t-_8_5 ____ 1_0_, o_o __ O-t-1_0_5--+-_10_,_o_o_o--t-_n_s---+---j 

GAS pulse width ___________ ~ 25 1 o.o_o_o-+--_2_5-+--_1_0_._o_~3_0_-+-_10_._o __ oo--+-_n_s--+ __ _, 

RAS hold time -----+---t_RS_H __ -+-_2_5--+------+--2_5--+------+--3_0--+-----+--n_s--+-__ ___, 
CAS hold time tcsH 7 5 85 1 05 ns 

Column address to RAS lead time IRAL 40 45 55 ns 
I- -----+-----t-----+------+---+------t-----+-----t----+----j 

GAS to write enable delay tcwo 25 25 30 ns 7 

RAS to write enable delay RWD 75 85 105 ns 7 

Column address to W delay time IAwo 40 45 55 ns 7 

Fast mode cycle_t_im_e ________ -+-t_p_c_-+_5_5-+-------+--5_5_-+------+-6_5-1------1--n_s--+----1 

yast page mode read-modefy-write IPRWC 80 80 95 -+--n_s_-+ __ __, 

RAS pulse width (Fast page mode) IRASP 75 200,000 85 200,000 105 200,o_oo___,__n_s--+ __ __, 

Access time from CAS precharge tcPA 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by and 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels tor measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(max), and are 
assumed to be 5ns tor 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. It tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;;otRCD(max)· 
6. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

7. twcs. tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. It 

•• :::SAMSUNG 
•• Electronics 

50 50 60 ns 3 

twcs~twcs(min) the cycle is an early write cycle and 
the data out pin will remain high impedance tor the 
duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRWD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. It neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

8. Either tRcH or tRRH must be satisfied tor 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-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 con
trolled by tAA· 

11. These specifications are applied in the test mode. 
12. tAR, twcR, toHR are refrerenced to tRAD(max)· 
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KM41C4000ASL CMOS DRAM 

TIMING DIAGRAMS 
READ CYCLE 

IRC 

RAS 
V1H-

V1l-

V1H-
CAS 

Vil-

V1H-
A 

V1l-

V1H-w 
Vil-

ICAC 

IRAC to FF 

r--tclZ 

a VoH-
OPEN 

Vol-

WRITE CYCLE (EARLY WRITE) 
IRC 

RAS 
V1H-

Vil-

V1H-
CAS 

Vil-

A 
V1H-

Vil-

V1H-w 
Vil-

D 
V1H-

Vil-

a VoH-

Vol-
OPEN 

~DON'TCARE 
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KM41C4000ASL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w V1H-

V1L-

a VoH-

VoL-

V1H-
D 

V1L-

FAST PAGE MODE READ CYCLE 

GAS V1H-

V1L-

V1H-
A 

V1L-

c8SAMSUNG 
Electronics 

CMOS DRAM 

• 

~DON'TCARE 
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KM41 C4000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V1H

A 
V1L- ~r~---1--ar-1~ ""liio...__... __ ~,(JI.;;, 1-4-.....,._..~~~f--1-..+,;.;~-*~~~0Cl~~~{;i. 

V1H-

w V1L-

V1H-

D V1L-

IDHA 

VoH-
Q OPEN 

VoL-

rm DON'T CARE 
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KM41C4000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-WRITE CYCLE 

• 
A 

w 

D 

Q 

~ DON'tCARE 

c8SAMSUNG 
F~r.trnnir~ 
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KM41C4000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H- "'.'?":~~'j\j~~ir:L\:~"7°1"~~~~ __ ....... .__ ___ h;,~;.vi;'7'V"t/tl\".?\,~~7\1,'j\j~~ 
A 

V1L- ~~t:::¥:."~~~::i.c,~.c:.t:,~~~(;;,g~--....------'(-\l.~~00~~~~~(::.t::.~~~ 

READ CYCLE 

Q 

-tRcs 

w 
v1H- ~'.":'A'i'\?~r-"Mr-t7':'7'\J'o\A?~l\A'.r1---t-r---"-------t--r--r---v\7'V~7\i 

V1L - """ "'"' 

WRITE CYCLE 

Q 
VoH-
VoL- ---------------------OPEN 

w V1H:..._ 

V1L-

D V1H-

V1L-

READ-WRITE CYCLE 

Q 
VoH-

I I 
OPEN 

VoL-

I 
I 

~~ 
V1H-

w V1L-

D 

~DON'T CARE 

ciSSAMSUNG 
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KM41C4000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

A 

V1H-~ I -
V1L-

.......... ........,;........,""""+I .......... ....- f-tc;\G_j 

L -tl:t~j ~~ 
voH- I I~ ) ----------+< VALID DATA • 
VOL- I ICLZ -----i _ _: 

w 

Q 

HIDDEN REFRESH CYCLE (WRITE) 

-~ ---tRc---------i 
~:~~---1 _N-___ .,,,_ ' Y--'"'l - _,,,, __ y 
~::_ Jl r •ecc -w_F1_S_J __ 1:1 ~~-lCH-R-==r 

I lAR++---l I 11 
I I f- - lRAo-- -H--J- lRAL ~ I I 
-H ~ J_..,..,...._..,,11 ............................................. _..............___.... ........... 

A 

V1H-
w 

V1L-

V1H-
D 

V1L-

VoH- !OHR 

a 
Vol-

OPEN 

~DON'T CARE 

c8SAMSUNG 
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KM41C4000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H- ~~'7'\J\7\'.l"V'V'Z?\'.~~7'\J'o'7'V'-'V~~~ lf-_...._...._ __ -"'!L\...(~"'~~~i':j'\~'J\Joi7\J~~7'\J 

V1L- ~~.t::.i.:.~~~~~~~~~~(,:;g~-~"T"""--...;;if"~~~14'~~~~rC;;,l.:a..::i.:~C¥;. 

READ CYCLE 

V1H-
Q 

V1L-

w V1H-

V1L-

WRITE CYCLE 

Q 
VoH-
VoL- ------+-!-----------+----+--+---- OPEN 

w V1H-

V1L-

D V1H-

V1L-

READ·WRITE CYCLE 

a 

w 

D 

V1H- ~~~-rjr-----~1"\7'\:~'jl\?\A,ic;:t"---t1---"""j 

V1L- ....,.~-

c8SAMSUNG 
Electronics · 
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KM41 C4000ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D. Address=Don't Care 

CMOS DRAM 

t---------- IRAs--------< 

tcp tcsR 
ICHR 

CAS 
V1H-

V1L-

twrH 

w 
V1H-

V1L-

a 

TEST MODE DESCRIPTION 

The KM41C4000ASL is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 woras 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A10R. A10c 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s), the data output pin indicates a "1 ". 
If any of the bits differed the data output pin would in-

•• :::SAMSUNG 
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~DON'TCARE 

dicate a "O" In "Test Mode", the 4M DRAM can be tested 
as if it were a 51 2K DRAM. W, GAS-Before-RAS Cycle 
(Test Mode in Cycle) puts the device into "Test Mode". 
And "GAS-Before-RAS Refresh Cycle" or "RAS only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time ( 1 /8 in cases 
of N test pattern) . 
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KM41C4000ASL 

DEVICE OPERATION 
Device Operation 
The KM41 C4000ASL contains 4,194,304 memory loca
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41 C4000ASL 
has only 11 address input pins, time multiplexed address
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad
dress strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM41 C4000ASL begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41 C4000ASL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and CAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAB pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and GAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 C4000ASL begin a complex sequence of events. 
If the sequence if broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAC· If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAc. In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM41 C4000ASL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 

•• c:cSAMSUNG 
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Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
110 to avoid bus contention. 

Late Write: If Wis brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwc, are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 110 to 
avoid bus contention. 

Data Output 
The KM41 C4000ASL has a three-state output buffer 
which is controlled by CAS. Whenever CAS is high (V1H) 
the output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc. tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM4 1 C4000ASL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, CAS-only 
cycle. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM41 C4000ASL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
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KM41 C4000ASL 

DEVICE OPERATION (Continued) 

256 ms. There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM41C4000ASL has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM4 1 C4000ASL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41C4000ASL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM41C4000ASL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, GAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 

CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri-

•• :::SAMSUNG 
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tying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the GAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 1 1 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A10 bit is set high in
ternally. 

Column Address-Bits Ao through A1 o are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The GAS-before-RAS refresh counter test cycle.timing 
is used in each of the following steps: 

1. Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1 024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1 024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41C4000ASL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid VIH in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 
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KM41C4000ASL CMOS DRAM 

PACKAGE DIMENSIONS 

18·LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 

E: : : ~- ~ -:: !Ii 
I 

0.862 (21.89) I ~--~ ~J_ 
o 812 (22 15) I 

-+---1~_0_05_0_(1_2-'-7) 0.015 (0 38) 
0.009(0.2---;;y 

• 0.013 (0.33) 

J--
0.145 (3.68) 

0.100(2.54) 
TYP 

MAX 

0.035 (0.89) 

0.055 (1.40) 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

8i004<0.11 RR MA~l ____..IAAAAR 
0.050 (1.27) I 0.015 (0.38) - 0.026 (0.66) I 

TYP I 0.021 (0.53) 0.032 (0.81) 

----i 

c8SAMSUNG 
Electronics 

MIN 

0.183 (4.6~ 
MAX 

0.115 (2.92) 

MIN 

0.050 (1.27) 

MAX 

0.027 (0.69) 
MIN 

00 
C\I (') 

8. 8. 
co C\I 
0 ~ 
0 0 
ci ci 

0.128 (3.25) 

0.145 (3.68) 
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KM41 C4000ASL 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

;--INDEX 

0.050(1.27) 

TYP 

1.025(26.04) 

1.035(26.29) 

0.016(0.41) 

0.024(0.61) 

0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

~x 
- <( g :::E 
'<t 
ci 

0.100(2.54) 

MIN 

0.009(0.23) 
0.013(0.33) 

0.100(2.54) 

TYP 

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

Q 0.004 (0.1) 
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o 

0.006 (0.15) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM41C4001A CMOS DRAM 

4MX 1 Bit CMOS Dynamic RAM with Nibble Mode 
FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KM41C4001 A- 7 70ns 20ns 130ns 

KM41 C4001 A- 8 80ns 20ns 150ns 

KM41 C4001A-10 100ns 25ns 180ns 

• Nibble Mode operation 
• CAS-before-RAS Refresh Capability 
• RAS-only and Hidden Refresh Capability 
• 8-bit fast parallel test mode Capability 
• TTL compatible inputs and output 
• Common 1/0 using Early Write 
• Single +5V::!:10% power supply 
• 1024 cycles/1 Sms refresh 
• JEDEC standard pinout 
• Available in Plastic SOJ, DIP, ZIP 

FUNCTIONAL BLOCK DIAGRAM 

CONTROL & 
CLOCK D 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER a 
SENSE AMPS & 1/0 

(/) 
a: a: w 
LL w 
LL 0 
:::J 0 MEMORY ARRAY CD () 

(/) 
w 4, 1 94,304 Cells 

(/) 0 
w ~ a: 0 --Vee 0 
0 a: 
<( --Vss 

•• CJCSAMSUNG 
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The Samsung KM4 1 C4001 A is a CMOS high speed 
4, 194,304 bit x 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4001 A features ·Nibble Mode operation 
which allows high speed serial access of up to 4 bits of 
data. 

GAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and outputs are fully TTL compatible. 

The KM41 C4001 A is fabricated using Samsung's ad
vanced CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM41C4001AP • KM41C4001AJ • KM41 C4001 AZ 

0 D 10 20 Vss 
w 2 19 a 

RAS 3 18 CAS 

N.C 4 17 N.C 

A10 5 16 Ag 

15 As 
A, 7 14 A1 

A2 8 13 A6 

A3 9 12 A5 

0 0 Vee 10 11 A• 

Pin Name Pin Function 

Ao-A10 Address Inputs 

D Data In 

Q Data Out 

w Read/Write Input 0 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vee Power (+5V) 

Vss Ground 

N.C. No connection 
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KM41C4001A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, Vou'-r ___ 1-------__ -_1 __ t_o_+_7_.0 ___ t---___ V ____ _ 

Voltage on Vee Supply Relative to Vss --+----V_::_c.:c ____ ---J ___ -_1 __ t_o_+_7_.0 ____ t-____ v_ _____ _ 

f----S_to_r_a~g_e_T_e_m~p_e_ra_t_ur_e ______ ~--+------T_s_t~g ____ '---__ -_5_5 __ t_o_+_1_5_0 ___ -r-----__ 
0
_C ___ _ 

f--__ P_o_w_e_r_D_is_s~ip_a_ti_o_n ___________ --'--___ P __ o ____ --'-___ 6_0_0 _____ 1-------__ m_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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=o to 10°c) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
-+-----

Ground Vss 0 0 0 v 
--

Input High Voltage V1H 2.4 - Vcc+1 v -+---- -
Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~TA-~10°c, vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* 
KM41 C4001 A- 7 - 105 mA 

(RAS, CAS, Address Cycling @ tRc=min) 
KM41 C4001 A- 8 lcc1 - 95 mA 
KM41 C4001A-10 - 85 mA 

Standby Current 
lcc2 - 2 mA 

(RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KM41 C4001 A- 7 - 105 mA 

(CAS=V1H, RAS Cycling @ tRc=min.) 
KM41 C4001 A- 8 lcc3 - 95 mA 
KM41 C4001A-10 - 85 mA 

Nibble Mode Current* 
KM41 C4001 A- 7 - 80 mA 

(RAS=V1L, CAS, Address Cycling: tNc=min.) 
KM41 C4001 A- 8 lcc4 - 70 mA 
KM41 C4001A-10 - 60 mA 

Standby Current 
Ices - 1 mA (RAS= CAS = w:;;:,:vcc- 0. 2V) 

GAS-Before-RAS Refresh Current* 
KM41 C4001 A- 7 - 105 mA 

(RAS and CAS Cycling @ tRc=min.) 
KM41 C4001 A- 8 lcc6 - 95 mA 
KM41 C4001A-10 - 85 mA 

Standby Current 
lcc1 - 5 mA 

(RAS=V1H, CAS=V1L, Dout Enable) 

Input Leakage Current (Any input O~V1N~6.5V, 
l1L -10 10 µA 

all other pins not under test=O volts) 
--

Output Leakage Current 
IQL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 
--

Output High Voltage Level (loH = - 5mA) VoH 2.4 - v 

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

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Ice is specified as average current. lcc1, lcc3, lcc6, Address can be changed max
imum two times while RAS=V1L. lcc4, Address can be changed maximum once while CAS=V1H . 

•• :::SAMSUNG 
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KM41C4001A CMOS DRAM 

CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-A1 o. D) C1N1 - 6 pF 

Input Capacitance (RAS, CAS, W) C1N2 - 7 pF 

Output Capacitance (Q) Cour - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM41 C4001 A·7 KM41C4001A·8 KM41 C4001 A· 10 ~ 

Standard Operation Symbol Unit Notes 
Min Max Min Max Min Max 

Random read or write cycle time tRC 130 150 180 ns 

Read-modify-write cycle time tRWC 155 175 210 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 10 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,10 

CAS to output in Low-Z tcu 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 6 

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

r-RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 10 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 12 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 8 

Read command hold referenced to RAS tRRH 0 0 0 ns 8 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 012 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 9 

•• CJCSAMSUNG 
.. Electronics 
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KM41C4001A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41C4001A·7 KM41 C4001 A-8 KM41C4001A-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Data-in hold time toH 15 15 20 ns 9 

Data-in hold referenced to RAS toHR 55 60 75 ns 12 

Refresh period ( 1 024 cycles) tREF 16 16 16 ms 

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

CAS to write enable delay tcwo 20 20 25 ns 7 

RAS to write enable delay tRWD 70 80 100 ns 7 

Column address to W delay time tAWD 35 40 50 ns 7 • CAS setup time (C-8-R refresh) tcsR 10 10 10 ns 

CAS hold time (C-8-R refresh) tcHR 20 30 30 ns 

RAS precharge to CAS hold time tRPC 10 10 10 ns 

CAS precharge (C-8-R counter test) tcPT 35 40 50 ns 

Nibble mode cycle time tNC 40 40 45 ns 

Nibble mode read-write cycle time tNRWC 65 65 70 ns 

Nibble mode access time tNCAC 20 20 25 ns 

Nibble mode CAS pulse width tNCAS 20 20 25 ns 

Nibble mode CAS precharge time tNCP 10 10 10 ns 

Nibble mode RAS hold time tNRSH 20 20 25 ns 

Nibble mode CAS to W delay time tNCWD 20 20 25 ns 

Nibble mode W to RAS lead time tNRWL 20 20 25 ns 

Nibble mode W to CAS lead time tNCWL 20 20 25 ns 

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

Write command hold time (Test mode in) twrH 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

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

•• CJCSAMSUNG 
.. Electronics 
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KM41C4001A 

TEST MODE CYCLE 

Standard Operation Symbol 

Random read or write cycle time tRC 

Read-modify-write cycle time tRwc 

Access time from RAS tRAC 

Access time from CAS tcAC 

Access time from column address tAA 

RAS pulse width tRAS 

CAS pulse width tcAS 

RAS hold time tRSH 

CAS hold time tcsH 

Column address to RAS lead time tRAL 

CAS to write enable delay tcwo 

RAS to write enable delay tRWD 

Column address to W delay time tAWD 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;.tRCD(max)· 
6. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

7. twcs. tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 

·-c:c SAMSUNG 
"" Electronics 

CMOS DRAM 

(Note. 11) 

KM41 C4001 A-7 KM41C4001A·8 KM41 C4001 A· 1 0 

Min 

135 

160 

75 

25 

25 

75 

40 

25 

75 

40 

Unit Notes 
Max Min Max Min Max 

"-. 

155 185 ns 

180 215 ns 

75 85 105 ns 3,4, 10 

25 25 30 ns 3,4,5 

40 45 55 ns 3,10 

10,000 85 10,000 105 10,000 ns 

10,000 25 10,000 30 10,000 ns 

25 30 ns 

85 105 ns 

45 55 ns 

25 30 ns 7 

85 105 ns 7 
t--~-· 

45 55 ns 7 

twcs~twcs(min) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRWD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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-write cycles. 

1 0. 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 con
trolled by tAA. 

11. These specifications are applied in the test mode. 
12. tAR, twcR, toHR are refrerenced to tRAD(max)· 
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KM41C4001A CMOS DRAM 

TIMING DIAGRAMS 
READ CYCLE 

V1H-
A 

V1l-

V1H-w 
Vil-

a VoH-

Vol-

IAA 

tcAc _j 
lRAC !OFF 

r-lCLZ 

OPEN 
VALID 
DATA 

WRITE CYCLE (EARLY WRITE) 

RAS 

A 

w 

D 

a 

V1H-

Vil-

V1H-

Vil-

V1H-

Vil-

VoH-

Vol-

t---------------- lRC----------------1 

------------IRAS-------~-. "~~~~~~1 

----- -----tcsH 

1------lRCD--t---+--- lRSH ------+--< 

~DON'TCARE .. 
c25SAMSUNG 

Electronics 
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KM41C4001A 

TIMING DIAGRAMS '(Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w V1H-

Vil-

Q 
VoH-

Vol-

V1H- V'\;~~~'1\J<w~"/\J.:A:;~'A}C'\;~'1\J.V(;~"J'i)~~:7V"¥ 
D 

Vil-

NIBBLE MODE READ CYCLE 

A V1H-

V1L-

w V1H-

V1L-

Q 
VoH-

Vol-

4SSAMSUNG 
Electronics 

CMOS DRAM 

mDON'TCARE 
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KM41C4001A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

A 

w 

D 

Q VoH-~~~~~~~~~~~~~~~~~~OPEN~~~~~~~~~~~~~~~~~~ 
Vol-

NIBBLE MODE READ-WRITE CYCLE 

A 

w 

a 

D 

VoH

VQL-
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KM41C4001A 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 

Note: CAS=V1H. W,D, A10=Don't Care 

CMOS DRAM 

"" t.,.,~'" ,,~ '" }_ 
~::::~ AOWADDAESS -

A 

Q VoH- -------------oPEN-------------
'/oL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

w 

Q 

V1L -----' 

VIH -

VIL------' 

V10H-

1----------IRc-------~ 

1>-----------0PEN-----------
V, OL - --------'! 

~ DON'TCARE 
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KM41C4001A 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

I 

V1H- N V1L-

1 tcRP / f---- 1 I RCD 

V1H-J 

V1L-
11 

I ~!RAD 

I 

A 

CMOS DRAM 

lRC----

~IRP=-1 IRAS IRAS 

41 ~ J( 
I 

1
"" 11 - I 

ICHR 

I 

r{ 11 11 ¥ 
I 11 1RAL~ I 11 I 
1
AR: I I I I I I 

ICAH I 

w 
1 .,"r l .,,,_~ .w,,+w~ 

A 
V1L-

V1H-
w 

V1L-

V1H-
D 

V1L-

VoH- lo HR 

a 
VoL-

OPEN 

~DON'T CARE 
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KM41C4001A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H

V1L-

A 
V1H- ~~"V'\7'\7'\7~~~"V'\7~~~""_..._..._.._ __ ~~.l~A"i'7'\?'V't~~~'J\}.'7\J\71\i~re:; 
V1L- ~~&:i/,;.~~~~~~~~~~QV'");.-....,."'T"""--....;;f"'~~~~~~~~~~~~ 

READ CYCLE 

V1H-
a 

V1L-

IRCS 

w V1H-

V1L-

WRITE CYCLE 

a VoH-

VoL-

>----+----+--+---IRWL-----++-~ 

>----+----+--+-- tcwL-----

w V1H-

V1L-

D V1H-

V1L-

READ-WRITE CYCLE 

a 

w 

D 

V1H- ~~A,'J'\"-xjr-..-..,__~~~"V\?~i!.7°--11----, 

V1L- .....,.A.&._ 

c8SAMSUNG 
Electrnnir.~ 
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KM41C4001A 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 

CMOS DRAM 

,___ _________ !Re----------

>--------- lRAs---------i 

RAS 
V1H-

V1L-

tcp tcsR 
tcHR 

li1H-
GAS 

V1L-

twTH 

V1H-
w 

V1L-

Q V110H -

V110L -
>---------------OPEN-------------~ 

-----'! 

TEST MODE DESCRIPTION 

The KM41 C4001 A is the RAM organized 4, 194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A10R. A10c 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s), the data output pin indicates a "1 ". 
If any of the bits differed, the data output pin would in-

•• CJCSAMSUNG 
•• Electronics 

~DON'TCARE 

dicate a "O" In "Test Mode", the 4M DRAM can be tested 
as if it were a 512K DRAM. W, GAS-Before-RAS Cycle 
(Test Mode in Cycle) puts the device into "Test Mode". 
And "GAS-Before-RAS Refresh Cycle" or "RAS only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1 /8 in cases 
of N test pattern) . 
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KM41C4001A 

DEVICE OPERATIONS 
The KM41 C4001 A contains 4, 194,304 memory loca
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM4 1 C4001 A 
has only 11 address input pins, time multiplexed address
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the column ad
dress strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM41 C4001 A begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 11 address input pins is chang
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM41 C4001 A 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and CAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for porper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition a 
new cycle must ·not begin until the minimum RAS 
precharge time, tRP has been satisfied. Once a cycle 
begins internal clocks and other circuits within the 
KM41 C4001 A begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAC· If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAC· In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM41 C4001 A can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
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is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 110 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
110 to avoid bus contention. 

Late Write: If Wis brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo. tcwo and tAwo, are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C4001 A has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (ViH) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLZ after the falling edge of CAS. Invalid data may be 
present at 'the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc, tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM41 C4001 A operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Nibble Mode Read, Nibble Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Nib
ble Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM41 C4001 A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row . 
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KM41C4001A 

DEVICE OPERATIONS (Continued) 

GAS-before-RAS Refresh: The KM41 C4001 A has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM41C4001 A hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 C4001 A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Nibble Mode 
The KM41 C4001 A has Nibble mode capability. Nibble 
mode operation allows high speed serial read, write or 
read-modify-write access of 4 consecutive bits. The first 
of 4 bits is accessed in the usual manner. The remain
ing nibble bits are accessed by toggling CAS high then 
low while RAS remains low. 

The 4 bits of data that may be accessed during Nibble 
mode are determined by the lower 1 0 row address bits 
(RAo-RAg) and 10 column address bits (CAo-CAg). The 
two address bits, CA10 and RA10 are used to select 1 
of the 4 nibble bits for initial access. The remaining nib
ble bits are accessed by toggling CAS with RAS held low. 
Each high-low CAS transition will internally increment the 
nibble address (CA 1 o. RA 1 o) as shown in the following 
diagram with RA 1 o being the least significant bit. 

Co.o--o. 1--1.0--1. 1=1 

If more than 4 bits are accessed during Nibble mode, 
the address sequence will wrap around and repeat. If any 
bit is written during Nibble mode, the new data will be 
read on any subsequent access. If the write operation 
is executed again on a subsequent access, the new data 
will be written into the selected cell location. 

A nibble mode cycle can be a read, write or read-modify
write cycle. Any combinations of reads and writes or read
modify-write be allowed. 
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CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the GAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A10 bit is set high in
ternally. 

Column Address-Bits Ao through A1 o are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41 C4001 A could 
begin an active cycle. This condition results in higher than 
necessary' current demands from tile power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by any 8 RAS cycles before proper device 
opera.tion is achieved. 
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KM41C4001A CMOS DRAM 

PACKAGE DIMENSIONS 

18·LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 
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0.050 (1.27) 
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0.128 (3.25) 

0.145 (3.68) 
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KM41C4001A 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
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CMOS DRAM 

Units: Inches (millimeters) 
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0.100 (2.54) 
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KM41C4002A CMOS DRAM 

4MX 1 Bit CMOS Dynamic RAM with Static Column Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC 

KM41 C4002A- 7 70ns 20ns 

KM41 C4002A- 8 80ns 20ns 

KM41 C4002A-1 0 100ns 25ns 

• Static Column Mode operation 
• CS-before-RAS Refresh Capability 

~AS-Only and Hidden Refresh Capability 
• 8-blt fast parall~I test mode Capability 
• TTL compatible'inputs and output 

· • Common 110 using Early Write 
• Single + 5V ± 1 O % power supply 
• 1024 cyclesl16ms refresh 
• JEDEC standard pinout 
• Available in Plastic SOJ, DIP, ZIP 

tRC 

130ns 

150ns 

180ns 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

CONTROL·& 
CLOCK 

a: w 
0 
0 
@ 
0 

~ 

REFRESH CONTROL 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 110 

MEMORY ARRAY 
4, 194,304 CeHs 
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BUFFER 

a 

-Vee 

-Vss 

The Samsung KM41 C4002A is a high speed CMOS 
4, 194,304 bit X 1 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4002A features Static ColulT'n Mode opera
tion which allows high speed random or sequential ac
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim-
ing requirements for fast usable speed. · 

CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and o.utput are fully TTL compatible. 

The KM41 C4002A is fa'bricated using Samsung's ad
vanced CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM41C4002AP • KM41C4002AJ • KM41C4002AZ 

0 

Pin Name 

Ao-A10 

D 

a 
w 
RAS 

cs 
Vee 

Vss 

N.C. 

Vss 
a 
cs 
N.C 
Ag 

Pin Function 

Address Inputs 

Data In 

Data Out 

Read/Write Input 

Row Address Strobe 

Chip Select Input 

Power (+5V) 

Ground 

No connection 
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KM41C4002A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, 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 oc 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 

Ground Vss 0 0 0 v 

Input High Voltage V1H 2.4 - Vcc+1 v 

Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c, vcc=s.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* 
KM41 C4002A- 7 - 105 mA 
KM41 C4002A- 8 lcc1 - 95 mA 

(RAS, CS, Address Cycling @ tRc=min) KM41 C4002A-1 0 - 85 mA 

Standby Current (RAS=CS=V1H) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM41 C4002A- 7 - 105 mA 
KM41 C4002A- 8 lcc3 - 95 mA 

(RAS Cycling, CS=V1H. @ tRc=min) 
KM41 C4002A-1 0 - 85 mA 

Static Column Mode Current* 
KM41 C4002A- 7 - 80 mA 

(RAS=CS=V1L. Address Cycling @tsc=min) 
KM41 C4002A- 8 lcc4 - 70 mA 
KM41 C4002A-1 0 - 60 mA 

Standby Current (RAS=CS=W;;i.Vcc·0.2V) Ices - 1 mA 

CS-Before-RAS Refresh Current* 
KM41 C4002A- 7 - 105 mA 

(RAS and CS Cycling @ tRC=min.) 
KM41 C4002A- 8 lcce - 95 mA 
KM41 C4002A-1 0 - 85 mA 

Standby Current (RAS=V1H, CS=V1L. Dour=Enable) Ice? - 5 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
IJL -10 10 µA 

all other pins not under test=O volts.) 

Output Leakage Current (Data out is disabled, OV~Vour~5.5V) IQL -10 10 µA 

Output High Voltage Level (loH= -5mA) VoH 2.4 - v 

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

*NOTE: lcc1, lcc3, lcc4. lcce are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Ice is specified as average current. lcc1, lcc3, lcce. Address can be changed 
maximum two times while RAS=V1L- lcc4, Address can be changed maximum once while CS=V1H . 
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KM41C4002A CMOS DRAM 

CAPACITANCE (TA=2s 0 c) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-A10, D) C1N1 - 6 pF 

Input Capacitance (RAS, CS, W) C1N2 - 7 pF 

Output Capacitance (Q) Cour - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM41 C4002A·7. KM41 C4002A-8 KM41C4002A·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 130 150 180 ns 

Read-modify-write cycle time tRwc 155 175 210 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 11 

Access time from CS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CS to output in Low-Z tcLZ 5 5 5 ns 3,12 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CS hold time tcsH 70 80 100 ns 

CS pulse width tcs 20 10,000 20 10,000 25 10,000 ns 

RAS to CS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CS to ~AS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 
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KM41C4002A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM41 C4002A·7 KM41 C4002A·8 KM41C4002A·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 

Data-in hold referenced to RAS toHR 55 60 75 ns 6 

Refresh period (1024 cycles) tREF 16 16 16 ms 

Write command set-up time twcs 0 0 0 ns 8 • CS to write enable delay time tcwo 20 20 25 ns 8 

RAS to write enable delay time tRWD 70 80 100 ns 8 

Column address to W delay time tAWD 35 40 50 ns 8 

CS set-up time (C-8-R refresh) tcsR 10 10 10 ns 

CS hold time (C-8-R refresh) tcHR 20 30 30 ns 

RAS precharge to CS hold time tRPC 10 10 10 ns 

CS precharge (C-8-R counter test) tcPT 35 40 50 ns 

Static column mode cycle time tsc 40 45 55 ns 

Static column mode read-write cycle time tsRWC 70 80 100 ns 

Access time from last write tALW 65 75 95 ns 3,12 

Output data hold time from column address tAOH 5 5 5 ns 

Output data enable time from W tow 45 50 70 ns 

Output data hold time from W twoH 0 0 0 ns 

RAS pulse width (static column mode) tRASC 70 100,000 80 100,000 100 100,000 ns 

CS pulse width (static column mode) tcsc 20 100,000 20 100,000 25 100,000 ns 

CS precharge time (static column mode) tcp 10 10 10 ns 

Write address hold time reference to RAS tAWR 55 60 75 ns 6 
Column address hold time referenced to RAS rise tAH 5 5 10 ns 

Last write to column address delay time tLWAD 20 30 20 35 25 45 ns 

Last write to column address hold time tAHLW 65 75 95 ns 

Write command inactive time tw1 10 10 10 ns 

Write command set-up time (Test mode In) twrs 10 10 10 ns 

Write command hold time (Test mode In) twrH 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 ns 
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KM41C4002A 

TEST MODE CYCLE 

Standard Operation Symbol 

Random read or write cycle time tRc 

Read-modify-write cycle time tRWC 

Access time from RAS tRAC 

Access time from CS tcAC 

Access time from column address tAA 

RAS pulse width tRAS 

CS pulse width tcs 

RAS hold time tRSH 

CS hold time tcsH 

Column Address to RAS lead time tRAL 

CS to write enable delay tcwo 

RAS to write enable delay tRWD 

Column address to W delay time tAWD 

Static column mode cycle time tsc 

Static column mode read-modefy-write tsRWC 

RAS pulse width (Static column mode) tRASC 

Access time from last write tALW 

CS pulse width (static column mode) tcsc 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 RAS cycle before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(max), and are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TIL 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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;.tRCD(max)· 
6. tAwR, twcR, toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs, tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
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(Note. 13) 

KM41 C4002A·7 KM41 C4002A·8 KM41C4002A·10 

Min 

135 

160 

75 

25 

25 

75 

40 

25 

75 

40 

45 

75 

75 

25 

Unit Notes 
Max Min Max Min Max 

155 185 ns 

180 215 ns 

75 85 105 ns 3,4, 11 

25 25 30 ns 3,4,5 

40 45 55 ns 3,11 

10,000 85 10,000 105 10,000 ns 

10,000 25 10,000 30 10,000 ns 

25 30 ns 

85 105 ns 

45 55 ns 

25 30 ns 8 

85 105 ns 8 

45 55 ns 8 

50 60 ns 

85 105 ns 

100,000 85 100,000 105 100,000 ns 

70 80 100 ns 3,12 

100,000 25 100,000 30 100,000 ns 

twcs;;i!:twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo;;l!:tcwo1min) and 
tRwo;;l!:tRWD(min) and tAwo;;i!:tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading edge 
in read-write cycles. 

11 . 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 con
trolled by tAA· 

12. Operation within the fLWAD(max) limit insures that 
tALW(max) can be met. fLWAD(max) is specified as a 
reference point only. fLwAo is greater than the 
specified tLwAD(max) limit, then access time is con
trolled by tAA· 

13. These specifications are applied in the test mode. 
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KM41C4002A 

TIMING DIAGRAMS 
READ CYCLE 
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KM41C4002A 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w V1H-

V1L-

D 
V1H-

V1L-

a 

STATIC COLUMN MODE READ· CYCLE 

CMOS DRAM 
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AAS 
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V1L -

A 
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w V1H-
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KM41C4002A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRITE) 

RAS 
V1H -

Vil -

V1H -
A 

Vil -

• V1H -Cs 
Vil -

w V1H -

Vil -

D 
V1H -

Vil -

Q 
VoH- OPEN 
Vol-

STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE) 

RAS V1H-

Vil -

A V1H-

Vil -

cs V1H-

Vil -

w V1H-

Vil-

V1H-
D 

Vil-

Q 
VoH-

OPEN 
Vol-

IQQJ DON'T CARE 
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KM41C4002A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ-WRITE CYCLE 

I RAS 

IRASC-----------

A 

V1H - :A,~~~~~?\7<::7'\7'\J\".?t~~ . ..r~~~ ~l'"7"'!"'~'"""" ---- Jf0"7'\"'7i::-,.::"7'0~:7':j~7'f:j 
D V1L - ~~~~i.,)l..~'C:ii..::iQ'C:ii.~~>I,( __ ..,_ __ ... ..,_____ __ __ _, .. ___ ...... ___ ........................ 

a 

STATIC COLUMN MODE MIXED CYCLE 

D 
V1H -

V1L - ----~- r---- -~~-¥-l"-K......,l'-lll...,11.-¥.-ti~.¥-.l'-¥.~~,I 1"'----'1 --------

a VoH------+-------------+--~ 
Vol-

00 OONT'T CARE 

•• CJCSAMSUNG 
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KM41C4002A 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
NOTE: W, D, A10=Don't Care 

RAS 
V1H-

V1L-

cs 
V1H-

V1L -

V1H-
A 

V1L-

CMOS DRAM 

a VoH- ------------OPEN--------------VoL-

CS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

V1H -
V1L ___ ___, 

tcsR 

V1H -

V1L -----

V1H -

V1L - ' " ,, " ""' "· "" " "" HI 

a VoH - ~--------OPEN----------
VoL - ------Jt 

00 DON'T CARE 

ex SAMSUNG 
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KM41C4002A 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -
A 

V1L -

w V1H -
V1L -

a VoH- -----------..Ck VoL-

tCLZ 

HIDDEN REFRESH CYCLE (WRITE) 

CMOS DRAM 

VALID DATA 

---tRAS---- t----tRAs----

RAS 

cs 

A 

D 

a 

V1H ----~ ~~~~ -----

V1L -
tRCo lRSH 

V1H -
V1L -

V1H -

V1L - ............ .- 11----.--

V1H - """""I .• "'""" 

V1L - ~~~.i::J,/,,.~~~~~,......-4-+---~~ 

V1H - ."'.'M~~~~~~~--=-------::\.,)1~~"!'\l'-~'\7'\,~JV~"!'V"\ro~~~~ 

V1L - .......... _.. ............... .,._......__ 11o------i ~~~~~~...:L;l~~~~~~~~ 

----lDHR-----
VoH - --------------OPEN--------------
VoL -

~DON'T CARE 
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KM41C4002A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1tt

V1l - ....,.._. .................... ...,...,_ ................................... _ l'---l"""T""-----'I ------.-----..- I 
READ CYCLE 

Q 
Vott-

VOL-

w Vitt-

Vil-

WRITE CYCLE 

Q Voi-r- ------+-1---------+---+-1---0PEN---...,..--+------
Vol-

r--+---i--+---tRwl----++--

w Vitt-

Vil-

D 
Vitt-

V1L-

READ-WRITE CYCLE 

Q 
Vott-

OPEN 
Vol-

w 
Vitt-

Vil-

D 
Vitt-

Vil-

~DON'TCARE 
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KM41C4002A 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 

V1H -
AAS 

V1L - tRPC 

cs 
V1H -

V1L -

w V1H -

V1L -

VoH-

CMOS DRAM 

tRC 

tRAS 

le HR 

twrH 

a 1~----~----~~0PEN~----~-~-----VoL- ____ .....,,. 

TEST MODE DESCRIPTION 

The KM41 C4002A is tr1e RAM organized 4, 194,304 
words by 1 bit, it is internally organized 524, 288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A1 OR· A1 oc 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s), the data output pin indicates a "1 ". 
If any of the bits differed, the data output pin would in-

c5cSAMSUNG 
.. Electronics 

~DON'T CARE 

dicate a "O" In "Test Mode", the 4M DRAM can be tested 
as if it were a 51 2K DRAM. W, CS Before RAS Cycle 
(Test Mode in Cycle) puts the device into "Test Mode". 
And "CS Before RAS Refresh Cycle" or "RAS only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1 /8 in cases 
of N test pattern). 

150 



KM41C4002A 

DEVICE OPERATIONS 
Device Operation 
The KM41 C4002A contains 4, 194,304 memory loca
tions. Twenty-two address bits are required to address 
a particular memory- location. Since the KM41 C4002A 
has only 11 address input pins, time multiplexed address
ing is used to input 11 row and 11 column addresses. 
The multiplexing is controlled by the timing relationship 
between the row address strobe (RAS), the chip select 
input (CS) and the valid row and column address inputs. 

Operating of the KM41 C4002A begins by strobing in 
a valid row address with RAS while CS remains high. 
Then the address on the 11 address input pins is chang
ed from a row address to a column address and is strobed 
in by CS. This is the beginning of any KM41 C4002A 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and CS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CS Timing 
The minimum RAS and CS pulse widths are specified 
by tRAs(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP. has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 C4002A begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 

If CS goes low before tRco(max) and if the column ad
dress is valid before tRAo(max) then the access time to 
valid data is specified by tRAc(min). However, if CS goes 
low after tRco(max) or if the column address becomes 
valid after tRAo(max), access is specified by tcAc or tAA. 
In order to achieve the minimum access time, tRAc(min), 
it is necessary to meet both tRco(max) and tRAo(max). 

Write 
The KM41 C4002A can perform early write, late write 
and read-modify-write cycles. The difference between 

•• CJCSAMSUNG 
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CMOS DRAM 

these cycles is in the state of data-out and is determin
ed by the timing relationship between W and CS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CS. The data at the data inout pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state . 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 

Late Write: If W is brought low after CS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo. tcwo and tAwo. are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C4002A has a three-state output buffer which 
is controlled by CS. Whenever CS is high (V1H) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLZ after the falling edge of CS. Invalid data may be 
present at the output during the time after tcL.Z and 
before the valid data appears at the output. The timing 
parameters tcAc. tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CS returns high. This is true even 
if a new RAS cycle occurs (as in hidden refresh). Each 
of the KM41 C4002A operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column Mode 
Read-Modify-Write. 

Hi-Z Output Static: Early Write, RAS-only Refresh, Static 
Column Mode Write, CS-Before-RAS Refresh, CS-only 
cycle. 
Indeterminate Output State: Delayed Write . 
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KM41C4002A 

DEVICE OPERATIONS (Continued) 

Refresh 
The data in the KM41 C4002A is· stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 

CS-before-RAS Refresh: The KM41 C4002A has CS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CS is held low 
for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CS active time and crling RAS. The 
KM41 C4002A hidden refresh cycle is actually a CS
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 C4002A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS
before-RAS refresh is the preferred method. 

Static Column Mode 
Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 
within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify
write cycles may be mixed in any order. 

A Static Column mode read cycle starts as a normal cy
cle. Additional cells within the selected row are written by 
by applying a new column address while W=V1H and 
RAS=V1L. 

A Static Column mode write cycle starts as a normal cy
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=VrL and tog
giling either W or CS. The data is written into the cell 
trigered by the latter fallin edge of W or CS. 

o1SAMSUNG 
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CS-before-RAS- Refresh Counter Test 
Cycle 
A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 

After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
11 row address bits and 11 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. The A10 bit is set high in
ternally. 

Column Address-Bits Ao through A1o are strobed-in by 
the falling edge of CS as in a normal memory cycle. 

Suggested CS-before-RAS Counter Test 
Procedure 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1 024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 51 2 times so 
that highs are written into the 51 2 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM41 C4002A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is achieved. 
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KM41C4002A CMOS DRAM 

PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE Unit: Inches (Millimeters) 

~:::::::~11 N"1r-
<0 C\I 
,..: cO 
oiO 
0 C\I 
(') (') 

ci ci 
~~----

0.862(21.89) 

0.872(22.15) 

T ~.::::!:~ 
0.100(2.54) I ,j~ I 

TYP ~16(0.41)=1 0.035(0.89) 

0.024(0.61) 0 ·055!1.40) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0.670(17.02) 

0.680(17.27) 

0 

0.015(0.38) 

MIN 

0.183(4.65) 

MAX 

0.115(2.92) 

MIN 

0 

0 o._004(_0.1) -'---tfuWij]Li,__J ---'IWVW 
0.050(1.27) 

MAX 

0.050(1.27) 

TYP 

•• C:CSAMSUNG 
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I o.015(0.38) 

I 0.02110.53) 

~ 
0.013(0.33) 

0.128(3.25) 
0.145(3.68) 
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KM41C4002A 

PACKAGE DIMENSIONS ccontinuedl 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

1.025(26.04) 
1.035(26.29) 

;--INDEX 

0.016(0.41) 
0.024(0.61) 

()_:_0~1_±!) 

TYP 

de SAMSUNG 
U Electronics 

O~flli,_27) 

MAX 

0 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0. 113(2.87) 

0.120(3.05) 

0.009(0.23) 
O.Q13(0.33) 

0.100(2.54) 
TYP 
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KM44C1000/L CMOS DRAM 

1MX4 Bit CMOS Dynamic RAM with Fast Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

f KM44C1000/L- 8 80ns 20ns 150ns 
--- --I-

KM44Q1000/L-10 1 OOns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Early Write or output enable controlled wirte 
• Single +5V±10% power supply 
• Refresh cycles: 

-1024 eye les/16ms 
-1024 cycles/128ms (L-Version) 

• Low Power: 
-Standby: 5.5mW 

1.7mW (L-Version) 
-Active: 550mW (80ns) 

468mW (1 OOns) 
• JEDEC standard pinout 
• Available in Plastic SOJ/ZIP 

FUNCTIONAL BLOCK DIAGRAM 

CONTROL & 
CLOCK 

(f) 

a: a: w w 
tt 0 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 110 

~ 8 MEMORY ARRAY 
~ ~ 1,048,576X4 Cells 
w ~ 
a: 0 
8 a: 
<( 

.. 
:=:SAMSUNG 

u Electronics 

-Vee 

-Vss 

--I 

DQ, 
to 

DQ4 

The Samsung KM44C1000/L is a high speed CMOS 
1,048,576 bit x 4 dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C 1 000/L features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. GAS-before-RAS refresh capabili
ty provides on-chip auto refresh as an alternative to RAS
only Refresh. All inputs and output are fully TTL com
patible. 

The KM44C1000/L is fabricated using Samsung's ad
vanced CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM44C1 OOOJ/LJ • KM44C1 OOOZ/LZ 

DQ 1 10 20 Vss 

19 oa. 
18 003 

D02 

w 
RAS 

Ag 

17 GAS 

16 C5E 

15 Aa 

J.4 A1 

13 A6 

12 As 

11 A• 

Pin Name Pin Function 

Ao-Ag Address Inputs 
~------~-~---+-------------~ 

DQ1 -4 Data In/Out 
------------+-------------------! 

W Read/Write Input 

--~---

r-

r-

r-

--------1 

OE Data Output Enable 

RAS 

CAS 

Vee 

Vss 

Row Address Strobe 

Column Address Strobe 

Power (+5V) 

Ground 
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KM44C1000/L \ CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss V1N, Vour -1 to +7.0 V 

f-

Item Symbol Rating Unit 

_ _'.f~~-~~~n_ Vee Supply Relative to Vss Vee -1 to + 7. 0 +------_:!.._ ___ _ 
Stora_Q~~~perature _____ .__ _______ Tstg ----+--------:-55_t? __ + 1 50 ° C 

L Power Dissipation _______ --+--- Po 600 mW 

Short Circuit Output Current las 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

e- Suppl'>'__V<:)l_ta_g~_e ___ _ _ _ _ \f_ cc__ __ --~~----------+- _____ 5. O 5.5 v 
0 v 

--- -·· ----Vss ·-·--+---_Q_--\-------·-9. __ _ Ground 
f--------------- --------

Vcc+1 v 
---- ------ --··-

V1H 2.4 
--- ---- --1----------+-----·-__l_n_eut f-liQ_tl_\f_<:>.~!~~-- --+ 

Input Low Voltage -1 .0 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~rA~70°c, Vcc=5.ov±10%J 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

KM44C1000/L- 8 
lcc1 

- 100 mA 
KM44C1000/L-10 - 85 mA 

-+------- ---

lcc2 - 2 mA 

Operating Current* 
r- (RAS_,__(:;.A._S, __ A~dr~~s ~J?li_n_9 @ tRc~~in __ cJ_. ____ -+-----

Standby Current 

_ (RAS=CAS=V1H) ··------- ---------+------- __ _ ___ _ 

RAS-Only Refresh Current* KM44C1000/L- 8 - 100 mA 
(CAS=V1H, RAS Cycling @ tRc=min) KM44C1000/L-10 lcc3 

- 85 mA 

Fast Page Mode Current* KM44C1000/L- 81- - 70 -- mA 
(RAS=V1L, GAS. Cycling @ t_P_c_=_m_in_ . .c_) ____ ___j._K_M_44C1000/L-1 O ---+- lcc

4 
- ~ ___ mA ____ _ 

Standby Current KM44C1000-8/10 i 1 mA 

,_ ~~;;,~~~;~;~~ ~R~:~'.~) ;~;;giggg;~~8/1Qf ~ ---~~f ~~ 11 
Battery Back Up Current 
Average Power Supply Current, Battery Back Up Mode 

Input High Voltage (V1H)=Vcc-0.2V KM44c1 OOOL-
lnput Low Voltage (V1L)=0.2V KM44C1000L- 10 lcc7 - 400 µA 
CAS=CAS-Before-RAS Cycling or 0.2V 
001 "-'4=Don't Care 

.._ __ T_R_c_=_1_2_5~µ_s,_T_R_A_s_=_t_RA_s_m_in ___ ."-'_1~µs ______ _______J__ _________ _.___ ____ --+-----+-------J------1 

Standby Current 
(RAS=V1H, CAS=V1L Ices 5 mA 
Dout Enable) 

c5iSAMSUNG 
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KM44C1000/L CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Unit 

Input Leakage Current 
(Any input O~V1N~6.5V, l1L -10 10 µA 
all other pins not under test=O volts) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 
r--- ---------- -- --·----·--

Output High Voltage Level 
VoH 2.4 - v (loH="-5mA) 

----

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

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loadinq and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. In lcc1, lcc3, lcc6. Address can be changed max
imum two times while RAS=V1L. lcc4. Address can be changed maximum once while CAS=ViH. 

CAPACITANCE (TA=25°C) 

I Item 

r Input Capaci~_9~ _(AQ-_A_gL_ ______ _ 

I Input Capacitance (RAS, CAS, W, OE) 
-- ------------ - --

Output Capacitance (001 -OQ4) 

Symbol 

C1N1 
~----------

C1N2 

Gour 

Min Max 

5 

7 

7 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%. See notes 1.2) 

KM44C1000/L-8 KM44C1000/L-10 

Unit 

pF 

pF 

pF 

Standard Operation Symbol -- -------+----.------~Unit Notes 
Min Max Min Max 

j 
tRc 1 5()+-- _ ___ 1 SQ_~ -------+ n_~--+------l 

! Read-modify-write cycle time tRwc 205 245 ns ________ _ 

Random read or write cycle time 

i Access time from RAS tRAC t 80 1 01 nsF,4 ~ I Access time from CAS tcAc j i 20 _2_5 __ ns_ 3,4 

~-~-iI~;~o-~~_n_L:_~_lu£~a:ddress ··~----_=_=~-- :~~: ~-- 3~. - 451-0:-~ -3~-=--~-5:0:_ =-n~~s: ~2~-
_Transition time (nse and fall)_ _ _____ __ --I '. r !: ~ 

=~~::~;~te - --- -~=0::~_-. :822-~~+~100 .. oo-oo-oo_ I :1_-__ 00:2 __ -~055---1~ 11:ao=-.~o:o~oo-_ r--_~n~_:ss ______ , ___ : 

~-~ ::;:eti_S~th- - - -----------1 ~~:: ot' ------ -- -
I - -- ------ ----- ----=1- t------ ----RAS to_ <.:;!XS delay time tRcD 20 ~-0--+_2_5-j--_______ 7 __ 5 ns 4 

-
RAS to column _address delay_t_i_~--- _ _ __ __ ___ tRAD __ 1_!5-+-__ 4_0--+-_2_0-t-___ 50_t-~-1_1_---i 

C_A,S_to RA,S_pr~~_l'l~r9~ ti~~--- _ ______ tcRP 5 ______ _,__1 0--+-------+-n_s-+-------< 

Row_a_d_d_re_s_s ~~_-_u_p time tAsR _ -~--------l--O--+------+--ns_>---------1 
Row address hold time 

1 

tRAH 1 0 1 5 ns 

n 
CJCSAMSUNG 
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KM44C1000/L CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM44C1000/L-8 KM44C1000/L-10 
Standard Operation 

Colum~~dress set-up time 

Column address hold time 
------·--·---- ---------·-

Column address hold referenced to RAS 

Symbol 

tcAH 

~~~fl11:1_,6__d_d_re_s~_t_o _R_~~~~ct_t~-~------------+--tRAL 
Read command set-up time tRCS 

---------- -- ----- --------------·---------

Read command hold referenced to CAS 

Read command hold referenced to RAS 

Write command hold time 

Write command hold referenced to RAS 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

~Ci!~l1_~_et-up_ t~me 
Data-in hold time 

_l)~!~il'l_-~_old refe__r-_e11_<;_ed to RAS __________________ _ 

R~frE:)~_~pE:)ri~J]_Q_24 cycles)_ 

~E:lfrE:)_S_~_ per~~ (for L-Versio~, 1 ~24 cydes) 

Write command set-up time 
--------- -------------

CAS to write enable delay 

twcH 

twcR 

twp 

tcwL 

tos 

toH 

to HR 

tREF 

twcs 

tcwo 
----------------- -- --- -- ----------------- --·-

------------+· tRWD RAS to write enable delay 
- - --- - ----

Min 

0 

15 

20 

20 

0 

15 

60 

0 

50 

110 

Column address to W delay time tAwo 70 

CAS setup time (CAS before RAS refresh) tcsR 1 0 

r~1~~:'~1;:;~~~:;f~RA~S~~esh~ ·- . i~~::-=' -3-~ . 

Max 

128 

Access -~if11_~ J_r_<?_m _C£S E'_l'_e~~r:9~--- _______ _ __ tcPA 50 

F_a~_ag~ m_()__d~ ~cJe time tpc 55 

Min 

0 

0 

60 

135 

85 

10 

30 

0 

50 

65 

Max 

16 

128 

60 
Refres_h_ co_u~~r !es~~AS_y~~~-~Ci!R~_t1me _ ~-tcPT 40 ____ _ 

~~~E'!echarge tim~ (Fast p~q~)_ __________ tcP _ --~()_ --------+---+------10 

R_~_~?l_c:l_ti_me !rom_ C~S_precharge __ ----~-- tRHCP_ 50 ___________ _ 

F(ist~5l~-mod~(i__d-rri_~~fy-write ___ -------+ l~RVjC_85 
B~~!se width (Fa~!_eage__ll'!~_e)_____ ·rRASP - 80 1 O_Q,QQO 

Write c;ommand~et-__tJE' ~n1_~_Jl~_est_n:iode_J!1L_ ____ ~ 1 0 __ 

Wr_i!e command hol~me (T~~_111_c:>_cl_e i_i:lL__ ~_I_f1___ 1_9 
!!.._ to RAS precharge ~ (GAS befor~_RAS re_!_esh) twRP _ --~ O_ 

W to R_~S hol~ time (c;!-S b~<:>re RAS refresh) twRH --+---1_() 

RAS hold time referenced to OE tRoH ' 20 

OE access time 

OE to data dela_y ____ _ 

Output buffer turn off delay time from OE 

OE command hold time 

ex SAMSUNG 
u Electronics 

to EA 

torn 

toEZ 

to EH 

20 

0 

20 

20 

20 

60 

125 

100 

10 

10 

10 

10 

20 

25 

0 

25 

100,000 

25 

25 

Unit Notes 

ns 

ns 

ns 6 

ns 

ns 

ns 9 

ns 9 

ns 

ns 6 

ns 
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KM44C1000/L 

TEST MODE CYCLE 

Standard Operation 

1Random read or write cycle time 
I 
i Read-modify-write cycle time 

CMOS DRAM 

(Note. 12) 

KM44C1000/L-8 KM44C1000/L-10 
Symbol I ----- ---- ------ Unit Notes 

Min Max Min Max 

155 

210 

185 ns 

ns 

Access.,. time from RAS 

Access time from CAS 

Access time from column address 

1 

RAS pulse width 

-1 tRAC tcAC 

tAA 

tRAS 
1 CAS pulse width 

RAS hold time 

CAS hold time 

Column address to RAS lead time 
1--i CAS to write enable delay 

1 tcAS 

I

t :::: 

tRAL 

tcwo 

i RAS to write enable___.:'.elay 

. Column address to W delay time 
I 

I 
tRwo 

- tAwo 

' Fast Page mode cycle time 

Fast page mode read-modify-write 

RAS pulse width (Fast page mode) 

! Access time from CAS precharge 

OE access time 

~- -:-{::::; 
I tcPA 

- __ \ ~~:: . OE to data delay 

: OE command hold time 

NOTES 

1 . An initial pause of 2001-1s is required after power
up followed by any 8 CAS-before-RAS or RAS on
ly refresh cycles before proper device operation is 
achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(max), and are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 
1 OOpF 

4. Operation within the tRCD(max) limit insures that 
tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRco is greater than th.e 
specified tRcD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;>tRCD(max). 
6. tAR, twcR, toHR are referenced to tRAD (max). 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

.. 
CJCSAMSUNG 

u Electronics 

to EH 

8. twcs, tRwD, tcwo and tAwD are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs~twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRwo(min) and tAwo~tAwo(min), then the cy
cle is a read-write cycle and the data out will con
tain the data read from the selected address. If 
neither of the above conditions are satisfied, the 
condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

1 O. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max): is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA-

1 2. These specifications are applied in the test mode . 
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KM44C1000/L CMOS DRAM 

TIMING DIAGRAMS 

READ.CYCLE 
IRC -------------! 

1----------IRAS-------~ 

1\1------!Ao-----.t 

A 

w 

VoH- --------
VoL -

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

A 

w 

OE 

>-------IRAS---------j 

IAR 

--+----!ASH---+-+---+ 

V1H- 7\J0':':~7n.r-="~~Ll"':r"'\ _ _r--.1..1...-----i._r"-:7r7"7r:"""'*'"""~~~""""'K?~~~~~~T 

V1L - ~~"""~,-l~-,...;.;,,i 

V1H- °""'"'nir,"""ft"7nr~~~ 

V1L- ~AJlA..~.!l~~~X,l:.);._ __ -+-1-------~~~.x.,;~~X,Jl,i..lJ~/j,Jj..AJ.~~/:;;l.~~Q,tl 

V1H- ~iJ\1~~7\!<C1\,~~~~'7fV~~~~~~'1\J~'J0\7\*7V"\i~"JV'\7Q~"V'\:~"/'Vf.,.,.,..'V\J'iJ'l''iJV 
V1L- ~~~.t\lL.\..AJL,4...LllJ.AJ.~~1.4"~AJ.~l:i.J...6..l.A..6..l.J:..l..LlL..6..t:J..i~.AJ,~~CJJ,~~Q,O~~~~ 

1>---------0PEN-----------
~DON'T CARE 

ciiSAMSUNG 
Electronics 
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KM44C1000/L CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

>---------IRAS-------~ IRP 

RAS 

A 

w 

OE 

V1H------"' 

ViL- \---..Jl..~"l/flll}ri,M~-~~~....l("~~"~Jeij~QC.){Jl..~~~ac~~oo 

READ-MODIFY-WRITE CYCLE 

RAS 

·------"------ tcsH----------

- IRsH----------+~ 

A 

w 

V1H- \A"l'\7'-~'t"l'jf;J'Ot".~"70~~~~7'0'\ 
OE 

V1L - .}Q,j~J:IJ.J.~4l,~~~~~/}£.~a.t:;~~J...__J 

V110H -

--------------_,,j~\A V110L -

~ DON'TCARE 

c8SAMSUNG 
Electronics 
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KM44C1000/L 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 

V1H

V1L-

CMOS DRAM 

IRP 

V1H- ~'1'\!'~~~'Lt'-t..._-t"-----t""'t't7';,..._!-"_,.._,.._,.._,..i\,~7!:1~t-----""1"1°"'""1"1'V't".:~~ 
w 

V1L - ~c..Ml.t.M~~ 

V IH- it7C~17't7"0"\'7':/V"Crf:l'~l"O'l:7\ 
OE 

V1L- ~~~¥lo~~~~~'-XJ.._..,+~~~~~~~-*-~~~l.q1~~~--,._~~t.lp~~(..M:ll.A,j~ 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

w 

V1H
V1L-

1---------------IRASP-------

VoH-\7r.ro"l:~~7V"\t:-~~~-"-\-JC7'0~7V"-~T-;;':'7';'~--i~~~!Pk7~.-F""".""".""".':----:~~'(J\Ji7t'7~~~~~~ 

VoL - ..Q,j~~l.Ql'.:LJ I'-----~ 

~DON'T CARE 
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KM44C1000/L CMOS DRAM 

TIMING DIAGRAMS (Continued) 

F~ST PAGE MODE READ-MODIFY-WRITE 

RAS 

r----- tcsH---~ 

A • 
w 

~DON'TCARE 

c8SAMSUNG 
l=!Artrnn~~ 
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KM44C1000/L 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE=Don't Care 

RAS VrH-

VrL-

A 
VrH-

VrL-

GAS VrH-

VrL-

VrH-
D01·DQ4 

VrL-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: OE, Address= Don't Care 

VrH-
RAS 

VrL-

tRPC 

tcp tcsR 

VrH-
~ 

VrL-

w 

V110H -

1-----tRAS-----< 

tcRP 

tRC 

tcHR 

V110L- ------~"-----------OPEN 

c8SAMSUNG 
Electronics 

CMOS DRAM 

m DON'T CARE 
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KM44C1000/L 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
-- ----lRC --------

V1H-

RAS 
V1L-

V1H-
CAS 

V1L-

V1H-

A 
V1L-

V1H-
w 

V1L-

V1H-

OE 
V1L-

HIDDEN REFRESH CYCLE (WRITE) 

CMOS DRAM 

f----------- lRC ---------'-~------·--·----- lRC---------·

----lRAS ---

RAS 

V1H-

CAS 
V1L-

V1H-
A 

V1L-

V1H-
w 

V1L-

V1H-

OE 
V1L-

V1H-
D01-D04 

V1L-

c8SAMSUNG 
· Electronics 
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KM44C1000/L CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H--

V1L-

CAS 
V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w V1H-

V1L-

Of V1H-

V1L-

D01-D04 VoH-

VoL-

WRITE CYCLE 

w V1H-

V1L-

OE 
V1H-

V1L-

V1H-
DQ1-DQ4 

V1L-

V1H-
w V1L-

OE 
V1H-

V1L-

D01-D04 
VoH-

VoL-

~DON'TCARE 

c8SAMSUNG 
Electronics 
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KM44C1000/L 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

'--------- tRAS-------< 

V110H -

V110L- ------"I 

TEST MODE DESCRIPTION 

The KM44C1000/L is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. Column ad
dress bit AO is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all "1 "s or "O"s), the 1/0 pin in
dicates a "1 ". If they were not equal, the 1/0 pin would 
indicate a "O". In "Test Mode", the 1 MX4 DRAM can 
be tested as if it were a 512KX4 DRAM . 

.. ex SAMSUNG 
"" Electronics 

~DON'TCARE 

"W, CAS-Betore-RAS Cycle (Test Mode in Cycle) puts 
the device into "Test Mode". And "CAS-Before-RAS 
Refresh Cycle" or "RAS only Refresh Cycle" puts it back 
into "Normal Mode". The ''Test Mode" function reduces 
test times ( 1 /2 in case of N test pattern). 
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KM44C1000/L 

DEVICE OPERATION 
Device Operation 
The KM44C1000/L contains 4, 194,304 memory loca
tions. Twenty address bits are required to address a par
ticular memory location. Since the KM44C1000/L has 
only 1 0 address input pins, time multiplexed addressing 
is used to input 10 row and 1 0 column address. The 
multiplexing is controlled by the timing relationship bet
ween tharow address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM44C 1 000/L begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 1 0 address input pins is chang
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM44C1000/L 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and CAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimurri RAS 
precharge time, tRP. has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1000/L begin a complex sequence of events. 
If the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAC· If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAc. In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM44C1 000/L can perform early write, late write 
and read-modify-write cycles The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 

ex SAMSUNG 
"" Electronics 

CMOS DRAM 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: 1'1 this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
1/0 to avoid bus contention. 

Late Write: If Wis brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo. tcwo and tAwo, are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM44C1000/L has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (V1H) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLZ after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcAc. tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1000/L operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, CAS-only 
cycle. OE controlled write. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM44C1000/L is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
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KM44C1000/L 

DEVICE OPERATION (Continued) 

16/1 28 (L-version)ms. There are several ways to ac
complish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM44C 1 000/L has 
GAS-before-RAS on-chip refreshing capability that 
eliminates the need for external refresh addresses. If CAS 
is held low for the specified set up time (tcsR) before 
RAS goes low, the on-chip refresh circuity is enabled. 
An internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh ad
dress counter which is then internally incremented in 
preparation for the next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C 1 000/L hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1000/L by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM44C1000/L has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 

CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the GAS-before-RAS 

•• :::SAMSUNG 
•• Electronics 

CMOS DRAM 

counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the GAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
1 O row address bits and 1 0 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column Address-Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter 
Test Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1 024 times so 
that highs are written into the 1 024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test patter11 and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44C1000/L could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up flow
eo ov any 8 GAS-before-RAS or RAS only refresh cycles 
before proper device operation is achieved. 
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KM44C1000/L 

PACKAGE DIMENSIONS 
20·LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 
0 

Id 0.004 (01) B 8 MAJl 1LPLAP\PlA 
0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) 

TYP I 0.021 (0.53) I 0.032 (0.81) 

20·LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

1.025 (26.04) ---i 
1.035 (26.29) I 

0.050 (1.27) 

MAX 

~~~~~ 

~I~ 
~~ 61NDEX 

I 

r~rrHHHrHHrrrrHrH 
I I 

,u~ 1 v v v \J v u u u u u u 

o.a .. (0.36) I 0.1)5() (1 '" 0.1)50 (127) 

0.024 (0.61) I TYP MAX 

ciSSAMSUNG 
Electronics 

0 "'"' "'('") 
('") ('") 

ci ci 

CMOS DRAM 

Units: Inches (millimeters) 

0.030 (0. 76) 

MIN 

0.148 (3.76) 

MAX 

H.113 (2.87) 

I 0.120 (3.05) 

0.009 (0.23) 

0.013 (0.33) 

0.100 (2.54) 

TYP 
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KM44C1002 CMOS DRAM 

1MX4 Bit CMOS Dynamic RAM with Static Column Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KM44C1002- 8 80ns 20ns 150ns 
t- -+--·-----

KM44C1002-10 1 OOns 25ns 180ns 

• Static Column Mode operation 
• CS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Early Write or Output Enable Controlled Write 
• Single + 5V ± 10 % power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in Plastic SOJ, ZIP 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

Ag 

CONTROL & 
CLOCK 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 

MEMORY ARRAY 
1,048,576X4 Cells 

... 
C:CSAMSUNG 
•• Electronics 

--Vee 

--Vss 

DQ 1 

to 
DQ4 

The Samsung KM44C1002 is a high speed CMOS 
1,048,576 bit X 4 DyFJamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C1002 features Static Column Mode opera
tion which allows high speed random or sequential ac
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim
ing requirements for fast usable speed. 

CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 

The KM44C1002 is fabricated using Samsung's advanc
ed CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM44C1002J • KM44C1002Z 

D01 20 Vss 
D02 19 DQ4 
w 18 D03 

RAS 17 cs 
Ag 16 6E 

Ag 

Ao 15 As 
Ao 

A, 
A, 14 A1 
A2 13 As 

A3 

A3 12 As A4 

Vee 0 11 A4 As 

As 

Pin Name Pin Function 

Ao-Ag Address Inputs 

D01-D04 Data In/Out 

w Read/Write Input 

OE Data Output Enable 

RAS Row Address Strobe 

cs Chip Select Input 

Vee Power (+5V) 

Vss Ground 
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KM44C1002 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N. VouT -1 to +7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1 to +7.0 v 

-55 to +150 oc 
f--

Storage Temperature 
-+--

Tstg 
1------·-----I 

Power Dissipation Po 600 mW 
·-----··---------t--

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item 

r- Supply Voltage 

Ground 

Symbol Min Typ Max Unit 

Vee 4.5 5.0 5.5 v 
---j------------1------- ---+------ - ---- ----- - ------j 

v~ o o o v 
------- -------------- ---------- - ------------------------ - t-----------

v __ l_n_pu_t_H_i_g_~--_V_o_lt_ag~e __ -+-_____ V_1H ______ +--_____ 2_._4 __ ---+------------------ ___ V_c_c _±__1 ____ t _ ----I 

Input Low Voltage V1L -1.0 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c, Vcc=5V±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter 

Operating Current* 
(RAS, CS, Address Cycling @ tRc=min) 

Standby Current 

KM44C1002- 8 
KM44C1002-10 

Symbol Min 

lcc1 

Max 

100 
85 

Unit 

mA 
mA 

c--- (RAS=CS=V1H) --+------------1---------+---+-----+------; 

lcc2 2 mA 

RAS-Only Refresh Current* KM44C1002- 8 - 100 mA 
(~Cyciing, CS=~H. @~_c_=_m_i_n_) _____ ~K_M_4_4C_1_0_0_2_-1_o~ __ kc_3_~------+----8 __ 5~_m_A _ ___, 

Static Column Mode Current* 
(RJ.\S=CS=V1L. Address cycling: @ tsc=min.) 

Standby Current 
(RAS=CS=Vcc-0.2V) 

KM44C 1 002- 8 
KM44C 1 002-1 0 lcc4 

70 mA 
60 mA 

lcc5 1 mA 
r-----···-----------------------+-----------+-------+------+---- -\------

CS-Before-RAS Refresh Current* KM44C1002- 8 - 100 mA 
(~and CS cycling@ tRc=min.) KM44C1002-10 lcc5 - 85 mA 

r--------~------------~-------+------+-----------+----___, 

Standby Current I 
5 mA (RAS=V1H, CS=V1L Dout=Enable) lcc7 

t------------------------------+-----+----+----+---___, 
Input Leakage Current 
(Any input O~V1N~6.5V, -10 10 µA 
all other pins not under test=O volts.) 

loL 
Output Leakage Current 
(Data out is disabled, OV~VouT~5.5V) 

-10 10 µA 

Output High Voltage Level (loH=-5mA) VoH 2.4 v 
Output Low Voltage Level (loL =4.2mA) VoL 0.4 v 

*NOTE: lcc1 , lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Ice is specified as an average 
current. Specified value are obtained with the output open. lcc1, lcc3, lcc6, Address can be changed max
imum two times while RAS=V1L. lcc4, Address can be changed maximum once while CAS=ViH . 

•• C:CSAMSUNG 
•• Electronics 

172 



KM44C1002 CMOS DRAM 

CAPACITANCE (TA=25°C) 

Item . Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 5 pF 

Input Capacitance (RAS, CS, W, OE) C1N2 - 7 pF 

Output Capacitance (001 -004) CouT - 7 pF 

AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V± 10%, See notes 1,2) 

KM44C1002-8 KM44C1002-10 

~ 
Standard Operation Symbol 1---------+-------------j Unit Notes 

RRandom read or write cycle time 

ead-modify-write cycle time 
---------------

---·----·-···-

tRc 
j---

tRwc 

tsc 

Min Max Min Max 

150 180 

205 245 

45 55 

_t_atic;_c.;olumn mode r~_a_d_-V\f_rite cycle time tsRw_c ___ +--1_1_0--+-----~---------+--+---
ccess time from RAS tRAC 80 1 00 l
, __ -.S~:tatic column mode cycle time 

-----··------------·-·---------------+-------- t---t----- --+----+------1---+----

ccess time from CS tcAc 20 25 
--

ccess time from column address tAA 50 ns 3, 11 
----- -------l---1-----------+----+------+----- ----I 

2 
~

1 

-C~O~-_cc~s:~~~:/i~~o~~~ write___ _ _ _ __ -~~-~;----~,-+_-_-_-_-..,..,.._-_______ - __ --+-====:====~-9=5=:---~-;_-_- ~: ~ ~ 
utput buffer turn-off delay toFF 20 ns 7 

-----+-----+-------+------1------1 
_utp~! data hold time from column addr_~-~~--~_Q_H___ -----+---n_s_l--------l 

utput data enable time from W ____ tow --+---1-----7 __ 0_--+-_n_s-+-__ _, 

l
j--~RRransition time (rise and fall) h 3 50 ns 

!-§_precharge time ______ +--t_R_P __ -+-----+-----__,_7_0__,_ ____ ---+_n_s_-+ __ __, 

AS pulse width __ tRAs ____ _,__ _ __,_ ___ __,__1_0_0--+-_1 o_,_o __ o_o ~------1 
AS pulse width (static column n:'?_~e) tRASC 100 100,000 ns 

, RAS hold time tRsH 25 ns I 

~~R~ii~~:~ (st•~ co~mn m~~i ~--~~-==~=~=:~~----+~-_:-~-~=~=========~-=-~-=~-
1

=-~=-~=~~=1~~-~~~:-~--~~~--~-~-~-+-----~ 
I~ !-§_~_g_§_~elay time tRco 25 75 ns 4 

I RAS to column addre_ss delay time tRAD 20 50 ns 11 

~
'-:CC:R·_ -~-~o-~ pre~~arge _!ime __ --r-!cRP 1 O ns 

S_ pr~_tl_~9_E3_tim~_(_S~ti(; __ (;OIUmn mode) _ _ ___ __tc_P ___ ~1--1_0__,_ _______ --+_1_0-+-------+-ns_+--_ ____, 

ow address set-up time tAsR 0 0 ns 
------------ -- --- ---- ·--t----------+---r------+----+------+---f------j ow address hold time tRAH 1 0 1 5 ns --------------------- --t-----------------+-----+----------l---+-------+----+-------l 

olumn address set-up time tAsc 0 0 ns 
---------- -- -------+---- -- ---- t-----+--------1------1-----+----+------

I 
:C~olumn address hold time tcAH _ +--~ 20 ns 

rite address hold time referenced to RAS tAwR 65 75 ns 
--------------------- --l------+----1------+----t-----j 

olumn address hold referenced to RAS I tAR 60 75 ns 

6 
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KM44C1002 CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM44C1002-8 KM44C1002-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max 

Column Address to RAS lead time tRAL 40 50 ns 

Column address hold time referenced to RAS rise tAH 10 10 ns 

Last write to column address delay time tLWAD 25 35 25 45 ns 

Last write to column address hold time tAHLW 75 95 ns 

Read command set-up time tRcs 0 0 ns 

Read command hold referenced to CS tRCH 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 ns 9 

Write command hold time twcH 15 20 ns 

Write command hold referenced to RAS twcR 60 75 ns 6 

Write command pulse width twp 15 20 ns 

Write command inactive time tw1 10 10 ns 

Write command to RAS lead time tRWL 20 25 ns 

Write command to CS lead time tcwL 20 25 ns 

Data-in set-up time tos 0 0 ns 10 

Data-in hold time toH 15 20 ns 10 

Data-in hold referenced to RAS toHR 60 75 ns 6 

Refresh period ( 1 024 cycles) tREF 16 16 ms 

Write command set-up time twcs 0 0 ns 8 

CS to W delay time tcwo 50 60 ns 8 

RAS to W delay time tRWD 110 135 ns 8 

Column address to W delay time tAWD 70 85 ns 8 

CS setup time (C-B-R refresh) tcsR 10 10 ns 

CS hold time (C-B-R refresh) tcHR 30 30 ns 

RAS percharge to CAS hold time tRPC 0 0 ns 

CS precharge (C-B-R counter test) tcpr 40 50 ns 

Write command set-up time (Test mode In) twrs 10 10 ns 

Write command hold time (Test mode In) twrn 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 ns 

RAS hold time referenced to OE tROH 20 20 ns 

OE access time to EA 20 25 ns 

OE to data delay to ED 20 25 ns 

Output buffer turn off delay time fron OE toEZ 0 20 0 25 ns 

OE command hold time to EH 20 25 ns 

•• =::SAMSUNG 
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KM44C1002 CMOS DRAM 

TEST MODE CYCLE (Note. 13) 

KM44C1002-8 KM44C1002-10 
Parameter Symbol f------------1-------- Unit Notes 

Min Max Min Max 

~-~_99["f1_r_e_~-~~W!i!_e_ C'j_~_l_~ _ _!!_rn~---- --------·-+-_!i3_g ____ +--~~ +------+--~~~- __________ +-1"!_~-+-----
r-R~ad-~odify=""'_!i!_e cycle time tRwc 210 250 ns 

r-Access ~me ~C>_rn_~_f\S ____ tRAC 85 1 05 ns 3,4, 11 

Access time from CS tcAc 25 30 ns 3,4,5 r-----------------------------+----+------+--- -- ---t-------

~cc~~~rTl~_f_r_~_()_i~~~~_r:~~----------+-tAA ___ -1------+------4~ +----+-----~~-s---+~' 1_!_ 
RAS pulse width tRAS 85 10,000 105 10,000 ns 

C_S_p_ul_s_e __ w_i_d_th __________________________ -+-_t_c __ s ___ _,___25---+-_1_0, 000 30 1 0, 000 ns 

r-~RAS hold time tRsH R1 28_~5 +------ __ 1~005 +-- _ nnss --

CS hold time tcsH 

~um~dd-re. ss_ to RAS lead time tRAL 4

2

5

5 

--------+----

3

5

0

5-+--------+--nnss 

8 CS to W delay time tcwo - - -+---+---
RAS tow 9~_la_y_t_i_m __ e _____________ .j_t_R_W_D -~-1_1_5-'-____ _,___1_4_0__,_ ___ I ns 8 

_C_o_lu_m_n_a_d_d_r_e_s_s_to_VJ_d_e_la~y_ti_m_e _________ _,__t_A_W_D __ _,__7_5--'-------'---9 __ 0__ ==\~ 8 

~S_~:-~_::_:_:~;_; __ :_:_~_: ~;;~_~m_t_~_de_e __ fy __ -_w_ri_te ______ --l_::_:_w_c ___ .___1_~--~---+-----~C~~ . ·. 

RAS pulse width (Static column mode) , t~~_g_ 85 100,000 105 100,000 ns 
~- --+---

A_9Ce_~ tim~J.r:.<:>f!l last w!ite tALW +---- 80 1 00_+-~~2_,_!_~--
~ pulse width (static column mode) tcsc 25 100,000 30 100,000 ns 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 CS-before-RAS or RAS on
ly refresh cycles before proper device operation is 
achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 is specified as a 
reference point only. If tRcD is greater than the 
specified tRcD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;iotRCD(max)· 
6. tAwR, twcR, toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH br VoL. 

8. twcs, tRwD, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 

•• C:CSAMSUNG 
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twcs~twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRWD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the dat3 out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading edge 
in read-write cycles. 

11 . 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 con
trolled by tAA· 

12. Operation within the tLwAD(max) limit insures that 
tALW(max) can be met. tLWAD(max) is specified as a 
reference point only. If tLWAD is greater than the 
specified tLWAD(max) limit, then access time is con
trolled by tAA· 

13. These specifications are applied in the test mode. 
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KM44C1002 CMOS DRAM 

TIMING DIAGRAMS 
READ CYCLE 

RAS 

cs 

A 

w 

OE 

i------+--+---+-----tAR------++----+-~-__, 

>-+---+----lRAL ------' 

V1H- ~lt"t;i'VIJ'0\_.,.15°~;-~~:it\.-F°...__..._ ___ ~-----..J...i--...l..--~~~~~\7'{'"1r7't7'1~~7U\, 

V1L - ~Y::J.la0'1~~~~~ 

V1H-'O'\j'C'lj"9t1~"0"i;;~~~7t?ir"'1--t--t--r--------t~-t""'tt10"0'!:'.~'1'\'J~'j"iJ~'ff::/'.,';1'\J~'fij 

V1L- l,Q,~~~~~14,(~~ 

V1H- '{'71:'m'i:~mi71:1'i:7"~~~'0'tl~'r:::tt:m~~~ 

V1L- lQj~O.O.L.la.Jll:.~~~A£.1£.l.£~~J:i/..~~~;;__~~l--~~~LA.IM.~~~..0..~..LL6..6JL..cl..AJ~.t...6.AQ. 

WRITE CYCLE (EARLY WRITE) 

RAS 

cs 

A 

w 

OE 

'--------IRAS---------' 

ViH- ------~~----tAwR--------i 

V1L-

V1H- IV'""'"''"' 
V1L - ~"""1.1~~ I'--.--' 

V1H- ~"l\}t7tl'O"t:'7'J~~~ln 

V1L- ~A.4~~1..A..Q.Jl..Li6..i..1.~i;....--.j,.j.------~~l.li,..LJi,.J"-l...L.L.A..LA.i.~6.l.~~1¥i,~~/Ji,,&.ll\ 

V1H- '1fiJ~'0':7\J'O"t°7\J~~~'if:J'O"t'"f\1'~~~~7\l~~rn".'f':7~'7\i~~~7'0~7\1~~~'1\!<~IO';:~"'J\:' 

V1L- ~~~1.4'1t..G..A.~~,.\.jLLjoQ,,j~,A,jQ.4l.A.llA/:M~/:M~.6...L..l..l..1-'L.6..A.~..A.~~~~~~IJ,6.~~~~ 

&SAMSUNG 
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KM44C1002 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 
>---------- --. --- lRc-------------' 

l--------~lRAS----------4 

ru---- lAR--

,__ ______ tcsH-4-------' 

A 
V1H-

' """ "'" 
V1L - ~~~'Y .,.. ___ J\"""'-U ~_::~:.:..:.:;;:::.:::.._~,CJ/..:i£.llla,j~qt.l~~o.Q.Jj,J,~~.t:J.l.~~CJL.~')U'' I 

w V1H- 'j\)~~~mi~~t7'\:m"\'1'\1~~'1f:!'<~'m:1'\--I 

V1L- .Jli.lie;~.J;J,t.~~l,l,l;.l.Q.l~~~~~~l.£lrj~~---;4;1\/ll.~~DJ:.IA,j~O£:.~~~~~~,ot_'tl::tJ.~ 

V1H-

D01·DQ4 VrL _ ----.1 
READ·WRITE/READ·MODIFY·WRITE CYCLE 

i-------------~tRwc----------------j 

1-------------lRAS-------------1 

RAS 

V1H- ....,.....,.,.,.,,..__....., ___ +-_ ...___ _______ _ 
cs V1L-

V1H,.-
A 

V1L- ~~OfJ~~~~1'tY,;J \...-..... -------------.Ji~~~~~(l./.~~CJ,t,;.IQ 

w 

V1H- ~7'V\:'1f:!'<'iJ'\1~~~~~~'1V~~rV\\ 
OE 

V1L - ~~A{)..J::,i.')£;:J.~~~~~a£,.~~Q,Q~;_+-__J 

~DON'T CARE 

c8SAMSUNG 
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KM44C1002 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ CYCLE 

RAS 

V1H- COLUMN 

V1L - t;:,t.~:\;,!~~~*~\/:tl.'£1.1--\-~~~::;._..Ji Jo-_;.,A.;;.D.;;.D;.;,R;;;;ES;;.;S;...._, \.--~~~~-..... .;f '~~(lO~~ 
A 

cs 

w 
V1H- ;l\A°Xj';-:1j.~i;'?\;~"!\1.."Jli1it""t---1---tt---""ti~'11'---'""t-----11---:~V'Vll\7V"iJi1. 
V1L - o.Q~l.(M;~'1.A~w.I~ 

V1H- '.Xjl;'1\!:..A1\7\fa."JO.~rAjlljl\'.'J\1."V\7~"'
V1L - 6A6AM64.U:AJ.Wll.lll,1~~~~-..W--~~~~~~~-...J.~~~~~ti.Ct:UYlA 

VoH-~----1---------1--1'.l\/ll 
VoL-

lcLZ-·-

STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 

A 

w 

V1H

V1L- ::J::it.":U~:.:::.:;:.:::.:;;~~'(~~-,;..--..;;.~-"-lol.Jl.J'~--;;....;;;..;..;.rr"~'~ ............ .;;.;;.;-./"(:ilMOOt::/:JOOOO~~M 

V1H- ot"?tt71\?\,iii:7\AA,lt''70l~V'\Jij\}r:Jd~~~!Ot~W'V\!<7\J.'i7\!1r'.?\,~~~~7\)VJ\A?OO~~~~'AJ 
V1L- -,/:;J.~~6,A,~J::J~~Oi,6,~6/j~ii/:J~~~ClQXll~~~,lA..l:l.J.~~(;),A.A.JLQ.1~~6.lJ.~.AJ.'it:::J.~ 

V1H- A71:~~'1\1.'JlVC'lj~~?\).-r~~~ 
V1L-

c8SAMSUNG 
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KM44C1002 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 

RA8 
V1H-

V1L-

V1H-
A 

V1L-

cs 
V1H-

V1L-

w V1H-

V1L-

V1H-
OE 

V1L-

V1H- ""'"ljl\,~7f:/<m~""~ i~~~....._'S... .--.'"". r~~~L.l'l"'l!"'ll'\ 

V1L- .-...... --.......... .....,_,-Ji-.....;;;.;.;.;.;.;...~-yl.A.rll,__-....._~,wa......., ---- _..,......,.a.a ____ ..... 

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 

RAS V1H-

V1L-

A 
V1H-

COLUMN ADDRESS 
V1L-

---+-r--~tASC tcAH --++---
r-----tSAWC __,>--~-+-~--- tRAL----+--~-+ 

cs V1H- ----+----~ i--~--+------tLWAD tRWL --+------< 

V1L-

w V1H-

V1L-

OE 
V1H-

V1L-

mDON'TCARE 
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KM44C1002 

TIMING DIAGRAMS <Continued) 

STATIC COLUMN MODE MIXED CYCLE 
V1H-

RAS V1L-

V1H-

cs V1L-

V1H-
A V1L-

V1H-

w V1L-

WRITE 

RAS·ONL Y REFRESH CYCLE 

CMOS DRAM 

WRITE 

NOTE: W, OE= Don't Care >------------tRc-------------i 

RAS 

cs 

A 

>---------tRAS-----~--< 

V1H------...... 

V1L-

V1H- Vl\:l'O\,ll:A,~,r:-~::'::'~r-/i~~OO'rniim:"l'\/\.TI:x?lm":'l\l~Otl'rni~~~'V"V~ ,.------

V1L - ~~~~~~:.::.::.~~'"\,:'t::lt.~~liO.l~CAt:;,/J~/,;;,c.'i/l,l.~~~~~~~'.:i/ ""-------

V1H-

------------------OPEN----------------~ V1L-

~DON'T CARE 
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KM44C1002 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, A=Don't Care i------------IRC 

IRPC 

tcp tcsR 
ICHR 

w 

V110H -
V110L - _______ _.1>--------------0PEN 

HIDDEN REFRESH CYCLE (READ) 
----IRC -------+--

CMOS DRAM 

-IRC-- ---

1------IRAS -----< 

RAS 

A 

w 

OE 

VoH-

~--..._------~ VALID DATA-OUT 
VoL-

~DON'T CARE 

•• C:CSAMSUNG 
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KM44C1002 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 
V1L-

V1H-

cs 
V1L-

V1H-

V1L-

w V1H-

V1L-

V1H-

0E 
V1L-

V1H-
D01·D04 

V1L-

c8SAMSUNG 
Electronics 

CMOS DRAM 

--IRC-

~DON'T CARE 
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KM44C1002 CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1w-

V1L-

cs V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w V1H-

V1L-

OE V1H-

V1L-

001-004 VoH-

VoL-

WRITE CYCLE 

w V1H-

V1L-

OE V1H-

V1L-

V1H-
D01-0Q4 

V1L-

V1H-

w V1L-

OE 
V1H-

V1L-

D01-D04 
VoH-

VoL-

DATA-OUT 

~DON'TCARE 
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KM44C1002 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

t---------IRAs--------1 

tcp tcsR 
ICHR 

cs V1H-

V1L-

IWTH 

w V1H-

V1L-

a 

TEST MODE DESCRIPTION 

The KM44C1002 is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. Column ad
dress bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all "1 "s or "O"s), the 1/0 pin in
dicates a "1 ". If they were not equal, the 1/0 pin would 

•• CJCSAMSUNG 
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~DON'TCARE 

indicate a "O". In "Test Mode", the 1 MX4 DRAM can 
be tested as if it were a 512KX4 DRAM. W, CS Before 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CS Before RAS Refresh Cycle" or 
"RAS only Refresh Cycle" puts it back into "Normal 
Mode". The "Test Mode" function reduces test time (1 /2 
in cases of N test pattern) . 
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KM44C1002 

DEVICE OPERATION 
Device Operation 
The KM44C1002 contains 4, 194,304 memory locations 
organized as 1,048,576 four-bit words. Twenty ad
dress bits are required to address a particular 4-bit word 
in the memory array. Since the KM44C1002 has only 
1 0 address input pins, time multiplexed addressing is us
ed to input 1 0 row and 1 0 column addresses. The 
mutliplexing is cont~olled by the timing relationship bet
ween the row address strobe (RAS), the chip select in
put (CS) and the valid row and column address inputs. 

Operating of the KM44C1002 begins by strobing in a 
valid row address with RAS while CS remains high. Then 
the address on the 1 0 address input pins is changed from 
a row address to a column address and is strobed in by 
CS. This is the beginning of any KM44C1002 cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time (tRP) 
requirement. 

RAS and CS Timing 
The minimum RAS and CS pulse widths are specified by 
tRAs(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a new 
cycle must not begin until the minimum RAS precharge 
time, tRP. has been satisfied. Once a cycle begins, in
ternal clocks and other circuits within the KM44C1002 
begin a complex sequence of events. If the sequence 
is broken by violating minimum timing requirements, loss 
of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 

If CS goes low before tRco(max) and if the column ad
dress is valid before tRAo(max) then the access time to 
valid data is specified by tRAc(min). However, if CS goes 
low after tRco(max) or if the column address becomes 
valid after tRAo(max), access is specified by tcAc or tAA· 
In order to achieve the minimum access time, tRAc(min), 
it is necessary to meet both tRco(max) and tRAo(max). 

The KM44C1002 has common data 1/0 pins. For this 
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reason and output enable control input (OE) has been 
provided so the output buffer can be precisely controll
ed. For data to appear at the outputs, OE must be low 
for the period of time defined by toEA and toEz. 

Write 
The KM44C 1 002 can perform early write and read
modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE and CS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CS. The 4-bit wide data at the data in
put pins is written into the addressed memory cells. 
Throughout the early write cycle the outputs remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and dunng the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. The output enable input (OE) must be 
low during the time defined by toEA and toEz for data to 
appear at the outputs. If tcwo and tRWD are not met the 
output may contain invalid data. Conforming to the OE 
timing requirements prevents bus contention on the 
KM44C1002's DO pins. 

Data Output 
The KM44C1002 has a three-state output buffer which 
is controlled by CS and OE. Whenever CS or OE is high 
(V1H) the output is in the high impedance (Hi-Z) state. In 
any cycle in which valid data appears at the output the 
output goes into the low impedance state in a time 
specified by tcLZ after the falling edge of CS. Invalid data 
may be present at the output during the time after tcLZ 
and before the valid data appears at the output. The tim
ing parameters tcAc. tRAC and tAA specify when the valid 
data will be present at the output. This is true even if a 
new RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1002 operating cycle is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column Mode 
Read-Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Static 
Column Mode Write, CS-before-RAS Refresh, CS-only 
cycle. OE controlled write. 
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DEVICE OPERATION (Continued) 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM44C1002 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the rows every 16 ms. 
There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 

CS-before-RAS Refresh: The KM44C1002 has CS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CS is held low 
for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CS active time and cycling RAS. The 
KM44C 1 002 hidden refresh cycle is actually a CS
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1002 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS
before-RAS refresh is the preferred method. 

Static Column Mode 
Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 
within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify
write cycles may be mixed in any order. 

A Static Column mode read cycle starts as a normal cy
cle. Additional cells within the selected row are written 
by applying a new column address while W=V1H and 
RAS=V1L. 

A Static Column mode write cycle starts as a normal cy
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=V1L and tog-
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giling either W or CS. The data is written into the cell 
triqered by the latter falling edge of W or CS. 

CS-before-RAS Refresh Counter Test 
Cycle _ _ 
A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 

After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
1 O row address bits and 1 0 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column AOdress-Bits Ao through Ag are strobed-in by 
the falling edge of CS as in a normal memory cycle. 

Suggested CS-before-RAS Counter Test 
Procedure 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1 024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 51 2 times so 
that highs are written into the 512 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
IF RAS=Vss during power-up, the KM44C1002 could 
begin an active cycle. This condition results in higher than 
necessary current demands from tl1e power supply dur
ing power-up. It is recommended that RAS and CS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up currenl. 

An initial pause of 200µs is required after power-up 
followed by any 8 CS-before-RAS or RAS only refresh 
cycles before prooer rlP.vice operation is achieved. 
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PACKAGE DIMENSIONS 

20·LEAD PLASTIC SMALL OUT-LINE J·LEAD Units: Inches (millimeters) 

0 
0 

~BAAAJI lAAAAA 
I O.Q15 (0.38) I 0.026 (0.66) 

~ 0.021 (0.53) I o.032(0.81) 

0.050 (1.27) 

TYP 

20·LEAD PLASTIC ZIGZAG·IN·LINE PACKAGE 

0.050 (1.27) 

MAX 

1.025(26.04) ~ n 
1.035 (26.29) I 

6===1N=D=EX=========Q~ ;[~ ii~ 

. L t=cil 
rHHHHrrHrr-HHHHrHHHHH 

:::~::', tr ' ' VQQ~~;,,: V v v v V V v0 ~:~; V j' iii ' 
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0.030 (0. 76) 

MIN 

0.148 (3.76) 

MAX 

h.113 (2.87) 

I 0.120 (3.05) 

0.009 (0.23) 

0.013 (0.33) 

0.100 (2.54) 
TYP 
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KM44C1000A CMOS DRAM 

1MX4 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tcAC 

KM44C 1 OOOA- 7 70ns 20ns 130ns. 
- -------- --·------~ --- +---- ----- t---- ------ ... 

KM44C 1 OOOA- 8 80ns 20ns 150ns 
-- ---·-·----- --------+----------

KM44C 1 OOOA-1 0 1 OOns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fase parallel test mode capability 
• TTL compatible inputs and output 
• Early Write or output enable controlled write 
• Single + SV ::t 10 % power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in plastic DIP, SOJ, ZIP, and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

RAS-
CAS _ CONTROL & 

CLOCK w-
------~ 

GENERAL DESCRIPTION 
The Samsung KM44C1 OOOA is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C 1 OOOA features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

GAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

The KM44C1 OOOA is fabricated using Samsung's ad
vanced CMOS process. 

DATA 
IN r-, 

r--i BUFFER 

r- REFRESH CONTROL & 
.----+-- ADDRESS COUNTER 

QH COLUMN DECODER '--+- DATA 
t--1 OUT I-" 

_r+-"t---S-E-_N_S_E_A_M_P_S_&-1/-0----it---J BUFFER 

...... ....,....__+--------------1r-----i.__....,.._~ 
Ao- CJ) f 

• ffi ~ L___OE 
LL W 

• LL 0 

. ~ 8 
• (j) w 

(j) 0 . ~ ~ 
• 0 0 

0 ~ 

Ag --1 <x:: 

MEMORY ARRAY 
1,048,576X4 CELLS 

Vee 

Vss 
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KM44C1000A CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1 OOOAP • KM44C1 OOOAJ • KM44C1 OOOAZ 

0 D0 1 10 20 Vss 

D02 19 D04 

w 3 18 D03 DQ4 
RAS 4 17 eAS 

Ag 5 16 OE 
DO, 

As 

Ao 

Vee 0 

Ao 6 15 Aa Ao 
A, 

• A, 14 A7 A2 
A3 

A2 13 A5 

A3 9 12 Ao A• 

Vee 10 0 11 A• A5 

(SOJ) 
As 

(DIP) 
(ZIP) 

• KM44C1000AT • KM44C1000ATR 

001 10 20 Vss Vss 20 oa, 
002 2 19 004 004 19 0 002 
w 3 18 OQ3 003 18 3 w 

RAS 4 17 CA8 CAS 17 4 RAS 
Ag 5 16 OE OE 16 5 Ag 

Ao 6 15 Aa Aa 15 
A, 7 14 A1 A1 14 7 A, 

A2 8 13 Aa Aa 13 8 A2 

A3 9 0 12 A5 
Vee 10 11 ~ 

As 12 0 9 A3 

~ 11 10 Vee 

(TSOP (Il)-Forward Type) (TSOP(II)-Reverse Type) 

Pin Name Pin Function 

Ao-Ag Address Inputs 

D01-4 Data In/Out 

w Read/Write Input 

OE Data Output Enable 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vee Power (+5V) 

Vss Ground 
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KM44C1000A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, 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 oc 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~70°c, Vcc=5.ov±10%J 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* KM44C1 OOOA- 7 - 105 mA 

(RAS, CAS, Address Cycling @ tRc=min) 
KM44C 1 OOOA- 8 lcc1 - 95 mA 
KM44C1OOOA-10 - 85 mA 

Standby Current 
lcc2 - 2 mA 

(RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KM44C 1 OOOA- 7 - 105 mA 

(CAS=V1H. RAS Cycling @ tRc=min.) 
KM44C1 OOOA- 8 lcc3 - 95 mA 
KM44C1 OOOA-1 0 - 85 mA 

Fast Page Mode Current* 
KM44C 1 OOOA- 7 - 80 mA 

(RAS=V1L. CAS Cycling @ tpc=min.) 
KM44C 1 OOOA- 8 lcc4 - 70 mA 
KM44C 1 OOOA-1 0 - 60 mA 

Standby Current 
lcc5 - 1 mA ('RAS=CAS=W~Vcc-0.2V) 

GAS-Before-RAS Refresh Current* 
KM44C 1 OOOA- 7 - 105 mA 

(RAS and CAS Cycling @ tRc=min.) 
KM44C1 OOOA- 8 lcc6 - 95 mA 
KM44C1 OOOA-1 0 - 85 mA 

Standby Current 
Ice? - 5 mA 

(RAS=V1H. CAS=V1L, Dout Enable) 

Input Leakage Current 
(Any input O~V1N~6.5V, IJL -10 10 µA 
all other pins not under test=O volts) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 

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

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified vah,ie are obtained 
with the output open. Ice is specified as average current. lcc1, lcc3, lcc6, Address can be changed max
imum two times while RAS=V1L. lcc4 Address can be changed maximum once while CAS=ViH . ... 

CJCSAMSUNG 
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KM44C1000A CMOS DRAM 

CAPACITANCE (TA=25°CJ 

Item Symbol Min Max Unit 

f- Input Capacitance (Ao-Ag) C1N1 - 6 pF 

Input Capacitance (RAS, CAS, W, OE) C1N2 - 7 pF 

Output Capacitance (001 -OQ4) Cour - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM44C1 OOOA-7 KM44C1 OOOA-8 KM44C1OOOA-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns 

Read-modify-write cycle time tRwc 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4,11 

Access time trom CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns. 7 

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

RAS precharge time tRP 50 60 70 ns 
t------ -

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 
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KM44C1000A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM44C1 OOOA-7 KM44C1 OOOA-8 KM44C1OOOA-10 
Standard Operation Symbol 1----------+------+------- Unit Notes 

Min Max Min Max Min Max 

Data-in hold time toH 1 5 15 20 ns 10 

Data-in hold referenced to RAS toHR 55 60 75 ns 6 r----------------1-------+----+------+----+------+----+------+----+-------1 
Refresh period (1024 cycles) tREF 16 16 16 ms 

---------+-------l--+-------l--+-------l--+-------ji----+-----j 
Write command set-up time twcs 0 0 0 ns 8 

CAS to write enable delay tcwo 50 50 60 ns 8 

RAS to write enable delay tRwo 1 00 11 0 135 ns 8 

8 Column address to W delay time tAwD 65 70 85 ns 
r-------------------j----+----+-----+----+----+----+------+----+------< 

CAS setup time (C-8-R refresh) tcsR 1 0 1 0 1 0 ns 

CAS hold time (C-8-li refresh) tcHR 20 30 30 ns 

~R_A_S_p_re_c_ha_r_ge_to_C_AS_h_o_ld_t_im_e ___ -+--_t_R_Pc __ _,__10--+-____ _,__10--+------+--10--+--------+---n_s---+-----< 

1-C __ A_S_p_re_c_ha_r~ge_(C_-_8_-R_co_u_n_te_r_te_s_t) __ -+-_tcpr 35 40 50 ns 

Access time from CA_S~p_re_c __ h_a ___ r~g_e ___ -+--_tc_P_A __ +----+--_4 __ 5---+-----+------4 __ 5-+------+---5_5_-1-_n_s--+-__ 3____, 
F Ast Page mode cycle time tpc 50 50 60 ns l-----=-------'-------------+------+----t-------j---+-------ji----+-----1----+-----j 

__ C_A_S_pr_e_c __ ha_r_g_e_tim_e_(F_a_st_p_a_g_e_m_o __ d_e_)_-+ __ t_c __ P ___ -+-_1_0_-+--- 10 ---+--1 __ 0-+-------+-n_s---+-----i 

r--RAS h~~ time from GAS precharge tRHCP 45 -~~+------~--5 _ _,__ ____ -+-n_s---+-----i 

;:ast page_ modered-modify-write ---1 tPRW_c---+-_1_0_5-+------ 1---10_5--+---- _ -+-1_2_5--+-_ _ __ +-n_s--+ __ __, 

r-~~!:_JJSe width (Fast page mode) r-!RASP 70 200,000 80 200,000 100 200,0_0_0+--_n_s---+ ___ , 

Write command set-up time (Test m_o_d_e __ i_n_) -+-t_w_rs __ -+-_1_0---+-------+-_1_2__ ______ _!_~_ ns 

Write command hold time (Test mode in) twrn 10 10 10 ns 
----+---+-----< 

10 10 10 ns W to RAS precharge time (C-8~ refresh) twRP r -
W to RAS hold time (C-8-R refresh) twRH 1 0 1 0 1 0 

r---------'--------'-----l----+----+-----+----+----+----+------+----+------< 
ns 

RAS hold time referenced to OE tRoH 20 20 20 ns t---------------------1-------+----+------+-----+-----t----+--------+------+------j 
OE access time toEA 20 20 25 ns f------------------ -----+----t--------

f--OE to data dela}'_ ________________ --+-_t_o_ED __ --+-_2_0-+-------+--2_0-+------+---2_5_--+-------+--n_s--+----~ 
Output buffer tum off delay time from OE toEz 0 20 0 20 0 25 ns 

t--_:__ 
OE command hold time toEH 20 20 25 ns 
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KM44C1000A CMOS DRAM 

TEST MODE CYCLE (Note. 12) 

KM44C1 OOOA-7 KM44C1 OOOA-8 KM44C1OOOA-10 
Standard Operation Symbol r----.-----+--~----+--~-----1 Unit Notes 

Min Max Min Max Min Max 

f-Random read or write cycle time --+--t_R __ c ____ -+ __ 1_3_5-+------+-1_5_5--+------+--1_8_5-+------+--n_s--+-__ __, 
Read-modify-write cycle time tRwc 190 210 250 ns r-- -------------------------+---

Access time from RAS tRAC 75 85 105 ns 3,4, 11 
t- --+-----+------+----+------+---~ 

Access time from CAS tcAc 25 25 30 ns 3,4,5 
f--------------------+-----t----+------+------+------+----+------+--+----< 

Access time from column address tAA 40 45 55 ns 3, 11 

RAS pulse width tRAS 75 10,000 85 10,000 105 10,000 ns 

CAS pulse width tcAs 25 10,000 25 10,000 30 10,000 ns 
t- --t---------j---+------+-----+-----1 

RAS hold time tRsH 25 25 30 ns f- --+------< 

CAS hold time tcsH 75 85 105 ns 
f------------------t--------t----+-----1---t--------<f-----+------+----+-----I 

Column address to RAS lead time tRAL 40 45 55 ns 

CAS to write enable delay tcwo 55 55 65 ns 8 

RAS to write enable delay tRwo 1 05 11 5 140 ns 8 
-----+----+-----+-

Column address to W delay time tAwo 70 75 90 ns 8 

Fast mode cycle time tpc 55 55 65 
----------------------+------ -----+------·--+--+-----------+---- -·-------+----+--------! 

ns 

Fast page mode read-modefy-write tPRWC 11 0 11 0 130 f- --r-----r------------t----l------+---+-----1 
ns 

f-RAS pu~~~i9_t~ (Fast page mode) t_R_A_s ___ P_---+_7_5-+-2Qp,oo_o~ ~00,000 t-~Q?+2_o_o_,_oog-+-__ ns __ --t __ __, 

f-Access time from GAS precharge ---+--t_c_P_A __ +----+----5_0--+-----+--50 60 ns 3__J 

OE access time toEA 25 25 30 ns I 
1-------------------+------+------<------t---f--------t--+------+----t--~ 

OE to data delay torn 25 25 30 ns 

OE command hold time toEH 25 25 30 ns 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 CBR or ROA cycles before 
proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and VJL(max). and are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TIL 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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco?>tRCD(max)· 
6. tAR, twcR, toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 

•• C:CSAMSUNG 
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sheet as electrical characteristics only. If 
twcs~twcs(min) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRWD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . 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 con
trolled by tAA· 

12. These specifications are applied in the test mode. 
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KM44C1000A 

TIMING DIAGRAMS 

READ CYCLE 

A 

VoH- -------
VoL -

WRITE CYCLE (EARLY WRITE) 

CMOS DRAM 

IRC ------------! 

>-------IRAS---------! 

IAR -------< 

RAS 

__ ....._ ___ IRSH---+-+---+ 

GAS 

V1H- ""f\1.~~~Jr--~~-i_,.,.,J~~l-l.-~~~~-i_r<M'f'l""'~~7"r7'l~~~~~~~~~~~ 
A 

V1L - IJl.~~l.Q,,'""J~.;,,;.;,:.;;,;;,:r 

V1H- ~'ff:1,~~"l'\}~~:'7\,l'n 

W V1L- ~/j,.J,l,la.Cl.a.A,;~~LJ...LX);..._~~~~~~~~~~O{.~.L,;~..1..l.J~..l.,iL,O~~J:J,!.~~/l&.l.Q,,j~~ 

OE 
V1H- ~7\1~~~~'*7~7':)~~'7U~~7\1~~'1\1~7\7~~~'7U~"ftil4.~'t'1\~'J\1."l\J-'i]\}~~r\1\j' 

V1L- ~~~AJ.L..6.A..ll.,4.LiL.1.~~ti..t.1.4"~../lJ.~AAu1.l.A.L.Ll:..l..LlLA~~~l..o..AJJ"-ll:~~~~~~~ 

~DON'T CARE 
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KM44C1000A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 
f---------- ------!Re---------------< 

V1H-

V1L-

V1H-

V1L-

V1H-
A 

V1L-

V1H-
w 

V1L-

V1H-

V1L-

V1H-

V1L-

READ-MODIFY-WRITE CYCLE 

RAS 

A 

w 

OE 

V 1H- "'""""" .ir=..,.,.,i,..._--.[ 

V1L - ~rr~.__ ...... .;;;.;;.;JI 

V1H- ~----+-~-~----+-...,..-~-------~ 
V1L-

V1H- t"X'~~~*1~ll:i":~'Mr~~~~ 

V1L- ~~.llJ.~4'~~/J.l.l..O.i~IJ.l.)4Q£:~-..+-_J 

c8SAMSUNG 
Cl.ft.,...••l'U"li,..~ 

~ DON'TCARE 
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KM44C1000A 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

v1H- 7'17'!1\-lrm:irtiir.Yi~r;:v;:~'Ai:i""'.l!Q'V'IJ~ n~":"":T::T:""~~U\\'m 
A 

V1L-

CMOS DRAM 

V1H- "'"°'\"'7~~t"t"-t-"--t-----Ht'b7-'-t------tt~r"tt7d~r;.;.;;.;;----t-t-"i7m~"J":J~ 
w 

V1L- .¥..l~~~QI 

V1H- "71'm""'~:7'C'"O"'l~"m:~~ 
OE 

V1L- :.LliOiQ'D/.li'liit:Ji.l.~Q.cti.Cli~QC.;~...j.~~iO,A&J.l.liO,,l~~--!-£11iiQ&.~~toi'~~--.j....£:it.~QjO~~OJ.l.A.6..liJ 

VoL-

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H
V1L- LJ.~lLl.QLl~~JCll;;j_J.... __ ~~~OoO,iQll~----~IO.:~~~~in.i.L.:.:,___:t,LfJJ~~~~./:,t.~ 

VoH-Q"ii'V'\rv°1'7V'~F--'iJA'ii1n--,~"V"\rQ"i~r"\~*""-..,~~~~~~r-~-7:---{,~~~~7\7-r1\J\1\/ 
VoL - ..Q.Q,C,;~;l.Q~ ------'! 

~DON'T CARE 
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KM44C1000A 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-WRITE 

RAS 

CAS 

A 

w 

V1H

V1L-

V1H

V1L-

c8SAMSUNG 
Electronics 

CMOS DRAM 

• 

~DON'T CARE 
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KM44C1000A 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE=Don't Care 

V1H-

V1L-

V1H-

V1L-

A V1H-

V1L-

V1H-

V1L-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: OE, Address= Don't Care 

V1H-
RAS 

V1L-

IRPC 

tcp tcsR 

V1H-
CAS 

V1L-

w 

V110H -

,____ ___ IRAS-----' 

OPEN 

IRC 

ICHR 

V110L - _______ :;•-----------OPEN 

c8SAMSUNG 
Electronics 
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KM44C1000A 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
------··----·- ----lRC -----·----

V1H-

RAS 
V1L-

V1H-

V1L-

V1H-
A 

V1L-

V1H-
w 

V1L-

V1H-

OE 
V1L-

VoH-

~--"'-------~I VoL-

HIDDEN REFRESH CYCLE (WRITE) 

CMOS DRAM 

-!RC-

'--------tRc ______ _,__ __ . _______ -·- tRc---
~ --IRAS -----

RAS ---IRAS---

- lCHR 

CAS 

A 

w 

OE 

V1H

V1L- ~"-Mo~~ "--------.....;~ '1~~~'-lo.l:~~/.JJ.~l.L.:a~~~~~~L.:ii/.Ji,L;~~~~:.l 

c8SAMSUNG 
IC'l.o.,..+r""'i"~ 
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KM44C1000A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H-- >-------------IRAs-------------!~ 

V1L-

tcsR 

CAS 
V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w V1H-

V1L-

~ 
V1H-

V1L-

D01-D04 VoH-

VoL-

WRITE CYCLE 

w V1H-

V1L-

OE 
V1H-

V1L-

V1H-
D01-D04 

V1L-

V1H-

w V1L-

5E 
V1H-

V1L-

tcLz 

D01-D04 
VoH-

VoL-

~DON'T CARE 
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KM44C1000A 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

,.._ ______ IRAs------_, 

RAS 

GAS 

w 

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

V110H -

V110L-
----~ 

TEST MODE DESCRIPTION 

lcHR 

IWTH 

The KM44C1 OOOA is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In 'Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. Column ad
dress bit Ao is not used. If, upon reading, two bits on 
one 110 pin are equal (all "1 "s or "O"s), the 1/0 pin in
dicates a "1 ". If they were not equal, the 1/0 pin would 

•• c:cSAMSUNG 
•• Electronics. 

~DON'TCARE 

indicate a "O". In "Test Mode", the 1 MX4 DRAM can 
be tested as if it were a 512KX4 DARM. W, CAS
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into "Test Mode". And "GAS-Before-RAS Refresh Cy
cle" or "RAS only Refresh Cycle" puts it back into "Nor
mal Mode". The "Test Mode" function reduces test time 
(1 /2 in cases of N test pattern). 
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KM44C1000A 

DEVICE OPERATION 
Device Operation 

The kM44C1000A contains 4, 194,304 memory loca
tions. Twenty address bits are required to address a par
ticular memory location. Since the KM44C1 OOOA has 
only 1 O address input pins, time multiplexed addressing 
is used to input 1 0 row and 1 0 column addresses. The 
multiplexing is controlled by the timing relationship bet
ween the row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM44C1000A begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 1 0 address input pins is chang
ed from a row address to a column address and is strobed 
in by GAS. This is the beginning of any KM44C1 OOOA 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and CAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1 OOOA begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAc. If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAc. In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM44C1 OOOA can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 

•• c:cSAMSUNG 
•• Electronics 

CMOS DRAM 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
110 to avoid bus contention. 

Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwo. are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM44C 1 OOOA has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (V1H) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcu after the falling edge of GAS. Invalid data may be 
present at the output during the time after tcu and 
before the valid data appears at the output. The timing 
parameters tcAc, tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1 OOOA operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, GAS-only 
cycle. OE controlled write. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM44C1 OOOA is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16 ms. There are several ways to accomplish this . 
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KM44C1000A 

DEVICE OPERATION (Continued) 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM44C1 OOOA has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C 1 OOOA hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1 OOOA by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM44C1 OOOA has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 

CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri-

... 
:::SAMSUNG 
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tying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while- RAS is held low, the read 
and write operations are enabled. 

This is shown in the GAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
1 O row address bits and 1 0 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column Address-Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1 024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44C1 OOOA could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required power-up followed 
by any 8 CBR or ROR cycles before proper device opera
tion is achieved. 
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KM44C1000A 

PACKAGE DIMENSIONS 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

0.962 (24.43) 

0.972 (24.69) 

0 

0.135 (0.43) 

~ ~ 
~ t::. 
m "' ,.._ m 
N N 
ci 0 

0.015 (0.38) 
--- -----

MIN 
~1~45_(_3.6_8_) ________________________________ ---t-

11 

0.100 (2.54) I ~~ (0.41) I I, __()~35 (0.89) 
-T-'YP----'---+-~-1 --l 1 0.024 ~ I 0.055 (1.40) 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.050 (1.27) 

TYP 

ciSSAMSUNG 
Electronics 

0 

MIN 

0.050 (1.27) 
-·---

MAX 

0.050 (1.27) 

MAX 

CMOS DRAM 

0.009 (0.23) 

O.D13 (0.33) 

0.027 (0.69) 

MIN 

0.128 (3.25) 

0.145 (3.68) 
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KM44C1000A 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

;-INDEX 

0.050(1.27) 

TYP 

1.025(26.04) 
1.035(26.29) 

0.016(0.41) 

0.024(0.61) 

0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.100(2.54) 

MIN 

0.009(0.23) 
0.013(0.33) 

0.100(2.54) 

TYP 

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

0.03 (0.80) 

LTYP 

.JJ 

n~ 
N 

C\JN' 
N ~; ~a. 
"<!" >- ~~ ~ I-
0 dd 

.... I-' 

~ 0.006 (0.15) 

0 0.004 (0.1) 

~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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KM44C1000AL CMOS DRAM 

1MX4 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KM44C1 OOOAL- 7 70ns 20ns 130ns 

KM44C1 OOOAL- 8 80ns 20ns 150ns 

KM44C1OOOAL-10 1 OOns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• Early Write or output enable controlled write 
• Single +5V±10% power supply 
• 1024 cycles/128ms refresh 
• Low power dissipation 

-Standby: 1.1 mW 
-Active (70/80/1 OOns): 578/523/468mW 

• JEDEC standard pinout 
• Available in Plastic SOJ, DIP, ZIP, and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

RAS-
CAS _ CONTROL & 

CLOCK w--------

The Samsung KM44C1 OOOAL is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C1 OOOAL features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

GAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

The KM44C1 OOOAL is fabricated using Samsung's ad
vanced CMOS process. 

DATA 
IN t-

r- BUFFER 

r-- REFRESH CONTROL & 
.----+- ADDRESS COUNTER 

t--1 0 UT 1--' Qt--1 COLUMN DECODER '--+-" DATA 

~i----S-E-.N-S_E_A_M_P_S_&_l/_O __ _,t--- BUFFER 

Ao-(/) i--
• ffi oc L_OE 

u.. w • u.. 0 
::J 0 

• Cl) () 

• (/) w 
(/) 0 . ~ ~ 

• 0 0 
0 oc 

Ag__, <t: 

MEMORY ARRAY 
1,048,576X4 CELLS 

Vee 

Vss 

•• CJCSAMSUNG 
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KM44C1000AL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM44C1 OOOALP • KM44C1 OOOALJ • KM44C1 OOOALZ 

0 00 1 10 20 Vss 

002 19 oa. 
w 3 18 003 

RAS 4 17 CAS 
Ag 16 OE 

OE 

15 As 
A1 A1 7 14 A1 

A5 A2 8 13 A5 

A5 
A3 9 12 A5 

Vee 10 0 11 A• 
Vee 0 A• 

(SOJ) 

Ag 

• 
Ao 

A1 
A2 

A3 

A• 

A5 

As 

(DIP) 
(ZIP) 

• KM44C1000ALT • KM44C1000ALTR 

D01 10 20 Vss Vss 20 D01 
D02 2 19 DQ4 DQ4 19 0 D02 
w 3 18 DQ3 DQ3 18 w 

17 CAS CAS 17 RAS 

16 OE OE 16 Ag 

Ao 6 15 As Aa 15 Ao 
A1 7 14 A1 A1 14 A, 

A2 8 13 As Aa 13 A2 

A3 9 0 12 A5 As 12 0 A3 

Vee 10 11 A. A. 11 10 Vee 

(TSOP (II)-Forward Type) (TSOP (II )-Reverse Type) 

Pin Name Pin Function 

Ao-Ag Address Inputs 

001-4 Data In/Out 

w Read/Write Input 

OE Data Output Enable 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vee Power (+5V) 

Vss Ground 

•• :::SAMSUNG 
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KM44C1000AL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N. 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 oc 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

l-·-_S_up_p_ly_V_o_lta_g_e ___ _,_ ____ Vc_c __ --+-___ 4 __ ._5 __ +--___ 5 __ .g---------1 __ 5._5 ___ +-------__ V __ _ 

f-----G __ ro __ u_n_d _________ t--·-----V_s_s __ -t-_______ o _____ -+---___ o _____ ~ o V -~ 

Input High Voltage V1H 2 .4 ---+------ ------1--V_cc+_1 ___ -j ___ V __ ___, 
Input Low Voltage V1L -1 .0 - 0.8 V 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c. vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* 
KM44C1 OOOAL- 7 - 105 mA 
KM44C1 OOOAL- 8 lcc1 - 95 mA 

(RAS, CAS, Address Cycling @ tRc=min) 
KM44C1OOOAL-10 - 85 mA 

t---
Standby Current (RAS=CAS=V1H) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM44C1 OOOAL- 7 - 105 mA 
KM44C1 OOOAL- 8 lcc3 - 95 mA 

(CAS=V1H. RAS Cycling @ tRc=min.) KM44C1OOOAL-10 - 85 mA 
f---

Fast Page Mode Current* 
KM44C1 OOOAL- 7 - 80 mA 

(RAS=V1L. CAS Cycling@ tpc=min.) 
KM44C1 OOOAL- 8 lcc4 - 70 mA 
KM44C1OOOAL-10 - 60 mA 

!----------
Standby Current (RAS=CAS=W~Vcc-0.2V) Ices - 200 µA 

GAS-Before-RAS Refresh Current* 
KM44C1 OOOAL- 7 - 105 mA 

(RAS and CAS Cycling@ tRc=min.) 
KM44C1 OOOAL- 8 Ice a - 95 mA 
KM44C1OOOAL-10 - 85 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Vcc-0.2V 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling or Ice? - 300 µA 

0.2V DQ1.4=Don't Care TRc=125µS, TRAs=tRAS min.~1 µS 

Standby Current (RAS=V1H. CAS=V1L. Dout Enable) Ices - 5 mA 

Input Leakage Current 
liL -10 10 µA 

(Any input O~V1N~6.5V, all other pins not under test=O volts) 

Output Leakage Current (Data out is disabled, O~Vour~5.5V) loL -10 10 µA 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 

Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 
*Note: lcc 1• lcc3. lcc4 and lcca are dependent on output loading and cycle rates. Specified value are obtained with 

the output open. Ice is specified as average current. lcc1, lcc3, lcca. Address can be changed maximum 
two times while RAS=V1L. lcc4. Address can be changed maximum once while CAS=V1H-

•• :JC SAMSUNG 
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KM44C1000AL CMOS DRAM 

CAPACITANCE (TA=2s 0 c) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 6 pF 

Input Capacitance (RAS, CAS, W, OE) C1N2 - 7 pF 

Output Capacitance (001 -OQ4) Cour - 7 pF. 

AC CH~RACTERISTICS (0°C~Ta~70°C, Vcc=5.0V± 10%, See notes 1,2) 

KM44C1 OOOAL-7 KM44C1 OOOALr8 KM44C1OOOAL-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max I 
Random read or write cycle time tRC 130 150 180 ns 

Read-modify-write cycle time tRwc 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4,11 

Access time from CAS tcAc 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

f-Write command pulse width twp 15 15 20 ns 
--

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 
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KM44C1000AL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM44C1 OOOAL-7 KM44C1 OOOAL-8 KM44C1OOOAL-10 
Standard Operation Symbol e-- Unit Notes 

Min Max Min Max Min Max 

r-Pata-in hold time _ toH 1 5 1 5 ---+---2_0--+------+--n_s--+_1_0__. 
Data-in hold referenced to RAS toHR 55 60 75 ns 6 

Refresh period (1024 cycles) tREF 128 128 128 ms 
f----------------+-----+---+--------+-----+-------~--+------+-----+----< 

Write command set-up time twcs 0 O O ns 8 
·----+-----t----+----t---+-------+---t-----+--+----t 

GAS to write enable delay tcwo 50 50 60 ns 8 

RAS to write enable delay tRwo 100 110 135 ns 8 

Column address to W delay time tAwo 65 70 85 ns 8 
f-----------~------+--·----+----+------+----+-------+--------t-------+------+----< 

GAS setup time (C-8-R refresh) tcsR 1 0 1 O 1 O ns 
r------------------+--------+--l-------+----+-----+-----+---------+---l--------------1 

GAS hold time (C-8-"R" refresh) tcHR 20 30 30 ns 

,_R __ AS_p_re_c_ha_r_ge_to_C_AS_h_ol_d_t'_1m_e ____ __,__tR_P_c __ _,____10--+-------+--1_0---+--------+--~-------+--~--

CAS~e~ITT~ (~8~ oooo~_r_t_~_0 __ -+_t_c_~---+--3-5-+-------+--4-o--+--------+--5-o--+-----~--~~-----
Access time from GAS precharge tcPA 45 45 55 ns 3 

-~----r-----+----+-----+------+------

FAst Page mode cycle tim_e _______ ----+--_tP_c __ -+_5_0----+-------+---5_0----+------+---6_0----+------~----
CAS precharge time (Fast page mode) tcp 10 10 10 ns 

f-----~-----'----~'-------'-------+------+--+--~---+-----t-------t-------t-----+---t------

~ h~d time from~precha~_e ___ +-_t_RH_C_P_~,__4_5-+-------+---4_5-+-------+--5_5-+-------+--ns~--~ 
Fast page modered-modHy-~_(_rte ____ +--tP_R_w_c_-+_1_0_5----+-------+--1_0_5-+------+-1_2_5-+-------+--ns~,__--+ 

,_R __ AS_p_ul_se_w_id_th_(F_a_st_p_a_g_e __ m_o __ d_e_) _____ tRASP_--+-- 70 200,000 80 200,000 100 20_0_,0 __ 0_0---+-_ns_---l---• 

Write command set-up time (Te_s __ t __ m ___ o_d_e_in~)-+-_tw_r_s __ +-_1 _0-+-----+---1 _0-+------+---1 _0-+------+--n_s_-+---! 
Write command hold time (Test mode in) twrn 10 10 10 ns 
f--------------'----------'-------+-------+---~-----+----+-----+----+~---+-----+------j 

W to RAS precharge time (C-8~ refresh) twRP 10 10 10 ns 

W to ~ hold time (C-8-R refresh) -~vv_R __ H __ ,__1_0-+------+---1_0---+-____ ,__1_0--+------~----j 
RAS hold time referenced to OE 
OE access time 

OE to data delay 

Output buffer tum off delay time from OE 

OE command hold time 

•• CJCSAMSUNG 
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tROH 20 20 20 ---+--n_s_---+-----

toEA 20 20 25 ns 

to ED 20 20 25 ns 

toEZ 0 20 0 20 0 25 ns 

toEH 20 20 25 ns 
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KM44C1000AL CMOS DRAM 

TEST MODE CYCLE (Note. 12) 

KM44C1 OOOAL-7 KM44C1 OOOAL-8 KM44C1OOOAL-10 
Standard Operation Symbol 

Min 

Random read or write cycle time tRC 135 

Read-modify-write cycle time tRWC 190 

Access time from RAS tRAC 
f-

Access time from CAS tcAC 

Access time from column address tAA 

RAS pulse width tRAS 75 
f-

CAS pulse width tcAS 25 

RAS hold time tRSH 25 
t---------1 

CAS hold time tcsH 75 

Column address to RAS lead time tRAL 40 

CAS to write enable delay tcwo 55 

RAS to write enable delay tRwo 105 

Column address to W delay time tAWD 70 

Fast mode cycle time tpc 55 

Fast page mode read-modefy-write tPRWC 110 

RAS pulse width (Fast page mode) tRASP 75 

Access time from CAS precharge tcPA 

OE access time to EA 

OE to data delay torn 25 

OE command hold time toEH 25 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by and 8 CSR or ROR cycles before 
proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;i,tRCD(max)· 
6. tAR, twcR. toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 

•• :::SAMSUNG 
•• Electronics 

Unit Notes 
Max Min Max Min Max 

155 185 ns 

210 250 ns 

75 85 105 ns 3,4,11 

25 25 30 ns 3,4,5 

40 45 55 ns 3, 11 

10,000 85 10,000 105 10,000 ns 

10,000 25 10,000 30 10,000 ns 

25 30 ns 

85 105 ns 

45 55 ns 

55 65 ns 8 

115 140 ns 8 

75 90 ns 8 

55 65 ns 

110 130 ns 

200,000 85 200,000 105 200,000 ns 

50 50 60 ns 3 

25 25 30 ns 

25 30 ns 

25 30 ns 

sheet as electrical characteristics only. If 
twcs;;:,twcs(min) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo;;:,tcwo(min) and 
tRwo;;:,tRwD(min) and tAwo;;:,tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . 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 con
trolled by tAA· 

12. These specifications are applied in the test mode. 
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KM44C1000AL 

TIMING DIAGRAMS 

READ CYCLE 

A 

w 

VoH- ~~~~~~-
VoL -

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

A 

V1H- ~'f\7.mi~~l7':".~~Jln 

CMOS DRAM 

lRC ------------! 

w 
V1L- :i.o.AJ..6.i~AJ.1.L~.J..l.l);_~~-1-~~~~~~~~~..Ll~..Ll..a..A.,1..J.,A.o.6,.l:J,,i.~~~~l.Q.j~ 

OE 
V1H- ~:7r'7~~~~*'~7d~J"\7'1'ro~~~~~""'~7\7~?:1Ul7\J~"!'\J'o.i7'\7'0'i:~"/\1(,7\}V\J~~'\J'V 
V1L- ~IA.lLA.l.J..l.lll,4-Jll,lJ.~~./)J~~J:iJ.li\.~.l.l~,X..l(.X.:L.J'-l..b..i.~~~~~~~'tA/.~~~ 

V1H-
~~~~~~~~~--(I 

V1L-
1>-~~~~~~~-0PEN~~~~~~~~~~ 

~DON'T CARE 
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KM44C1000AL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

A 

w 

V1H- ------11 I 

V1L-

V1H-

V1L- ----

READ-MODIFY-WRITE CYCLE 

V1H-

RAS 
V1L-

GAS V1H-

V1L-

A V1H-

V1L-

w V1H-

V1L-

V1H-
OE 

V1L-

D01-D04 
V110H -

V110L -

c8SAMSUNG 
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IRc

------------ IRAS-------

---IAR--

tcsH ---·· 

CMOS DRAM 

----~ 

• 

~ DON'TCARE 
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KM44C1000AL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

CMOS DRAM 

V1H- ~l\..J~itA!"l~~0\-1:-.~'7;;':;;:;-~,0\JW'V\ n~"iiT::'t:l'U~~~. t"""N!\'i'ii;;:Ti::i"":!l~~~:'10"0";jr\ 
A 

V1 L - L.LJ>I "''---__. 

V1H- ~~'JIV~"71:t-t-i.....t--~----t-jr'b'~t--~--""t1,l"\t~~i--~~~~-rr-".i7V"'tl'V'\""7'-\7' 
w 

V1L- .¥.:!~~~~ 

V1H- ""~~""'7tl"""rf?"'""~7\ 
OE 

V1L- ..l.Jl.~(Jf;,,~~oQl~tJl,~:JC,1.._-4-"""1~~0..0Aqi.QL~--~~~~~l'Jl'll'X.i4'-~~~.U.C~AL~~~~ 

VoH-
----------------"'--"4J/\~I 

VoL-

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

VoH-\?t~"1'\}~7\7i~--77;'~--:\~J::J~1"t717'.\-,~~:";;!::'-~/\'1'7f)t°ro~~~~"':'"--~,I0'::~7\1~~7\1~"'1 

VoL - .1.' :W,a&,la,j:l£,J:..J ~-----~"1.W~ 

t8l1 DON'T CARE 
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KM44C1 OOOAL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ·MODIFY·WRITE 

r-.---- tcsH------i 
IPRWC 

V1H-

CAS ViL-

A • 

~DON'TCARE 
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KM44C1000AL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

V1H-

V1L-

V1H-

V1L-

A V1H-

V1L-

V1H-

V1L-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: OE, Address= Don't Care 

V1H-
RAS 

V1L-

IRPC 

tcp tcsR 

V1H-
GAS 

V1L-

w 

CMOS DRAM 

1------IRAS---~ 

OPEN 

IRC 

ICHR 

V110H -
I~-----------OPEN----------

V110L - ------~ 

m DON'T CARE 
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KM44C1000AL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

----------IRC ------

RAS 

A 

w 

OE 

VoH-
~--..._------~1 VoL-

-ICHR-1---------

r 

VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 
f-- IRC ---------+------·----···-··- IRC-···- --·-------~ 

-----IRAS I I c IRP---i 

---IRAS---_j RAS 

~ICHR----j ----------.. 
CAS 

A 

w 

V1H

V1L- -11-l"-llol.~ti.,.¥ l'\---------..J ~~-¥.~~~""'-ll~~~~-¥.~~~l.Ql..l/..l.L.~L.¥~~W. 

c8~AMSUNG 
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KM44C1000AL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H--

V1L-

CAS 
V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w V1H-

V1L-

OE V1H-

V1L-

D01-D04 VoH-

VoL-

WRITE CYCLE 

w V1H-

V1L-

OE 
V1H-

V1L-

VrH-
D01-D04 

V1L-

V1H-
w V1L-

5E 
V1H-

V1L-

D01-D04 
VoH-

VoL-

DATA-OUT 

~DON'TCARE 
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KM44C1000AL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

f.------- IRAS------

V110H -

V110L-
1>-----------------------~0PEN~------------------------~ 

------'I 

TEST MODE DESCRIPTION 

The KM44C1000AL is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode'', data are written into 8 sec
tors in parallel and retrieved the same way. Column ad
dress bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all "1 "s or "O"s), the 1/0 pin in
dicates a "1 ". If they were not equal, the 1/0 pin would 

,,. 
C:CSAMSUNG 
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~DON'TCARE 

indicate a "O". In "Test Mode", the 1 MX4 DRAM can 
be tested as if it were a 512KX4 DRAM. W, CAS
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into "Test Mode". And "GAS-Before-RAS Refresh Cy
cle" or "RAS only Refresh Cycle" puts it back into "Nor
mal Mode". The "Test Mode" function reduces test time 
(1/2 in cases of N test pattern). 

219 



KM44C1000AL 

DEVICE OPERATION 
Device Operation 

The KM44C1 OOOAL contains 4, 194,304 memory loca
tions. Twenty address bits are required to address a par
ticular memory location. Since the KM44C 1 OOOAL has 
only 1 o address input pins, time multiplexed addressing 
is used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship bet
ween the row address strobe (RAS), the column address 
strobe (GAS) and the valid row and column address 
inputs. 

Operating of the KM44C1000AL begins by strobing in 
a valid row address with RAS while CAS remains high. 
Then the address on the 1 0 address input pins is chang
ed from a row address to a column address and is strobed 
in by CAS. This is the beginning of any KM44C1 OOOAL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and CAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1 OOOAL begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAC· If CAS goes low after tRco(max), the 
access time is measured from CAS and is specified by 
tcAc. In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring CAS low before 
tRco(max). 

Write 
The KM44C1 OOOAL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand CAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or CAS, whichever is later. 

... 
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CMOS DRAM 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell locc: -
tion. This cycle is achieved by bringing W low after CA.'::, 
and meeting the data sheet read-modify-write cycle tin1-
ing requirements. This cycle requires using a separav 
1/0 to avoid bus contention. 

Late Write: If Wis brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwD. are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 1 

The KM44C1000AL has a three-state output buffer which 
is controlled by CAS. Whenever CAS is high (V1H) the 
output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcLz after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output The timing 
parameters tcAc, tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until CAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1 OOOAL operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, GAS-only 
cycle. OE controlled write. · 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM44C1 OOOAL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
1 28 ms. There are several ways to accomplish this . 
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KM44C1000AL 

DEVICE OPERATION (Continued) 

RAS-Only Refresh· This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM44C1000AL has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circLJity is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C1 OOOAL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1 OOOAL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM44C1 OOOAL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 

CAS-Before-RAS Refresh Counter 
Test Cycle _ _ 
A special timing sequence using the CAS-before-RAS 

•• :::SAMSUNG 
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counter test cycle provides a convenient method of veri
fying the functionality of the CAS-before-RAS refresh ac-
tivated circuitry. · 

After the CAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
1 O row address bits and 1 0 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column Address-Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1 024 times so 
that highs are written into the 1 024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44C1000AL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up flow
ed by any 8 CAS-before-RAS or RAS only refresh cycles 
before proper device operation is achieved. 
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KM44C1000AL 

PACKAGE DIMENSIONS 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

0.962 (24.43) 
t------------------

0.972 (24.69) 

0 

0.135 (0.43) 

l~ ~r--4.-5 (_3.,-6B,.l---,-----.-----.--.---.-....,--.----.-----.---,.--,.--,--,--,-------,---.----.--. 

0.100 (2.54) 

TYP 

_ I t---0._01_6_(0_.4_1)__, 
--1 0.024 (0.61) 

0.035 (0.89) 

0.055 (1.40) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

Id 0.004 (0 ,, I~ MPA1 -~llMAP0.026 (~0.66) I 
o.o5o (~ I 11 0.015 ~~ 

TYP I I I lo:o21(o.53) 0.032 (081) 

~ 
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0.015 (0 38) 

MIN 

0.115 (2.92) 

MIN 

0.050 (1.27) 

MAX 

0.050 (1.27) 

MAX 

CMOS DRAM 

0.027 (0.69) 

MIN 

o~-oo~ <C! "' C') <O 
!£. ~~ ~ 
0 LO 0 0 
~ ~ ~;;; 
cic)c)c:i 

__., ....__," 

00 
C\/ C') 

e. e. 
00 C\/ 
0 ~ 
00 
c) c:i 

0.128 (3.25) 

0.145 (3.68) 
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PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

d 
;--INDEX 

0.050( 1 .27) 

TYP 

1.025(26.04) 
1 .035(26.29) 

0.016(0.41) 

0.024(0.61) 

0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.100(2.54) 

MIN 

0.009(0.23) 
0.013(0.33) 

0. 100(2.54) 

TYP 

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

iol 0.004 (0.1) 

0.671 (17.04) 

0.679 (17.24) 

NN 
~& 
co .... 
en o 
(\J (") 

d d 

I b ~ RJUU---UiiUUUl 
I o.o5o (1.27) I 0.012 (o.3-:-T ---J TYP ---j 0.020 (0.50) 

"" ' :::SAMSUNG 
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0.006 (0.15) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM44C1000ASL CMOS DRAM 

1 MX4 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KM44C1 OOOASL- 7 70ns 20ns 130ns 

KM44C1 OOOASL- 8 80ns 20ns 150ns 

KM44CH>OOASL-10 100ns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and output 
• .Early Write or output enable controlled write 
• Single + SV ± 1 O % power supply 
• 1024 cycles/256ms refresh 
• Low power dissipation 

-Standby: 0.6mW 
-Active (70/80/1 OOns): 578/523/468mW 

• JEDEC standard pinout 
• Available in Plastic SOJ, DIP, ZIP, and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

RAS-
CAS _ CONTROL & 

CLOCK w-_____ __. 

The Samsung KM44C1 OOOASL is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C1000ASL features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

The KM44C1 OOOASL is fabricated using Samsung's ad
vanced CMOS process. 

DATA 
IN t-

r--1 BUFFER 

t--1 REFRESH CONTROL & 
r--+--1 ADDRESS COUNTER 

t-- OUT ~ Ql---i COLUMN DECODER ~ DATA 

_r+-i----S-E-.N-S_E_A_M_P_S_& __ l/-0--~-i--- BUFFER 

Ao- (f) 

a: 
w 
LL 
LL 
:J 
CD 
(f) 
(f) 
w 
a: 
0 
0 
<( 

a: 
w 
0 
0 
() 
w 
0 

s: 
0 
a: 

•• DC SAMSUNG 
u Electronics 

MEMORY ARRAY 
1,048,576X4 CELLS 

Vee 

Vss 
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KM44C1000ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM44C1 OOOASLP • KM44C1 OOOASLJ • KM44C1 OOOASLZ 

0 DO, 10 20 Vss 

D02 2 19 oo. 
w 3 18 003 

RAS 4 17 CAS 
Ag 16 OE 

15 As 

A, 7 14 A7 

A2 8 13 A5 

As 
A3 9 12 As 

Vee 10 0 11 A• 
Vee 0 

(SOJ) 

Ag 

• 
Ao 

A, 

A3 

A• 

As 

As 

(DIP) 
(ZIP) 

• KM44C1000ASLT • KM44C1000ASLTR 

001 10 20 Vss Vss 20 001 
002 2 19 004 004 19 0 002 
w 3 18 003 003 18 w 

RAS 17 eAS eAS 17 RAS 
Ag 16 OE OE 16 Ag 

Ao 6 15 As As 15 Ao 
A1 7 14 A1 A1 14 A1 

A2 8 13 As As 13 A2 

A3 9 0 12 As As 12 0 A3 
Vee 10 11 A. A. 11 10 Vee 

(TSOP (II)-Forward Type) (TSOP (II) -Reverse Type) 

Pin Name Pin Function 

Ao-Ag Address Inputs 

DQ1-4 Data In/Out 

w Read/Write Input 

OE Data Output Enable 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vee Power (+5V) 

Vss Ground 

"" :::SAMSUNG 
"" Electronics 
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KM44C1000ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

-1 to +7.0 v 
·- --

Voltage on Any Pin Relative to Vss -+------~!'J __ ,_V_o_u_T __ ---t------

-1 to +7.0 v 
---·---

\'91!_~Q_~ __ ori_\j_g__g__§_t.Ji:ply Rel_atiy~_to_ v_s§ ____ -+-___ Vcc ______ _ 

-55 to +150 oc 
+---Storage Temperature --+-------T __ s~tg~----+--------------

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to •70°C) 

Item Symbol Min Typ Max Unit 

Vee 4.5 5.0 5.5 v 
1---

Supply Voltage 
-------+------------- - +------------j 

Ground Vss 0 0 0 v 
1----------------1---------+---------+------- ------------------+-------------

I-
Input High Voltage V1H 2 .4 - Vee+ 1 --+-----___"!__ __ _ 
Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c, Vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* KM44C 1 OOOASL- 7 - 105 mA 

(RAS, GAS, Address Cycling @ tRc=min) 
KM44C1 OOOASL- 8 lcc1 - 95 mA 
KM44C1OOOASL-10 - 85 mA 

Standby Current (RAS=CAS=V1H) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM44C1 OOOASL- 7 - 105 mA 

(CAS=V1H, RAS Cycling @ tRc=min.) 
KM44C1 OOOASL- 8 lcc3 - 95 mA 
KM44C1OOOASL-10 - 85 mA 

Fast Page Mode Current* 
KM44C1 OOOASL- 7 - 80 mA 

(RAS=V1L. GAS Cycling @ tpc=min.) 
KM44C 1 OOOASL- 8 lcc4 - 70 mA 
KM44C1OOOASL-10 - 60 mA 

Standby Current (RAS=CAS=W~Vcc-0.2V) Ices - 100 µA 

GAS-Before-RAS Refresh Current* 
KM44C1 OOOASL- 7 - 105 mA 

(RAS and GAS Cycling @ tRc=min.) 
KM44C1 OOOASL- 8 lcce - 95 mA 
KM44C 1 OOOASL-1 0 - 85 mA 

Battery Back Up CurrentAverage Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Vcc-0.2V 

Ice? - 150 µA Input Low Voltage (ViL)=0.2V CAS=CAS Before RAS Cycling or 
0.2V D01-4=Don't Care TRc=250µS, TRAs=tRAS min.rv1µS 

Standby Current (RAS=V1H, CAS=V1L. Dout Enable) Ices - 5 mA 

Input Leakage Current 
hL -10 10 µA 

(Any input 0~V1N~6.5V, all other pins not under test=O volts) 

Output Leakage Current (Data out is disabled, O~Vour~5.5V) loL -10 10 µA 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 

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

*Note: lcc1, lcc3, lcc4 and lcce are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Ice is specified as average current. lcc1, lcc3, lcce, Address can be changed maximum 
two times while RAS=V1L. lcc4, Address can be changed maximum once while CAS=V1H . 

•• c=cSAMSUNG 
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KM44C1000ASL CMOS DRAM 

CAPACITANCE (TA=25°CJ 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 6 pF 

Input Capacitance (RAS, CAS, W, OE) C1N2 - 7 pF 

Output Capacitance (D01-D04) CouT - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM44C1 OOOASL-7 KM44C1000ASL·8 KM44C1OOOASL-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max • Random read or write cycle time tRc 130 150 180 ns 

Read-modify-write cycle time tRwc 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 11 

Access time from CAS tcAc 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,11 

CAS to output in Low-Z lcLZ 5 5 5 ns 3 

Output buffer turn-off delay lo FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time IRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time lcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time !Ase 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS IAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to GAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS IRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

•• • CJCSAMSUNG 
•• Electronics 
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KM44C1000ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM44C1 OOOASL-7 KM44C1 OOOASL-8 KM44C1OOOASL-10 
Standard Operation Symbol >--------f------->--------t Unit Notes 

Min Max Min Max Min Max 

Data-in hold time toH 15 15 20 ns 10 

Data-in hold referenced to RAS toHR 55 60 75 ns 6 

Refresh period (1024 cycles) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 O ns 8 

CAS to write enable delay tcwo 50 50 60 ns 8 
f--...:__ 

RAS to write enable delay tRwo 1 00 110 135 ns 8 
r-------------------t-----+-----+--------+---+--------+--f-------+---f------1 

Column address to W delay time tAwo 65 70 85 ns 8 

CAS setup time (C-8-R refresh) tcsR 10 1 0 1 O ns 

GAS hold time (C"-8_-_~_r_ef_r_e_s_h~) -·----t-tc_H_R __ +--_20-+-----+--3_0_-+-----+---3_0-+------t>--n_s--+-_ ___, 
RAS precharge to GAS hold time tRPC 1 0 1 0 1 0 ns r- -·------+-----+-----+------+----+------+---+------+----+--~ 

CASpre~M~(~8~~u~~~s_tj _____ t_c_~_---+-_3_5---+-____ __,___4_0--+----~--50_,_ _____ -+-n_s--+--~ 

r-Access time from GAS prec_h_ar_g_e ____ +---tc ___ P_A ____ -----+---4 __ 5-+-----+------~ __ _, ____ 5_5---+-_n_s____, __ 3_____, 
FAst Page mode cycle time tpc 50 50 60 ns 

-------+-----l----+------t-----~----+----+------f---+----

C AS precharge time (Fast page mode) tcp 10 10 10 ns 

r-R __ AS_h_ol_d_ti_m_e_f_ro_m_C_AS_p_re_c_h_ar-=-g_e __ --+-_t_RH_C_P_--j~4_5_-+-_ 45 55 ns 

Fa~ page mode read-modH~wrrte ____ -+-t_PR_w_c __ >--10_5---+-------+--10_5---+-------+--12_5---+------+--n_s---+---~ 
>----R __ A_S_p_ul_se_w_id_th_(F_a_st_p_a_g_e_m_o_d_e_) ---+-_t_RA_S_P _ __,_7_0---+-_200, 000 80 200_,0_0 __ 0__,___1 0_0--+-_2_0_0_,0_0_0--+-_n_s---+----~ 

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

Write command hold time (Test mode in) twrn 10 10 10 ns 
f--_:_ - - - --+----+-----+-----+---
w to RAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

W~~ho~time(C-8~r-~_re_s_h_) __ -+-t_w_R_H _ __,>--1_0--+--~-~-1_0--+-----+--1_0_-+----->--n_s--+--~ 
RAS hold time referenced to OE tRoH 20 20 20 ns 

OE access t_im __ e __________ -+-t_o_EA __ --+---+----2_0--+----+---··--2 __ 0-+----+----2_5-+-_n_s_--+--~ 
OE to data delay toEO 20 20 25 ns 

Output buffer tum off delay time from OE toEz 0 20 0 20 0 25 ns 

OE command hold time toEH 20 20 25 ns 

•• C:CSAMSUNG 
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KM44C1000ASL CMOS DRAM 

TEST MODE CYCLE (Note. 12) 

KM44C1 OOOASL-7 KM44C1 OOOASL·S , KM44C1OOOASL·10 
Standard Operation Symbol f-------~----+----~----+--~------1 Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time !Re 135 1 55 185 ns 

Read-modify-write cycle time -+-_IR_w_c ___ -+-1_9_0_ -------+~~-~---r--?_5 __ 0_-+------+--n_s-+----1 
Access time from RAS IRAC 75 85 105 ns 3,4, 11 

---+--t--
Access time from CAS tcAc ___ 2_5-+----+----2 __ 5-+----+----3_0-+--_n_s-+-_3_.4_._5--< 

Access time from column address IAA __ 4 __ 0-+---·f-----4 __ 5-+-----+-----5_5-+-_n __ s____,c--_3_, 1_1--< 

RAS pulse width ·------------+·_tR_A_s __ +--_7 5--+-__ 1 _0_, o_o __ o-+-_8_5-+-_1_0_.o_o __ o-+-1_0_5 __ + __ 1_0_, ooo ns 
CAS pulse width tcAs 25 10,000 25 10,000 30 10,000 ns 

-----------t-----+-----+------t---t---

R AS hold time tRsH 25 25 30 ns 

CAS hold time tcsH 75 85 105 ns 
r- ~---------+-----f-----+------+-----+------+---+-----+---+-----l 

C~umnaddress~RAS~adtime ___ -+-t_RA_L __ -+--_·4_0-+------+--4_5~------+-5_5--+-----+--n_s--+ __ _, 
CAS to write enable delay tcwo 55 55 65 ns 8 
r--------------------+-----r---j---~--+------t---+-~·---+---t-----1 

RAS to write enable delay IRwo 1 05 11 5 140 ns 8 

Column address to W delay time IAwo 70 75 90 ns 8 

Fast mode cycle time tpc 55 55 65 ns 

Fast page mode read-modefy-write IPRWC -+--1_1_0-+---------<'--1_1_0_+--------+--1_3_0-+-------+---n __ s-+----< 

RAS pulse width (Fast page mode) IRASP 75 200,000 85 200,000 105 200,000 ns 
-~·---~---+-----t---+---------+-----+-----+---+-----+---+----j 

Access time from CAS precharge tcPA ___ 5_0-+---+----5 __ 0-+----+--·-6_0-+-_n_s-+_3 _ __, 

OE access time toEA 25 25 30 ns 

OE to data delay ·----+-t_o_ED __ -+--_2_5-+-~----+--2_5-+---·--+---3_0-+-----+--n_s_+-----< 
OE command hold time toEH 25 25 30 ns 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 CSR or ROR cycles before 
proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco~tRCD(max)· 
6. tAR, twcR. toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 

•• CJCSAMSUNG 
•• Electronics 

sheet as electrical characteristics only. If 
twcs;;,:twcs(min) the cycle is an early write cycle and 
the data out pin will remain high impedance for the 
duration of the cycle. If tcwo;;,:tcwo(min) and 
tRwo;;,:tRwD(min) and tAwo;;,:tAWD(min). then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected 1ddress. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced tQ the CAS 
leading edge in early write cy.cles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAb(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 con
trolled by tAA· 

1 2. These specifications are applied in the test mode. 
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KM44C1000ASL 

TIMING DIAGRAMS 

READ CYCLE 

A 

VoH- ~~~~~--
VoL -

WRITE CYCLE (EARLY WRITE) 

RAS 

GAS 

V1H
A 

V1L - lj/.JD,.Q,,Q.AJ """"'-...-""'! 

V1H- ~1\lrn~~~"?rj~~ 
w V1L-

CMOS DRAM 

IRC -------------! 

OE 
V1H- "O'l~~~:7"\7~1\J~7'\)~~'7'i]~1"0'\7iJ~1"0'\'1\J~7\'J~?\j~7\J~"f':lo.'il\)~1"7'\~~~1\7\l~'\JV' 
V1L-

V1H-

-~~~~----"""""' 1>---------0PEN~----------
V1L - l'------'""'I IZlJ DON'T CARE 

c8SAMSUNG 
Electronics 
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KM44C1000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

A 

w 

",_. ___ tAR--

!Re-

IRAS----------

,__ _______ tcsH - --------' 

V1H- "ll""l'l~"""1r"\ Jo~_...........,-.1 ""' 1,.....,. _ _.. __ --i\..("t'.7!:".1~~'7tJ\7t'f'do.~~'1\1~~'7\1~~~~7\ 

V1L - ~.t.::J:.~Y ~---- Uf~;_.~~,=::::;,_~k\£~QOD.C.ii:JJ.~DL~~~lll..D.C.'..t::.l.~DL~~.l:il:J 

V1H-7'\J'O"C'r\J'<~~'1\10'\'.l~7f:7~~i:""----j-+--*"'7\J't7't'~t'10~'7n~~~~'7r"J'n'r:'"'°~n'r:Jl'\"7'l:7"'M'l'~ 

V1L - CJ,,l.li£J.Cli£.l~~Q,C~~D,,C.>i£::JJ.Y 

V1H-

V1L- ----""' 

READ-MODIFY-WRITE CYCLE 

~-------------IRwc:-----~---------_, 

1---------------IRAS------------' 

RAS "f------IAR----

<-----------1---tcsH----------

tRsH ICRP 

GAS 

A 

w 

V1H- \'.lt'~"""~*'~lt'?l~~~:;r,~Tt7\ 
OE 

V1L - lO,oo,.Q.t::t..J.~4/.~~~l.Ollio,.QIJ,£.~Oil,;~-..+---1 

V110H -
~-----------i.---'I~\~ V110L -

~DON'T CARE 

c8SAMSUNG 
Fl,:o~trnni~c::: 
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KM44C1000ASL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

V1H- ,...,. ... ..,...,.~ rr"" J....-:~:":':":":":"'"~ 
A 

V1L-

CMOS DRAM 

IRP 

V1H- ~""°~~inr!o-+.1..-+-----t-Jrn~+-----ji~~°7dr-+"t-;.;.;.;---""tt-"'t;~~'1f:J~ 
w 

V1L- .:LJ~~~.QI 

V1H- "7'1"7'ml~:7'0'"'17"1""7V't~~ 
OE 

V1L- :,.0.~(j/,~Cw!:~~~lA!OCJ~....j.~~6,A.~~~~-.+-t.fii~~141DO'~~-j....a(i.~~.JM,~~~ri.A.C 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS 

w 

VoH-\7\''f'il'.~~'7V'~~-7,-,~~-'\-J~~':JV'.\-J--:'.~~-"i-J~7'f)O"Qll.~~"."".""."~-~~~~7\J\7\:~j'\J~'1\J<~ 

VoL- ~~~~:..l.J ~----..If 

~DON'T CARE 
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KM44C1000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FA.ST PAGE MODE READ·MODIFY·WRITE 

RAS 

V1H-
CAS VtL-

• A 
V1H-

V1L-

V1H-
w V1L-

V1H-

OE V1L-

~pON'TCARE 

c8SAMSUNG 
Electronics 
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KM44C1000ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

o----------IRC---------, 

V1H-

V1L-

V1H-

V1L-

A V1H-

V1L-

V1H-

V1L-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: OE, Address= Don't Care 

V1H-
RAS 

V1L-

IRPC 

tcp tcsR 

V1H-
~ 

V1L-

w 

V1tOH -

t-----IRAS ----1 

OPEN 

IRC 

ICHR 

1-------------0PEN---------------
V110L - ------..... 

~DON'TCARE 

c8SAMSUNG 
Electronics 
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KM44C1 OOOASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
·-·-----IRC 

RAS 

CAS 

A 

CMOS DRAM 

-IRC-

>-------IRAS----

V1H- \7\7\Ji.'J'V\7'\?~'AJ.'."t-'--t-~~~~~'--~7d~;._-:'[7'\1-.~\A,'f\'/\7V'\7'\,~A71~~~~~~~ 
w 

V1L- ~,D,/;.~~C;J:.~ 

OE 

VoH-
~~~ ....... ~~~~~~<I VALID DATA-OUT 

VoL-

HIDDEN REFRESH CYCLE (WRITE) 
f-----··----IRC -----------+-------- IRC-·-·-· ··· 

--IRAS ------' 

RAS 

- ICHR 

CAS 

A 

w 

OE 

c8SAMSUNG 
Electronics 
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KM44C1000ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H--

V1L-

GAS 
V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w V1H-

V1L-

OE V1H-

V1L-

D01-DQ4 VoH-

VoL-

WRITE CYCLE 

w V1H-

V1L-

OE 
V1H-

V1L-

V1H-
D01-D04 

V1L-

V1H-

w V1L-

OE 
V1H-

V1L-

D01-D04 
VoH-

VoL-

DATA-OUT 

~DON'TCARE 

ciSSAMSUNG 
Electronics 
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KM44C1000ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address= Don't Care 

CMOS DRAM 

1----------tRc-------------l 

,__ ______ tRAS---------t 

V110H -

V110L-
1>----------------0PEN~-----------------

-----'I 

TEST MODE DESCRIPTION 

The KM44C1000ASL is the RAM orQanized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. Colun1n ad
dress bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all "1 "s or ·~o"s), the 1/0 pin in
dicates a "1 ". If they were not equal, the 1/0 pin would 

.. 
:::SAMSUNG 
"" Electronics 

~DON'TCARE 

indicate a "O". In "Test Mode'', the 1 MX4 DRAM can 
be test~d as if it were a 512KX4 DRAM. W, CAS
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into "Test Mode". And "GAS-Before-RAS Refresh Cy
cle" or "RAS only Refresh Cycle" puts it back into "Nor
mal Mode". The "Test Mode" function reduces test time 
(1 /2 in cases of N test pattern) . 
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KM44C1000ASL 

DEVICE OPERATION 
Device Operation 

The KM44C1OOOASLcontains4,194,304 memory loca
tions. Twenty address bits are required to address a par
ticular memory location. Since the KM44C1 OOOASL has 
only 1 O address input pins, time multiplexed addressing 
is used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship bet
ween the row address strobe (RAS), the column address 
strobe (CAS) and the valid row and column address 
inputs. 

Operating of the KM44G 1 OOOASL begins by strobing in 
a valid row address with RAS while GAS remains high. 
Then the address on the 1 0 address input pins is chang
ed from a row address to a column address and is strobed 
in by GAS. This is the beginning of any KM44G1 OOOASL 
cycle in which a memory location is accessed. The 
specific type of cycle is determined by the state of the 
write enable pin and various timing relationships. The cy
cle is terminated when both RAS and GAS have return
ed to the high state. Another cycle can be initiated after 
RAS remains high long enough to satisfy the RAS 
precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and GAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and GAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44G1 OOOASL begin a complex sequence of events. 
If the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/GAS cycle. If CAS goes low 
before tRco(max), the access time to valid data is 
specified by tRAc. If GAS goes low after tRco(max), the 
access time is measured from GAS and is specified by 
tcAc. In order to achieve the minimum access time, 
tRAc(min), it is necessary to bring GAS low before 
tRco(max). 

Write 
The KM44G1 OOOASL can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between Wand GAS. In any 
type of write cycle, Date-in must be valid at or before 
the falling edge of W or GAS, whichever is later. 

•• C:CSAMSUNG 
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Early Write: An early write cycle is performed by bring
ing W low before GAS. The data at the data input pin(D) 
is written into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z state. 
This cycle is good for common 1/0 applications because 
the data-in and data-out pins may be tied together without 
bus contention. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after GAS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. This cycle requires using a separate 
110 to avoid bus contention. 

Late Write: If W is brought low after GAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo. tcwo and tAwD, are not necessarily 
met. The state of date-out is indeterminate since the out
put can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM44G1 OOOASL has a three-state output buffer 
which is controlled by CAS. Whenever GAS is high (V1H) 
the output is in the high impedance (Hi-Z) state. In any cy
cle in which valid data appears at the output the output 
goes into the low impedance state in a time specified by 
tcu after the falling edge of GAS. Invalid data may be 
present at the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc. tRAC and tAA specify when the valid 
data will be present at the output. The valid data remains 
at the output until GAS returns high. This is true even if 
a new RAS cycle occurs (as in hidden refresh). Each of 
the KM44G1 OOOASL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, GAS-only 
cycle. OE controlled write. 

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM44G1 OOOASL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
256 ms. There are several ways to accomplish this . 
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KM44C1000ASL 

DEVICE OPERATION (Continued) 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 

GAS-before-RAS Refresh: The KM44C1000ASL has CAS
before-RAS on-chip refreshing capability that eliminates 
the need for external refresh addresses. If CAS is held 
low for the specified set up time (tesR) before RAS goes 
low, the on-chip refresh circuity is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C1 OOOASL hidden refresh cycle is actually a CAS 
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1000ASL by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. These are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM44C1000ASL has Fast Page mode capability. Fast 
Page mode memory cycles provide faster access and 
lower power dissipation than normal memory cycles. In 
Fast Page mode, it is possible to perform read, write or 
read-modify-write cycles. As long as the applicable tim
ing requirements are observed, it is possible to mix these 
cycles in any order. A Fast Page mode cycle begins with 
a normal cycle. Then, while RAS is kept low to maintain 
the row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required to 
set up and strobe sequential row address for the same 
page. Up to 2048 memory cells can be accessed with 
the same row address. 

CAS-Before-RAS Refresh Counter 
Test Cycle 
A special timing sequence using the GAS-before-RAS 
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counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. 

After the GAS-before-RAS refresh operation, if CAS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the GAS-before-RAS counter test cy
cle timing diagram. A memory cell can be addressed with 
1 0 row address bits and 1 0 column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column Address-Bits Ao through Ag are strobedin by 
the falling edge of CAS as in a normal memory cycle. 

Suggested CAS-Before-RAS Counter Test 
Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 GAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1024 row addresses. 
(The row addresses are supplied by the on-chip 
refresh counter.) 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 1 024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44C1000ASL could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by 8 CBR or ROA cycles before proper device . 
operation is achieved. 
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KM44C1000ASL 

PACKAGE DIMENSIONS 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
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PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

rlNDEX 

0.050(1.27) 

TYP 

1.025(26.04) 
1.035(26.29) 

0.016(0.41) 

0.024(0.61) 

0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.100(2.54) 

MIN 

0.009(0.23) 
0.013(0.33) 

0.100(2.54) 

TYP 

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

0.671 (17.04) 

0.679 (17.24) 
0.006 (0.15) 

I 0 ~ ~---LJUUUUJ 
I 0.050(1.27) I 0.012(0.3~ 

---j TYP ---j 0.020 (0.50) 
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KM44C1002A CMOS DRAM 

1MX4 Bit CMOS Dynamic RAM with Static Column Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KM44C1002A- 7 70ns 20ns 130ns 

KM44C1002A- 8 80ns 20ns 150ns 

KM44C1002A-10 100ns 25ns 180ns 

• Static Column Mode operation 
• CS-before-RAS Refresh Capability 
• RAS-only and Hidden Refresh Capability 
• 8-bit fast parallel test mode Capability 
• TTL compatible inputs and output 
• Early Write or Output Enable Controlled Write 
• Single +5V:t:10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available In Plastic SOJ, DIP, ZIP 

FUNCTIONAL BLOCK DIAGRAM 

CONTROL & DATA 
CLOCK IN w BUFFER 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 110 

Ao 
a: w 
0 
0 MEMORY ARRAY 
0 1,048,576 x 4 w 
0 Cells -Vee 
~ 
0 ~-Vss a: 

Ag 

·-CJC SAMSUNG 
"• Electronics 

The Samsung KM44C1002A is a high speed CMOS 
1,048,576 bit X 4 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C1002A features Static Column Mode opera
tion which allows high speed random or sequential ac
cess within a row. Static Column Mode operation offers 
high performance while relaxing many critical system tim
ing requirements for fast usable speed. 

CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only refresh. All inputs 
and output are fully TTL compatible. 

The KM44C1002A is fabricated using Samsung's ad
vanced CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM44C1002AP • KM44C1002AJ • KM44C1002AZ 

0 

Pin Name Pin Function 

Ao-As Address Inputs 

D01-D04 Data In/Out 

w Read/Write Input 

OE Data Output Enable 

RAS Row Address Strobe 

cs Chip Select Input 

Vee Power (+5V) 

Vss Ground 

242 



KM44C1002A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N. 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 oc 

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 ab
solute maximum rating conditions for extended periods may affect de·~;~·3 reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 

Ground Vss 0 0 0 v 

Input High Voltage V1H 2.4 - Vcc+1 v 

Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (0°c~Ta~10°c, Vcc=5.ov±10%) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* KM44C1002A- 7 - 105 mA 

(RAS, CS, Address Cycling@ tRc=min) KM44C1002A- 8 lcc1 - 95 mA 
KM44C1002A-10 - 85 mA 

Standby Current (RAS=CS=V1H) lcc2 - 2 mA 

RAS-Only Refresh Current* KM44C1002A- 7 - 105 mA 

(RAS Cycling, CS=V1H, @ tRc=min) KM44C1 002A- 8 lcc3 - 95 mA 
KM44C1 002A-1 0 - 85 mA 

Static Column Mode Current* KM44C1002A- 7 - 80 mA 

(RAS=CS=V1L, Address Cycling @tsc=min) KM44C1002A- 8 lcC4 - 70 mA 
KM44C1002A-1 0 - 60 mA 

Standby Current (RAS=CS=W~Vcc-0.2V) Ices - 1 mA 

CS-Before-RAS Refresh Current* KM44C1 002A- 7 - 105 mA 

(RAS and CS Cycling@ tRC=min.) KM44C1 002A- 8 Ices - 95 mA 
KM44C1 002A-1 0 - 85 mA 

Standby Current (RAS=V1H, CS=V1L, Dour=Enable) lcc1 - 5 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
hL -10 10 µA all other pins not under test=O volts.) 

Output Leakage Current (Data out is disabled, OV~Vour~5.5V) loL -10 10 µA 

Output High Voltage Level UoH= -5mA) VOH 2.4 - v 

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

*NOTE: lcc1, lcc3, lcc4, Ices are dependent on output loading and cycle rates; Specified value are obtained 
with the output open. Ice is specified as average current. lcc1, lcc3, Ices, Address can be changed 
maximum two times while RAS=V1L. lcc4. Address can be changed maximum once while CS=V1H . 
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KM44C1002A CMOS DRAM 

CAPACITANCE (TA=2s 0 c) 

Item Symbol Min Max Unit 

Input Capacitance (Ao·A9) C1N1 - 6 pF 

l!lput Capacitance (RAS, CS, W, OE) C1N2 - 7 pF 

Output Capacitance (001 -004) Cour - 7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM44C1002A·7 KM44C1002A·8 KM44C1002A·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns 

Read-modify-write cycle time tRwc 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4,11 

Access time from CS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CS to output in Low-Z tcLZ 5 5 5 ns 3,12 

Output buffer turn-off delay tQFF 0 15 0 15 0 20 ns 7 

Transition time (rise and fall) h 3 50 3 50 3 50 ns 2 
RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CS hold time tcsH 70 80 100 ns 

CS pulse width tcs 20 10,000 20 10,000 25 10,000 ns 

RAS to CS delay time tRCD 20 50 20 60 25 75 ns 4 
RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 
CS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 
Write command pulse width twp 15 15 20 ns 

cSiSAMSUNG 
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KM44C1002A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

KM44C1002A·7 KM44C1002A·8 KM44C1002A·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 

Data-in hold referenced to RAS toHR 55 60 75 ns 6 

Refresh period (1024 cycles) tREF 16 16 16 ms 

Write command set-up time twcs 0 0 0 ns 8 • CS to write enable delay time tcwo 50 50 60 ns 8 

RAS to write enable delay time tRWD 100 110 135 ns 8 
Column address to W delay time tAWD 65 70 85 ns 8 
CS setup time (C-B-R refresh) tcsR 10 10 10 ns 

CS hold time (C-8-R refresh) tcHR 20 30 30 ns 

RAS precharge to CS hold time tRPC 10 10 10 ns 

CS precharge (C-8-R counter test) tcPT 35 40 50 ns 

Static column mode cycle time tsc 40 45 55 ns 

Static column mode read-write cycle time tsRWC 100 110 135 ns 

Access time from last write tALW 65 75 95 ns 3,12 
Output data hold time from column address tAQH 5 5 5 ns 

Output data enable time from W tow 45 50 70 ns 

RAS pulse width (static column mode) tRASC 70 100,000 80 100,000 100 100,000 ns 

CS pulse width (static column mode) tcsc 20 100,000 20 100,000 25 100,000 ns 

CS precharge time (static column mode) tcp 10 10 10 ns 

Write address hold time reference to RAS tAWR 55 60 75 ns 6 
Column address hold time referenced to RAS rise tAH 5 5 10 ns 

Last write to column address delay time lLWAD 20 30 20 35 25 45 ns 

Last write to column address hold time tAHLW 65 75 95 ns 

Write command inactive time tw1 10 10 10 ns 

Write command set-up time (Test mode In) twrs 10 10 10 ns 

Write command hold time (Test mode In) twrH 10 10 10 ns 

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 hold time referenced to OE tRQH 20 20 20 ns 

OE access time to EA 20 20 25 ns 

OE to data delay to ED 20 20 25 ns 

Output buffer turn off delay time from OE toEZ 0 20 0 20 0 25 ns 

OE command hold time to EH 20 20 25 ns 

r:CSAMSUNG 
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KM44C1002A 

TEST MODE CYCLE 

Standard Operation SymboJ 

Random read or write cycle time tRC 

Read-modify-write cycle time tRWC 

Access time from RAS tRAC 

Access time from CS tcAC 

Access time from column address tAA 

RAS pulse width tRAS 

CS pulse width tcs 

RAS hold time tRSH 

CS hold time tcsH 

Column Address to RAS lead time tRAL 

CS to write enable delay tcwo 

RAS to write enable delay tRWD 

Column address to W delay time tAWD 

Static column mode cycle time tsc 

Static column mode read-modefy-write tsRWC 

RAS pulse width (static column mode) tRASC 

Access time from last write tALW 

CS pulse width (static column mode) tcsc 

OE access time to EA 

OE to data delay to ED 

OE command hold time to EH 

NOTES 
1 . An initial pause of 200µs is required after power

up followed by any 8 CBR or ROA cycles before 
proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
troHed exclusively by tcAc. 

5. Assumes that tRco;;i;tRCD(max)· 
6. tAwR, twcR, toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs~twcs(min) the cycle is an early write cycle 
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(Note. 13) 

KM44C1002A·7 KM44C1002A-8 KM44C1002A-10 

Min 

135 

185 

75 

25 

25 

75 

40 

55 

105 

70 

45 

105 

75 

25 

25 

25 

Unit Notes 
Max Min Max Min Max 

155 185 ns 

210 250 ns 

75 85 105 ns 3,4,11 

25 25 30 ns 3,4,5 

40 45 55 ns 3, 11 

10,000 85 10,000 105 10,000 ns 

10,000 25 10,000 30 10,000 ns 

25 30 ns 

85 105 ns 

45 55 ns 

55 65 ns 8 

115 140 ns 8 

75 90 ns 8 

50 60 ns 

115 135 ns 

100,000 85 100,000 105 100,000 ns 

70 80 100 ns 3,12 

100,000 25 100,000 30 100,000 ns 

25 25 30 ns 

25 30 ns 

25 30 ns 

and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRWD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

1 0. These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading edge 
in read-write cycles. 

11 . Operation within the tRAD(max) limit insures that 
tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. It tRAD is greater than the 
specified tRAD(max) limit, then access time is con
trolled by tAA· 

12. Operation within the tLwAD{max) limit insures that 
tALW(max) can be met. tLWAD(max) is specified as a 
reference point only. lLwAo is greater than the 
specified iLWAD(max) limit, then access time is con
trolled by tAA. 

13. These specifications are applied in the test mode. 
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KM44C1002A CMOS DRAM 

TIMING DIAGRAMS 
READ CYCLE 

V1H - ----~U--------tRAS------l.Jl'.-----~ 

V1L -

i------+--t---+---IAR-----++----+----t 
----+----IRAL-----

A V1H - "", "" "-' 
V1L - ~~~ 11-----" 

COLUMN ADDRESS 

w V1H - ~"1:7'C~~~~~~~----1i---------.,.....---1H~~'j'\1'."""'\!'\'J""-~~T'\r~ 

v1L - ~oo>/.::JL~~~~u 

V1H - ~~~J'\1'"""~~7'1-r'f\7""-~~7'\ 

V1L - ~~~)/.:::J..~~~'llDl..~:::l,;::,;~(.;:;,D.~~--1-.....J.~~t,;;;,D.l..::£,':£:.il.~~~~~~~~l::JJ..:,~ 

001 -004 VoH - -------------~ 
Vol -

WRITE CYCLE (EARLY WRITE) 
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V1L - ---------1 

l'-------'I 

~ DONT'T CARE 

de SAMSUNG 
•• Electronics 
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KM44C1002A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 
-----------tRc----------4 
1-------tRAS _____ ___. 

ll---- tAR-----

1------tcsH---1-----i 

A 
V1H -

V1L - ...... ..-....- J'o---- \;;,u~---_.;ir ~""-X.--"-fl'-"-l'-+o ......... ~""-X.-..ll..ll~ll..ll..~ 

w V1H - ~~~7'\1",~~~~~~~~LI 

V1L - ~.t.:;J.;.';,l.;;;,/.~~c:::J.::ic::J.:.~~'::J::i.~~~~--..:4;:~~~~~~"~~~~~.LJ...i.. 

V1H - ~'J\l'-V\J'\JV\7\j"V'\i~rn~:----41r-~~'\AJ~"'V"\7'\J\.?{AAjl'ij\/'.'ifVV\7-'\7'\J.'\7'\J.V'\1oif\1.V'\J'\7'. 

V1L- ....... ......_ ....................................... _ 

READ-WRITE/READ-MODIFY-WRITE CYCLE 
------------tRWC- ------------1 
----------tRAs--------~ 

cs V1H -

V1L -

A 
V1H -

V1L -
COLUMN ADDRESS 

1------tcwo------.1 

w V1H -
V1L -

OE 
V1H -

V1L -

V110H

D01-D04 ----------+---<II. 
V110L-

~DON'T CARE 

•• c:cSAMSUNG 
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KM44C1002A 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ CYCLE 

CMOS DRAM 

i----------- tRAsc-----------< 

RAS 
V1H -

V1L -

A 
V1H -

V1L -

V1H - --------~--.,. ... __ 

V1L -

w V1H -

V1L -

V1H -
OE 

V1L -

VoH- ___________ _,_......_,VYi 
Vol-

STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRITE) 
!RP 

RA8 V1H -
!RASC 

V1L -

A 
V1H -

V1L -

cs V1H -

V1L -

w V1H -

V1L -

OE V1H -

V1L -

V1H -
001-004 

V1L -

~OON'TCARE 

•• CJCSAMSUNG 
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KM44C1002A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE) 

RAS 
V1H -
V1L -

V1H -
A 

V1L -

cs V1H -
V1L -

w V1H -

V1L -

BE V1H -

V1L -

V1H -

V1L - .;;,/,,.;.~~i..::.t..~~'.t.:::.i.~l.Y"'fl=-..:::.:.:.:..:._* 

STATIC COLUMN MODE READ-WRITE CYCLE 

V1H -

RAS 
V1L -

V1H -
A 

V1L -
COLUMN ADDRESS COLUMN ADDRESS 

-----tsRwc-+---+-----IRAL------1 

cs V1H-

V1L-

--~--+~~-+..I 

w V1H-

V1L -

5E 
V1H-

V1L-

~DON'T CARE 

•• :::SAMSUNG 
u Electronics 
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KM44C1002A 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE MIXED CYCLE 

CMOS DRAM 

A 
v,H - ~".?\.;=-:=.-:--=\.1:7'\-i::"""'::::::'."'77:":":':---=~nV'V'\!'\!'\-i="""""t""~-:-::-:::-:--~"""V'V\r-~777:"-:::---::\-,~~7'\: 

V1L - '::J:::.J.~~~~:::.::.~ifl:~~~~f'(::ij'::J':::i/.~f~-l-~~~~c'C:.:'.':£::/~-~~::::_-....:f"~£::J;.'£. 

w 

V1H - V"V~"V"J"&\::~~"""'~~~7'7<::.7'r::~~~ 

V1L - ~~~~~l.::£::.l.::£::.~l.::£::.,f,::::£.'£:£:.l.::£::.l.::£::.>l.:::£:.~~-..j.._---1---+.-£~~~p;D.~~~D/. 

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

RAS V1H -

V1L -

le RP 

V1H -

V1L -
!ASA 

A V1H -

V1L -

V1H -
D01-D04 

V1L -

•• c:cSAMSUNG 
•• Electronics 

!Re 

IRAS 

!RAH 

OPEN 

~DON'TCARE 
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KM44C1002A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

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

cs V1H -

V1L -

V1H -

w 
V1L -

001 -DQ4 V110H -

V110L - -----

HIDDEN REFRESH CYCLE (READ) 
1--------!Rc-----+------!Rc--------1 

l------!RAS------1 ----!RAS---

le HR le RP 

V1H -
A 

V1L -

w V1H -

V1L -

5E 
V1H -
V1L -

VoH

VOL - --------o(V-llJ 

,.__--~---~----11 

~DON'T CARE 

•• C:CSAMSUNG 
•• Electronics 
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KM44C1002A 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (WRITE) 

V1H -

RAS 
V1L -

cs V1H -

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

5E 
V1H -

V1L -

V1H-

DQ,-OQ4 
V1L -

•• C:CSAMSUNG 
•• Electronics 

CMOS DRAM 

• 

WJ DON'T CARE 
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KM44C1002A CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - IRAS 

V1L -
lcsR 

IRsH 

V1H - lcs cs 
V1L -

A V1H -

V1L -

READ CYCLE 

w V1H -

V1L -

c5E 
V1H -

V1L -

VoH-
DQ,-DQ4 

Vol-

WRITE CYCLE 

w V1H -

V1L -

BE V1H -

V1L -

V1H -
DQ,-DQ4 

V1L -

w V1H -

V1L -

6E 
V1H -

V1L -

V110H-
DQ,-DQ4 

. V110L-

~DON'TCARE 
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KM44C1002A 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 

CMOS DRAM 

----------IRc-----------

t--------IRAS-------. 

le HR 

w V1H - \7'1'1!\f\Al\.~7\f.~ 

V1L - ~~~i:;L.'::t.::i.:J.::i.~------__;~~~~~~~t.:::i.:.)f;:;L:J.::i.~~001.:::J.:.'J.:::i..~~~f.:::L 

to FF 

VoH-
Q -------------OPEN---------------

VoL------

TEST MODE DESCRIPTION 

The KM44C1002A is the RAM organized 1 ,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. Column ad
dress bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all ''1''s or "O"s), the 1/0 pin in
dicates a "1 ".If they were not equal, the 1/0 pin would 

•• ::cSAMSUNG 
•• Electronics 

~DON'T CARE 

indicate a "O". In "Test Mode", the 1 MX4 DRAM can 
be tested as if it were a 512KX4 DRAM. W, CS Before 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CS Before RAS Refresh Cycle" or 
"RAS only Refresh Cycle" puts it back into "Normal 
Mode". The "Test Mode" function reduces test time (1 /2 
in cases of N test pattern) . 
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KM44C1002A 

DEVICE OPERATIONS 
Device Operation 
The KM44C1002A contains 4, 194,304 memory loca
tions organized as 1,048,576 four-bit words. Twenty ad
dress bits are required to address a particular 4-bit word 
in the memory location. Since the KM44C1002A has on
ly 1 O address input pins, time multiplexed addressing is 
used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship bet
ween the row address strobe (RAS), the chip select in
put (CS) and the valid row and column address inputs. 

Operating of the KM44C1002A begins by strobing in 
a valid row address with RAS while CS remains high. Then 
the address on the 1 0 address input pins is changed from 
a row address to a column address and is strobed in by 
CS. This is the beginning of any KM44C1 002A cycle 
in which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time (tRP) 
requirement. 

RAS and CS Timing 
The minimum RAS and CS pulse widths are specified by 
tRA!";(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CS pulse widths. In addition, a new 
cycle must not begin until the minimum RAS precharge 
time, tRP, has been satisfied. Once a cycle begins, in
ternal clocks and other circuits within the KM44C1002A 
begin a complex sequence of events. If the sequence 
is broken by violaunn • , 1inimum timing requirements, loss 
of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CS and on the valid column address transition. 

If CS goes low before tRco(max) and if the column ad
dress is valid before tRAo(max) then the access time to 
valid data is specified by tRAc(min). However, if CS goes 
low after tRco(max) or if the column address becomes 
valid after tRAo(max), access is specified by tcAc or tAA· 
In order to achieve the minimum access time, tRAc(min), 
it is necessary to meet both tRco(max) and tRAo(max). 

The KM44C1002A has common data 1/0 pins. For this 
reason and output enable control input (OE) has been 

•• c:cSAMSUNG 
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CMOS DRAM 

proviced so the output buffer can be precisely controll
ed. For data to appear at the outputs, OE must be low 
for the period of time defined by toEA and toEz. 

Write 
The KM44C1002A can perform early write, late write 
and read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is determin
ed by the timing relationship between W, OE and CS. 
In any type of write cycle, Date-in must be valid at or 
before the falling edge of W or CS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CS. The 4-bit wide data at the data in
put pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 

Read-Modify-Write: In this cycle, valid data from the ad
dress~d cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CS 
and meeting the data sheet read-modify-write cycle tim
ing requirements. The output enable input (OE) must be 
low during the time defined by toEA and toEz for data to 
appear at the output. If tcwo and tRwo are not met the 
output may contain invalid data. Conforming to the OE 
timing equirement prevents bus contention on the 
KM44C1002A's DQ pins. 

Data Output 
The KM44C1002A has a three-state output buffer which 
is controlled by CS and OE. Whenever CS or OE is high 
(V1H) the output is in the high impedance (Hi-Z) state. In 
any cycle in which valid data appears at the output the 
output goes into the low impedance state in a time 
specified by tcLz after the falling edge of CS. Invalid data 
may be present at the output during the time after tcLZ 
and before the valid data appears at the output. The tim
ing parameters tcAc, tRAC and tAA specify when the valid 
data will be present at the output. This is true even if a 
new RAS cycle occurs (as in hidden refresh). Each of 
the KM44C1002A operating cycles is listed below after 
the corresponding output state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Read, Static Column Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Static 
Column Mode Write, CS-before-RAS Refresh, CS-only 
cycle. OE Controlled write. 
Indeterminate Output State: Delayed Write 
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KM44C1002A 

DEVICE OPERATIONS (Continued) 

Refresh 
The data in the KM44C1002A is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
1 6 ms. There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CS remains high. This cycle must 
be repeated for each row. 

CS-before-RAS Refresh: The KM44C1002A has CS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CS is held low 
for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the CS active time and cycling RAS. The 
KM44C1002A hidden refresh cycle is actually a CS
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1002A by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CS
before-RAS refresh is the preferred method. 

Static Column Mode 
Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory cells 
within a selected row. Operation within a selected row 
is similar to a static RAM. The read, write or readmodify
write cycles may be mixed in any order. 

A Static Column mode read cycle starts as a normal cy
cle. Additional cells within the selected row are written 
by applying a new column address while W=V1H and 
RAS=V1L. 

A Static Column mode write cycle starts as a normal cy
cle. Additional cells within the selected row are written by 
applying a new column address while RAS=ViL and tog
giling either W or CS. The data is written into the cell 
trigered by the latter fallin edge of W or CS . 

•• C:CSAMSUNG 
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CS-before-RAS Refresh Counter Test 
Cycle 
A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CS-before-RAS refresh 
activated circuitry. 

After the CS-before-RAS refresh operation, is CS goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 

This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory cell can be addressed with 
1 O row address bits and 1 O column address bits defin
ed as follows: 

Row Address-Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column Address-Bits Ao through Ag are strobed-in by 
the falling edge of CS as in a normal memory cycle. 

Suggested CS-before-RAS Counter Test 
Procedure 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 

1 . Initialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 1 024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" writ
ten during step 2 and write "highs" into the same 
memory locations. Perform this step 51 2 times so 
that highs are written into the 512 memory cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44C1002A could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up current. 

An initial pause of 200µs is required after power-up 
followed by any 8 RAS cycle before proper device opera
tion is achieved. 
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KM44C1002A 

PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

I 0.962(24.43) I 
0.972(24.69) 

0.135(0.43) 

0.145(3.68) 

0.035(0.89) 

0.055(1.40) 0.015(0.38) 

MIN 

0.183(4.65) 

MAX 

0.115(2.92) 
MIN 

Y--+-----'--

0.100(2.54) I 0.016(0.411 

TYP I 0.024(0.61) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0.670(17.02) 

0.680(17.27) 

0 

iol o.004(0.11 1 ~,_J ___ ~ 
-i 0.050(1.27) 

TYP 

•• CJCSAMSUNG 
•• Electronics 

Q.050( 1 .27) 

MAX 

0.050(1.27) 

MAX 

CMOS DRAM 

Unit: Inches (Millimeters) 

0°-10° 
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PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

1.025(26.04) 
1 .035(26.29) 

rlNDEX 

0.050(1.27) I o.016(0.41) 

TYP f-- 0.024(0.61) 

•• CJCSAMSUNG 
.. Electronics 

0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.100(2.54) 

MIN 

0.009(0.23) 
O.Q13(0.33) 

0.100(2.54) 

TYP 
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KM44C1010A 
PRELIMINARY 

CMOS DRAM 

1MX4 Bit CMOS Dynamic RAM with Fast Page Mode 
(Write Per Bit Mode) 

FEATURES 
• Performance range: 

tRAC tcAC 

KM44C1 Q1 QA- 7 7Qns 2Qns 

KM44C1 Q1 QA- 8 8Qns 2Qns 

KM44C1 Q1 QA-1 Q 1QQns 25ns 

• Fast Page Mode operation 
• Write Per Bit Mode Capability 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast paranel test mode capability 
• TTL compatible inputs and outputs 

tRC 

13Qns 

15Qns 

18Qns 

GENERAL DESCRIPTION 
The Samsung KM44C1 Q1 QA is a high speed CMOS 
1,Q48,576X4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C1 Q1 QA features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. 

CAS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TTL compatible. 

• Early write or Output Enable Controlled Write 
The KM44C1 Q1 QA is fabricated using Samsung's ad
vanced CMOS process. 

• Single +5V±10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in Plastic DIP, SOJ and ZIP 

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION (Top Views) 

Ao 

CONTROL & 
CLOCK 

cc 
w 
0 
0 
() 
w 
0 

~ 
0 cc 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 GATING 

MEMORY ARRAY 
1,048,576X4 
MEMORY CELLS 

... 
c:cSAMSUNG 
•• Electronics 

-Vee 

-Vss 

• KM44C101 OAP 

0 

Pin Name Pin Function 

Ao-Ag Address Inputs 

Row Address Strobe 

Column Address Strobe 

Write Per Bit/Read/ 
Write Input 

Data Output Enable 

W1/D01rv Write Select/Data In, 
W4/0Q4 Out 

Vee Power (+5V) 

Vss Ground 

• KM44C101 OAJ 

W1/DQ 1 10 
W2/D02 2 

WB/W 3 
RAS 4 

Ag 5 

Ao 6 
Al 7 
A2 8 
A3 9 

Vee 10 0 

Vss 
W4/DQ4 
W3/DQ3 
CAS 
OE 

• KM44C101 OAZ 
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KM44C1012A 
PRELIMINARY 

CMOS DRAM 

1MX4 Bit CMOS Dynamic RAM with Static Column Mode 
(Write Per Bit Mode) 

FEATURES 
• Performance range: 

tRAC tcAc tRC 

KM44C1012A- 7 70ns 20ns 130ns 

KM44C1012A- 8 80ns 20ns 150ns 

KM44C1012A-10 100ns 25ns 180ns 

• Static Column Mode operation 
• Write Per Bit Mode Capability 
• CS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• 8-bit fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Early write or Output Enable Controlled Write 
• Single +5V::t10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in Plastic DIP, SOJ and ZIP 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

CONTROL & 
CLOCK 

a: 
UJ 
0 
0 
(.) 

Cl) UJ 
Cl) 0 
UJ :s: 
a: 0 8 a: 
<{ 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 110 

MEMORY ARRAY 
1,048,576X4 
MEMORY CELLS 

•• c:cSAMSUNG 
•• Electronics 

--Vee 

--- Vss 

GENERAL DESCRIPTION 
The Samsung KM44C1012A is a high speed CMOS 
1,048,576X4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

Static Column Mode Operation allows high speed ran
dom or sequential access within a row. The KM44C1012A 
offers high performance while relaxing many critical 
system timing requirements for fast usable speed. 

CS-before-RAS refresh capability provides on-chip auto 
refresh as an alternative to RAS-only Refresh. All inputs 
and output are fully TIL compatible. 

The KM44C1012A is fabricated using Samsung's ad
vanced CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM44C1012AP 

W1/D01 1 

W2/D02 2 

WB/W 3 

0 

• KM44C1012AJ 

W1/D01 
W2/D02 

WB/W 

RAS 
Ag 

0 

Vss 
W4/DQ4 
W3/DQ3 
cs 
6E 

Pin Name Pin Function • KM44C1012AZ 

Ao-Ag 

RAS 

cs 

WB/W 

OE 

W1/D01"-' 
W4/DQ4 

Vee 
Vss 

Address Inputs 

Row Address Strobe 

Chip Select Input 

Write Per Bit/Read/ 
Write Input 

Data Output Enable 

Write Select/Data In, 
Out 

Power (+5V) 

Ground 

OE 
W3/DQ3 

Vss 5 
W2/D02 

RAS 

w.1Do. 
W1/D01 

8 WBiW 
Ag 

A1 
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KM416C256 
PRELIMINARY 

CMOS DRAM 

256KX 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRC 

KM416C256- 7 70ns 20ns 130ns 

KM416C256- 8 80ns 20ns 150ns 

KM416C256-10 100ns 25ns 180ns 

Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Triple + 5V ± 10 % power supply 
• 512 cycles/Bms refresh 
• JEDEC Standard pinout 
• Available in Plastic SOJ 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

The Samsung KM416C256 is a CMOS high speed 
262, 144 bit x 16 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as personal computer, graphics and high perfor
mance portable computes. 

The KM416C256 features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. GAS-before-RAS refresh capabili
ty provides on-chip auto refresh as an alternative to RAS
only refresh. All inputs and outputs are fully TIL com
patible. 

The KM416C256 is fabricated using Samsung's advanc
ed CMOS process. 

PIN CONFIGURATION (Top views) 

• KM416C256J 

Vee 10 Vss 
LCAS Control 

~v~ Lower D01 39 D016 
UCAS Clocks Data in D02 3 38 D01s 

Vee Generator 
Vss 

Buffer D01 
DO a 4 D014 w to 37 
D04 

DOs 5 36 D01a 
Vss Lower Vee 6 35 

Refresh Control Row Decoder Data out DOs 7 D012 
Buffer DO a 8 D011 

D07 9 32 D010 
OE DOs 10 DOs 

Refresh Counter Upper 
N.C 11 N.C Memory Array Data in 

262,144X16 Buffer N.C 12 [GAS 
Cells DOs w 13 DCAS 

Row Address Buffer OE Ao to RAS 14 27 
Upper D016 N.C 15 As 
Data out 

Ao 16 A7 
As Col. Address Buffer Column Decoder Buffer 

Aa A1 17 
A2 18 As 
Aa 19 

0 
A4 

Vee 20 21 Vss 

Pin Name Pin Function Pin Name Pin Function 

Ao-As Address Inputs LCAS Lower Column 

D01-16 Data In/Out Address Strobe 

Vss Ground w Read/Write Input 

RAS Row Address Strobe OE Data Output Enable 

UCAS Upper Column Vee Power (+5V) 

Address Strobe N.C . No Connection 
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KM416C256 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Symbol 

Voltage on Any Pin Relative to Vss V1N. VouT 

Voltage on Vee Supply Relative to Vss I Vee 

Storage Temperature Tstg 

Power Dissipation Po 

Short Circuit Output Current los 

PRELIMINARY 
CMOS DRAM 

Rating Units 

-1 to +7.0 r v 
-1 to +7.0 v 

-55 to +150 oc 
700 mW 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 >--~ Input Low Voltage V1L -1.0 - 0.8 

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

Parameter Symbol Min Max Unit 

Operating Current* KM416C256- 7 - 145 mA 
(RAS, UCAS, or LCAS, KM41 6C256- 8 lcc1 - 125 mA 
Address Cycling@ tRc=min) J KM416C256-10 - 105 mA 

Standby Current (RAS=UCAS=LCAS) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM41 6C256- 7 - 145 mA 

(UCAS=LCAS, RAS Cycling @ tRc=min) 
KM416C256- 8 lcc3 - 125 mA 
KM41 6C256-1 0 - 105 mA 

Fast Page Mode Current* KM41 6C256- 7 - 90 mA 
(RAS=ViL. UCAS or LCAS, KM41 6C256- 8 lcc4 - 80 mA 
Address Cycling @ tpc=min) KM41 6C256-1 0 - 70 mA 

Standby Current (RAS=UCAS=LCAS~Vcc-0.2V lcc5 - 1 mA 

GAS-Before-RAS Refresh Current* 
KM41 6C256- 7 - 145 mA 

(RAS, UCAS or LCAS Cycling @ tRc=min) 
KM41 6C256- 8 lcc6 - 125 mA 
KM416C256-10 - 105 mA 

Standby Current (RAS=V1H, UCAS or LCAS=V1L Dout=Enable) lcc7 - 5 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
l1L -10 10 µA 

all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, OV~Vour:::;5.5V) 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4, lcc6 are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. lee is spedified as average current. lcc1, lcc3, lcc6. Address can be changed 
maximum two times while RAS=V1L. lcc4, Address can be changed maximum once while UCAS and 
LCAS =V1H. 

·-::c SAMSUNG 
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KM416C256 

CAPACITANCE (TA=25°C) 

Parameter Symbol 

Input Capacitance (Ao-As) C1N1 

In ut Ca acitance RAS LCAS p p UCAS W OE c JN3 

Output Capacitance (D01-0015) Coo 

Min 

-

-

t-

PRELIMINARY 
CMOS DRAM 

Max Unit 

6 pF 

7 p F 

7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM416C256·7 KM416C256·8 KM416C256·10 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns 

Read-modify-write cycle time tRwc 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 11 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3, 11 

CAS to output in Low-Z tcu 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 1.5 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold time referenced to RAS 
f-· 

tAR 55 60 75 ns 6 

1 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 01 01 01 ns 

I Read command hold time referenced to CAS I tRCH I 0 I 0 I 0 I ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold time referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 10 10 20 ns 

Write command to RAS lead time tRWJ 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 

•• CJCSAMSUNG 
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KM416C256 
PRELIMINARY 

CMOS DRAM 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM416C256·7 KM416C256·8 KM416C256· 1 0 
Parameter Symbol 

~Max 
Units Notes 

Min Max Min Max 

::~:;;~~ri:;~ ;~~e~~;;;) to R~~-·-------J:;; J ~;1-=--J-60' 75 ns 6 

8 8 ms 

Write command set-up time twcs 0 0 0 ns 8 
-· . -t--

CAS to W delay time tcwo 50 50 60 ns 8 

RAS to W delay time tRwo 100 110 135 ns 8 

Column address to W delay time tAWD 65 70 85 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

CAS hold time (GAS-before-RAS refresh) tcHR 20 
-------t-· 

25 30 ns 

RAS precharge to CAS hold time tRPC 10 10 10 ns 

CAS precharge time (C-8-R counter test cycle) tcPT 35 40 50 ns 

Access time from CAS precharge tcPA 40 45 50 ns 3 

Fast page mode cycle time tpc 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 100 105 120 ns 

RAS pulse width (Fast page mode) tRASP 70 100K 80 100K 100 100K ns 

RAS hold time from CAS precharge tRHCP 40 45 50 ns 

CAS precharge time (Fast page mode) tcP 10 10 10 ns 

RAS hold time referenced to OE tROH 20 20 20 ns 

OE access time to EA 20 20 25 ns 

OE to data delay to ED 20 20 25 ns 

Output buffer turn off delay time from OE toEZ 0 20 0 20 0 25 ns 

OE command hold time toEH 20 20 25 ns 

KM416C256 Truth Table 

w State 

H H H H H Hi-Z Hi-Z Standby 
C-------+-------f------------ -----·--------'f--------+--------- t----------+----------- ------

L H _____ li__l __ H _____ lj_____ Hi-Z Hi-Z Refresh 

I 
L I L I H I H + L I DO-O_U_T ______ _,____ __ H_1-_Z ___ ~l ____ L __ o_w __ e_r __ B ___ y_t_e __ R_e_a_d______, 

L I H t- L H L Hi-Z DO-OUT 1 Upper Byte Read 81 ~ t: l ; J~:+j£:~e ----~--~-n_:-:--~--u_C_T_a_-r=e=====~=:-w-~=:-~--R·=:--;--;~-,-~-;[ 
L 

L 
_ ----t--+---t---- --~--+--~~!~----{ ~Q-i-Z_-l_N __ ---+-_W_o __ r_d_W_ri_te_ 
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KM416C256 

NOTES 

PRELIMINARY 
CMOS DRAM 

1. An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 
cycles before proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are measured 
between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 
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. tAR. twcR. tDHR are referenced to tRAD(max)· 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 

to VoH or VoL. 
8. twcs. tRwD. tcwD and tAwD are non restrictive operating aprameters. They are included in the data sheet as elec

trical 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) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

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

read-write cycles. 
11 . 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· 
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. 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. 

ADD. 

16. tcsR is referenced to earlier CAS falling low before RAS transition low. 
1 7. tcHR is referenced to the later CAS rising high after RAS transition low. 

\,,_ 

It:_ v 

tcsR 
tcHR-

•• :>=SAMSUNG 
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KM416C256 
PRELIMINARY 

CMOS DRAM 

18. tos. toH is independetly specified for lower byte Dinl1 "-'8l. upper byte Din(9"-'16) 

w 

TIMING DIAGRAMS 
WORD READ CYCCLE 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

V1H -
LCAS 

V1L -

A 
V1H-

V1L-

w V1H -

V1L-

V1H-

OE 
V1L-

001-0015 
VoH -

VOL -

•• :::SAMSUNG 
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TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 

A 
V1H -

Vil -

w V1H -

Vil -

BE 
V1H -

Vil-

VoH - ------
Vol-

VoH -
DOs·D01s -----------------

Vol -

UPPER BYTE READ CYCLE 

PRELIMINARY 
CMOS DRAM 

t-----------IRc-------------1 

t----------IRAs---------l 

V1H-
RAS 

Vil -

UCAS 
V1H -

Vil-

LCAS 
V1H-

Vil-

A 
V1H-

Vil-

w V1H-

Vil-

BE 
V1H-

Vil-

D01·DOa 
VoH-

Vol-

D09·DQ15 
VoH-

OPEN 
Vol-

~ DON'TCARE 
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TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

RAS 
V1H-

V1L-

iJCAS 
V1H-

V1L-

r:cAS 
V1H-

V1L-

A 
V1H-

V1L-

w V1H-

V1L-

PRELIMINARY 
CMOS DRAM 

V1H - ~r?<:"'"~~~~~~ _i-------.i ~Ai~Ai~7"'?'7'\~~1"\"71::"'?\':~7"'?~A"'?I~~ 

V1L-....._.......,._.__..... .................................. 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 
l-----------lRc----------

1---------!RAS---------I 

RAS 
V1H-

!AR 

V1L-

UCAS 
V1H -

V1L - !RCD !ASH 

lcsH 

LCAS V1H -

V1L -

A 
V1H-

V1L -

w V1H -

V1L -

OE 
V1H -

V1L -

DQ,-DOs 
V1H -

V1L -

= 
~DON'T CARE 

de SAMSUNG 
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TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

RAS 
V1H -

V1L -

UCAS 
V1H -

V1L -

V1H -
LCAS 

V1L -

A 
V1H-

V1L-

w V1H-

V1L-

BE 
V1H-

V1L-

001-00s V1H -

V1L -

V1H -
009-0015 

V1L -

WORD WRITE CYCLE COE CONTROLLED WRITE) 

V,H-
RAS 

V1L -

OCAS 
V1H -

V1L -

CCAS 
V1H -

V1L -

V1H -
A 

V1L -

w V1H-

V1L-

V1H-

()E 
V1L -

001-0015 
V1H -

V1L -

... 
CJCSAMSUNG 

11
• Electronics 
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KM416C256 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
!Re 

IRAS 

~ 
V1H -

V1L-

OGAS 
V1H-

V,L-

V1H-

[GAS 
V1L -

A 

V1H - :i"\,"'7"~~~'7\?~~~~~~~ i--
w 

PRELIMINARY 
CMOS DRAM 

V1L - ~~,t.;:,t.~~~~~~~~~~~------+*~QL.~~~~~~C:;C.IL 

V1H - ~~:"A".~"A?"'""'"~:"'?:"":~---+-t-~~~'"?M~~'"?Mi:"A"~""'"'"':"""ll:'""~~~!:'"r~ 

00 1-DOs 

V1L - ..ll:..lo~~~~-"'..l.~~ 

V1H

V1L -

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

•• c:cSAMSUNG 
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TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 

RAS 
V1H -

V1L -

V1H -

OCAS 
V1L -

[CAfl 
V1H -

V1L -

A 
V1H -

V1L -

w V1H -

V1L -

V1H -

O'E 
V1L -

V110H - -----------<IV 
V110L-

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

PRELIMINARY 
CMOS DRAM 

--------------!Awe--------------

V1H -

R7iS 
V1L -

OCAS V1H -

V1L-

LCA8 
V1H -

V1L -

V1H -

A 
V1L -

w V1H -

V1L-

BE V1H-

V1L-

001-DOe 
V110H -

V110L -

V110H -
DOs-0015 

V110L -

~.OON'TCARE 

•• CJCSAMSUNG 
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TIMING DIAGRAMS (Continued) 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

V1H -

LCAS 
V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

OE 
V1H -

V1L -
V110H-

DQ,-DOs 
V110L -

DOe-0015 
V110H-

V110L-

FAST PAGE MODE WORD READ CYCLE 

V1H -
RAS 

V1L-

V1H -
UCAS 

V1L-

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

V1H -

OE 
V1L -

VoH-

VOL -

•• :::SAMSUNG 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

Vil -

UCAS 
V1H -

Vil -

LCAS 
V1H-

Vil -

V1H-

A 
Vil -

w V1H -

Vil-

OE 
V1H -

Vil -

D01-DOa 
VoH-

Vol -

DQg-0016 
VoH -

FAST PAGE MODE UPPER BYTE READ CYCLE 

PRELIMINARY 
CMOS DRAM 

------------!RASP-----------

RAS 
V1H - !AR 
Vil -

V1H -
UCAS 

Vil -

V1H -
LCAS 

Vil -

V1H -
A 

Vil -

w V1H -

Vil -

V1H -

OE 
Vil -

001-DOa 
VoH -

Vol -

DOs-0015 
VoH -

Vol -

~DON'T CARE 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H-

RAS 
V1L -

UCAS 
V1H-

V1L-

V1H-

LCAS 
V1L-

A 
V1H-

V1L-

V1H -

w 
V1L-

V1H-

BE 
V1L -

V1H-
DQ,-00 16 

V1L-

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 

V1H -
RAS 

V1L-

V1H -
UCAS 

V1L-

V1H -

LCAS 
V1L-

V1H -

A 
V1L -

V1H -

w 
V1L-

V1H-

OE 
V1L-

001-DOa 
V1H -

V1L -

OQg·DOie 

... 
c:cSAMSUNG 
•• Electronics 
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KM416C256 

TIMING DIAGRAMS (Continued) 

PRELIMINARY 
CMOS DRAM 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

V1H -

RAS 
V1L -

V1H-

UCAS 
V1L -

V1H -

LCAS 
,, V1L -

V1H -

A 
VIL -

w V1H -

V1L -

BE 
V1H -

V1L -

DQ,-DOs 
V1H -

V1L -

DQ9-0Q15 
V1H -

V1L -

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L -

V1H -

OGAS 
V1L-

V1H -

LCAS 
V1L-

V1H -
A 

V1L-

w V1H-

V1L-

V1H -
OE 

V1L -

DQ,-DQ15 
V10H-

V10L-

~ DON'TCARE 
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KM416C256 
PRELIMINARY 

CMOS DRAM 

TIMING DIAGRAMS (Continued) 

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

RAS 
V,H-

V1L-

UCAS 
VIH -

V1L-

VIH -
LCAS 

V1L -

V1H-
A 

V,L-

w V1H -

V1L-

OE 
V1H-

V,L-

D01-D0s 
Vl'OH -

V10L -

V10H -
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 

DOs-D015 ~~~~~~~~~~~~~~~~~~OPEN~~~~~~~~~~~~~~~ 

V10L -

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

RAS 
V1H -

V1L -

V1H-
UCAS 

V1L-

V1H -
LCAS 

V1L-

VIH -
A 

VIL-

V1H-
w 

V,L-

OE V1H -

VIL -

D01·DUs 
V10H -

V10L-

D09-D015 
V10H -

V10L -

•• :::SAMSUNG 
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TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

--------IRAS-------1 

ms 
V1H-

V1L -

V1H -
A 

V1L _ 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

RAS 
V1H -

VL -

V1H -
UCAS 

V1L -

V1H -

V1L-___ __, 

PRELIMINARY 
CMOS DRAM 

VoH- ------...i._ 
1---------0PEN------------

VoL- ______ ..., 

~ DON'TCARE 

... 
C:CSAMSUNG 
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TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

VrH -

RAS Vrl -

VrH -
UCAS 

Vrl-

VrH-
CCAS 

Vrl -

V1H-
A 

Vrl-

w VrH-

Vrl-

BE 
VrH-

Vrl-

D01-D016 
VoH-

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

VrH-
RAS 

Vrl-

VrH-
UCAS Vrl-

V1H-
LCA8 Vrl--' 

V1H-
A 

Vrl-

VrH-
w 

Vrl-

OE' 
VrH -

Vrl-

VoH-
D01-D016 

Vol-

de SAMSUNG 
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TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

VrH-
RAS 

VrL -

VrH-
UCAS 

VrL-

[CAf; 
VrH-

VrL-

VrH-
A 

VrL-

READ CYCLE 

VrH-
w 

VrL-

VrH-
BE 

VrL-

WRITE CYCLE 

w 

PRELIMINARY 
CMOS DRAM 

V1H- ~~~~~~~~~~~~~~~~~:'A;~~~~~?:"?'~~~~~~ 
BE 

D01·D015 VoH - -------OPEN-----+-<I 
VoL - ~--.-....----""'"" 

lcwL 

READ-MODIFY-WRITE 

VrH-

OE VrL-.,. -----------------1--f'---+-' 

VALID DATA-OUT 

~DON'T CARE 
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DEVICE OPERATION 
Device Operation 
The KM416C256 contains 4, 194,304 memory locations 
arranged in 16 groups of 262, 144X 1 bit each. Eigh
teen address bits are required to address a particular 
memory location. Since the KM416C256 has only 9 ad
dress input pins, time multiplexed addressing is used to 
input 9 row and 9 column addresses. The multiplexing 
is controlled by the timing relationship between the row 
address strobe (RAS), the column address strobe (LCAS, 
UCAS) and the valid row and column address inputs. 

Operation of the KM416C256 begins by strobing in a 
valid row address with RAS while LCAS (UCAS) remains 
high. Then the address on the 9 address input pins is 
changed from a row address to a column address and 
is strobed in by LCAS (UCAS). This is the beginning of 
any KM4 1 6C256 cycle in which a memory location is 
accessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing rela
tionships. The cycle is terminated when both RAS and 
LCAS (UCAS) have returned to the high state. Another 
cycle can be initiated after RAS remains high long enough 
to satisfy the RAS precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM416C256 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/xCAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran
sition. If xCAS transitions to a low before tRco(max) then 
the access time to valid data is specified by tRAc(min). 
However, if xCAS transitions low after tRco(max) or if the 
column address becomes valid after tRAo(max), access 
is specified by tcAc or tAA. In order to achieve the 
minimum access time, tRAc(min), it is necessary to meet 
both tRco(max) and tRAo(max). 

Write 
The KM416C256 can perform early write, late write and 
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read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, LCAS and UCAS. 
In any type of write cycle, Data-in must be valid at or 
before the falling edge of W or xCAS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before xCAS. The 16 Bit wide data at the data 
1/0 pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W low after CAS and 
meeting the data sheet read-modify-write timing re
quirements. The OE input must be low during the time 
defined by toEA for data to appear at the outputs. If tcwo 
and tRwo are not met output may contain invalid·-.data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM41 6C256 DO pins. 

Data Output 
The KM41 6C256 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (V1H), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
state in the time specified by tcLZ after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tcLZ and before the valid data appears at 
the output. The timing parameters tcAc, tRAC and tAA 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid
den refresh). Each of the KM416C256 operating cycles 
is listed below after the corresponding output state pro
duced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-Before-RAS Refresh, OE con
trolled write, CAS-only cycle. 

Indeterminate Output State: Delayed Write (tcwo or 
tRwo times are not met) 

Refresh 
The data in the KM41 6C256 is stored as a charge on 
microscopic capacitor within each memory cell. The 
stored charge tends to dissipate over time and will at-
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DEVICE OPERATION (Continued) 

feet data integrity if the charge is not periodically refresh
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (tREF) of 
within 8ms. There are several ways to accomplish this: 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while GAS remains high. This cycle 
must be repeated for each of the 51 2 row address 
(AO-A8). 

GAS-before-RAS Refresh: The KM416G256 has GAS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If either LGAS or 
UGAS input is held low for the specified set up time 
(tcsR) before RAS transitions low, the onchip refresh cir
cuitry is enabled. An internal refresh operation 
automatically occurs. The refresh address is supplied by 
the on-chip refresh address counter which is then inter
nally incremented in preparation for the next GAS-before
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending either LGAS or UGAS input active time and 
cycling RAS. The hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM416G256 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap-
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plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or GAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM416G256 has Fast page mode capability pro
vides high speed read, write or read-modify-write access 
to all memory locations within a selected row. These 
cycles may be mixed in any order. A fast page mode cy
cle begins with a normal cycle. Then, while RAS is held 
low to maintain the row address, GAS is cycled to strobe 
in additional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. 

CAS-before-RAS Refresh Counter test 
cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. The cycle begins as a GAS-before-RAS 
refresh operation. Then, if GAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through A8 are supplied by on chip refresh 
counter. 

Power-Up 
If RAS=Vss during power-up, the KM416G256 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held a valid V1H in order 
to minimize power-up current. 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 
0 

0 0.004(0.1) 
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Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.025 (0.64) 

MIN 

00 
C\I C') 

0 0 co l'\I 
0 ~ 
0 0 
0 0 

0.130(3.30) 

0.140(3.56) 
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256KX18 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

KM418C256- 7 70ns 20ns 130ns 
!--·--·----------+----+-------+-------< 

KM418C256- 8 80ns 20ns 150ns 
-·---------t-----1--------+-------' 

KM418C256-10 1 OOns 25ns 180ns 

Fast Page Mode operation 
2 CAS Byte/Word Read/Write operation 

• CAS·before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL and CMOS compatible inputs and outputs 
• Early Write or output enable controlled write 
• Triple + 5V ::!:: 10% power supply 
• 512 cycles/8ms refresh 
• JEDEC Standard pinout 
• Available in Plastic SOJ 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

The Samsung KM41 8C256 is a CMOS high speed 
262, 144 bit X 18 Dynamic Random Access Memory. 
Its design is optimized for high performance applications 
such as personal computer, graphics and performance 
portable computers. 

The KM418C256 features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. CAS-before-RAS refresh capabili
ty provides on-chip auto refresh as an alternative to RAS
only refresh. All inputs and outputs are fully TTL com
patible. 

The KM418C256 is fabricated using Samsung's advanc
ed CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM418C256J 

Vee 10 40 Vss 

LCAS 

iE~:: 
001 39 D01s 

Control Lower 
002 3 38 0011 

UCAS Clocks Data in 
V88 Generator Buffer D01 D03 4 37 D015 

w to D04 5 36 D01s 
D09 Vee 6 35 

Lower DOs 34 
Refresh Control Row Decoder Data out D05 8 33 D013 

Buffer 007 9 32 D012 
DOs 10 31 DQ11 

OE 
009 11 30 D010 Refresh Counter Upper 

Memory Array Data in N.C 12 29 CCAS 
262, 144X 18 Buffer w 13 28 O'CAf3 

Cells D010 
RAS 14 27 OE Row Address Buffer 

Ao to N.C 15 26 Aa Upper DQ19 Ao 16 25 A1 Data out 

As Col. Address Buffer Column Decoder Buffer A, 17 24 AB 

A2 18 23 As 

A3 19 0 22 A4 

Vee 20 21 Vss 

Pin Name Pin Function Pin Name Pin Function 

Ao-As Address Inputs LCAS Lower Column 

D01-18 Data In/Out Address Strobe 
---------- w Read/Write Input 

Vss Ground 

RAS Row Address Strobe OE Data Output Enable 

UCAS Upper Column Vee Power (+5V) 

Address Strobe N.C. No Connection 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Symbol 

1-- Voltage on Any Pin Relative to Vss V1N. Vour 

Voltage on Vee Supply Relative to Vss Vee 

Storage Temperature Tstg 

Power Dissipation Po 

Short Circuit Output Current los 

PRELIMINARY 
CMOS DRAM 

Rating Units 

-1 to +7.0 v 

-1 to +7.0 v 

-55 to +150 oc~ 
700 mW 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 

Ground Vss 0 0 

Input High Voltage V1H 2.4 -

Input Low Voltage V1L -1.0 -

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

Parameter 

Operating Current* KM41 8C256- 7 
KM418C256- 8 

5.5 

0 

Vcc+1 

0.8 

Symbol Min Max 

150 
130 

v 

v 

v 

v 

Unit 

mA 
mA (RAS, UCAS or LCAS, 

~ress Cycling @ tRc=min) 

Standby Current 
(RAS=UCAS=LCAS=V1H) 

lcc2 - 2 

KM418C256-10 - 110 ~A 

KM418C256- 7 ---j---:._-- ,__1_5_0--t-
RAS-Only Refresh Current* KM4 18C256- 8 lcc3 - 130 I 

f----(u_c_A_s __ =_L_c_A_s_=_v_1_H._R_A_s_c_y_c_1i_ng_@_tR __ c_=_m_in_l __,__K_M_4_1_8_c_2_5_6 __ 1 __ Q__ ___ --+--- --+-- 1-~ 

~~:~:~~. ~ ~~r~, I ~~: ~ ~g~~~~ ~ F lcc4 += Li8g: I ~~ Address Cycling@ tpc=min.) KM418C256-10 - 70 mA 

t~ndby Current (RAS=OCAS=CCAS;:.vcc-0.2V) ____ _____ -~ccs~~ .._ ~ _i __ - m~ 
- - * rKM418C256- 7 - 150 mA 

AS-Before-RAS Refresh Current KM41 ac256_ 8 I _ 1 30 A 
RAS UCAS or LCAS Cyclin @ t =min) cc5 m 

g RC KM418C256-10 - 110 mA 

Standb_y_C_u-rr-n-et_(_i:r-_A_S_=_V_1_H_, _U_C_A_S_o_r_LC_A_S_=_V_IL Dout~Enablel- - I le"?-- I_-= -1 s_I rnA~ 
Input Leakage Current (Any input O<V1N<6.5V, liL i _ 10 10 1 A 
all other pins not under test=O volts.) µ 

_Qu-tput Leakage Current (Data ()_~_t is disaE~cl_,_Q_\f<\four<~5V) - !()L ~ - -10 ~ 1 ~-- µA 

f _ _2utput High Voltage Level (loH=_-5mA) ____ VoH_ _ ?~. 1 

_ -=- ____ y_i 
· Output Low Voltage Level (loL =4.2mA) VoL 0.4 V 

*NOTE: lcc1, lcc3, lcc4, lcc6 are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Ice is spedified as average current. lcc1, lcc3, lcc6, Address can be changed 
maximum two times while RAS=V1L. lcc4 address can be changed maximum once while UCAS and 
LCAS =V1H . 
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CAPACITANCE (TA=25°C) 

Parameter Symbol 

~_Input Capacitance (Ao-Aa) C1N1 
I In ut Ca acitance p p RAS, LCAS, UCAS, W, OE C1N2 

Output Capacitance (D01 -D01 a) Coo 

Min 

-

-

PRELIMINARY 
CMOS DRAM 

Max Unit 

6 pF 

7 p F 

7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM418C256·7 KM418C256·8 KM418C256·10 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns 

Read-modify-write cycle time tRwc 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 11 

Access time from CAS tcAc 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

GAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

GAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time fcAH 15 15 20 ns 

Column address hold time referenced to RAS tAR 55 60 75 ns 6 

1 

Column ~ddress to RAS lead time tRAL 35 40 50 ns 

mmand set-up time tRcs 0 0 0 ns 

\Read command hold time referenced to CAS I tRCH I 0 0 I 0 I ns 9 I 
Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold time referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 10 10 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 
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AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM418C256·7 KM418C256·8 KM418C256-10 
Parameter Symbol r----r:: ---+--- Units Notes 

Min~x Min Max Min Max 

1~:·~~~hh:~,;~JT;~~e~~c~==)toRAS t :_:::_ I ~51 _ ·tol~~" 6 

IWnte co~mand set-up time l twcs I O~ I ~ : 1 ~ 0 ns 
8 

CAS to W delay time tcwo 50 50 60 n~-+-8-

1 

RAS to W delay time j tRwD 1 OOif-- - 11CJt-----~ 35 ns 8 
Column address to W delay time tAwo j 65 --- 70 --- t----85 ns 8 

! CAS set-up time (GAS-before-RAS refresh) tcsR t-1 0 --- - -~I 1_()_, ___ 1 0 ns 

1
cAS hold time (GAS-before-RAS refresh) j tcHR_ t-' ____ 2 ___ ()__ _ 2~+---------1 30 ns __ 

I RAS precharge to CAS hold time ~ tRPC I 1 0 1 0 1 0 ns 

ICAS precharge _time (C-B-R counter test cycle) tcPT l 35r=-=~-~g 50 ns 

I Access time from CAS precharge tcPA I 40 _ 45 50 ns 3 

Fast page mode cycle time tpc 45 50 55 -----+--_n_s------t-___ __, 

120 ns 
----+----+--

1 RAS pulse width (Fast page 111_od~) _ tFi_A_§f" __ ~_Q 1--1 OOK 80 1 OOK 100 1 OOK ns 
1

1 

RAS hold time from CAS precharge tRHCP 140 I 45 I 50 ns 

GAS precharge time- (Fa;t ~a;e mod-e) ttcR

0

p _H __ 

2

1 o
0

t -
2

1 o0L1
---=--=-~21 o0-- ----+--nnss 

I
, RAS hold time referenced to OE 

OE access time to~A - 20 J - 2o 25 ns 

[gE-~~-data del;- - - j_ to--ED -- 2- 0 -_ ----12-0 - 25n -s---+-----j 

l
Outp~t buffer turn off delay time from OE toEz Ol 20 j OJ_ __ :2_0--t-- 0 25 ns 

OE command hold time J toEH +-2g_L - J 201 25 ns 

KM418C256 Truth Table 

RAS LCAS UCAS w OE DQbg D010cv18 State 

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

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

I 
L L H H L DO-OUT Hi-Z Lower Byte Read 

I 
L H L H L Hi-Z DO-OUT Upper Byte Read 

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

I L L H L H DO-In Don't Care Lower Byte Write 

[=~~- H L L H Don't Care DO-IN Upper Byte Write 

r+- L L L H DO-IN DO-IN Word Write 
----------

L L H H Hi-Z Hi-Z 
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NOTES 
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1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 
cycles before proper device operation is achieved.· 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are measured 
between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 
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. tAR. twcR, tDHR are referenced to tRAD(max)· 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 

to VoH or VoL. 
8. twcs. tRwD. tcwD and tAwD are non restrictive operating aprameters. They are included in the data sheet as elec

trical 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). tRwo~tRWD(min), tAwo~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 are satisfied, the condition of the data out is indeterminate. 

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

read-write cycles. 
11 . 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-
1 2. 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. 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. 

ADD. 

w 

1 6. tcsR is referenced to earlier CAS falling low before RAS transition low. 
1 7. tcHR is referenced to the later CAS rising high after RAS transition low. 

X:_ 

\:_ _/ 

lcsR 
lcHR-
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18. tos, toH is independetly specified for lower byte Din(1 "-'9), upper byte Din(10"-'1 B)· 

w 

TIMING DIAGRAMS 
WORD READ CYCCLE 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

V1H -
LCAS 

V1L-

A 
V1H-

V1L-

w V1H -

V1L-

V1H-
OE 

V1L-

DQ 1-DQ13 
VoH -

VoL -
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TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 
-----------!Rc--------------1 
1----------IRAS _______ _ 

_ v1H - 7"1'\7"\n--t--t----------r---------;-r-----::r-----
ucAs 

Vil-

A 
V1H -

Vil -

w V1H -

Vil-

BE 
V1H -

Vil-

D01-DOs VoH------
VOL-

VoH-
DOw-0018 -----------------

Vol -

UPPER BYTE READ CYCLE 

RAS 

UCAS 

LCAS 

A 

w 

6E 

D01-DOs 

D010-D01a 

V1H -

Vil-

V1H -

Vil-

V1H-

Vil-

V1H-

Vil-

V1H-

V1L-

V1H-

Vil-

VoH-

VoL-

VoH-

Vol-

+-----------lRc-----------

1----------tRAS---------I 

OPEN 

----1---1------IRSH ----

t---+---lcAs-----1 

~ DON'TCARE 

... 
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TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

RAS 
V1H-

V1L-

UCAS 
V1H-

V1L-

i:CAS 
V1H-

V1L-

A 
V1H-

V1L-

w V1H-

V1L-

V1H - :7\,1'\'7"1:7\,'\7'\'7\71::"7\~~'\7'\7\?~i\?':"A'?~~~~~~~A"?i~~"""A?~~J\/""1'\"7\7 

V1L -~~,(...J.(.~t..:;,,/._~~~~~~~~~~~~~~~~~~~~~~~~~""' 

V1H - ~,...,.....,.....,.....,....,.....,..........,,....,.......... i-------..i I("..,....., ........ ...,.....,......,... ........................... -..... ..................................... .....,... ......... _..,....., 

V1L- ~~-""-~~~~......., _____ .., ~~~~~.t...:>t.-~~~~~....li:...l"-l'.~~~~ 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 
----------lRc----------

1---------lRAS----------I 

RAS 
V1H-

!AR 

V1L-

UCAS 
V1H -

V1L- lRCD !ASH 

lcsH 

LCAS 
V1H -

V1L -

A 
V1H-

V1L -

w V1H -

V1L -

5E 
V1H -

V1L -

DQ1-D0g 
V1H -

V1L -

= 
~DON'T CARE 
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TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

RAS 
V1H -

V1L -

OCAS V1H -

V1L-

V1H -
LCAS 

V1L -

A 
V1H-

V1L -

w V1H-

V1L-

5E 
V1H-

V1L-

D01-D09 V1H -

V1L -

V1H -
D010-D01a 

WORD WRITE CYCLE (OE CONTROLLED WRITE) 

RAS 
V1H-

V1L-

OCAS 
V1H -

V1L -

CCAS 
V1H -

V1L -

V1H -
A 

V1L -

w V1H-

V1L-

V1H-

OE 
V1L -

D01-D01s 
V1H -

V1L-

·-C:C SAMSUNG 
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TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE COE CONTROLLED WRITE) 
!Re 

!RAS 

V1H -

RAS 
V1L-

~ 
V1H-

V1L-

V1H-

CCAS 
V1L-

A 

V1H - JV~~"'""''J\7\7""'7"\7'\?\fu"\7\7'71~ 1--

w 

PRELIMINARY 
CMOS DRAM 

V1L - ~~~~~~~~~~~~~llo...------""'11-¥~4'-¥..:.;.~~~~~~ 

V1H - ""~~"'7\7'7"'~~~----H--i::'A"."'7\'A'?"'""'A'?\A.A'A"""~"""""'A'?\'AA 
V1L - ____ _.. __ ........... __,........._........., 

DQ,-DOe 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L-

UCAS 
V1H -

V1L -

V1H -
LCAS 

V1L -

A 
V1H -

V1L -

V1H -w 
V1L -

BE 
V1H -

V1L -

DOi-DOe 
V1H -

V1L -

V1H -
D010·DQ18 

V1L -

00 DON'T CARE 

•• CJ: SAMSUNG 
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TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -

UCAS 
V1L -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

V1H -

OE 
V1L -

00,-0018 V1:0H - ----------+~UY' 
V1-0L-

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

PRELIMINARY 
CMOS DRAM 

--------------tRwc---------------

V1H -
~ 

V1L -

UCAS 
V1H -

V1L-

V1H -
LCAS 

V1L -

V1H -

A 
V1L -

w V1H -

V1L-

OE 
V1H-

V1L-

DQ,-DOs 
V110H -

V110L -

V110H -
0010-D018 

V110L -

~DON'TCARE 

•• :=:SAMSUNG 
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TIMING DIAGRAMS (Continued) 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

V1H -

LCAS 
V1L -

V1H -
A 

V1L -

w V1H -

V1L -

OE 
V1H -

V1L -

V110H-
DO,-DQg 

V110L -

0010-DOrn 
V110H -

V110L-

FAST PAGE MODE WORD READ CYCLE 

V1H -
RAS 

V1L-

V1H -
UCAS 

V1L -

V1H-
LCAS 

V1L -

V1H -
A 

V1L -

V1H -
w 

V1L -

V1H -

OE 
V1L -

VoH-

•• :::SAMSUNG 
•• Electronics 
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~DON'T CARE 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

Vil -

UCAS 
V1H -

Vil -

LCAS 
V1H-

Vil -

V1H -
A 

Vil -

w V1H -

Vil-

OE V1H -

Vil -

001-009 
VoH-

Vol -

DOw-0015 
VoH -

Vol -

FAST PAGE MODE UPPER BYTE READ CYCLE 

V1H -
UCAS 

Vil -

V1H -
LCAS 

Vil -

V1H -
A 

Vil -

w V1H -

Vil -

V1H -
OE 

Vil -

VoH -
001-DOg 

Vol -

D010-D01a 
VoH -

Vol -

... 
c:cSAMSUNG 
•• Electronics 

PRELIMINARY 
CMOS DRAM 

~DON'T CARE 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

Vil -

V1H-
UCAS 

Vil-

V1H-

LCAS 
Vil-

A 
V1H-

Vil-

V1H -

w 
Vil-

V1H-

OE 
Vil -

V1H-
DQ,-D01a 

Vil-

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 

V1H -
RAS 

Vil-

V1H-

UCAS 
Vil -

V1H -

LCAS 
Vil-

V1H -
A 

Vil-

V1H -

w 
Vil-

OE 
V1H-

Vil-

001-DQ9 
V1H -

Vil-

D010-D01s 

•• c:cSAMSUNG 
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TIMING DIAGRAMS (Continued) 

PRELIMINARY 
CMOS DRAM 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

V1H -

RAS 
,VIL -

V1H-

UCAS 
V,L-

V1H -

LCAS 
V1L -

V1H -

A 
VIL -

w V1H -

V1L -

i5E 
V1H-

V1L-

V1H -
DQ 1-DQ 9 

V1L -

D010-D018 
V1H -

VIL -

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
VIL -

V1H -

GC7iS 
V1L-

V1H -

ceAS 
V1L-

V1H -
A 

V1L-

w V1H-

V,L-

V1H -
OE 

V1L -

00,-0018 
V10H -

V10L-

~ DON'TCARE 

•• c:: SAMSUNG 29a 
•• Electronics 



KM418C256 

TIMING DIAGRAMS (Continued) 

PRELIMINARY 
CMOS DRAM 

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

RAS 
V1H -

Vil-

OGAS 
V1H -

Vil-

[GAS 
V1H -

Vil -

V1H -
A 

Vil-

w V1H-

Vil-

OE 
V1H -

Vil-

DQ1-DQg 
Vl'OH-

Viol-

V10H -
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 

D01o·D01s 
Viol --

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

RAS 
Vil -

V1H-
UCAS 

Vil-

V1H-
LCAS 

Vil-

V1H -
A 

Vil-

V1H -
w 

Vil-

OE V1H -

Vil -

V10H -
DQ1-DQ9 Viol-

DOw0018 
V10H -

Viol -

•• :::SAMSUNG 
•• Electronics 

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

~ DON'TCARE 
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TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

,__------tRAS---------' 

I:CAS 
V1H -

V1L -

V1H -
A 

V1L -

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H. OE, A=Don't Care 

RAS 
V1H -

VL -

V1H -
OGAS 

V1L -

V1H -
V1L ____ __, 

to FF 

VoH-

PRELIMINARY 
CMOS DRAM 

1~-------0PEN~~~~~--~~~--

VoL-------,.;jlf'"" 

~ DONTCARE 

di SAMSUNG 
•• Electronics 
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TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -

RAS 
V1L -

OCAS 
V1H -

V1L-

V1H -

[GAS 
V1L -

V1H-
A 

V1L-

w V1H-

V1L-

OE 
V1H-

V1L-

D01-D01B 
VoH-

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

•• c:cSAMSUNG 
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PRELIMINARY 
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~ DON'TCARE 
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TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

Vil -

V1H-
ITCAS 

Vil-

V1H-
~ 

Vil-

V1H-
A 

Vil-

READ CYCLE 

V1H-
w 

Vil-

V1H-
OE 

Vil-

WRITE CYCLE 
V1H- ~~~~~~~~~~"'"""""""""~ 

w 

PRELIMINARY 
CMOS DRAM 

Vil -~~~~~~~~~~~~~~~..+--1.-----.::ii~~~~~~~~~ 

DO,-DQ15 VoH--------OPEN------t-o<I 
Vol - l'"---.-...----..-.ir 

tcwl 

READ-MODIFY-WRITE 

V1H-

6E Vil - -----------------++---+-" 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

•• c:cSAMSUNG 
•• Electronics 

302 



KM418C256 

DEVICE OPERATION 
Device Operation 
The KM418C256 contains 4,718,592 memory locations 
arranged in 18 groups of 262, 144X 1 bit each. Eigh
teen address bits are required to address a particular 
memory location. Since the KM418C256 has only 9 ad
dress input pins, time multiplexed addressing is used to 
input 9 row and 9 column addresses. The multiplexing 
is controlled by the timing relationship between the row 
address strobe (RAS), the column address strobe (LCAS, 
UCAS) and the valid row and column address inputs. 

Operation of the KM41 8C256 begins by strobing in a 
valid row address with RAS while LCAS (UCAS) remains 
high. Then the address on the 9 address input pins is 
changed from a row address to a column address and 
is strobed in by LCAS (UCAS). This is the beginning of 
any KM418C256 cycle in which a memory location is 
accessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing rela
tionships. The cycle is terminated when both RAS and 
LCAS (UCAS) have returned to the high state. Another 
cycle can be initiated after RAS remains high long enough 
to satisfy the RAS precharge time (tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM418C256 begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/xCAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran
sition. If xCAS transitions to a low before tRco(max) then 
the access time to valid data is specified by tRAc(min). 
However, if xCAS transitions low after tRco(max) or if the 
column address becomes valid after tRAo(max), access 
is specified by tcAc or tAA· In order to achieve the 
minimum access time, tRAc(min), it is necessary to meet 
both tRco(max) and tRAo(max). 

Write 
The KM418C256 can perform early write, late write and 

•• C:CSAMSUNG 
•• Electronics 

PRELIMINARY 
CMOS DRAM 

read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, LCAS and UCAS. 
In any type of write cycle, Data-in must be valid at or 
before the falling edge of W or xCAS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before XCPS. The 18 Bit wide data at 
the data 1/0 pins is written into the addressed memory 
cells. Throughout the early write cycle the output remains 
in the Hi-Z state. In the early write cycle the output buf
fers remain in the Hi~z state regardless of the state of 
the OE input. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W low after CAS and 
meeting the data sheet read-modify-write timing re
quirements. The OE input must be low during the time 
defined by toEA for data to appear at the outputs. If tcwo 
and tRwo are not met output may contain invalid data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM418C256 DQ pins. 

Data Output 
The KM418C256 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (V1H), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
state in the time specified by tcL.Z after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tcL.Z and before the valid data appears at 
the output. The timing parameters tcAc. tRAC and tAA 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid
den refresh). Each of the KM418C256 operating cycles 
is listed below after the corresponding output state pro
duced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-Before-RAS Refresh, OE con
trolled write. 

Indeterminate Output State: Delayed Write (tcwo or 
tRwo times are not met) 

Refresh 
The data in the KM418C256 is stored as a charge on 
microscopic capacitor within each memory cell. The 
stored charge tends to dissipate over time and will af-
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DEVICE OPERATION (Continued) 

feet data integrity if the charge is not periodically refresh
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (tREF) of 
within ams. There are several ways to accomplish this: 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a.row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 51 2 row address 
(AO-A8). 

GAS-before-RAS Refresh: The KM41 8C256 has CAS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If either LCAS or 
UCAS input is held low for the specified set up time 
(tcsR) before RAS transitions low, the onchip refresh cir
cuitry is enabled. An internal refresh operation 
automatically occurs. The refresh address is supplied by 
the on-chip refresh address counter which is then inter
nally incremented in preparation for the next CAS-before
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending either LCAS or UCAS input active time and 
cycling RAS. The hidden refresh cycle is actually a GAS
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM418G256 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap-

di SAMSUNG 
•• Electronics 

PRELIMINARY 
CMOS DRAM 

plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or GAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM418G256 has Fast page mode capability pro
vides high speed read, write or read-modify-write access 
to all memory locations within a selected row. These 
cycles may be mixed in any order. A fast page mode cy
cle begins with a normal cycle. Then, while RAS is held 
low to maintain the row address, GAS is cycled to strobe 
in additional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. 

CAS-before-RAS Refresh Counter test 
cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. The cycle begins as a GAS-before-RAS 
refresh operation. Then, if GAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through AB are supplied by on chip refresh 
counter. 

Power-Up 
If RAS=Vss during power-up, the KM418G256 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held a valid V1H in order 
to minimize power-up current. 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

1.020(25.91) 

1.030(25.16) 

0 

0 0.004(0.1) 

•• c:cSAMSUNG 
•• Electronics 

0 
C? Ci) 
0 C\J 

ci ci 

iO iO 
0) 0 
(")""' 
ci ci 

PRELIMINARY 
CMOS DRAM 

Units: Inches (millimeters) 

---1 
0.025(0.64) 

MIN 

,,....., N 
~ 

LC) o t::' C? 
~ (") 00 C\J LO 
~ ~ C\J (") ai ai 
LO LO 

ci ci LO LO Ci5" N" co "" (") 

""' 0 0 (") (") 

""' ""' 0 

ci ci ci ci ci ci 

~ ~~ 
J130(3.30) 

0.140 3.56 

0.050(1.27) 

MAX 
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PRELIMINARY 

CMOS DRAM 

512KXB Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KM48C512- 7 70ns 20ns 130ns 

KM48C512- 8 80ns 20ns 150ns 

KM48C51 2-1 0 1 OOns 25ns 180ns 

Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Dual + 5V :!:: 10 % power supply 
• 1024 cycles/16ms refresh 
• JEDEC Standard pinout 
• Available in Plastic SOJ 

FUNCTIONAL BLOCK DIAGRAM 

Control & 
Clocks 

Refresh Control 

Refresh Counter 

Row Address Buffer 

Col. Address Buffer 

Row Decoder 

Memory Array 
524,288X8 

Cells 

Column Decoder 

•• c:cSAMSUNG 
•• Electronics 

The Samsung KM48C51 2 is a CMOS high speed 
524,288 bit X 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as personal computer, graphics and high perfor
mance portable computers. 

The KM48C51 2 features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. GAS-before-RAS refresh capabili
ty provides on-chip auto refresh as an alternative to RAS
only refresh. All inputs and outputs are fully TTL com
patible. 

The KM48C512 is fabricated using Samsung's advanc
ed CMOS process. 

PIN CONFIGURATION (Top Views) 

• KM48C512J 

Data in 
Buffer 

Data out 
Buffer 

D01 
to 

DO a 

Vee 

D01 
D02 
D03 
D04 

N.C 
w 

RAS 
As 
Ao 
A1 
A2 
A3 

Vee 

Pin Name 

Ao-Ag 

D01-8 

Vss 

RAS 

10 28 Vss 

2 27 DO a 
3 26 D01 
4 25 DOs 
5 DOs 

6 CAS 

7 22 OE 
8 21 N.C 
9 20 As 
10 19 A1 

11 18 As 

12 17 As 
13 

0 A4 

14 Vss 

Pin Function 

Address Inputs 

Data In/Out 

Ground 

Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power (+5V) 

N.C . No Connection 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Symbol 

Voltage on Any Pin Relative to Vss V1N. VouT 

Voltage on Vee Supply Relative to Vss Vee 

Storage Temperature Tstg 

Power Dissipation Po 

Short Circuit Output Current las 

PRELIMINARY 
CMOS DRAM 

Rating Units 

-1 to +7.0 v 
-1 to +7.0 v 

-55 to +150 oc 
700 mW 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Unit 

Operating Current* 
KM48C512- 7 lcc1 105 mA 

(RAS and CAS Cycling@ tRc=min) 
KM48C512- 8 90 mA 
KM48C512-10 75 mA 

Standby Current 
lcc2 2 mA 

(RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KM48C512- 7 lcc3 105 mA 

(CAS=V1H. RAS Cycling @ tRc=min) 
KM48C512- 8 90 mA 
KM48C51 2-1 0 75 mA 

Fast Page Mode Current* 
KM48C512- 7 lcc4 85 mA 

(RAS=V1L. CAS, Address Cycling @ tpc=min.) 
KM48C512- 8 75 mA 
KM48C512-10 65 mA 

Standby Current 
Ices 1 mA 

(RAS=CAS=Vcc-0.2V) 

GAS-Before-RAS Refresh Current* 
KM48C512- 7 lcc6 105 mA 

(RAS and CAS Cycling@ tRc=min) 
KM48C512- 8 90 mA 
KM48C51 2-1 0 75 mA 

Standby Current 
lcc1 5 mA 

(RAS=V1H. CAS=V1L Dout=Enable) 

Input Leakage Current (Any input O~V1N~6.5V, 
l1L -10 10 µA 

all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, OV~VouT~5.5V) 

Output High Voltage Level (loH = - 5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4. lcc6 are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Ice is spedified as average current. lcc1, lcc3, lcc6, Address can be changed 
maximum two times while RAS=V1L. lcc4, Address can be changed maximum once while CAS=V1H. 

·-C:C SAMSUNG 
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CAPACITANCE (TA=25°C) 

Parameter Symbol 

Input Capacitance (Ao·Ag) C1N1 

In ut Ca acitance RAS CAS p p w OE c IN2 

Output Capacitance (D01 -DOa) Coo 

Min 

-
-

PRELIMINARY 
CMOS DRAM 

Max Unit 

6 pF 

7 p F 

7 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM48C512·7 KM48C512·8 KM48C512·10 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 130 150 180 ns 

Read-modify-write cycle time tRWC 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 11 

Access time from CAS tcAC 20 20 '25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold time referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold time referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 10 10 20 ns 

Write command to RAS lead time tRWI 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 

de SAMSUNG 
u Electronics 
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AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V± 10%, See notes 1,2) 

KM48C512-7 KM48C512·8 KM48C512·10 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Data-in hold time referenced to RAS to HR 55 60 75 ns 6 

Refresh period ( 1 024 cycles) tREF 16 16 16 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 50 50 60 ns 8 

RAS to W delay time tRWD 100 110 135 ns 8 

Column address to W delay time tAWD 65 70 85 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

CAS hold time (GAS-before-RAS refresh) tcHR 20 25 30 ns 

RAS precharge to CAS hold time tRPC 10 10 10 ns 

CAS precharge time (C-B-R counter test cycle) tcPT 35 40 50 ns 

Access time from CAS precharge tcPA 40 45 50 ns 3 

Fast page mode cycle time tpc 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 100 105 120 ns 

RAS pulse width (Fast page mode) tRASP 70 100K 80 100K 100 100K ns 

RAS hold time from CAS precharge tRHCP 40 45 50 ns 

CAS precharge time (Fast page mode) tcp 10 10 10 ns 

RAS hold time referenced to OE tROH 20 20 20 ns 

OE access time to EA 20 20 25 ns 

OE to data delay to ED 20 20 25 ns 

Output buffer turn off delay time from OE toEZ 0 20 0 20 0 25 ns 

OE command hold time to EH 20 20 25 ns 

•• c:cSAMSUNG 
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1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 
cycle 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 V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 
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. 
5. Assumes that tRco~tRco(max). 
6. tAR, twcR. toHR are referenced to tRAo(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH 

to VoL. 
8. twcs. tRwo. tcwo and tAwo are non restrictive operating parameters. They are included in the data sheet as elec

tric 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), tRwo~tRwo(min) and tAwo~tAwo(min), then the cy
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or rRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 

read-write cycles. 
11. Operation within the tRAo(max) limit insures that tRAc(max) can be met. tRAo(max) is specified as a reference 

point ony. If tRAD is greater than the specified tRAo(max) limit, then access time is controlled by tAA· 

TIMING DIAGRAMS 

READ CYCLE 

RAS 

CAS 

A 

DQ,-DQ8 
VoH- -------
VoL-

•• :::SAMSUNG 
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TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

A 

w 

V1H- ?iJ'.~~~l~~;:f"''""'"\ 

V1L - ./:){..:io£:~'i::f..Y-l~~~ 

V1H- °7m:7'0"l~~~~m7~~ 

V1L- C£.'i::Jl,.~~~QOC£Jp!:.'/::£:J*'--~-~--.:i~~'/::l.'£::J.~'::l:::/..':/;:t.~~C:ati,l::J.~~~./::J..~~6/:Jt:J::i 

V1H- 'lV"'i/V'~'if'Y'Yil"V'iTV~'V'l'iv-ilVV'fl'V';i~'f"il"-,~70"i:~'V"9'V'l\7"\7"i'TV".'?VV'iJ'V'i:l'V"l~rl\JV'i1'V'O'V"i""1-\ffJ~~ 

V1L- ~~':J::::J.~~D,l.'>/:i,.~Cl/::i/Jl.'il:J..~~~Dt,6C::l:Jl:::tJr:t:i,.~~/:::,6C:J:::,.,b,l.~~~J::J.":J:J.~~~J;:;l,~~Ab, 

WRITE CYCLE (OE CONTROLLED WRITE) 
.___----------tRc-------------1 

f--------- IRAS---------' 

CAS 

V1H- .....,......,....,." i,-------.1 ,,._ i,......__......_ _ __.",r:Jfi]~ir::it'i~~~ri'J~~~""""'~"f'\1'.~\'7!:7\ 
A 

V1L - ~W::J,~JI ~---"'1 

V1H- '70m;~?'t?l:7'\!'!;'7't'm:irn~~mrt7't:~O"t7m.
w 

v1L - J;;:;,,/,.~:l.Q.a,Q>l::J,,L),,O,l~~.Di.l,~~Q,Q,t::J.C.~~~---~~::i.o..io.o,C;;;C.~~~{:)lj./:;£.~~~./Jt.~lOia 

V1H-7\70°0~7rn7\1-i?U'O'\':~?'O'l~±'-----t-t--""'*~~i?Ui'{'7tmit'~lKJ't7't~~~~~~"1f70'C'.1~ 

V1L - ll/J.t::J.~~{j,/Jtl:;,/;.~~~(.Y 

V1H-

V1L- ----

~DON'T CARE 

c8SAMSUNG 
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TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

RAS 

A 

w 

oa,-oaa 

-------------- tRwc--- ·· --·-·· - --··· ·-··· 
t-------------tRAS------------1 

····-··- lAR-----; 

- tcsH-- -------------1 

·---+--t-------- IRSH ______ ---

V1H- \?t'.:~:7"\'.?~~0\,~7f:!t7t~7\Ju'trv\. 

V1L - .)Q.i~.IJJ.~~t.Q,C~~~~~~:l.C..l~-.+--J 

V110H - ------------+--..... V\AI V110L -

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

A 

w V1H- '°"1'\/'t?t~~ti'.'""'t..._"1"" ____ -t-:rtn.....,t-------tJ,r"t!'7t"i~t---------t-t-"""t7':1~"7!"' 
V1L- .x.ll~~~QI 

V1H- ""~0"7""'~°'"""""'""7\ 
OE 

V1L - ~~~'tpil.~/l&.~~P'lQ.-+--~~~o,,Q,~Q..-4-L(l.QO.A.t!~~~~-+...J.~0,,0~ir,Oo0i0AJ.~~ 

D01·DOs 

~DON'T CARE 

c8SAMSUNG 
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TIMING DIAGRAMS (Continued> 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS 

~~-------1 ------------IRASP--

~IAR===i 

A 

w 

DQ1-D0s 

FAST PAGE MODE READ-MODIFY-WRITE 

PRELIMINARY 
CMOS DRAM 

rt= -----IRAsp---- ----------

. --=------,C-S-H::::::::-~~~~~-l-pR_W_C~~---_-__ --1J.lt-----t-R-SH---rl----'1 Ji RAS 

ICAP 

CAS 

A 

w 

DQ,-DOs 

~DON'TCARE 

ciSSAMSUNG 
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TIMING DIAGRAMS (Continued) 

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

!--------------IRc----

l\.f--------IRAS------
RAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

PRELIMINARY 
CMOS DRAM 

f----------tRc-·------------1 

RAS <------------ IRAS1----------!JI 

f------ ICHR----

CAS 

V110H -

D01-DOa y 110L _ ____ , 
~DON'TCARE 

c8SAMSUNG 
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TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H-
RAS 

V1L-

V1H-

V1L-

V1H-
A 

V1L-

V1H-
w 

V1L-

V1H-
OE 

V1L-

HIDDEN REFRESH CYCLE (WRITE) 

RAS 

V1H-
CAS 

V1L-

V1H-
A 

V1L-

w V1H-

V1L-

V1H-
OE 

V1L-

V1H-
D01·DOa 

V1L-

c8SAMSUNG 
S:lo,.+rl'U'lli,..,. 

VALID DATA-OUT 
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TIMING DIAGRAMS (Continued) 

CAS-BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L-

V1H-

CAS 
V1L-

V1H-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-

OE 
V1L-

D01-DOs 
VoH-

OPEN 
VoL-

WRITE CYCLE - - 1RWL 

V1H-

w 
V1L-

V1H-

OE: 
V1L-

V1H-

D01-DOs 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

V110H-
D01-DOs 

V110L-

c8SAMSUNG 
S:IArtrnnirQ 

PRELIMINARY 
CMOS DRAM 
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DEVICE OPERATION 
Device Operation 
The KM48C512 contains 4, 194,304 memory locations 
arranged in 8 groups of 524,288X 1 bit each. Twentyad
dress bits are required to address a particular memory 
location. Since the KM48C51 2 has only 10 address in
put pins, time multiplexed addressing is used to input 1 0 
row and 9 column addresses. The multiplexing is con
trolled by the timing relationship between the row address 
strobe (RAS), the column address strobe (CAS) and the 
valid row and column address inputs. 

Operation of the KM48C51 2 begins by strobing in a valid 
row address with RAS while CAS remains high. Then the 
address on the 1 0 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM48C512 cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re
mains high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM48C51 2 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran
sition. If CAS transitions to a low before tRco(max) then 
the access time to valid data is specified by tRAc(min). 
However, if CAS transitions low after tRco(max) or if the 
column address becomes valid after tRAo(max), access 
is specified by tcAc or tAA· In order to achieve the 
minimum access time, tRAc(min), it is necessary to meet 
both tRco(max) and tRAo(max). 

Write 
The KM48C512 can perform early write, late write and 

... 
C:CSAMSUNG 
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read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, CAS. In any type 
of write cycle, Data-in must be valid at or before the fall
ing edge of W or CAS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The 8-bit wide data at the data 
1/0 pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W low after CAS and 
meeting the data sheet read-modify-write timing re
quirements. The OE input must be low during the time 
defined by toEA for data to appear at the outputs. If tcwo 
and tRwo are not met output may contain invalid data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM48C512 DO pins. 

Data Output 
The KM48C512 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (V1H), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
state in the time specified by tcLZ after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tcLZ and before the valid data appears at 
the output. The timing parameters tcAc, tRAC and tAA 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid
den refresh). Each of the KM48C512 operating cycles 
is listed below after the corresponding output state pro
duced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-Before-RAS Refresh, OE con
trolled write, GAS-only cycle. 

Indeterminate Output State: Delayed Write (tcwo or 
tRwo times are not met) 

Refresh 
The data in the KM48C51 2 is stored as a charge on 
microscopic capacitor within each memory cell. The 
stored charge tends to dissipate over time and will af-
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DEVICE OPERATION (Continued) 

feet data integrity if the charge is not periodically refresh
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (tREF) of 
within 16ms. There are several ways to accomplish this: 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 1024 row address 
(AO-A9). 

GAS-before-RAS Refresh: The KM48C51 2 has CAS
before-RAS on-chip refresh ca.pability that eliminates the 
need for external refresh addresses. If either CAS input 
is held low for the specified set up time (tesR) before 
RAS transitions low, the onchip refresh circuitry is enabl
ed. An internal refresh operation automatically occurs. 
The refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending either input active time and cycling RAS. 
The hidden refresh cycle is actually a CAS-before-RAS 
refresh cycle within an extended read cycle. The refresh 
row address is provided by the on-chip refresh address 
counter. 

Other Refresh Methods: It is also possible to refresh the 
KM48C512 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap
plications in which it might be advantageous to perform 

•• :::SAMSUNG 
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refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM48C51 2 has Fast page mode capability provides 
high speed read, write or read-modify-write access to 
all memory locations within a selected row. These cycles 
may be mixed in any order. A fast page mode cycle 
begins with a normal cycle. Then, while RAS is held low 
to maintain the row address, CAS is cycled to strobe in 
additional column addresses. This eliminates the time re
quired to set up and strobe sequential row addresses 
for the same page. 

CAS-before-RAS Refresh Counter test 
cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. The cycle begins as a GAS-before-RAS 
refresh operation. Then, if CAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through A9 are supplied by on chip refresh 
counter. 

Power-Up 
If RAS=Vss during power-up, the KM48C512 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held a valid V1H in order 
to minimize power-up current. 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

lol o.o04(0.11I 

0 

0.016(0.41 i 11 

0.020(0.51)--j r-

0.720(18.29) 

0. 730(18.54) 

TYP 

0.026(0.66) 

0.032(0.81) 
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0 

0.050(1.27) 

MAX 

PRELIMINARY 
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Units: Inches (millimeters) 

0.027(0.69) 

MIN 

~-+------~ 

,-911--~ 

;:::- i?" '° 0 
0 0 C\I '° ~ ~ 
C\I (') oi oi ~ ~ 

ci ci li5" li5" li5" li5" 00 C\I <O r-- (') '<t 
0 0 

(') (') 
'<t '<t 

0 ci ci ci ci ci ci 

I..._ 1--'~n, ---1---._ 

1140(3.56) 

0.148(3. 76) 
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512KX9 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAc tRc 

KM49C512- 7 70ns 20ns 130ns 

KM49C512- 8 80ns 20ns 150ns 

KM49C512-10 100ns 25ns 180ns 

Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Dual + 5V :t 10 % power supply 
• 1024 cycles/16ms refresh 
• JEDEC Standard pinout 
• Available in Plastic SOJ 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control 

~Vee Clocks 
w Vss 

r 

Refresh Control Row Decoder 

Q 

Refresh Counter oil 

Memory Array (/) 

a. 
524,288X9 E 

<( 
Cells Q) 

Row Address Buffer (/) 

Ao c: 
Q) 

: (/) 

Ag Col. Address Buffer Column Decoder 

•• :::SAMSUNG 
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The Samsung KM49C512 is a CMOS high speed 
524,288 bit X 9 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as personal computer, graphics and high perfor
mance portable computers. 

The KM49C512 features Fast Page Mode operation 
which allows high speed random access of memory cells 
within the same row. GAS-before-RAS refresh capabili
ty provides on-chip auto refresh as an alternative to RAS
only refresh. All inputs and outputs are fully TTL com
patible. 

The KM49C51 2 is fabricated using Samsung's advanc
ed CMOS process. 

PIN CONFIGURATION (Top Views) 

Data in 
Buffer 

Data out 
Buffer 

DO, 
to 

DQg 

Vee 
DO, 
D02 
DQ3 
DQ4 
DOs 

w 
RAS 

Ag 
Ao 
A, 

A2 
A3 

Vee 

Pin Name 

Ao-Ag 

D01-9 

Vss 

RAS 

CAS 

w 
OE 

Vee 

N.C . 

• KM49C512J 

10 28 Vss 
2 27 DQ9 
3 26 DOe 
4 25 DO, 
5 24 DOe 

6 CAS 
7 5E 
8 21 N.C 
9 20 Ae 

10 19 A, 

11 18 Ae 
12 As 
13 A4 
14 0 Vss 

Pin Function 

Address Inputs 

Data In/Out 

Ground 

Row Address Strobe 

Column Address Strobe 

Read/Write Input 

Data Output Enable 

Power (+5V) 

No Connection 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss 

I 

V1N, VouT -1 to +7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1 to +7.0 v 
Storage Temperature -55 to +150 oc 

r----
Tstg 

I Power Dissipation Po 700 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 1 Input Low Voltage V1L -1.0 - 0.8 v 

DC AND OPERA TING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Unit 

Operating Current* 
KM49C512- 7 lcc1 110 mA 

(RAS and CAS Cycling@ tRc=min) 
KM49C512- 8 95 mA 

I Standby Current 

KM49C512-10 80 mA 

lcc2 2 mA 
URAS~CAS~ V1H) 

RAS-Only Refresh Current* 
KM49C512- 7 lcc3 110 mA 

CAS=V1H, RAS Cycling @ tRc=min) 
KM49C512- 8 95 mA 
KM49C512-10 80 mA 

I Fast Page Mode Current* 
KM49C512-' 7 lcc4 85 mA 

! (RAS=V1L, CAS, Address Cycling @ tpc=min.) 
KM49C512- 8 75 mA 
KM49C512-10 65 mA 

-·-·--··---·---

Standby Current 
Ices 1 mA 

(RAS=CAS=Vcc-0.2V) 

GAS-Before-RAS Refresh Current* 
KM49C512- 7 Ices 110 mA 

(RAS and CAS Cycling@ tRc=min) 
KM49C512- 8 95 mA 
KM49C512-10 80 mA 

Standby Current 
Ice? 5 mA 

(RAS=V1H, CAS=V1L Dout=Enable) 

Input Leakage Current (Any input O<V1N<6.5V, 
hL -10 10 µA 

all other pins not under test=O volts.) 
--- --·-·-·-·-·-·-·· -- - ·-·---·-·------·- --·----·-·--·-

I 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, OV<Vour<5.5V) 
--

~tput High Voltage Level (loH~-5mA) VoH 2.4 - v 
utput Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4, lcc6 are dependent on output loading and cycle rates. Specified value are obtained 
with the output open. Ice is spedified as average current. lcc1, lcc3, lcc6, Address can be changed 
maximum two times while RAS=V1L, lcc4, Address can be changed maximum once while CAS=V1H-

·-C:C SAMSUNG 
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CAPACITANCE (TA=25°C) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-Ae) C1N1 - 6 pF 

Input Ca acitance RAS, GAS, W, OE C1N2 - 7 F r--~~p~~~~~~~~--+~~~-t--~~---+-~~-+--~ 
Output Capacitance (D01 -DOe) Coo 7 pF I 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KM49C512·7 KM49C512·8 KM49C512·10 
Parameter Symbol 1------.---+-----.---+--~-------4 Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time _______ ~t_RC_~_1_3_0+----~1_5_0+-------1-1_8_0+-------1--n_s---1---~ 

Read-modify-write cycle time -----+-tRwc 185 205 245 ns 

Access time from RAS tRAC 70 80 100 ns 3,4, 11 
1--------------------+---~-----+--+--------+--+---------+--+----+-------+___:_---'-------j 

Access time from GAS tcAc 20 20 25 ns 3,4,5 
1--------------------------------+----+--+----+--+----+--+-----+---+-----i 
Access time from column address tAA 35 40 45 ns 3, 11 

---------------+-------+-----+--------1------1-------+---+----+----+-----
CAS to output in Low-Z tcLZ 5 5 5 ns 3 

~O_u_t_pu_t_b_u_f_fe_r_t_u_rn_-o_f_f_d_e_la~y ________ -+-__ to_F_F_1--__ o_+-__ 1_5+--_0+-__ 1_5-+-_0+--__ 2_0-+-_ns_+---_7---1 

rT_ra_n_s_it_io_n __ t_im_e_(_ris_e_a_nd_fa_l_l) ____________ t_T __ ----+ __ 3-1--__ 5_0----+-_3-1--__ 5_0--+--_3-1--__ 5_0_~ __ n_s---1-__ 2~ 

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 '. 0,0~~- 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

GAS hold time tcsH 70 80 100 ns 
---+--+----+--+----+--+----+--f----~ 

GAS pulse width tcA_S __ _,___2_0---+----10,000 20 10,000 25 10,000 ns 
f--- - --

RAS to CAS delay time tRCD 20 50 20 60 25 
1----------"------------------------'-------"---+-----l---+--·---+--+-----+---+----i 

75 ns 4 

RAS to column address delay time tRAD ---+--~~ 35 15 40 20 50 ns 11 

GAS to RAS precharg __ e_ti_m_e ________________ -+-tcRP 5 5 ----+--1 0 ns 
----+---- -----

Row address set-up time tAsR 0 0 0 ns 

~R_o_w_a_d_dr_e_s_s_h_o_ld_ti_m_e _________ +--tR_A_H_-+--1_0----+-----~-1_0_---+-----+-15 ns 

Column address set-up time ------------+--t_As_c_--+--_o_,_ __ _____,____o----+------ _____ O ns 

Column address hold time tcAH 1 5 1 5 20 ns 
f-----------------------+------1----!--------i----+------+----+------+--+----
Column address hold time referenced to RAS tAR 5 __ 5---+-------'--6_0-+-----1--7_5_j__ ___ ---+--_n_s--+----6 __ _ 

!

Column Address to RAS lead time 

1 

tRAL 35 40 50 ns 

~·R_e_a_d_c_o_m_m_a_nd_s_e_t-_up:___ti_m_e _______ -+-· _tR~c~s_-+t-_--~-~l __ --+ __ O~-----'---~ ~~-J 
~IR_e_a_d_c_o __ m_m_a_n_d_h_o_ld_ti_m_e_r_e_fe_r_en_c_e_d_t_o_C_A_S_~l_t_R_c_H___,l __ o+--___ l __ o-+-----+-1 _o-+---~l_ns __ +--_9~1 
Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 1 5 1 5 20 ns 

Write command hold time referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 10 10 20 ns 
I-----------'---------------+----+--+----+----+- j------

W rite command to RAS lead time tRw1 20 20 25 ns 

Write command to GAS lead time tcwL 20 =ho 25 T_s _ _,_ __ _ 

~D_a_ta_-_in_se_t_-u~p_tim_e __________ -+-_to_s_---1-_
1
_0

5
----1---- --'4---

5 
--1----':i_+-

2
°
0 

---=-- nnss_-~_1_1_c:>__0 ~ 
Data-in hold time toH 5 I 20 I I 
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AC CHARACTERISTICS (0°C~Ta~7occ. Vcc=5.0V± 10%, See notes 1,2) 

KM49C512·7 KM49C512·8 KM49C512·10 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Data-in hold time referenced to RAS to HR 55 60 75 ns 6 
!---------
Refresh period ( 1 024 cycles) tREF 16 16 16 ms 

Write command set-up time twcs 0 0 0 ns 8 
r-----·-
CAS to W delay time tcwo 50 50 60 ns 8 

RAS to W delay time tRWD 100 110 135 ns 8 

Column address to W delay time tAWD 65 70 85 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

CAS hold time (GAS-before-RAS refresh) kHR 20 25 30 ns 

RAS precharge to CAS hold time tRPC 10 10 10 ns 

CAS precharge time (C-B-R counter test cycle) tcpr 35 40 50 ns 

Access time from CAS precharge tcPA 40 45 50 ns 3 

Fast page mode cycle time tpc 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 100 105 120 ns 

RAS pulse width (Fast page mode) tRASP 70 100K 80 100K 100 100K ns 

RAS hold time from CAS precharge tRHCP 40 45 50 ns 

CAS precharge time (Fast page mode) tcp 10 10 10 ns 

RAS hold time referenced to OE tRQH 20 20 20 ns 

OE access time to EA 20 20 25 ns 

OE to data delay torn 20 20 25 ns 

Output buffer turn off delay time from OE toEz 0 20 0 20 0 25 ns 

OE command hold time toEH 20 20 25 ns 
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NOTES 

PRELIMINARY 
CMOS DRAM 

1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 
cycle before proper device operation is achieved. 

2. ViH(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are measured 
between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 
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. 
5. Assumes that tRco;;?;tRco(max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH 

to VoL. 
8. twcs, tRwo, tcwo and tAwo are non restrictive operating parameters. They are included in the data sheet as elec

tric 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), tRwo;;?;tRwo(min) and tAwo~tAwo(min), then the cy
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or rRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 

read-write cycles. 
11 . Operation within the tRAo(max) limit insures that tRAc(max) can be met. tRAo(max) is specified as a reference 

point any. If tRAD is greater than the specified tRAo(max) limit, then access time is controlled by tAA. 

TIMING DIAGRAMS 

READ CYCLE 

RAS 

GAS 

A 

DQ,-DQg VoH- -------OPEN--.....,----ci 
Vol-

'"' :::SAMSUNG 
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TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

V1H-
RAS 

V1L-

V1H-
GAS 

V1L-

A 
V1H-

V1L-

w V1H-

V1L-

V1H-

V1L-

V1H-

DQ,-DQ9 V1L- ----------< ------
WRITE CYCLE (OE CONTROLLED WRITE) 

PRELIMINARY 
CMOS DRAM 

-----tRc------------
----- IRAS-------< 

GAS 

A 

w 

V1H-

DQ,-009 
V1L- ----J 

~DON'T GARE 
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TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

--------·----------- tRwc-- ---

PRELIMINARY 
CMOS DRAM 

-- --------- tRAS---------------4 

RAS 

- tcsH--- ---- -----

A 

w V1H- ----...... ----1----+..-..,....----------i 
V1L-

V1H- ~~r7"~'it:J~~?O't'7r:l!:?l~m7U\ 
OE 

V1L - ~Q..tl~~i.Q.j:.l.a.a..l.~D.i.~~.DJ.~i.:J/.~-1--J 

f- --
DQ 1 -0Qg 

V110H -

------------+---ell~~ V110L -

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 

w V1H- ""'1':/~~:Aj'tt-t..i..-t------t-tbi,..i..t'------tl1r'tt7'°1,.+.~:.:,;,;;:..... __ -f-+--i""~~~ 
V1L- .¥.liW:Woi~~ 

V1H- X'71:'1'r'l'~~~"""rnl""l7'l°'i"°"' 
OE 

V1L- ~~aiQ~::a.Q.IJl:.f.&M:M:l~Q.--t---~~~M¥Q..-.+4~.U~~00~...,4....J.~~~1,Al::,,6lJ~!J 

DQ 1-DQ9 

~DON'T CARE 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) tRP 

RAS ~-!><-----~~--- ----- _,,,,, ____ ~ 
I ~ -IRSH- ~ 
I ----~--

tcRP I 

r-- --i -

t ct s -

A 

w 

tRAD 'I ' . I l I ' I 

'
- ~_, f-t litcwL-;-_--: ~sJ-ti=_' tcwL~ twcs~---tt-ccwL-j_ I, 

twcs _J Lf-twcH --j ! \ ~ n-c:=tRwL 

-~_..,.....,_.,,...,...,...,.: _! -- ~ !ffi'XmH: ~-11 :WCH Jlt"T""ll"'ll""'ll'~ ....... ~ Ttwp-~twp ~~I: twp lflllll!lf//l; 

~~OHR~ tos I : tos I I loH 
p--c ~ 

~~7\J!;i"\.7V'\r-~v7A~Ll~D--~cAJ'0"\:~7\--r-~~--'""\-fV,'J'IJt'ro~~~_._ ....... __ ~."7\.~7\'J\A.J"\'?l'.7\J\A.'f\7 
DATA-IN 

FAST PAGE MODE READ-MODIFY-WRITE 

~-----------------------------------IR-A-SP----~------.... l~---~~~~~~~~~---------~I ! 

t------- -lcsH------ ------IPRWc----- r-- -IRSH-----1 j 
ICRP 

RAS 

CAS 

A 

w 

OE 

~DON'TCARE 
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TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

RAS 

GAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

PRELIMINARY 
CMOS DRAM 

1----------tRC- ----------------

CAS 

IRPC~ I 

:::= ___r{:_I ----~---~---t-CH-R--------------1.....ly,_-------

,._~---------OPEN-------------

- - IRAS-------------------------

DQ 1-D0e 

~DON'TCARE 
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TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
1--------IRC ------_...-------tRC------_, 

f------IRAS ___ _____, '------IRAS -----1 

RAS 

tcHR 

V1H-
GAS 

V1L-

V1H-
A 

V1L-

V1H-
w 

V1L-

V1H-

OE 
V1L-

DQ 1-DQg 

tcAC 

VVooHL_--~~...i.~~--~tR-A~O~~~~~~~~~~~~---t:~_to-EZ-~.......,,-to_F_F~~~~~~~ 
~ VALID DATA-OUT J 

HIDDEN REFRESH CYCLE (WRITE) 
f--- - IRC -------'---- ---- lRc------------- ---j 

---IRAS ---- lRP--j 

RAS '------- lRAS------j 

lCHR 

GAS 

A 

w 

OE 

V1H
DQ1 -DQ9 

V1L- ~~~~fl\.~~~~~~~~~ ~~~~~~"-¥...M..l~u.t.~~~~~~'-M.i..:~~~'-lt. 

c8SAMSUNG 
i:"l ... rtrnnir<> 
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TIMING DIAGRAMS (Continued) 

CAS.BEFORE·RAS REFRESH COUNTER TEST CYCLE 

RAS 

CAS 

A 

READ CYCLE 

w 

OE 

VoH-
-------OPEN--------'"'11J1&1 

VOL-

WRITE CYCLE 

VtH-

w 
V1L-

V1H-

6E 
V1L-

DQ1-D0g 
V110H-

V110L-

=8~SUNG 

VALID ~ 
DATA-OUT 

PRELIMINARY 
CMOS DRAM 

~DON'T CARE 
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DEVICE OPERATION 
Device Operation 
The KM49C512 contains 4, 718,592 memory locations 
arranged in 9 groups of 524,288X 1 bit each. Twentyad
dress bits are required to address a particular memory 
location. Since the KM49C512 has only 10 address in
put pins, time multiplexed addressing is used to input 1 0 
row and 1 O column addresses. The multiplexing is con
trolled by the timing relationship between the row address 
strobe (RAS), the column address strobe (CAS) and the 
valid row and column address inputs. 

Operation of the KM49C51 2 begins by strobing in a valid 
row address with RAS while CAS remains high. Then the 
address on the 1 0 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM49C512 cycle in 
which a memory location is accessed. The specific type 
of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re
mains high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM49C512 begin a complex sequence of events. If the 
sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. Additionally the access time also depends on the 
falling edge of CAS and on the valid column address tran
sition. If CAS transitions to a low before tRco(max) then 
the access time to valid data is specified by tRAc(min). 
However, if CAS transitions low after tRco(max) or if the 
column address becomes valid after tRAo(max), access 
is specified by tcAc or tAA· In order to achieve the 
minimum access time, tRAc(min), it is necessary to meet 
both tRco(max) and tRAo(max). 

Write 
The KM49C512 can perform early write, late write and 

•• :::SAMSUNG 
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CMOS DRAM 

read-modify-write cycles. The difference between these 
cycles is in the state of data-out and is determined by 
the timing relationship between W, OE, CAS. In any type 
of write cycle, Data-in must be valid at or before the fall
ing edge of W or CAS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The 9-bit wide data at the data 
1/0 pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain in the Hi-Z state regardless of the state of the OE 
input. 

Read-Modify-Write: In this cycle, valid data from the ad
dressed cells appears at the output before and during 
the time that data is being written into the same cells. 
This cycle is achieved by bringin W low after CAS and 
meeting the data sheet read-modify-write timing re
quirements. The OE input must be low during the time 
defined by toEA for data to appear at the outputs. If tcwo 
and tRwo are not met output may contain invalid data. 
Conforming to the OE timing requirements prevents bus 
contention on the KM49C512 DQ pins. 

Data Output 
The KM49C51 2 has a three-state output buffers which 
are controlled by CAS and OE. Whenever either CAS or 
OE is high (V1H), the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears at 
the outputs, the outputs enter into the low impedance 
state in the time specified by tcLZ after the falling edge 
of CAS. Invalid data may be present at the output during 
the time after tcLZ and before the valid data appears at 
the output. The timing parameters tcAc. tRAC and tAA 
specify when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid
den refresh). Each of the KM49C512 operating cycles 
is listed below after the corresponding output state pro
duced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read
Modify-Write. 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-Before-RAS Refresh, OE con
trolled write, CAS-only cycle. 

Indeterminate Output State: Delayed Write (tcwo or 
tRwo times are not met) 

Refresh 
The data in the KM49C512 is stored as a charge on 
microscopic capacitor within each memory cell. The 
stored charge tends to dissipate over time and will at-
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DEVICE OPERATION (Continued) 

feet data integrity if the charge is not periodically refresh
ed. Refresh of the individual storage cells is accomplished 
by accessing all rows within the refresh period (tREF) of 
within 16ms. There are several ways to accomplish this: 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 1 024 row address 
(AO-A9). 

GAS-before-RAS Refresh: The KM49C512 has CAS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If either CAS input 
is held low for the specified set up time (tcsR) before 
RAS transitions low, the onchip refresh circuitry is enabl
ed. An internal refresh operation automatically occurs. 
The refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending either input active time and cycling RAS. 
The hidden refresh cycle is actually a GAS-before-RAS 
refresh cycle within an extended read cycle. The refresh 
row address is provided by the on-chip refresh address 
counter. 

Other Refresh Methods: It is also possible to refresh the 
KM49C51 2 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in the 
row are automatically refreshed. There are certain ap
plications in which it might be advantageous to perform 
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refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

Fast Page Mode 
The KM49C51 2 has Fast page mode capability provides 
high speed read, write or read-modify-write access to 
all memory locations within a selected row. These cycles 
may be mixed in any order. A fast page mode cycle 
begins with a normal cycle. Then, while RAS is held low 
to maintain the row address, CAS is cycled to strobe in 
additional column addresses. This eliminates the time re
quired to set up and strobe sequential row addresses 
for the same page. 

CAS-before-RAS Refresh Counter test 
cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of veri
fying the functionality of the GAS-before-RAS refresh ac
tivated circuitry. The cycle begins as a GAS-before-RAS 
refresh operation. Then, if CAS is asserted high and then 
low again while RAS is asserted low, the read and write 
operations are enabled. In this method, the row address 
bits AO through A9 are supplied by on chip refresh 
counter. 

Power-Up 
If RAS=Vss during power-up, the KM49C512 could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is recommended that RAS and CAS track 
with Vee during power-up or be held a valid V1H in order 
to minimize power-up current. 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

lo I o 004(0 1) I 
0016(041) 11 

0 020(0 51t-i i-- TYP 

0 026(0.66) 

0.032(0 81) 

0 
cry- m 
0 N 
c:i c:i 

LO LO 
(J) 0 
C') "<!" 

c:i c:i 
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CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

~ cry-
0 0 N l{) 

N C') oi oi 
0 0 LO LO 

'° C\i <O ,.._ 
0 0 

C') C') 

0 c:i c:i 
c:i c:i 

0. 140(3.56) 

0.148(3. 76) 

ii) 0 
0 C') 
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C') "<!" 
"<!" "<!" 

c:i c:i 
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KMM581000AN DRAM MODULES 

1MXB DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KMM581 OOOAN- 7 70ns 20ns 130ns 

KMM581 OOOAN- 8 80ns 20ns 150ns 

KMM581 OOOAN-1 0 100ns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-~ refresh capability 
• RAS-Only and Hidden refresh capability 
• TTL compatible inputs and outputs 
• Single + SV ± 10 % power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 

FUNCTIONAL BLOCK DIAGRAM 

RAS OOo 

CAS 001 

w 1Mx4 002 

Ao.9 
BE 

OOa 

004 

005 

1Mx4 OOs 

007 
5E 

Vss 

Pin Name 

Ao-Ag 
f-

DOo-1 

w 
RAS 

CAS 

Vee 

Vss 

N.C. 
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The Samsung KMM581 OOOAN is a 1 M bit X 8 Dynamic 
RAM high density memory module. The Samsung 
KMM581 OOOAN consist of two 4M bit DRAMs 
(KM44C1 OOOAJ - 1 MX4) in 20-pin SOJ package 
mounted on a 30-pin glass-epoxy substrate. A 0.22µF 
decoupling capacitor is mounted for each DRAM. 

The KMM581 OOOAN is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
30-pin edge connector sockets. 

PIN CONFIGURATIONS 

Vee DJ 0 
CAS w 
OOo [I] 

Ao [}] 

D Al [I] 
001 []] 

A2 0 
Aa [!] 

Vss [!] 
002 [IQ] 

A4 IT] 
As ~ 

D 
OOa ~ 

As G] 
A7 [ill 

004 §] 
As l!?J 
Ag [ID 

Pin Function 
NC ITE 

005 ~ 
Address Inputs 

Data In/Out 

w ~ 
Vss ~ 

OOs ~ 
Read/Write Input NC @11 

Row Address Strobe 

Column Address Strobe 

007 ~ 
NC ~ 

RAS ~ 
Power (+SV) 

Ground 

No connection 

NC ~ 
NC ~ 

Vee §] 
0 
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KMM581000AN DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, 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 oc 
Power Dissipation Po 1.2 w 
Short Circuit Output Current las 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KMM581 OOOAN- 7 - 210 mA 

(RAS, CAS, Address Cycling@ tRc=min.) 
KMM581 OOOAN- 8 lcc1 - 190 mA 
KMM581OOOAN-10 - 170 mA 

Standby Current 
lcc2 - 4 mA 

(RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM581 OOOAN- 7 - 210 mA 

(CAS=V1H, RAS Cycling@ tRc=min) 
KMM581 OOOAN- 8 lcc3 - 190 mA 
KMM581OOOAN-10 - 170 mA 

Fast Page Mode Current* 
KMM581000AN- 7 - 160 mA 

(RAS=V1L. CAS Cycling: tpc=min.) 
KMM581 OOOAN- 8 lcc4 - 140 mA 
KMM581OOOAN-10 - 120 mA 

Standby Current 
lcc5 - 2 mA 

(RAS= GAS= Vcc-0. 2V) 

GAS-Before-RAS Refresh Current* 
KMM581 OOOAN- 7 - 210 mA 

(RAS and GAS Cycling @ tRc=min.) 
KMM581 OOOAN- 8 lcc6 - 190 mA 
KMM581OOOAN-10 - 170 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
liL -20 20 µA 

all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. 
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CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao·Ag, RAS, CAS, W) C1N1 - 25 pF 

Input/Output Capacitance (D00-DQ7) Coo - 15 pF 

AC CHARACTERISTICS (0°C-=:;;Ta-=:;;70°c, Vcc=5.0V±10%, See notes 1,2) 

KMM581 OOOAN-7 KMM581 OOOAN-8 KMM581000AN-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns 

Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 • CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 

Data-in hold referenced to RAS to HR 55 60 75 ns 6 
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KMM581000AN DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM581000AN·7 KMM581000AN·8 KMM581000AN·10 
Standard Operation Symbol 

Min 

Refresh period tREF 

Write command set-up time twcs 

CAS set-up time (G-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) tcHR 

RAS precharge to CAS hold time tRPC 

Access time from CAS precharge tcPA 

Fast page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) tRASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C-B-R refresh) twRH 

CAS precharge (G-B-R counter test) tcPT 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing· timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 is greater than the 
specified tRcD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco~tRCD(max)· 
6. tAR, twcR. toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
referenced to VoH or VoL-

ex SAMSUNG 
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0 

10 

20 

10 

45 

50 

10 

70 

10 

10 

35 

Unit Notes 
Max Min Max Min Max 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs~twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA· 
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KMM581000AN 

TIMING DIAGRAMS 
READ CYCLE 

A 

DQ 

A 

w 

DQ 

VoH
VoL-

ICAP 

ICAP 

DRAM MODULES 

t-----------IRAS---------1 

i---------tcsH-------1 

,___ ___ IRCD-------i----

I 

~ 

VALID DATA-OUT"t--

t------------IRAS---------1 

t-----tRco-----+---- ICAP 

c8SAMSUNG 
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KMM581000AN 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

A 

DRAM MODULES 

V1H- Y"\"'l"'V'i)~'r:J~~~i""--t----::~~~-r--.. )-~~~-i~--t--~~~ 
w 

V1L- ~~~~~~~ 

DO 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w 

V1L-

V1H-
DO 

V1L-

IDHR ~DON'TCARE 

c8SAMSUNG 
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KMM581000AN 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 

RAS 
V1H-

Vil-

A 
V1H-

Vil-

CliS V1H-

Vil -

DO 
V1H -

Vil~ 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

Vil----

DRAM MODULES 

1---------tRc-----------t 

---IRAS---

-------IRc-------

tcsR 
lcHR 

w v1H - ~rn?~~~~tt--~m7'1'rn?~'\7V~'\'m~~~~~~~~~~ 

Vil - --------

V11CH -

DO 1>--------uPEN------------
V11Cl - ------

~DON'TCARE 

•• c:cSAMSUNG 
•• Electronics 

343 

• 



KMM581000AN 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

DRAM MODULES 

------tRP--------t------tRc-------1 

1------tRAS----i t------tRAS----t 

A 

V1H - ~'1'<7'\.~~~rl----1~-------:i~~....;_"'""~7':7\,1"\7\,~'\1\J!j\7'\!\J"ij\,?';~~'7'\7\,1\7\, 

V1L - ......... --............., ......... -

DO VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

-----tRC------T-------tRc-------1 

----tRAS----

A 
V1H -

V1L -

w V1H -

V1L -

DO 
V1H -

V1L -

toHR 

~DON'TCARE 
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KMM581000AN DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-~ REFRESH COUNTER TEST CYCLE 

A 

READ CYCLE 

w 
V1H - ~~~r:--ii-t-~~~"'7\7'\7\~---t-t-------1----'""'i"""-t-"t"""'":m~~~ • V1L - _._ ......... _,, 

DO VALID DATA OUT 

WRITE CYCLE 

w 

DO ----OPEN-----<I 
VIL -

~Don'tCARE 
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KMM581000AN 

PACKAGE DIMENSIONS 

.133(3.38) 
R.067(1. 70) 

MAX 

3.500(88.90) 

3.234(82.14) 

0.125 DIA (3.18) 

DRAM MODULES 

Units: Inches (millimeters) 

.100(2.54) 

MIN 

.080(2.03) 

MIN 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD--+-~ 

.080(2.03) ~ 
.300(7.62) 

~ ~.070(1.78) ---I ~.100(2.54) 
2.900(73.66) 

REF 

Tolerances: ± .005(.13) unless otherwise specified 
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.200(5.08) 

MAX 

.054(1.37) 

.047(1.19) 
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KMM591000AN DRAM MODULES 

1MX9 DRAM SIMM Memory Module 

FEATURES 
• Performance range: 

tRAC tcAC tRc 

KMM591 OOOAN- 7 70ns 20ns 130ns 

KMM591 OOOAN- 8 80ns 20ns 150ns 

KMM591OOOAN-10 100ns 25ns 180ns 

• Fast Page Mode operation 
• CAS·before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• TTL compatible inputs and outputs 
• Single + 5V :!: 10 % power supply 
• 1 024 cycles/16ms refresh 
• JEDEC standard pinout 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GAS 0-------.--+---1 

W 1Mx4 

Ao-9 

DQ4 

DOs 

.._____-+--___. 1 M X 4 DOs 

PQ 

~--.. 1Mx1 

PD Pin Name 

Ao-Ag 

DOo-7 

w 
RAS 

CAS 

PCAS 

PD 

PO 

Vee 

Vss 

N.C. 

de SAMSUNG 
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GENERAL DESCRIPTION 
The Samsung KMM591 OOOAN is a 1 M bit X 9 Dynamic 
RAM high density memory module. The Samsung 
KMM591 OOOAN consist of two 4M bit DRAMs 
(KM44C1 OOOAJ - 1 MX4) in 20-pin SOJ package and 
1 M bit DRAM (KM41C1 OOOBJ - 1MX1 ) in 20-pin SOJ 
/package' mounted on a 30-pin glass-epoxy substrate. A 
0.22µF-decouplingcapacitor is mounted for each DRAM. 

The KMM591 OOOAN is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
30-pin edge connector sockets. 

PIN CONFIGURATIONS 

Vee OJ 0 
GAS 0 
DOo []] 

Ao 00 A1 []] 
D01 m 

A2 m 
A3 rn 

Vss []] 
002 IIQI 

A4 [D 

Pin Function 

Address Inputs 

Data In/Out 

Read/Write Input 

As fill 
DQ3 ~ 

D As [BJ 
A? ~ 

DQ4 [ill 
As [TI] 
Ag ~ 

NC Q] 
DOs @QI 

Row Address Strobe 

Column Address Strobe 

CAS for Parity 

Data In for Parity 

Data Out for Parity 

w 

~D Vss 

DOs § 
NC ~ 

D01 ~ 
PQ ~ 

RAS [@ 
Power (+5V) 

Ground 

No connection 

PCAS ~ 
PD ~ 

Vee @§.] 
0 
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KMM591000AN DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, 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 oc 
Power Dissipation Po 1.8 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* KMM591 OOOAN- 7 - 290 mA 

(RAS, CAS, Address Cycling@ tRc=min.) 
KMM591 OOOAN- 8 lcc1 - 260 mA 
KMM591OOOAN-10 - 230 mA 

Standby Current 
lcc2 - 6 mA (RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM591 OOOAN- 7 - 290 mA 

(CAS=V1H, RAS Cycling @ tRc=min) 
KMM591 OOOAN- 8 lcc3 - 260 mA 
KMM591 OOOAN-1 0 - 230 mA 

Fast Page Mode Current* KMM591 OOOAN- 7 - 220 mA 

(RAS=V1L. CAS Cycling: tpc=min.) 
KMM591 OOOAN- 8 lcc4 - 190 mA 
KMM591OOOAN-10 - 160 mA 

Standby Current 
lcc5 - 3 mA (RAS=CAS=Vcc-0.2V) 

CAS-Before-RAS Refresh Current* KMM591 OOOAN- 7 - 290 mAo 

(RAS and CAS Cycling@ tRc=min.) 
KMM591 OOOAN- 8 Ice a - 260 mA 
KMM591OOOAN-10 - 230 mA 

Input Leakage Current (Any input Q:i:;;V1N:i:;;6.5V, 
liL -30 30 µA all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA (Data out is disabled, o:i:;;VouT:i:;;5.5V) 

Output High Voltage Level (loH= - 5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) Vol - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcce are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. ... 

c=cSAMSUNG 
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KMM591000AN DRAM MODULES 

CAPACITANCE (TA=25°Cl 

Item Symbol Min Max Unit 

Input Capacitance (Ao-As, RAS, CAS, W) C1N1 - 25 pF 

Input Capacitance (PD, PCAS) C1N2 - 10 pF 

Input/Output Capacitance (D00-DQ7) Coo - 15 pF 

Output Capacitance (PQ) Co - 10 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KMM591 OOOAN·7 KMM591 OOOAN·8 KMM591OOOAN·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns 

Access time from RAS tRAC 70 80 100 ns 3,4 • Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay tQFF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAs 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 

c5cSAMSUNG 
u Electronics 
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KMM591000AN 

AC CHARACTERISTICS (Continued) 

Standard Operation Symbol 

Data-in hold referenced to RAS toHR 

Refresh period tREF 

Write command set-up time twcs 

CAS set up time (C-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) tcHR 

RAS precharge to CAS hold time tRPC 

Access time from CAS precharge tcPA 

Fast Page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) tRASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C-B-R refresh) twRH 

CAS precharge (C-B-R counter test) tcPT 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;i,tRCD(max)· 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

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

de SAMSUNG 
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DRAM MODULES 

KMM591OOOAN·7 KMM591 OOOAN·8 KMM591OOOAN·10 

Min 

55 

0 

10 

20 

10 

50 

10 

70 

10 

10 

35 

Unit Notes 
Max Min Max Min Max 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs;;:.twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA. 
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KMM591000AN 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

DQ 

A 

w 

DQ 

VoH
VoL-

DRAM MODULES 

{i-----~~tRAs-tRc-F~1 '"=l 
11------tcsH------t [ I [ 

tcRP · ,1 I I tcRP I ,.__ ___ IRCD--·------ . II 

COLUMN 
ADDRESS 

~I 

i-----tRco-----+--- tcRP 

IZl1 DON'T CARE 

c8SAMSUNG 
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KMM591000AN 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

A 

DRAM MODULES 

V1H-~'1'i7~'1'i7~~~r-j:~t-----t-----~:*'*'"---+---.... 1~hr~~--j;-------+--~~""""""' 
w 

V1L - ~Q,L;~~~~l&J/ 

DQ VoH- --------~~-------------Ill~~ 
VOL-

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w V1L-

V1H-
DQ V1L-

toHR ~DON'T CARE 

=8SAMSUNG 
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KMM591000AN 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 

RAS V1H-

VIL -

A 
V1H-

V1L-

CAS V1H-

V1L -

V1H -

DRAM MODULES 

-------tRC--------

----tRAS---

tcRP 

DO 
V1L -

------------OPEN-------------

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

V1L---__, 

tcP 

1---------tRc-------

w V1H - ~~~rn7~~tX-----ll:tJ'\?'\7V~~~~~~~~rn7'~i?'\'1:7t'?'1:~~ 

V1L - ~~~~~'.,Y 

VucH - ------i 
DO VucL - 1--------uPEN------------

~DON'TCARE 
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KMM591000AN 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

DRAM MODULES 

i-------lRp-----T------tRc-------l 

i-----t~---~ ---t~-----t 

A 

V1H - 1\A'.'f'\7\''f'\7\'~~H-t------:t:1;~J:-~li!:'i'\7\'J\'7\7\'7\7\:*7\.~i'\7\,7\7\.i'\7\,~~"'7\7\, 

VIL -~ .............................. .J 

VALID DATA-OUT 
DQ VoH-

~-------<~ 
VoL-

HIDDEN REFRESH CYCLE (WRITE) 

t-------tRc-------+-~----tRc-----~ 

i-----tRAS----

A 
V1H -

V1L -

w V1H -

V1L -

DQ 
V1H -

V1L -

lo HR 

~DON'TCARE 

•• C:CSAMSUNG 
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KMM591000AN DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CPS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 

READ CYCLE 

w V1H - i"\7'\'.~l'\"i't:r-°'1--t"Y\'i~i"\7'\'.""7'\'7\'J\7':2:"--t"""t'""-----r-----r-r-""t--:ir?"\'m"\'m~ I 
VIL------

DO 
VoH- ----i--+---
VoL-

WRITE CYCLE 

w 

DO ----OPEN-----<1 
VIL -

~Don't CARE 
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KMM591000AN 

PACKAGE DIMENSIONS 

.133(3.38) 
R.067(1.70) 

MAX 

3.500(88.90) 

3.234(82.14) 

0.125 DIA (3.18) 

DRAM MODULES 

Units: Inches (millimeters) 

.100(2.54) 

MIN 

MIN 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD 
.080(2.03) ~ ~ ~.070(1.78) ~ ~.100(2.54) 

2.900(73.66) 

.300(7.62) 
REF 

Tolerances: ±.005(.13) unless otherwise specified 
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.010(.25) 

MAX 

.054(1.37) 

.047(1.19) 
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KMM584000A DRAM MODULES 

4MX8 CMOS DRAM SIMM Memory Module 
FEATURES 
• Performance range: 

tRAC tcAC 

KMM584000A- 7 70ns 20ns 

KMM584000A- 8 80ns 20ns 

KMM584000A-1 0 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-Only and Hidden refresh capability 
• TTL compatible inputs and outputs 
• Single +5V:t10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 

tRC 

130ns 

150ns 

180ns 

GENERAL DESCRIPTION 
The Samsung KMM584000A is a 4M bit X 8 Dynamic 
RAM high density memory module. The Samsung 
KMM584000A consist of eight KM41 C4000AJ DRAMs 
in 20-pin SOJ package mounted on a 30-pin glass-epoxy 
substrate. A 0.22µF decoupling capacitor is mounted 
under each 4M Bit DRAM. 

The KMM584000A is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
30-pin edge connector sockets. 

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS 

Ao·A10 a-----4-----~ 

RAS 

w 

Pin Name Pin Function 

Ao-A10 Address Inputs 

DOo-7 Data In/Out 

w Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vee Power (+5V) 

Vss Ground 

N.C. No connection 

c52SAMSUNG 
u Electronics 

0 
Vee OJ ____ _, 

~~~ as I 
Ao [}] .... -----

~ i I A3 (]] .__ ___ _. Vss[]JD 
002 [IQ] 

A4 OJ) 
As fill r------. 

D~ ~I 
A1 II§J .... ___ ___, 

OQ4 IIID r------
As IIZ] I 
Ag [fil ._ ___ ___, 

A10 lifil DOs[g:QID 
w[g] 

Vss ~ 

DOs~D 
NC~ 

D01 ~ 
NC~ 

R~~~ll 
NC (g2I L___J 

Vee @QI Q 
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KMM584000A DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, VouT -1 to +7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1 to +7.0 v 
Storage Temperature Tstg -55to+150 oc 
Power Dissipation Po 4.8 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KMM584000A- 7 - 840 mA 

(RAS, CAS, Address Cycling @ tRc=min.) 
KMM584000A- 8 lcc1 - 760 mA 
KMM584000A-10 - 680 mA 

Standby Current 
lcc2 - 16 mA 

(RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM584000A- 7 - 840 mA 

(CAS=V1H, RAS Cycling @ tRc=min) 
KMM584000A- 8 lcc3 - 760 mA 
KMM584000A-10 - 680 mA 

Fast Page Mode Current* 
KMM584000A- 7 - 640 mA 

(RAS=V1L. CAS Cycling: tpc=min.) 
KMM584000A- 8 lcc4 - 560 mA 
KMM584000A-10 - 480 mA 

Standby Current 
Ices - 8 mA 

(RAS=CAS=Vcc-0.2V) 

GAS-Before-RAS Refresh Current* 
KMM584000A- 7 - 840 mA 

(RAS and CAS Cycling @ tRc=min.) 
KMM584000A- 8 lcc6 - 760 mA 
KMM584000A-1 0 - 680 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
liL -80 80 µA 

all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. 

w• CJCSAMSUNG 
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KMM584000A DRAM MODULES 

CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-A10) C1N1 - 50 pF 

Input Capacitance (RAS, CAS, W) C1N2 - 55 pF 

Input/Output Capacitance (D00-D07) Coo - 15 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KMM584000A·7 KMM584000A-8 KMM584000A·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns 

Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS tcAC 20 20 25 ns 3,4,5 • Access time from column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time toH 15 15 20 ns 10 

•• CJCSAMSUNG 
•• Electronics 
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KMM584000A DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM584000A·7 KMM584000A·8 KMM584000A-10 
Standard Operation Symbol 

Min 

Data-in hold referenced to RAS to HR 

Refresh period tREF 

Write command set-up time twcs 

GAS set-up time (C-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) tcHR 

RAS precharge to GAS hold time tRPC 

Access time from GAS percharge tcPA 

Fast page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) tRASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C"-B-R refresh) twRH 

GAS precharge (C-B-R counter test) tcPT 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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(maxJ limit insures that 
tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;.tRCD(max)· 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

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

•• ex SAMSUNG 
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55 

0 

10 

20 

10 

50 

10 

70 

10 

10 

35 

Unit Notes 
Max Min Max Min Max 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 1200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs;;;i:twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA· 
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KMM584000A DRAM MODULES 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

DQ 

f-------------tRc----------~-1 

V1H- ----1 '---------tRAs--------

V1L-

VoH
VoL-

'---------tcsH _____ ___, 

COLUMN 
ADDRESS 

I I 
f--1 

WRITE CYCLE (EARLY WRITE) 
~----------tRc 

~::=-~=~-IRAS-==F'"=L 
ltcRPJ i----tRcD~1 -tRsH------i I tcRP I n '"-------tcsH . ~ I ~ 

~:::: J 1\ t''"=t : ) 
A 

lAR I I I I I 

1 
lASR ~tr ~ ~t:::~ 1 I 

~:::: ~ AD~~ESS ~ :;g~~~S~ ~..__..... _ _..,.. _ _.__ 

I I I I tcwL-~ I 
I 

I twcs I twcR~ , I 
~ f---twcH----j I 

~::=~ I I .• , -im.__.__~ ............... -
1 I 

1 
I I tRwL------1 

I H f-- toH--j 

w 

DQ ~::::~ VALIDOATAIN -

1..-..-----toHR ____ ___, 
~DON'TCARE 

c8SAMSUNG 
El~drnni~~ 
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KMM584000A 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

A 
V1H

V1L-

DRAM MODULES 

IRP 

V1H- ~~~~~~~~c:--t-~~-t-~~~lh"l~r--~+-~ ..... ~tT~~~+-~~_,~~....f."""""""!I"'! 
w 

V1L-

DO 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w 

V1L-

V1H-
DO 

V1L-

IOHR ~DON'TCARE 

=8SAMSUNG 
Electronics 
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KMM584000A 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 

RAS V1H-

V1L-

A 
V1H-

V1L-

CAS V1H-

VIL -

DRAM MODULES 

-------tRc--------

t-----tRAS---

tcRP 

DO V1H -

V1L -
------------OPEN-------------

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

V1L----

tcsR 

-------tRc-------

w V1H - ~~~"""'~~tt""--~~?\?'l~~rn'?\A?'~~~~~~~"""'"""'rn?'~ 

V1L - ............. . 

Vl/CH-

DO 1>---------UPEN------------
V11cL - ------

~DON'TCARE 

•• CJCSAMSUNG 
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KMM584000A DRAM MODULES 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

l-------tRP----------tRc-------1 

t-----lRAS·---- ---tRAS----1 

A 

V1H - ~~~"\7'V~c-t"---1----~~vrr:-""'*'7\7\.1'\7\i'\7'\i'\7\1\7\J.r:J\!'o~:7\7'\7\J'i.~~l\7\, 
VIL _____ _ 

lCAC 

1-----tRAC---+--
i__.~~~~~~~~~--i 

DO VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

-----tRc------i-------tRc-------i 

------tRAS----i 

A 

w 

DO 
V1H - 7\1'\~~ i.--..;,___;... ___ -..1 /\7'7"\7'\7"\:?\A~:AAA?'\7\7'\.7'\?i'.7'\'J\.7\'J\7\1\7\7\.7\7\.7\7\.7\7\.~ 

V1L - ~ "·'""'" 

~DON'TCARE 

:Si SAMSUNG 
u Electronics 
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KMM584000A DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-~ REFRESH COUNTER TEST CYCLE 

V1H -
A 

V1L - ----------- I"'----"" '-.l~~'-¥...l"-ll--l'+-l~l-l'-I0~...¥.-11~~ 
READ CYCLE 

w V1H -
'""'" "" • VIL-..-..-....._,, 

DO 
VoH- ----+--+---
VoL-

WRITE CYCLE 

w 

DO 

~Don'tCARE 

•• q5SAMSUNG 
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KMM584000A DRAM MODULES 

PACKAGE DIMENSIONS 
Units: Inches (millimeters) 

-------------3.500(88.90)-----------....-1 

------------3.234{82.14)-----------

.133(3.38) R.067(1.70) 

.MAX 
0125 DIA (3.18) 

DDDDDD 
~ .300(7.62)--1 ~.070(1.78) ~ ~.100(2.54) 

2.900(73.66) 

REF 

Tolerances: ±.005(.13) unless otherwise specified 

~I 
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.200(5.08) 

MAX 

.054(1.37) 

.047(1.19) 
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KMM594000A DRAM MODULES 

4MX9 CMOS DRAM SIMM Memory Module 

FEATURES 
• Performance range: 

tRAC tcAC tRC 

KMM594000A- 7 70ns 20ns 130ns 

KMM594000A- 8 80ns 20ns 150ns 

KMM594000A-1 0 100ns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• TTL compatible inputs and outputs 
• Single +5V:t10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 

FUNCTIONAL BLOCK DIAGRAM 

w 

DOs 

DOs 

p D <>-+-___.....____. 

PeAS o-+--~ PQ 

Pin Name 

Ao-A10 

DOo-7 

w 
RAS 

CAS 

PCAS 

PD 

PQ 

Vee 

Vss 

N.C . 

•• C:CSAMSUNG 
•• Electronics 

GENERAL DESCRIPTION 
The Samsung KMM594000A is a 4M bit X 9 Dynamic 
RAM high density memory module. The Samsung 
KMM594000A consist of nine KM41 C4000AJ DRAMs 
in 20-pin SOJ package mounted on a 30-pin glass-epoxy 
substrate. A 0.22µF decoupling capacitor is mounted 
under each 4M Bit DRAM. 

The KMM594000A is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
30-pin edge connector sockets. 

PIN CONFIGURATIONS 

Pin Function 

Address Inputs 

Data In/Out · 

Read/Write Input 

Row Address Strobe 

Column Address Strobe 

CAS for Parity 

Data In for Parity 

Data Out for Parity 

Power (+SV) 

Ground 

No connection 
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KMM594000A DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N. 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 oc 
Power Dissipation Po 5.4 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KMM594000A- 7 - 945 mA 

(RAS, CAS, Address Cycling @ tRc=min.) 
KMM594000A- 8 lcc1 - 855 mA 
KMM594000A-1 0 - 765 mA 

Standby Current 
lcc2 - 18 mA 

(RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM594000A- 7 - 945 mA 

(CAS=V1H. RAS Cycling@ tRc=min) 
KMM594000A- 8 lcc3 - 855 mA 
KMM594000A-1 0 - 765 mA 

Fast Page Mode Current* 
KMM594000A- 7 - 720 mA 

(RAS=V1L. CAS Cycling: tpc=min.) 
KMM594000A- 8 lcc4 - 630 mA 
KMM594000A-1 0 - 540 mA 

Standby Current 
lcc5 - 9 mA 

(RAS=CAS=Vcc-0.2V) 

CAS-Before-RAS Refresh Current* 
KMM594000A- 7 - 945 mA 

(RAS and CAS Cycling@ tRc=min.) 
KMM594000A- 8 lcc6 - 855 mA 
KMM594000A-1 0 - 765 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
hL -90 90 µA 

all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 

Output High Voltage Level (loH= - 5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. 

di SAMSUNG 
u Electronics 
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KMM594000A DRAM MODULES 

CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Arn) C1N1 - 55 pF 

Input Capacitance (RAS, CAS, W) C1N2 - 65 pF 

Input Capacitance (PD, PCAS) C1N3 - 10 pF 

Input/Output Capacitance (DQ0-DQ7) Coo - 15 pF 

Output Capacitance (PQ) Ca - 10 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KMM594000A-7 KMM594000A-8 KMM594000A-10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns • Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z 
r-- tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

Data-in set-up time tos 0 0 0 ns 10 

•• C:CSAMSUNG 
•• Electronics 
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KMM594000A DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM594000A-7 KMM594000A-8 KMM594000A-10 
Standard Operation Symbol 

Min 

Data-in hold time toH 

Data-in hold referenced to RAS toHR 

Refresh period tREF 

Write command set-up time twcs 

CAS set-up time (C-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) kHR 

RAS precharge to CAS hold time tRPC 

Access time from CAS precharge tcPA 

Fast page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) tRASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C-B-R refresh) twRH 

CAS precharge (C-B-R counter test) tcPT 

NOTES 

1. An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;.tRCD(max)· 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

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

•• CJCSAMSUNG 
•• Electronics 

15 

55 

0 

10 

20 

10 

50 

10 

70 

10 

10 

35 

Unit Notes 
Max Min Max Min Max 

15 20 ns 10 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 
--

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo, tcwo and tAwD are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs~twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

1 O. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA· 
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KMM594000A 

TIMING DIAGRAMS 
READ CYCLE 

A 

DQ 
VoH

VoL-

WRITE CYCLE (EARLY WRITE) 

A 

w 

DQ 

COLUMN 
ADDRESS 

I I 
~I 

t--------toHR------1 

c8SAMSUNG 
Cl __ ..,.,. __ ;_ro 

DRAM MODULES 

• 

~DON'TCARE 
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KMM594000A 

TIMING DIAGRAMS (Continued> 

FAST PAGE MODE READ CYCLE 

A 

DRAM MODULES 

V1H- 'Y"\71\JV"\"f'V'\'7\'7'\J\7\:~=-"f'-----t-----~~~---+--...f'~~~~--t-------+--~~'1'(!"1""" 
V1L-

DQ 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w 

V1L-

V1H-
DQ 

V1L-

IDHR ~DON'TCARE 

c8SAMSUNG 
Electronics 
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KMM594000A 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 

RAS V1H-

V1L-

V1H-
A 

V1L-

GAS 
V1H-

V1L -

DO 
V1H -

V1L -

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

V1L-----

DRAM MODULES 

-------tAc--------

tcRP 

-------tRc----------1 

tcsR 
lcp tcHR 

w V1H - ~~~\7'\i~~,a:---~~~\7\/'J'\7~~'\m~~'\m~"V\7"\7'\7~~~\7\, 
V1L - ___. ____ _ 

V11CH -

DO 1>--------0PEN-----------
V11cL - ------

~DON'TCARE 

•• c:cSAMSUNG 
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KMM594000A 

TIMING DIAGRAMS ccontinued) 

HIDDEN REFRESH CYCLE (READ) 

DRAM MODULES 

------tRP-----------tRc-------t 

----tRAS----t 

A 

V1H - 7\'J'\:'7\7\'7\7\~~rt-r-----~~J:-~lllt7\7\7'\'7'\7'\"!'\7\'~~~'\7\,~'\7\7'\7\7\'J\7<\?\, 

V1L - . ' " ·" " '" , " " " 

DQ VoH-

--------<~ VoL-
VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

------tRc------~----tRc-------t 

A 
V1H -

V1L -

w V1H -

V1L -

DQ 
V1H -

V1L -

to HR 

~DON'TCARE 

c5CSAMSUNG 
•• Electronics 
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KMM594000A DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-~ REFRESH COUNTER TEST CYCLE 

V1H -
A 

V1L - -................. .__ .......... ~ ................................... ...,,,,_,, i-......... -.-----'! """"" .................................................................. ...,..._, ................... ....... 

READ CYCLE • w 

DQ 
VoH- ------1,.........--
VoL-

WRITE CYCLE 

w v1H - ~J"\7\,"'7t:r--n\7\7\7\7'\7\7\7\i\7\ 

V1L -

DQ 

~Don't CARE 

•• c:cSAMSUNG 
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KMM594000A DRAM MODULES 

PACKAGE DIMENSIONS 
Units: Inches (millimeters) 

.133(3.38) 

------------3.500(88.90)------------

-----------3.234(82.14)---------------1 

R.067( 1. 70) 

MAX 
0 1 25 DIA (3 18) 

DDDDDDDD ~t 
ODDDDDDDDOOOOODODDDDODDODDDDDD 

.300(7.62) ~ ~.070(1.78) ---l ~.100(2.54) 
2.900(73.66) 

REF 

Tolerances: ±.005(.13) unless otherwise specified 

•• CJCSAMSUNG 
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.200(5.08) 

MAX 

.054(1.37) 

.047(1.19) 
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KMM5321000AV/AVG DRAM MODULES 

1Mx32 DRAM SIMM Memory Module 
FEATURES 

• Performance range: 

tRAC tCAc 

KMM5321000AV- 7 70ns 20ns 

KMM5321000AV- 8 80ns 20ns 

KMM5321000AV-10 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Single +SV ± 100/o power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 

PIN CONFIGURATIONS (Front View) 

Pin Symbol Pin S_ymbol 
1 Vss 37 NC 
2 DOo 38 NC 
3 D010 39 Vss 
4 D01 40 CASo 
5 D019 41 CAS2 
6 D02 42 CAS3 
7 D020 43 CAS1 
8 D03 44 RASo 
9 D021 45 NC 

10 Vee 46 NC 
11 NC 47 w 
12 Ao 48 NC 

~-3 A1 49 DOs 
14 A2 50 D027 
15 A3 51 D010 
16 ~ 52 D020 
17 As 53 D011 
18 Ae 54 D029 
19 NC 55 D012 
20 D04 56 D030 
21 D022 57 D013 37 

22 DOs 58 D031 
23 D023 59 Vee 
24 DO a 60 D032 
25 D024 61 D014 
26 D07 62 D033 
27 D02s 63 D01s 
28 A7 64 D034 
29 NC 65 D01e 
30 Vee 66 NC 
31 As 67 PD1 
32 As 68 PD2 
33 NC 69 PD3 
34 RAS2 70 PD4 
35 NC 71 NC 
36 NC 72 Vss 

•• CJCSAMSUNG 
•• Electronics 

tRC 

130ns 

150ns 

180ns 

0 

GENERAL DESCRIPTION 

The Samsung KMM5321000AV is a 1M bitsx32 Dynamic 
RAM high density memory module. The Samsung 
KMM5321000AV consist of eight CMOS 1Mx4 bit 
DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22µF decoupling capacitor is 
mounted under each DRAM. 

The KMM5321000AV is a Single in-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 

Pin Name Pin Function 

Ao As Address Inputs 

D00-D03s 
(except DOa, Data In/Out 
17, 26, 35) 

D 
D 
D 
D 

D 
D 
D 
D 

0 

w Read/Write Input 

RAS0,HAS2 Row Address Strobe 

CAS0-CAS3 
Column Address 
Strobe 

PD1-PD4 Presence Detect 
--

Vee Power (+5V) 

Vss Ground 

N.C. No connection 

Presence Detect Pins (Optional) 

Pin 70ns eons 100ns 

PD1 Vss Vss Vss 

PD2 Vss Vss Vss 

PD3 Vss NC Vss 

PD4 NC Vss Vss 

* Pin Connection Changing Available 
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KMM5321000AV/AVG DRAM MODULES 

FUNCTIONAL BLOCK DIAGRAM 

Ao·Ae 

w 
RASo RA8 D01 DOo RAS2 RAS D01s 
CASo CA5 D02 D01 CAS2 CA'S D019 

w D03 D02 w D020 
Ao·Ae D04 D03 Ao·Ae D021 
OE OE 

RAS D01 D04 RAS D01 D022 
as D02 DOs CAS D023 w D03 DOs w D024 
Ao·A9 D04 D01 Ao·A9 D04 D025 
OE OE 

RAS D01 D09 RAS D01 D021 CAS1 CAS D02 D010 Cl\S3 OAS D02 D02s w D03 D011 w D03 D029 
Ao· Ag D04 D012 Ao· Ag D04 D030 
OE OE 

RAS D01 D013 RAS 001 D031 
as D02 D014 as D02 0032 
w D03 D015 w D03 0033 
Ao-As D04 D015 Ao-As D04 D034 
OE OE 

Vee O>-------;r----------~ 
.L 0.22µF Capacitor To all 

I under each DRAM DRAMS 
v$ o>--------4~1----------~ 

•• cc SAMSUNG 
u Electronics 
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KMM5321000AV/AVG DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, VouT -1to+7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1to+7.0 v 
Storage Temperature Tstg -55 to +150 oc 
Power Dissipation Po 4.8 w 
Short Circuit Output Current las 50 mA 

* Permanent device damage may occur if ·~sSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, TA =0 to 70°C) 

Item Symbol Min Typ Max Unit 
I 

__, 
Supply Voltage Vee 4.5 5.0 5.5 v 

-
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KMM5321000AV- 7 - 840 mA 

(RAS, CAS, Address Cycling @ tRc =min.) 
KMM5321000AV- 8 lcc1 - 760 mA 
KMM5321000AV-10 - 680 mA 

Standby Current 
lcc2 - 16 mA (RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM5321000AV- 7 - 840 mA 

(CAS=V1H, RAS Cycling @ tRc =min) 
KMM5321000AV- 8 lcc3 - 760 mA 
KMM5321000-10 - 680 mA 

Fast Page Mode Current* 
KMM5321000AV- 7 - 640 mA 

(RAS=V1L, CAS Cycling: tpc =min.) 
KMM5321000AV- 8 lcc4 - 560 mA 
KM M5321OOOAV-10 - 480 mA 

Standby Current 
Ices - 8 mA (RAS=CAS=Vcc-0.2V) 

GAS-Before-RAS Refresh Current* 
KMM5321000AV- 7 - 840 mA 

(RAS and CAS Cycling @ tRc =min.) 
KMM5321000AV- 8 Ices - 760 mA 
KMM5321000AV-10 - 680 mA 

Input Leakage Current (Any input O::s;V1N;:S;6.5V, 
liL -80 80 µA all other pins not under test=O volts.) 

Output Leakage Current 
lac -10 10 µA (Data out is disabled, O::s;VouT;:S;5.5V) 

Output High Voltage Level (loH = -5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

* NOTE: lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as average current. 

:Si SAMSUNG 
•• Electronics 
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KMM5321000AV/AVG DRAM MODULES 

CAPACITANCE (TA =25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 64 pF 

Input Capacitance (W) C1N2 - 70 pF 

Input Capacitance (RAS0,RAS2) C1N3 - 42 pF 

Input Capacitance (CASo-CAS3) C1N4 - 36 pF 

Input/Output Capacitance 
CD01 - 17 pF 

(D00-1, 9-1s. 1s-2s, 27-34) 

AC CHARACTERISTICS co0c :STa:S70°C, Vee =5.0V ± 10%, see notes 1, 2) 

KMM5321000AY.7 KMM5321000AY.8 KMM5321000AY.10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRe 130 150 180 ns 

Access time from RAS tRAe 70 80 100 ns 3,4 

Access time from CAS teAe 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3,11 

CAS to output in Low-Z teLZ 5 5 5 ns 3 

Output buffer turn-off delay toFF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tesH 70 80 100 ns 

CAS pulse width teAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRco 20 50 20 60 25 75 ns 4 

RAS to column addressdelay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time teRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up-time tASe 0 0 0 ns 

Column address hold time teAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRes 0 0 0 ns 

Read command hold referenced to CAS tReH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time tweH 15 15 20 ns 

Write command hold referenced to RAS tweR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

de SAMSUNG 
•• Electronics 
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KMM5321000AV/AVG DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM5321000AV-7 KMM5321000AV-8 KMM5321000AV-10 
Standard Operation Symbol 

Min 

Write command to CAS lead time tcwL 

Data-in set-up time tos 

Data-in hold time toH 

Data-in hold referenced to RAS to HR 

Refresh period tREF 

Write command set-up time twcs 

CAS set-up time (C-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) tcHR 

RAS precharge to CAS hold time tRPC 

Access time from CAS precharge tcPA 

Fast page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) 1RASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C-B-R refresh) twRH 

CAS precharge (C-B-R counter test) tcPT 

NOTES 

1. An initial pause of 200µs is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are meas
ured between V1H(min) and V1L(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 refer
ence point only. If tRco is greater than the specified 
tRCD(max) limit, then access time is controlled exclu
sively by tcAc. 

5. Assumes that tRco~tRCD(max). 
6. tAR, twcR, toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the out-put 

achieves the open circuit condition and is not refer
enced to VoH or VoL . 

•• :::SAMSUNG 
•• Electronics 

20 

0 

15 

55 

0 

10 

20 

10 

50 

10 

70 

10 

10 

35 

Unit Notes 
Max Min Max Min Max 

25 20 ns 

0 0 ns 10 

15 20 ns 10 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs, tRwo, tcwo and tAwo are non restrictive operat
ing parameters. They are included in the data 
sheet as electrical characteristics only. If twcs 
~ twcs(min) the cycle is an early write clcle and 
the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS lead
ing edge in early write cycles and to the W lead
ing edge in read-write cycles. 

11. 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. 
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KMM5321000AV I AVG DRAM MODULES 

TIMING DIAGRAMS 
READ CYCLE 

>-------------1RC -------------1 

GAS 

A 

DQ 
VoH

VoL-

t----------IRAs---------i 

WRITE CYCLE (EARLY WRITE) 

A 

w 

DQ 

4$SAMSUNG 
Electronics 

1---tRP 

ICRP 
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KMM5321000AV I AVG 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

A 

DRAM MODULES 

V1H- 9"\"7V'°'Cr\J"~'V"\"J'V-t='-t~~-r~~'"'1~'ri=~-t~--ll,_t7\°~~--1--~~-r-~~~~~ 
w 

V1L- ~~~~~~{,;, 

DQ 
VoH- ~~~~~~~~~~ 
VoL-

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w 

V1L-

V1H-
DQ 

V1L-

~ ~1--~----------tRASP--------------1 

~;......___ _ _____.~ 
tcRPI I 

~tRco----'---' 

to HR ~DON'T CARE 

=8SAMSUNG 
Electronics 
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KMM5321000AV I AVG 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 

RAS V1H-

V1L -

V1H-
A 

V1L-

CAS 
V1H-

V1L -

DO V1H -

V1L -

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

V1L ___ __ 

DRAM MODULES 

-------tAc---------l 

---tAAS---

tcAP 

1---------tAc-------

tcsA 
tcHA 

V1H -

V1L- ___ _ 

w V1H - ~~~'i7'\7tm~~----'ltt'\'7~'\?\.l~~~"\7\?"\7\?~~\!\J"~rn'?'\7\?'\~~ 

V1L-~~~~~;.:i, 

VI/CH - ------.J 
DO V1tcL - i--------uPEN 

~DON'TCARE 

... 
CJCSAMSUNG 
•• Electronics 
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KMM5321000AV I AVG 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

DRAM MODULES 

------tAP----------tAc------

,__ ___ tAAS•---- ---tAAS-----1 

A 

v,H - '\7\:~~"\7"\i~r:-t----i-------::ii~w-;7'\7\.~~'\"Jb\7'\"Jrn71V\7"i7\J'i.7'\7\7'\7\.~l\fu 

VIL - . ' " '" , "' " " " " " 

DO 
VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

1-------tAc------i-------tAc-------i 

----tAAS----1 

A 
V1H -

VIL -

w V1H -

V1L -

DO 
V1H -

VIL -

to HA 

~DON'TCARE 

•• CJCSAMSUNG 
_.Electronics 
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KMM5321000AV I AVG DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -
A 

V1L - ~~~~~~~~~.JI f"-.......... --"'I '"" ......... ..........,..........,...___.....,.._, ........ ,,............,......_......__.._. 

READ CYCLE 

w 

DO 
VoH- -------
VoL-

WRITE CYCLE 

w 

DQ 

~ Don'tCARE 

... 
CJCSAMSUNG 
•• Electronics 
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KMM5321000AV/AVG DRAM MODULES 

PACKAGE DIMENSIONS 
Units: Inches (millimeters) 

------------4.250 (107.95) 

-----------3.984(101.19)----------

.133(3.38) R.062(1.57) R.125±.002(3.18±.051) 

.250 (6.35) 
R.062 ± .004 (R1.57±1.0) 

t-----------3.750 (95.25)----------

KMM5321000AVG: DETAIL OF CONTACTS (Gold plating lead) 

010(25)MAX~ ~ ~ l 100(2~)MIN 
.050 (1.27) H- .041 ± .004 (1.04 ± .10) 

KMM5321000AV: DETAIL OF CONTACTS (Solder plating lead) 

010(25)MAX~ ~ ~ I 100(2~)MIN 
.050(1.27) H-.036±.004(.914±.10) 

It .200 (5.08) MAX 

~I .054(1.37) 

.047(1.19) 

Tolerances: ± .005 (.13) unless otherwise specified 

"" c:cSAMSUNG 
"" Electronics 
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KMM5361000A/AG/A1/A1G DRAM MODULES 

1MX36 DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC tRc 

KMM5361 OOOA- 7 70ns 20ns 130ns 

KMM5361 OOOA- 8 80ns 20ns 150ns 

KMM5361OOOA-10 100ns 25ns 180ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Single +5V::t10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 

PIN CONFIGURATIONS (Front view) 

Pin Symbol Pin Symbol 
1 Vss 37 D017 
2 DOo 38 D03s 
3 D018 39 Vss 
4 D01 40 CASo 
5 D019 41 CAS2 
6 D02 42 CAS3 
7 D020 43 CAS1 
8 D03 44 RA So 
9 D021 45 NC 

10 Vee 46 NC 
11 NC 47 w 
12 Ao 48 NC 
13 A1 49 DOg 
14 A2 50 D027 
15 A3 51 D010 
16 A4 52 D02a 
17 As 53 D011 36 

18 A5 54 D02g 
19 NC 55 D012 
20 D04 56 D030 37 

21 D022 57 D013 
22 DOs 58 D031 
23 D023 59 Vee 
24 D05 60 D032 
25 D024 61 D014 
26 D07 62 D033 
27 D02s 63 D01s 
28 A7 64 D034 
29 NC 65 D015 
30 Vee 66 NC 
31 Aa 67 PD1 
32 Ag 68 PD2 
33 NC 69 PD3 
34 RAS2 70 PD4 72 
35 D025 71 NC 
36 DO a 72 Vss 

•• c:cSAMSUNG 
•• Electronics 

The Samsung KMM5361 OOOA is a 1 M bitsX 36 Dynamic 
RAM high density memory module. The Samsung 
KMM5361 OOOA consist of eight CMOS 1 MX4 bit 
DRAMs in 20-pin SOJ package and four CMOS 1 M X 1 
bit DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22µF decoupling capacitor 
is mounted under each DRAM. 

The KMM5361 OOOA is a Single In-line Mf!mory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 

0 
Pin Name Pin Function 

Ao-Ag Address Inputs 

D 
D00-D03s Data In/Out 

w Read/Write Input 

RASo, RAS2 Row Address Strobe 

CAS0-CAS3 
Column Address 
Strobe 

D PD1-PD4 Presence Detect 

Vee Power (+5V) 

Vss Ground 

D 
N.C. No connection 

Presence Detect Pins (Optional) 

Pin 70ns 80ns 100ns 

D 
PD1 Vss Vss Vss 

PD2 Vss Vss Vss 

PD3 Vss NC Vss 

PD4 NC Vss Vss 

D * Pin Connection Changing Available 

D 
0 

388 



KMM5361000A/AG/A1/A1G 

FUNCTIONAL BLOCK DIAGRAM 

Ao· As 

w 
RASo 
CASo 

;: ..,. 
,.. .... 
0 

0 

RAS 

CAS 

+-+----- w -- Ao· As 

mOE 
RAS 

CAS 

~ w 
~ Ao-As 

rfil OE 

RAS 
CAS 

+-+----- w --- Ao-As 

RAS 
GAS 

H-- w 
+-- Ao· Ag 

,f7 OE 

RAS 
CAS 

+-+----- w ...__ 
Ao-As 

rf7 OE 

RAS 

CA8 
4-----1 w 
~ Ao·A9 

D01 J---oDOo 

D02 ~D01 
D03 ~002 
DO. ~D03 

D01 1----oDo. 

D02 ~D05 
D03 ~D05 
Do. HD07 

:troa, 

D01 HDOs 

D02 HD010 

D03 ~D011 
D04 ~D012 

D01 ~D013 
D02 J--<>Do,. 

D03 ~D015 
DO• l--<>Do16 

:troa,, 

Vee 0~---~.----------~ 

.l 0.22µF Capacitor 

I under each DRAM 
Vss o~------4-~---------

•• CJCSAMSUNG 
•• Electronics 

To all 
DRAMS 

RAS2 o 
CA82 o 

CA83 o 

DRAM MODULES 

RAS DQ, 1-o D01s 

GAS D02 1-o D019 

+-+-- w DQ3 J---o D020 
t--- Ao·A9 oa. J---o D021 

rfJ OE 

RAS 001 J---o D022 

CAS D02 ~ D023 

+-+---1 w DQ3 ~ 
~ Ao-As DQ4 ~ 

D024 

D025 

;f1 BE 

RAS :tr GAS 
+-+---- w 

D025 I 
~ Ao· As 

RAS DQ, ~ D027 
CAS D02 r-o D028 

+-+--- w DQ3 ~ D02s --- Ao· As oa. ~ D030 

,fl OE 

RAS oa, J---o D031 

GAS D02 J---o D032 

+-+-- w DQ3 J---o D033 
t--- Ao· As DQ4 J--<> D034 

mOE 
RAS :tr CAS 

L...f-- w 

D035 

'-------- Ao·A9 
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KMM5361000A/AG/A1/A1G DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, 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 oc 
Power Dissipation Po 7.2 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 

f-· Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* KMM5361 OOOA- 7 - 1160 mA 

(RAS, CAS, Address Cyclin,g@ tRc=min.) 
KMM5361 OOOA- 8 lcc1 - 1040 mA 
KMM5361OOOA-10 - 920 mA 

Standby Current 
lcc2 - 24 mA (RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM5361 OOOA- 7 - 1160 mA 

(CAS=V1H, RAS Cycling@ tRc=min) 
KMM5361 OOOA- 8 lcc3 - 1040 mA 
KMM5361OOOA-10 - 920 mA 

Fast Page Mode Current* KMM5361 OOOA- 7 - 880 mA 

(RAS=V1L. CAS Cycling: tpc=min.) 
KMM5361 OOOA- 8 lcc4 - 760 mA 
KMM5361OOOA-10 - 640 mA 

Standby Current 
lcc5 - 12 mA (RAS=CAS=Vcc-0.2V) 

CAS-Before-RAS Refresh Current* 
KMM5361 OOOA- 7 - 1160 mA0 

(RAS and CAS Cycling@ tRc=min.) 
KMM5361 OOOA- 8 lees - 1040 mA 
KMM5361OOOA-10 - 920 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
l1L -120 120 µA all other pins not under test=O volts.) 

Output Leakage Current 
foL -10 10 µA (Data out is disabled, O~Vour~5.5V) 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. 

•• c=cSAMSUNG 
•• Electronics 
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KMM5361000A/AG/A1/A1G DRAM MODULES 

CAPACITANCE (TA=25°CJ 

Item Symbol Min Max Unit 

Input Capacitance (Ao-As) C1N1 - 88 pF 

Input Capacitance (W) C1N2 - 94 pF 

Input Capacitance (RASo, RAS2) C1N3 - 42 pF 

Input Capacitance (CAS0-CAS3) C1N4 - 36 pF 

Input/Output Capacitance 
CD01 - 17 pF 

(DOo-7,9-16, 1 a-25,27-34) 

Input/Output Capacitance (DOa. 17,26,35) CD02 - 22 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KMM5361 OOOA·7 KMM5361 OOOA·8 KMM5361OOOA·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max • Random read or write cycle time tRc 130 150 180 ns 

Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from. column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

•• c:cSAMSUNG 
•• Electronics 
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KMM5361000A/AG/A1/A1G DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM5361OOOA-7 KMM5361 OOOA-8 KMM5361000A-10 
Standard Operation Symbol 

Min 

Write command to CAS lead time tcwL 

Data-in set-up time tos 

Data-in hold time toH 

Data-in hold referenced to RAS toHR 

Refresh period tREF 

Write command set-up time twcs 

CAS set-up time (C-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) tcHR 

RAS precharge to CAS hold time tRPC 

Access time from CAS precharge tcPA 

Fast page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) tRASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C-B-R refresh) twRH 

CAS precharge (C-B-R counter test) tcPT 

NOTES 

1. An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between VrH(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc-

5. Assumes that tRco;;i.tRCD(max)-
6. tAR, twcR. toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
referenced to VoH or VoL-

... 
CJCSAMSUNG 
•• Electronics 

20 

0 

15 

55 

0 

10 

20 

10 

50 

10 

70 

10 

10 

35 

Unit Notes 
Max Min Max Min Max 

25 20 ns 

0 0 ns 10 

15 20 ns 10 

60 75 ns 6 

16 16 1~ ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs;;;i.twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

1 O. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limi' insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA. 
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KMM5361000A/AG/A1/A1G DRAM MODULES 

TIMING DIAGRAMS 
READ CYCLE 

A 

DQ 

A 

w 

DQ 

VoH

VoL-

>-----------!Re----------____, 

COLUMN 
ADDRESS 

I I 
f----1 

i-----------tRc-----------4 

~11:=-M-lRAs--F'"=t_ 
M 1----tRco-tc-sH---+-1--•,,~~ ~ 

~',::: J I 'K t''"=l' : t 
I- lAR II I 
~ lRAD ----+-I --+-I -tRAL-+-1 --t-· ---1. 

I tAsR I lRAH i ~ f-tcAH--1 I J 

~::=~ AD~~~ss ~ :;g~* -
I I J J tcwL·---1 
I I twcs J twcR+-- , I 
I ~ f---twcH---1 I 

~::= ~twe ml""P"IP-!~~!"'W""P"'I'_...... 
I I t I I lRWL ____ _, 
I H ~toH--i 

~::::~ VALtDDATAIN -

t------loHR-------1 IZ2S1 DON'T CARE 

=8SAMSUNG 
Electronics 
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KMM5361000A/AG/A1/A1G 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 
V1H-

V1L-

V1H-
GAS 

V1L-

V1H-
A 

V1L-

tcsH 

DRAM MODULES 

IRASP 

tcAs tcp 

V1H-~~~~~~~~~t----__,t------=ltl:'*":ic----+---..... ,_.~o,d~~i-------+-----~"""~ 

V1L - ~~~~~~'a ICAC 

VoH- IRAC -t''1 ~to::' 
------------------- DATA-OUT 

VoL- ~ 
t 

IQFF 
CLZ 

DQ 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w 

V1L-

V1H-
DQ 

V1L-

lo HR ~DON'T CARE 

c8SAMSUNG 
Fl,,.t"trnnif"c: 
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KMM5361000A/ AG/ A1 I A1G DRAM MODULES 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: VV=Don't Care 

RAS V1H-

V1L -

V,H-
A 

V,L-

GAS 
V1H-

V1L -

V1H -

-------tRc--------

---IRAS---

DQ 
V1L -

----,----------OPEN------------

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

V1L ___ ___, 

V1H -

V1L- ___ _, 

w V1H -

V1L - -.-....-...-..-----

V11cH -

~------IRc--------1 

tcHR 

DO 1>--------<~EN-----------
V11cL - ------..---

~DON'TCARE 

•• :::SAMSUNG 
•• Electronics 
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KMM5361000A/ AG/ A 1/A1G 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

DRAM MODULES 

------tRP-------+------tRc-------1 

-----1~---- ---t~----

A 

v,H - ~~~~~rr---i----~~~-~i'\'7\,~"\mm~~:7\7'\7\7'i.~i"\7\,'f\'A)\7\, 

VIL-''"'""'''"' 

VALID DATA-OUT 
DO VoH-

~~~~~~~-<~ 

VoL-

HIDDEN REFRESH CYCLE (WRITE) 

-----tRc------t-------tRc-------1 

----t~----

A 

w 

DO 

----toHR----4 

~DON'TCARE 

•• DC SAMSUNG 
u Electronics 
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KMM5361000A/ AG/ A1 I A1G 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-~ REFRESH COUNTER TEST CYCLE 

A 

READ CYCLE 

w V1H -
" "'"" ,. " 

VIL-_..... ............. _,, 

hz 

DQ 
VoH

----+--+---OPEN---+-+---<11\ 

WRITE CYCLE 

w V1H -
"", """ 

V1L-~~ 

DQ ----OPEN-----<I 
VIL -

•• c:cSAMSUNG 
•• Electronics 

DRAM MODULES 

• 
VALID DATA OUT 

~Don'tCARE 
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KMM5361000A/AG/A1/A1G DRAM MODLUES 

PACKAGE DIMENSIONS 
KMM5361000A/AG (1Mx4 (SOJ)* 8+1Mx1 (SOJ) *4) Units: Inches (millimeters) 

~
t------------4.250(107.95)-------------1 

-----------3.984(101.19)---------------l 

.133(3.38) R.062(1.57) R.125±.002(3.18±.051) 

~""----~ c 
s~ 
~~ 
~l5 
8 C'! 
q 

----.250 (6.35) R.062 ± .004 (R1.57±1.0) 

t----------3.750(95.25)--------------1 

KMM5361000AG/A1G: DETAIL OF CONTACTS (Gold plating lead} 

010(25)MAX--i_~ ~ ~~00(254)MIN 
.o5o (1.21~ --=-i=:=J W--;,itt:Oo4 (1.04 ± .10) 

KMM5361000A/A1: DETAIL OF CONTACTS (Solder plating lead} 

010(25)MAX~ ~ ~ l 100(254)MIN 

.050 (1.27) 1--1--.036± .004 (.914± .10) 

KMM5361000 A1/A1G (1Mx4 (SOJ) *8+1Mx1 (TSOPI) *4) 

.054(1.37) 

.047(1.19) 

I I ~ I 
i==o 

100000000=======1 J 
(The dimensions of this PCB are the same as those of the above one.} 

Tolerances: ± .005 (.13) unless otherwise specified 

•• DC SAMSUNG 
•• Electronics 
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KMM5322000AV/AVG DRAM MODULES 

2Mx32 DRAM SIMM Memory Module 

FEATURES 

• Performance range: 

tRAC tCAc 

KMM5322000AV- 7 70ns 20ns 

KMM5322000AV- 8 sons 20ns 

KMM5322000AV-10 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Single +5V ± 100/o power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 

PIN CONFIGURATIONS Front View) 

Pin ~ymbol Pin S_ymbol 
1 Vss 37 NC 
2 DOo 38 NC 
3 D018 39 Vss 
4 D01 40 CASo 
5 D019 41 CAS2 
6 D02 42 CASa 
7 D020 43 CAS1 
8 DO a 44 RASo 
9 D021 45 RAS1 

10 Vee 46 NC 
11 NC 47 w 
12 Ao 48 NC 
13 A1 49 DOg 
14 A2 50 D027 
15 Aa 51 D010 
16 ~ 52 D020 
17 As 53 D011 36 
18 As 54 D029 
19 NC 55 D012 
20 D04 56 D030 
21 D022 57 D013 
22 DOs 58 D031 

37 

23 D023 59 Vee 
24 DOs 60 D032 
25 D024 61 D014 
26 D01 62 D033 
27 D02s 63 D01s 
28 A1 64 D034 
29 NC 65 D01s 
30 Vee 66 NC 
31 Aa 67 PD1 
32 Ag 68 PD2 
33 RAS3 69 PD3 
34 RAS2 70 PD4 
35 NC 71 NC 
36 NC 72 Vss 72 

•• c:cSAMSUNG 
•• Electronics 

tRc 

130ns 

150ns --180ns 

0 

GENERAL DESCRIPTION 
The Samsung KMM5322000AV is a 2M bitsx32 Dynamic 
RAM high, density memory module. The Samsung 
KMM5322000AV consist of sixteen CMOS 1Mx4 bit 
DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22µF decoupling capacitor is 
mounted under each DRAM. 

The KMM5322000AV is a Single in-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 

Pin Name Pin Function 

AoAg 

D 
Address Inputs 

D00-D03s 
except DOa, Data In/Out 
17, 26, 35) 

D 
D 
D 

D 
D 
D 
D 

0 

w Read/Write Input 

RAS0-RAS3 Row Address Strobe 

CAS0-CAS3 
Column Address 
Strobe 

PD1-PD4 Presence Detect 

Vee Power (+5V) 

Vss Ground 

N.C. No connection 

Presence Detect Pins (Optional) 

Pin 70ns sons 100ns 

PD1 NC NC NC 

PD2 NC NC NC 

PD3 Vss NC Vss 

PD4 NC Vss Vss 

* Pin Connection Changing Available 
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KMM5322000AV/AVG DRAM MODULES 

FUNCTIONAL BLOCK DIAGRAM 

CAS t-
RAS t---t-----1 

1 OEQ 
CAS t----------' 

RASt-

W OE r], 

CAS2 O-Q----r----;::=:=::t:=::::j:=:=:=::::;----co~<?.-:~1a~-2~1--;::=:=:=:t::=::t:=:=:;--1 
001 t-----0------1 001 GAS t-----------1 

t-- CAS 002 -0 002 RAS 1------l--..n-0~ RAS3 
RAS2 uo-~-----1------tRAS 003 :; 003 -~ OE~ 

__r- OE W Ao-As 004 004 Ao-As !77._ __ ~.,....--,I....---..... J 

0011----
0-%022

--
2
-
5
--1 001 CAS 1----------' 

'-- CJiS 002 1'\_ 002 RAS f-------------1 
~RAS 003 ~ 003 OE 11 

rfi"~OE ___ W.,....._A~o-,..A-s __ o_o_,4 -<> ~o_o_4 __ A_o-~A-s_~W~ _ __.1rh 

CAS3 Co---+-----------+------1-------------+-----+-----~ OC?J..7-30 
001 t----~0------1 001 

t-- CAS 002 "' 002 

~RAS _W 003 ~ 003 _W OE Q fl OE Ao-As 004 - 004 Ao-As 
m , ..... __ l_.,....--,Ii--"---_, 0031.34 ~:::::::::.:.:."'"--------~~' 

001 1------0n--------. 001 CAS t--------------

'------------1 CAS 002 -0 002 RAS ~ 
'-------- RAS 003 ~ 003 CJt 11 

~~OE_E __ W.,...._A~0-_A_9 __ oo_..4 -....- ~o_o_4 __ A_a-~A-s __ w~ _ __.,rh 

w 0-0-----------+------1-------------+----' 
Ao-As 00------------------------------------' 

Vee 0,_____-----1.--o-.-2-2µ_F_C_a_p_a_ci-to_r ___ To all 

Vss 
0

,_____ _____ T.__u_n_d_er_e_a_c_h_O_R_A_M ___ ORAMs 

•• c=cSAMSUNG 
•• Electronics 
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KMM5322000AV/AVG DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, VouT -1to+7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1to+7.0 v 
Storage Temperature Tstg -55 to +150 oc 
Power Dissipation Po 9.6 w 
Short Circuit Output Current los 50 mA 

* Permanent device damage may occur if '~BSOLUTE MAXIMUM RATINGS" are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso
lute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss, TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 

·-------

Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KMM5322000AV- 7 - 856 mA 

(RPS, GAS, Address Cycling @ tRc =min.) 
KMM5322000AV- 8 lcc1 - 776 mA 
KMM5322000AV-10 - 696 mA 

Standby Current 
lcc2 - 32 mA 

(RPS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM5322000AV- 7 - 856 mA 

(CAS=V1H, RAS Cycling @ tRc =min) 
KMM5322000AV- 8 lcc3 - 776 mA 
KMM5322000-10 - 696 mA 

Fast Page Mode Current* 
KMM5322000AV- 7 - 656 mA 

(RAS=V1L, GAS Cycling: tpc =min.) 
KMM5322000AV- 8 lcc4 - 576 mA 
KMM5322000AV-10 - 496 mA 

Standby Current 
Ices - 16 mA 

(RAS=CAS=Vcc-0.2V) 

GAS-Before-RAS Refresh Current* KMM5322000AV- 7 - 856 mA 

(RAS and GAS Cycling @ tRc =min.) 
KMM5322000AV- 8 Ices - 776 mA 
KMM5322000AV-10 - 696 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
liL -160 160 µA 

all other pins not under test=O volts.) 

Output Leakage Current 
loL -10 10 µA 

(Data out is disabled, O~VouT~5.5V) 

Output High Voltage Level (loH = -5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

* NOTE: lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as average current. 

•• :::SAMSUNG 
•• Electronics 
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KMM5322000AV/AVG DRAM MODULES 

CAPACITANCE (TA =2.5°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 128 pF 

Input Capacitance (W) C1N2 - 140 pF 

Input Capacitance (RAS0-RAS3) C1N3 - 42 pF 

Input Capacitance (CAS0-CAS3) C1N4 - 42 pF 

Input/Output Capacitance 
CD01 - 29 pF 

(DOo-7, 9-1s. 1a-2s. 27-34) 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V± 10%, See notes 1, 2) 

KMM5322000AY.7 KMM5322000AY.8 KMM5322000AY.10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 130 150 180 ns 

Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address-delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up-time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRcs 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

... 
DC SAMSUNG 
•• Electronics 
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KMM5322000AV/AVG DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM5322000AV..7 KMM5322000AV..8 KMM5322000AV..10 
Standard Operation Symbol 

Min 

Write command to CAS lead time tcwL 20 

Data-in set-up time tos 0 

Data-in hold time toH 15 

Data-in hold referenced to RAS to HR 55 

Refresh period tREF 

Write command set-up time twcs 0 

CAS set-up time (C-B-R refresh) tcsR 10 

CAS hold time (C-B-R refresh) tcHR 20 

RAS precharge to GAS hold time tRPC 10 

Access time from CAS precharge tcPA 

Fast Page mode cycle time tpc 50 

CAS precharge time (Fast page) tcp 10 

RAS pulse width (Fast page) tRASP 70 

W to RAS Precharge time (C-B-R 
refresh) twRP 10 

W to RAS hold time (C-B-R refresh) twRH 10 

CAS precharge (C-B-R counter test) tcPT 35 

NOTES 

1 . An initial pause of 200µs is required after power-up fol
lowed by any 8 RAS cycles before proper device 
operation is achieved. 

2. V1H (min) and V1L (max) are reference levels for measur
ing timing of input signals. Transition times are meas
ured between V1H (min) and V1L(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 tRco (max) limit insures that tRAC 
(max) can be met. tRco (max) is specified as a reference 
point only. It tRco is greater than the specified 
tRco(max) limit, then access time is controlled exclu
sively by tCAc. 

5. Assumes that tRCD:StRCD (max)· 
6. tAR, twcR. toHR are referenced to tRAo (max). 
7. This parameter defines the time at which the output 

achieves the open circuit condition and is not refer
enced to VoH or VOL· 

ex SAMSUNG 
•• Electronics 

Unit Notes 
Max Min Max Min Max 

20 25 ns 

0 0 ns 10 

15 20 ns 10 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs, tRwo, tcwo and tAwo are non restrictive operat
ing parameters. They are included in the data sheet 
as electrical characteristics only. If twcs~twcs (min) 
the cycle is an early write cycle and the data out pin 
will remain high impedance for the duration of the 
cycle. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading 

edge in early write cycles and to the W leading edge 
in read-write cycles. 

11 . 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 speci
fied tRAo(max) limit, then access time is controlled 
by tAA. 
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KMM5322000AV I AVG DRAM MODULES 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

DQ 

V1H

V1L-

V1H

V1L-

tcRP 

r---------lRAS----------< 

>---------tcsH-------. 

COLUMN 
ADDRESS 

~I 

I 

~ 

V1H- ~~~~~~~ci---+---~------r~'V'W" 

V1L- ~Q£;~~~~~~~~'f tcAC__j 

.(~( 

VoH

VoL-

f-----lAA I 
~I 

>-------lRAC-------ttJ---1 

-------OPEN------~~ VALID DATA-OUT J---
WRITE CYCLE (EARLY WRITE) 

A 

w 

DQ 

V1H

V1L-

V1H-

V1L-

r----------lRAS-------..--. 

1-----tRco----+----tRsH------1 

.• .,, ft,;;·~,, J:l b:J I I 

~::=~Ao~~ss~ :;g~~* ·-
'\ I tcwL----j I 

I I twcs I twcRi==-twcH~ I 
~::=~•w,- m_.;,.~._....,,.......__.._.....,... 

/ I t / / tRwL------i 

/ H f-- toH--1 

~::=~ VAUDDATAIN -

------loHR------11 ~DON'T CARE 

c8SAMSUNG 
Electronics 
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KMM5322000AV I AVG 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

A 

DRAM MODULES 

V1H- V"\:~ii'V~~~'7\J'"~-t-----t"----~~~---t--..... ',_.b\IT.7~-1..;....----+---~~~"°' 
V1L- ~~~~~~~ 

DQ 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w 

V1L-

V1H-
DQ 

V1L-

lDHR ~DON'T CARE 

c8SAMSUNG 
Electronics 
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KMM5322000AV I AVG 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 

RAS 
V1H-

V1L-

V1H-
A 

V1L-

CAS V1H-

V1L -

DO 
V1H -

V1L -

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

DRAM MODULES 

t---------tRc----------1 

t-----tRAS---

tcRP 

-------tRc-------

tcHR 

w 
V1H - ~~~~~~tX----:si~~~~~~~~~~~~\?'\71~7"'\'~ 

V1L - """ "" " ,., , ', 

V11CH-

DO l>--------OPEN------------
VI/CL - ------

~DON'TCARE 

•• c:cSAMSUNG 
•• Electronics 
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KMM5322000AV I AVG 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

DRAM MODULES 

------tRP-------+-----tRc------

t-----tRAS;----1 

A 

v,H - 7\A,i"\"A,~~~M----1----~ro'7¢-,_'7'i'"1'\,i":7\J~rn\7'\J~i7'\7'\7\7'\7\7\.7\7\.~ii::?\, 

V1L - ''"·""'''"'"" 

VALID DATA-OUT 
DO VoH-

-~~~~~~-~ 
VoL-

HIDDEN REFRESH CYCLE (WRITE) 

-----tRc-----------IRc-------1 

t-----tF1A5----< 

A 
V1H -

V1L -

w V1H -

V1L -

DO 
V1H -

V1L -

toHR 

~DON'TCARE 

•• CJCSAMSUNG 
•• Electronics 
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KMM5322000AV I AVG DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -
A 

V1L - ........ -... ............................................... --- , ... _...,......,. __ .,.. '-.........,"-"-'"-"-"-"-.................... ~ .................... ~ ..... 

READ CYCLE 

w v,H - ~'1\7'\'~r-1-+n'f\'!\'1\7'\'7\7\7'\7\rl-t-t-----1r------t--t--1--:tt'?'\'7'\~~ 

V1L --... ............ ~ 

DO 
VoH

----+--+--OPEN---+-+----<11\ Nll VALID DATA OUT 
VoL-

WRITE CYCLE 

w 

DO ----OPEN-----<I 
V1L -

~ Don'tCARE 

·-C:C SAMSUNG 
•• Electronics 
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KMM5322000AV/AVG DRAM MODULES 

PACKAGE DIMENSIONS 
Units: Inches (millimeters) 

0 
L() 

"! 

~------------4.250 (107.95) 

-----------3.984(101.19)------------

.133 (3.38) R.062 (1.57) .125 DIA±0.002 (3.18±0.051) 

.250 (6.35) 
R.062 ± .004 (R1.57±1.0) 

----------3.750 (95.25)------------

KMM5322000AVG DETAIL OF CONTACTS (Gold plating lead) 

010(25)MAXt--n n ~ I 100(254)MIN 

.050 (1.27) +--J .041 ± .004 (1.04 ± .10) 

KMM5322000AV DETAIL OF CONTACTS (Solder plating lead) 

010(25)MAX~ ~ n I 100(254)MIN 

.050 (1.27) 1--1--.036± .004 (.914± .10) 

lnr.350 (8.89) MAX 

.225 (5.71) MIN 

'I .054 (1.37) 
--j .047(1.19) 

Tolerances: ± .005 (.13) unless otherwise specified 

... 
c:cSAMSUNG 
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KMM5362000A/ AG/ A1 I A1G DRAM MODULES 

2MX36 DRAM SIMM Memory Module 
FEATURES GENERAL DESCRIPTION 
• Performance range: 

tRAC tcAC 

KMM5362000A- 7 70ns 20ns 

KMM5362000A- 8 80ns 20ns 

KMM5362000A-1 0 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-Only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Single +SV::t10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 

tRc 

130ns 

150ns 

180ns 

The Samsung KMM5362000A is a 2M bitsX36 Dynamic 
RAM high density memory module. The Samsung 
KMM5362000A -consist of sixteen CMOS 1 MX4 bit 
DRAMs in 20-pin SOJ package and eight CMOS 1MX1 
bit DRAMs in 20-pin SOJ package mounted on a 72-pin 
glass-epoxy substrate. A 0.22µF decoupling capacitor 
is mounted under each DRAM. 

The KMM5362000A is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 

PIN CONFIGURATIONS (Front View) 

Pin S_I.mbol Pin S_ymbol 
1 Vss 37 0017 
2 DOo 38 D035 
3 D018 39 Vss 
4 D01 40 CASo 
5 D019 41 CAS2 
6 D02 42 CAS3 
7 D020 43 CAS1 
8 D03 44 RA So 
9 D021 45 RAS1 

10 Vee 46 NC 
11 NC 47 w 
12 Ao 48 NC 
13 A, 49 DOg 

r--14 A2 50 D027 
15 A3 51 D010 

t--16 A4 52 D02s 
17 As 53 D011 
18 A5 54 D02g 
19 NC 55 D012 
20 D04 56 D030 
21 D022 57 D013 
22 DOs 58 D031 
23 D023 59 Vee 
24 D05 60 D032 
25 D024 61 D014 
26 D07 62 D033 
27 D02s 63 D01s 
28 A7 64 D034 
29 NC 65 D015 
30 Vee 66 NC 
31 As 67 PD1 
32 Ag 68 PD2 
33 RAS3 69 PD3 
34 RAS2 70 PD4 
35 D026 71 NC 
36 DO a 72 Vss 

•• c=cSAMSUNG 
.. Electronics 

36 

37 

72 

0 

D 
DB 
DB 
DB 
DB 

D 
0 

Pin Name Pin Function 

Ao-Ag Address Inputs 

D00-D035 Data In/Out 
f-_:_ 
w Read/Write Input 

!-_:__ -
RAS0-RAS3 Row Address Strobe 

CAS0-CAS3 
Column Address 
Strobe 

PD1-PD4 Presence Detect 

Vee Power (+5V) 

Vss Ground 

N.C. No connection 

Presence Detect Pins (Optional) 

Pin 70ns 80ns 100ns 

PD1 NC NC NC 

PD2 NC NC NC 

PD3 Vss NC Vss 

PD4 NC Vss Vss 

* Pin Connection Changing Available 
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KMM5362000A/ AG/ A1IA1G DRAM MODULES 

FUNCTIONAL BLOCK DIAGRAM 

GAS t---
RAS 1------1--.--0<J RAS1 

• 
n .. OE_E __ W.,...__A..,0-_A...,g __ oa_4 - DQ4 Ao-Ag W 

m , 1 1 D2_11 I I 

L=l ... ~_: __ W,...._A..,o-_A.._g --~ .... J-J - q_~ __ A.-o-.,..A_g_...,w,.__~_~_~ ... ~ 
CAS2 O-•r----+------+----+------=a-------+---1-----~ 

001
,..._ __ D_::,:,;:u1 e_-2_1 _---4 DQ, 

~ CAS D02 ~ DQ2 
GAS t----
RAS 1-----1f------1-1'-o_ RAS3 

RAS2 u0->-----<.--1--------< RAS DQ3 -0- DQ3 
...ci._OE_E __ w.,...__A..,o-_A .... g __ oa ...... 4 -0- DQ4 

m. l l D~-25 
oa,,..-------<~<>-----< oa, cAs i-----------. 

Ao-As 
I 

1 OED, 

~ CAS DQ2 -<>- D02 RAS t---t----' 
~RAS DQ3 -""- DQ3 OE 11 rh; .. OE_E __ w __ A_o..,-_Ag..___oa_4 __; DQ4 Ao-Ag w :m 
I L___f ~RA WI :r aDh o_g2e qJao :r l CAS 
~._n_Mv_-.... __ A0~--A9.._ _ __,~ .._ __ A.-o-.,..A.-s __ w,.__R_A_s_. 

CAS3 0-u--~-r--;:=:=:::t=::::::t=:=:=:::;---oca~:;;;--;::=:=:::t=:=:t:::::::::;~--i 
DQ, 1----D _ _,;;.;_021_-3_0_---f DQ, CAS I------< 

~ GAS D02 ~ D02 ~ t---t----' 

t-t------1 RAS DQ3 -""- DQ3 OE Q 
rl._OE_E __ W.,..__A_o..,-A_9'"---DQ__.4 _; DQ4 A0-A9 W 

m , J_ J_ o~-34 J_ i 
oa,---~<>-------0 DQ, CAS I------< 

~ CAS D02 -0- D02 RAS t---t----' 

~RAS DQ3 -<> DQ3 0t: Q 
11 ... o_E __ w __ A..,o-_A .... 9 __ oa......,4 -<> DQ4 A_r;rAg w 

m , i l. ~35 l. l 

L=:=t~ W Ao-As g_p 4 g Ao-As W ~~~1==-
.____,J~~!----- --~-1----J~-w 0-u-~~~~~~----~-+-~~~~~~~~~~-J+---~ 

Ao-As 0-0----------------------------' 
Vee 0>---------.11--o-_2_2_µ_F_C_a_p_ae-it_o_r --- To all 

Vss 
0

,__ ____ _,T.__u_n_de_r_e_a_eh_D_R_AM ____ DRAMs 

•• C:CSAMSUNG 
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KMM5362000A/ AG/ A 1/A1G DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N. 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 oc 
Power Dissipation Po 14.4 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* KMM5362000A- 7 - 1184 mA 

(RAS, GAS, Address Cycling@ tRc=min.) 
KMM5362000A- 8 lcc1 - 1064 mA 
KMM5362000A-10 - 944 mA 

Standby Current 
lcc2 - 48 mA 

(RAS=CAS=V1H) 

RAS-Only Refresh Current* 
KMM5362000A- 7 - 1184 mA 

(CAS=V1H, RAS Cycling @ tRc=min) 
KMM5362000A- 8 lcc3 - 1064 mA 
KMM5362000A-10 - 944 mA 

Fast Page Mode Current* KMM5362000A- 7 - 904 mA 

(RAS=V1L. CAS Cycling: tpe=min.) 
KMM5362000A- 8 lcc4 - 784 mA 
KMM5362000A-1 0 - 664 mA 

Standby Current 
Ices - 24 mA (RAS=CAS=Vcc-0.2V) 

CAS-Before-RAS Refresh Current* 
KMM5362000A- 7 - 1184 mA 

(RAS and CAS Cycling @ tRc=min.) 
KMM5362000A- 8 Ice a - 1064 mA 
KMM5362000A-10 - 944 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
hL -240 240 µA 

all other pins not under test=O volts.) 

Output Leakage Current 
IQL -10 10 µA 

(Data out is disabled, O~Vour~5.5V) 

Output High Voltage Level (loH= - 5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcca are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. 

•• c=cSAMSUNG 
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KMM5362000A/ AG/ A1 I A1G DRAM MODULES 

CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 161 pF 

Input Capacitance (W) C1N2 - 168 pF 

Input Capacitance (RAS0-RAS3) C1N3 - 42 pF 

Input Capacitance (CAS0-CAS3) C1N4 - 42 pF 

Input/Output Capacitance 
CD01 - 29 pF 

(DOo-7,9-16, 1 a-25,27-34) 

Input/Output Capacitance (DOa, 17,26,35) CD02 - 39 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KMM5362000A·7 KMM5362000A·8 KMM5362000A·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max • Random read or write cycle time tRc 130 150 180 ns 

Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z tcl2 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column . address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

•• CJCSAMSUNG 
•• Electronics 
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KMM5362000A/ AG/ A1 I A1G 

AC CHARACTEROSTOCS (Continued) 

Standard Operation Symbol 

Write command to CAS lead time tcwL 

Data-in set-up time tos 

Data-in hold time toH 

Data-in hold referenced to RAS toHR 

Refresh period tREF 

Write command set-up time twcs 

CAS set-up time (C-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) tcHR 

RAS precharge to CAS hold time tRPC 

Access time from CAS precharge tcPA 

Fast page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) tRASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C-B-R refresh) twRH 

CAS precharge (C-B-R counter test) tcPT 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco~tRCD(max)· 
6. tAR, twcR. toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

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

•• c:cSAMSUNG 
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KMM5362000A-7 KMM5362000A-8 KMM5362000A-10 

Min 

20 

0 

15 

55 

0 

10 

20 

10 

50 

10 

70 

10 

10 

35 

Unit Notes 
Max Min Max Min Max 

20 25 ns 

0 0 ns 10 

15 20 ns 10 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo. tcwo and tAwD are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs;;i:twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA. 
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KMM5362000A/ AG/ A 1/A1G DRAM MODULES 

TIMING DIAGRAMS 
READ CYCLE 

·------tRc---------~ 

A 

DO 

A 

w 

DO 

VoH
VoL-

--tRp 

>--------tcsH----~-. 

---1 lAR~lRAL---;-,---------.111 
I tAsc I ~tcAH--j 

, _ __.___ COLUMN l\7\~~~~A.il:'7\7'\'A.'t7\7\?'\7\~iT 

ADDRESS 

I I 
~I 

1-----------tRc 

~-tRAS----yt=lRP=L V1H-----V1L- ~ 

ltcRPI r----tRco---+-1 -tRsH----i I tcRP I n >-------tcsH . -I I r-1 
~::= J I t t'c"=t : / 

t--------tAR I I 

1 
IASR ~tr ~ ~t:::~ I I 

~::= w¢: AD~~s ~ :;g~~~s~ ~ 
I I I I tcwL----i I 
I I twcs I twcR +--- , I 
I ~ f---twcH--1 / 

~11:= I I twp- .,....................,._...__ 

I I t I I IRWL ____ _, 

J H r-- toH ---j 

~::=~ VALIDDATAIN -

i-------toHR-------< ~DON'TCARE 

c8SAMSUNG 
Fl~drnnir.~ 
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KMM5362000A/ AG/ A1IA1G 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

A 

DRAM MODULES 

V1H- ~"!'iJ~'1'\J~7f:J\?tr-1::--t---t---~:*7j!---t"--f'~b:'~~-f----+-~~°""""" 
w 

V1L - ~Ql,.~Ql,.~Ciii,'lCf 

DO 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-
w 

V1L-

V1H-
DO 

V1L-

IDHR ~DON'TCARE 

@SAMSUNG 
Electronics 
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KMM5362000A/ AG/ A 1/A1G DRAM MODULES 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W=Don't Care 

RAS V1H-

V1L-

A 
V1H-

V1L-

OAS V1H-

VIL -

V1H -

t---------tRc--------1 

---tRAS---

tcRP 

DO 
V1L -

------------OPEN------------

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address= Don't Care 

V1L-----

lcsR 

w V1H-

V1L -

toFF 

V11CH-

DO 
V11CL-

•• c:cSAMSUNG 
U Electronics 

-------tRc-------

PEN 

~DON'TCARE 
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KMM5362000A/ AG/ A 1/A1G 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

DRAM MODULES 

------tRp----------tRc------

-----tRAS•---- ---tRAS----

A 

w 
V1H - ~~~~~~--;--------:ii~m:x---.."J\7\'~~~"\7'\?rn7'\7\'71~-:7\7'\.7'\7\7\7\.l\7\, 

V1L -_..... ......... .....,.........._ 

DQ VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

A 
V1H -

V1L -

w V1H -

V1L -

DQ 
V1H -

.V1L -

to HR 

~DON'TCARE 

•• CJCSAMSUNG 
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KMM5362000A/ AG/ A 1 / A1G DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -
A 

V1L -~~~~~~~~~'.::J f'o-.......... --.., "-~~~~~~~~~~~ I READ CYCLE 

w 

DO 
VoH

-------OPEN----t--t---•U\/\A VALID DATA OUT 
VoL-

WRITE CYCLE 

w 

DO ----OPEN-----c-1 
V1L -

~ Don'tCARE 

•• CJCSAMSUNG 
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KMM5362000A/AG/A1/A1G DRAM MODULES 

PACKAGE DIMENSIONS 
KMM5362000A/AG (1Mx4 (SOJ)*16+1Mx1 (SOJ)*8) Units: Inches (millimeters) 

-------------4.250(107.95)-----------

-----------3.984(101.19)----------

.133(3.38) 
R.062 (1.57) .125 DIA±0.002 (3.18±0.051) 

.250 (6.35) R.062 ± .004 (R1.57±1.0) 

KMM5362000AG/A1G DETAIL OF CONTACTS (Gold plating lead) 
i----1--.350 (8.89) MAX 

010(~)MAX~ ~ 0 I 100(2~)MIN 
.050 (1.27) l-+-..041± .004 (1.04± .10) 

KMM5362000A/A1 DETAIL OF CONTACTS (Solder plating lead) 

010(~)MAX~ ~ 0 I 100(2~)MIN 
.050 (1.27) ~.036± .004 (.914± .10) 

KMM5362000A1/A1G (1Mx4 (SOJ)* 16+1Mx1 (TSOPI)* 8) 
.054(1.37) 
.047(1.19) 

(The dimensions of this PCB are the same as those of the above one) 

Tolerances: ± .005 (.13) unless otherwise specified 

c5cSAMSUNG 
u Electronics 
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KMM5401000A/AG DRAM MODULES 

1MX40 DRAM SIMM M~mory Module 

FEATURES GENERAL DESCRIPTION 
• Performance range: 

IRAC tcAC 

KMM5401 OOOA- 7 70ns 20ns 

KMM5401 OOOA- 8 80ns 20ns 

KMM5401OOOA-10 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Single +5V:t10% power supply 
• 1024 cydes/16ms refresh 
• JEDEC standard pinout 

IRC 

130ns 

150ns 

180ns 

The Samsung KMM5401 OOOA is a 1 M bits X 40 
Dynamic RAM high density memory module. The Sam
sung KMM5401 OOOA consist of ten CMOS 1 M X 4 
bit DRAMs in 20-pin SOJ packages mounted on a 72-pin 
glass-epoxy substrate. A 0.22µF decoupling capacitor 
is mounted under each DRAM. 

The KMM5401 OOOA is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 

PIN CONFIGURATIONS (Front View) 

Pin S_ymbol Pin S_ymbol 
1 Vss 37 D019 
2 OOo 38 D020 
3 001 39 Vss 
4 002 40 CASo 
5 003 41 NC 
6 004 42 NC 
7 OOs 43 NC 
8 OOs 44 RASo 
9 001 45 NC 

10 Vee 46 D021 
11 NC 47 w 
12 Ao 48 Vss 
13 A1 49 D022 
14 A2 50 D023 
15 A3 51 0024 
16 ~ 52 002s 
17 As 53 0025 
18 As 54 D021 
19 OE 55 D02a 
20 DO a 56 D02s 
21 OOs 57 0030 
22 0010 58 0031 
23 0011 59 Vee 
24 0012 60 0032 
25 0013 61 0033 
26 0014 62 0034 
27 001s 63 003s 
28 A1 64 003s 
29 0015 65 D037 
30 Vee 66 D03a 
31 As 67 P01 
32 As 68 PD2 
33 NC 69 PD3 
34 NC 70 PD4 
35 OQrr 71 003s 
36 001a 72 Vss 

•• CJCSAMSUNG 
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37 

72 

0 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

0 

Pin Name Pin Function 

Ao-As Address Inputs 

DQ0-DQ39 Data In/Out 

w Read/Write Input 

RA So Row Address Strobe 

CASo Column Address Strobe 

OE Output Enable 

PD1-PD4 Presence Detect 

Vee Power (+SV) 

Vss Ground 

N.C. No connection 

Presence Detect Pins (Optional) 

Pin 70ns eons 100ns 

PD1 Vss Vss Vss 

PD2 Vss Vss Vss 

PD3 Vss NC Vss 

PD4 NC Vss Vss 

* Pin Connection Changing Available 
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KMM5401000A/AG 

FUNCTIONAL BLOCK DIAGRAM 

6E 0 
Ao· As 

,.... 
~ w "" 

CASo " "" 
RASo " "" 

---+-+-it---f ~ 
......,...-+--<,....___, GAS 

~w 

t-+- Ao·As 

t-- OE 

DO, t--oDoo 

D02 t--oDo, 

D03 f--oD02 

D04 f--oD03 

-------
---+-+-i--t RAS 

o--+--+-<---1CAS 

~w 

~ Ao·As 

~OE -------
---+-+-it---f ~ 

e-+-+-+---11 GAS 

~w 

~ Ao·As 

t-- OE 

D01 r-o DOa 

D02 f--o DOs 

D03 t--o D010 

oo. t--o Do,, 

-------
---+-+-i--f ~ 

.-t--+-t---t GAS 

~w 

~ Ao·As 

t-- OE 

oo, f--o D012 

002 r-<> D013 

003 ~Do,. 
004 f--o DO, 5 

------~ 
'-+--+-+-i--1 ~ 

'--+--+-1--i GAS 

'-+-+-- w 
"-+-- Ao·As 

.__OE 

oo, t--o D016 

002 t--o DO 11 

003 t--o D013 

004 t--o D019 

-------
Vee 0-----.....-----------

J_ ·o.22µF Capacitor 

I under each DRAM ' 
Vss 0------+-------'------

•• CJCSAMSUNG 
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To all DRAMS 

DRAM MODULES 

t-t--+-+-t----t RAS 

....... -+-+----1 CAS 

H-+------1 w 
+-+--I Ao·As 

~OE 

DO, t--o D020 

D02 r-o D021 

D03 f--o D022 

D04 r-o D023 _______ .. 
---+-+-t----t RAS 

....... -+-+----1 CAS 

H-+------1 w 
+-+--I Ao-As 

~OE 

DO, r-o D024 

D02 t--o D025 

D03 t--o D02s 

Do. f--o D021 _______ .. 
~-+-+-1---1 ~ 

......+-+-+---1 GAS 

~w 

+-+--I Ao·As 

P--1 OE 

D01 r-o D02a 

D02 r-<> 0029 

D03 r-<> D030 

D04 f--o D031 _______ .. 
---+-+-t----t ~ 

.-+-+-+----t GAS 

t-t--+-- w 
l'-t-- Ao·As 

+-- or 

D01 f--o D032 

D02 ~ D033 

D03 f--o D034 

Do.~ D035 _______ .. 
'-+--+-+-t----t RAS 

~-+-+---11 GAS 

~w 

'-+--I Ao·As 

L..--..1 OE 

D01 t--o D03s 

D02 t--o 0031 

D03 t--o D03a 

D04 t--o 0039 
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KMM5401000A/ AG DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N. 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 oc 
Power Dissipation Po 6 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KMM5401 OOOA- 7 - 1050 mA 

(RAS, CAS, Address Cycling@ tRc=min.) 
KMM5401 OOOA- 8 lcc1 - 950 mA 
KMM5401OOOA-10 - 850 mA 

Standby Current (RAS=CAS=V1H) lcc2 - 20 mA 

RAS-Only Refresh Current* 
KMM5401 OOOA- 7 - 1050 mA 

(CAS=V1H. RAS Cycling @ tRc=min) 
KMM5401 OOOA- 8 lcc3 - 950 mA 
KMM5401OOOA-10 - 850 mA 

Fast Page Mode Current* 
KMM5401 OOOA- 7 - 800 mA 

(RAS=V1L. CAS Cycling: tpc=min.) 
KMM5401 OOOA- 8 lcc4 - 700 mA 
KMM5401OOOA-10 - 600 mA 

Standby Current (RAS=CAS=Vcc-0.2V) lcc5 - 10 mA 

GAS-Before-RAS Refresh Current* 
KMM5401 OOOA- 7 - 1050 mA 

(RAS and CAS Cycling @ tRc=min.) 
KMM5401 OOOA- 8 lcc6 - 950 mA 
KMM5401OOOA-10 - 850 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
l1L -100 100 µA all other pins not under test=O volts.) 

Output Leakage Current (Data out is disabled, O~Vour~5.5V) loL -10 10 µA 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. 

•• CJ: SAMSUNG 
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KMM5401000A/AG DRAM MODULES 

CAPACITANCE (TA=25°C) 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 70 pF 

Input Capacitance (W, OE) C1N2 - 80 pF 

Input Capacitance (RASo, CASo) C1N3 - 80 pF 

Input/Output Capacitance (DOo-0039) CD01 - 17 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KMM5401 OOOA-7 KMM5401 OOOA-8 KMM5401OOOA·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 130 150 180 ns 

Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS tcAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

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

RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 ·50 ns 11 

CAS to RAS precharge time tcRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

•• c:cSAMSUNG 
•• Electronics 
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KMM5401000A/AG DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM5401000A-7 KMM5401000A-8 KMM5401000A-10 
Standard Operation Symbol 

Min 

Data-in set-up time tos 

Data-in hold time toH 

Data-in hold referenced to RAS toHR 

Refresh period tREF 

Write command set-up time twcs 

CAS set-up time (C-B-R refresh) tcsR 

CAS hold time (C-B-R refresh) tcHR 

RAS precharge to GAS hold time tRPC 

Access time from CAS precharge tcPA 

Fast Page mode cycle time tpc 

CAS precharge time (Fast page) tcp 

RAS pulse width (Fast page) tRASP 

W to RAS precharge time (C-B-R refresh) twRP 

W to RAS hold time (C-B-R refresh) twRH 

CAS precharge (C-B-R counter test) tcPT 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con-
trolled exclusively by tcAc. · 

5. Assumes that tRco;;i.tRCD(max)-
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

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

·-C:C SAMSUNG 
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Unit Notes 
Max Min Max Min Max 

0 0 ns 10 

15 20 ns 10 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns · 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs;;?:twcs(min) the cycle is an ear1y write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

10. · These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAc(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA· 

425 

I 



KMM5401000A/AG 

TIMING DIAGRAMS 

READ CYCLE 

A 

w 

DRAM MODULES 

IRC -------------i 

DQ 
VoH- ~~~~~~~ 
VoL-

WRITE CYCLE (EARLY WRITE) 

r-----------·----tRc--·--------------i 

1---------IRAs--------~~ 

IAR ------< 
RAS 

GAS 
V1H-

V1L-

V1H-
A 

V1L-

V1H-

w V1L-

V1H-
OE 

V1L-

DQ 
V1H-

V1L-

~DON'T CARE 

ciSSAMSUNG 
l=l~rtrnnirc:: 
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KMM5401000A/ AG DRAM MODULES 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

ru---- IAR--

f--------tcsH--+----~~ 

v1H- -~11""11"""" ~~~ ...... --\~n'\~,...-1-;::~:7'::-:---\,DO"t't:ru~~"'~k7':mt7'ti~~m~m'I~~" , 
A 

V1L - Oi.Q~~y 'J""-----"- \ 

w • V1H- ~~"t'?'\,~'1f:!~~rn":~7\1~~~"'°7m~ 

V1L- .J}J.~:l.O.~'"-~~~.ilJ.~~Cl.Cil:J:.)[;)J.~~---~Lei.l~Oi/:Jl;;,l.~~MAf..l::J.~~t;A.J;J.~~ 

v1H- 7\Jil'V"i7'\~~~~'V"\~~r----tT"--:t~'1'17'0"0"0"t~"""'m~'7\1trnmi~~'7\1i:m~'1\ 

V1L - ~1Llii:.¥l{.Jii.~'-¥J'i.Jt.~OC.~Y 

V1H-

DO 
V1L- ----.1 

READ-MODIFY-WRITE CYCLE 

RAS 

A 

w V1H- -----+-~-----l---....... - ..... ---------~ 
V1L-

V1H- \?t~":m'O"t:it:i'i::itii~'rn:~~i:?'t~:7\ 

V1L - ~l.Q.ll.J.:i.a.,4°'~~l:J,,,t.~~lli:.14~~-..J-__J 

DQ 

~DON'T CARE 

c8SAMSUNG 
Electronics 
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KMM5401000A/ AG DRAM MODULES 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 

w 

OE 

DQ 

V1H- 7'Q"ll'\.-i~~b(ll~HY)t''i.i'M~\1iJll\7'Q'"r\ r~:trn:;;:;,..~W'~, M-'_..._.,.._"i.n~~~'V"\ 

V1L- .aJn;:.:.::;,:::..;it"w-,...;,;;;;;;:.:.:;;;;;;:.;;t'W~~r'"..;..;.; .... ;;;.;..;.,JJ~"n:~oAJ~~~~~~~~~.,f:j/,,'Y'i..---

V1H- ~~~~:"X"'liri'-!-..i...-t-------+-t-tri,....t-------ti,"""ir-ir-+-~~;....---+-t-....,~"""71C7r'7 

V1L - ,lQ~~~Oi:I 

V1H - '"'""~~"'7""'""''tft""'~ 
V1L- '.&IJ.~o.Q~~~~liQ,~~-+,....'4lr:~~~~~--+-ll;!i.OCl.A.ll.ltt~~~_j.....l.~~j6Jl,A.O/::iAJ.~~ 

VoH

VoL-

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VoH- .r'7'l"7""''""1""'"'- r--:'if"i:ii'n""-°'.\-JrJfil~'V\,j-7,7~-""-Jlt°7tlf.t:~r-U:"-~.l\1\,~X°71~'7t'7'r7":'""'7 
oa 

VoL- .JJJ.~&Ji,/;.~~ -----.71" ,.,.11.1v--..._ ___ ~ l..MiMIYl-----""I \i~A/.~tl.O.lll.~Dl.ll.: 

~DON'T CARE 

c8SAMSUNG 
Electronics 
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l<MM5401000A/ AG DRAM MODULES 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-WRITE 

RAS 

DO 

~DON'TCARE 

c8SAMSUNG 
Electronics 
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KMM5401000A/ AG 
I 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE=Don't Care 

DRAM MODULES 

f-----tRAS-----l 

A 
V1H- 7f0\7\J'f\7\)'\A?~""'t\. i.-------i ~~~~~~~~~~~~~~~~~~ 
V1L-

tcRP 

V1H-
DQ ~------------~OPEN--------------~ 

V1L-

CAS·BEFORE·RAS. REFRESH CYCLE 
NOTE: OE, Address= Don't Care 

lRC 

V1H-
RAS 

V1L-

lRPC 

tcp tcsR 
tcHR 

V1H-
GAS 

V1L-

w 

DQ 
V110H -
V110L- ______ ;-----------OPEN 

m DON'T CARE 

c8SAMSUNG 
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KMM5401000A/ AG 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE {READ) 
-IRC 

---- ---IRAS----~-' 

RAS --IAR -- ----

GAS 

A 

DRAM MODULES 

>-------IRAS ------I 

-ICHR--

V1H- \A7\J\7\:l\'J'\"J\J~J'."t..._"i"~~~~~-1..""""'.!~~~~~~~~?\117f;l"i7':7'\?'\'?I"'.~~~~"""'""'"~~ 
w 

V1L - ~iJl.:.~~&J,,J;.'J 

OE 

DQ 
VoH-

~~~ ....... ~~~~~~~I VALID DATA-OUT 
VoL-

HIDDEN REFRESH CYCLE {WRITE) 
f--- - ------- --- IRC 

I -IRAS 

RAS 

GAS 

A 

w 

OE 

DQ 

c8SAMSUNG 
Electronics 
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KMM5401000A/AG DRAM MODULES 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H--

V1L-

GAS 
V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w 

V1H- 7'\'"/f::1\1\7'\'j~~~\1\rn~~"Jf::1\1\"*'~~'f't1\1\?\ 

V1L-

DQ VoH-------.... -----
VoL-

WRITE CYCLE 

w V1H- 7\,.,r;J~;!'j".'-t't~~'\?ijV~Vt~i°1\ 
V1L-

V1H- 'f\J~7\7"\'.?\7\7t7t:7\.i~:7V~7"~:7Vl\?;~~7ti'\?i:?\J'\?i:7V'\?i~~V"\:~1\71\j\'.)'\?i~'?\!-~7\)~:7\JI\?\". 

V1L - nr\ ""'" '"'' "" ''" '""' 

V1H-
DQ V1L - ______ ...,._ 

V1H-
w V1L-

OE 
V1H-

V1L-

DQ 
VoH-

VoL-

DATA-OUT 

~DON'TCARE 

c8SAMSUNG 
Electronics 
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KMM5401000A/AG DRAM MODULES 

PACKAGE DIMENSIONS 
Units: Inches (millimeters) 

~
~-----------4.250(107.95)-----------

-----------3.984(101.19) ------------

.133 (3.38) R.062 (1.57) .125 DIA± .002 (3.18± .051) 
------..,... __ ____,,________, 

I 
f 
& 

----.250 (6.35) R.062 ± .004 (R1.57±1.0) 

---------3.750(95.25) ----------

KMM5401000AG DETAIL OF CONTACTS (Gold plating lead) 

010(~)MAX~ ~ 0 I 100~M)MIN 
.050 (1.27) I-!-- .041 ± .004 (1.04± .10) 

KMM5401000A DETAIL OF CONTACTS (Solder plating lead) 

.010(~)MAX~ ~ 0 I 100(2M)MIN 

.050 (1.27) f-.+--.036± .004 (.914± .10) 

Tolerances: ± .005 (.13) unless otherwise specified 

ex SAMSUNG 
•• Electronics 

.200 (5.08) MAX 

.054(1.37) 

.047(1.19) 
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KMM5402000A/AG DRAM MODULES 

2MX40 DRAM SIMM Memory Module 

FEATURES 
• Performance range: 

tRAC tcAC 

KMM5402000A- 7 70ns 20ns 

KMM5402000A- 8 80ns 20ns 

KMM5402000A-1 0 100ns 25ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-Only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Single +5V±10% power supply 
• 1024 cydes/16ms refresh 
• JEDEC standard plnout 

tRC 

130ns 

150ns 

180ns 

GENERAL DESCRIPTION 
The Samsung KMM5402000A is a 2M bits X 40 
Dynamic RAM high density memory module. The Sam
sung KMM5402000A consist of twenty CMOS 1 M x 4 
bit DRAMs in 20-pin SOJ packages mounted on a 72-pin 
glass-epoxy substrate. A 0.22µF decoupling capacitor 
is mounted under each DRAM of front side. 

The KMM5402000A is a Single In-line Memory Module 
with edge connections and is intended for mounting into 
72 pin edge connector sockets. 

PIN CONFIGURATIONS (Front View) 

Pin S~bol Pin Symbol 
1 Vss 37 0019 
2 OOo 38 0020 
3 001 39 Vss 
4 D02 40 CASo 
5 003 41 NC 
6 004 42 NC 
7 OQs 43 CAS1 
8 OOs 44 RASo 
9 001 45 RAS1 

10 Vee 46 0021 
11 NC 47 w 
12 Ao 48 Vss 
13 A1 49 D022 
14 A2 50 OQ23 
15 A3 51 0024 
16 ~ 52 002s 
17 As 53 002s 
18 As 54 0021 
19 ( ~ 55 0020 
20 L .Ja 56 0029 
~ - OQg 57 0030 

22 0010 58 0031 
f-~ D011 59 Vee 

24 D012 60 D032 
25 DQ13 61 0033 
26 DQ14 62 0034 
27 D01s 63 DQ35 
28 A1 64 D03s 
29 D01s 65 0037 
30 Vee 66 0039 
31 Aa 67 PD1 
32 Ag 68 PD2 
33 NC 69 P03 
34 NC 70 PD4 
35 D011 71 DQ39 
36 D01a 72 Vss 

•• CJCSAMSUNG 
•• Electronics 
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72 
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D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

0 

Pin Name Pin Function 

Ao-Ag Address Inputs 

D00-D039 Data In/Out 

w Read/Write Input 

RASo-1 Row Address Strobe 

CASo.1 Column Address Strobe 

OE Output Enable 

PD1-PD4 Presence Detect 

Vee Power (+5V) 

Vss Ground 

N.C. No connection 

Presence Detect Pins (Optional) 

Pin 70ns 80ns 100ns 

PD1 NC NC NC 

PD2 NC NC NC 

PD3 Vss NC Vss 

PD4 NC Vss Vss 

* Pin Connection Changing Available 
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KMM5402000A/ AG DRAM MODULES 

FUNCTIONAL BLOCK DIAGRAM 

CAS0 0-o-------t CAS 

RASo - RAS 

l 
~CAS 

--+----1 RAS 

w 

D003 
DO, o-----<-0->------< DO, 

D02 J\. D02 
D03 _,... D03 
D04 J\. D04 

D04-7 
DO, 1-----c-o-:>------1 DO, 
D02 -0- D02 
D03 -0- D03 

GAS 1-----<---~o Ci'ffi, 
RAS ~ ~, 

W OE 

1 

OE Ao·Ag D04 J\. D04 Ao·Ag W OE 
,__I----~---.~~__, ...._~~--..-~--.-~1...---

D o a.,, 
~ CAS DO, 1-----c1'L~---1 DO, Ci'ffi ~ 

l'--+-----1 RAS D02 ~ D02 RAS t----+--4 
D03 ~ D03 

OE W A0·A9 D04 _,.,_ D04 Ao·Ag W ITE 
,__I----~---.~~__, ...._~~--..-~--.-~l...---

D o, 2., 5 

~GAS DO, ~---c-~----tD0 1 CAS~ 

--+---f RAS D02 -<>- D02 RAS ~ 
D03 -"- D03 

<JE W Ao·Ag D04 - D04 Ao·Ag W OE 
,__I----~---.~~__, ...._~~-.-~--..-----.l___. 

D015.19 
~ GAS DO, 1-----<1'L'1------1 DO, GAS~ 

_ _,__ _ _,RAS D02 -o- D02 RAS t-------+--; 
D03 -"- D03 

w D04 -<>- D04 A0-A9 W OE 

I D02023 l 
D0 1 1-----<¢>-----1 DO, 

D02 -<> D02 
D03 -"- D03 

OE W A0·A9 D04 _,.,_ D04 Ao·Ag W OE 
..._.--~~-r-~---' ,__~----.~---.-~I,........... 

J_ D024-27 
DO, 1-----<-0->-----t DO, GAS i--------. 
D02 -0- DO? RAS~ 
D03 D03 

w Ao· Ag D04 -0- D04 

I D02a31 l 
DO, 1-----<-0->-----t DO 1 

D02 D02 
D03 -()- D03 

w D04 -0- D04 Ao· Ag 

I l D0~35 
DO, 1-----<->-----1 DO, 
D02 -o- D02 
D03 -0- D03 

w Ao· Ag D04 J\. D04 Ao· Ag W OE 

l 
DO, 1----D_O-CJ.:J-6--39---1 DO, 

l 
D02 J\. D02 
D03 -0- D03 

OE W A0·A9 D04 -"'- D04 Ao-Ag W OE 
~~ ....._______.....----,---} 

OE 0-0--------cl.__+---+----------------+----.i--~ 
w A0---------_.--1-----------------j---

A o ·Ag o-0--------------<.--------------~ 

Vee 0>-------::!:_._ __ 0_.2_2_µ_F_C_a_p_ac-it_o_r ____ _ 

Vss O>-------=.------~un~d~e~r~e~ae~h_D_R_A_M ____ _ 
To all DRAMs of front side 

•• :::SAMSUNG 
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KMM5402000A/ AG DRAM MODULES 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N. 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 oc 
Power Dissipation Po 12 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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vss. TA=O to 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KMM5402000A- 7 - 1070 mA 

(RAS, CAS, Address Cycling @ tRc=min.) 
KMM5402000A- 8 lcc1 - 970 mA 
KMM5402000A-10 - 870 mA 

Standby Current (RAS=CAS=V1H) lcc2 - 40 mA 

RAS-Only Refresh Current* 
KMM5402000A- 7 - 1070 mA 

(CAS=V1H, RAS Cycling@ tRc=min) 
KMM5402000A- 8 lcc3 - 970 mA 
KMM5402000A-1 0 - 870 mA 

Fast Page Mode Current* 
KMM5402000A- 7 - 820 mA 

(RAS=V1L. CAS Cycling: tpc=min.) 
KMM5402000A- 8 lcc4 - 720 mA 
KMM5402000A-1 0 - 620 mA 

Standby Current (RAS=CAS=Vcc-0.2V) lcc5 - 20 mA 

GAS-Before-RAS Refresh Current* 
KMM5402000A- 7 - 1070 mA 

(RAS and CAS Cycling@ tRc=min.) 
KMM5402000A- 8 lcc6 - 970 mA 
KMM5402000A-1 0 - 870 mA 

Input Leakage Current (Any input O~V1N~6.5V, 
hL -200 200 µA 

all other pins not under test=O volts.) 

Output Leakage Current (Data out is disabled, O~Vour~5.5V) loL -10 10 µA 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL =4.2mA) VoL - 0.4 v 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtained 
with the output open. Ice is specified as average current. 

"" ::cSAMSUNG 
•• Electronics 
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KMM5401000A/ AG DRAM MODULES 

CAPACITANCE (TA=25°CJ 

Item Symbol Min Max Unit 

Input Capacitance (Ao-Ag) C1N1 - 130 pF 

Input Capacitance (W, OE) C1N2 - 150 pF 

Input Capacitance (RASo-1, CASo-1) CJN3 - 80 pF 

Input/Output Capacitance (DOo-0039) CD01 - 29 pF 

AC CHARACTERISTICS (0°C~Ta~70°C, Vcc=5.0V±10%, See notes 1,2) 

KMM5402000A·7 KMM5402000A·8 KMM5402000A·10 
Standard Operation Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRc 130 150 180 ns • Access time from RAS tRAC 70 80 100 ns 3,4 

Access time from CAS kAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 50 ns 3, 11 

CAS to output in Low-Z tcLZ 5 5 5 ns 3 

Output buffer turn-off delay to FF 0 15 0 15 0 20 ns 7 

Transition time (rise and fall) tr 3 50 3 50 3 50 ns 2 I 
RAS precharge time tRP 50 60 70 ns 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS hold time tRSH 20 20 25 ns 

CAS hold time tcsH 70 80 100 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 4 

RAS to column address delay time tRAD 15 35 15 40 20 50 ns 11 

CAS to RAS precharge time tcRP 5 5 10 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold ·time tRAH 10 10 15 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold referenced to RAS tAR 55 60 75 ns 6 

Column Address to RAS lead time tRAL 35 40 50 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 15 15 20 ns 

Write command hold referenced to RAS twcR 55 60 75 ns 6 

Write command pulse width twp 15 15 20 ns 

Write command to RAS lead time tRWL 20 20 25 ns 

Write command to CAS lead time tcwL 20 20 25 ns 

•• :>:SAMSUNG 
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KMM540200A/AG DRAM MODULES 

AC CHARACTERISTICS (Continued) 

KMM5402000A·7 KMM5402000A-8 KMM5402000A-10 
Standard Operation Symbol 

Min 

Data-in set-up time tos 0 

Data-in hold time toH 15 

Data-in hold referenced to RAS toHR 55 

Refresh period tREF 

Write command set-up time twcs 0 

CAS set-up time (C-B-R refresh) tcsR 10 

CAS hold time (C-B-R refresh) tcHR 20 

RAS precharge to GAS hold time tRPC 10 

Access time from CAS precharge tcPA 

Fast Page mode cycle time tpc 50 

CAS precharge time (Fast page) tcp 10 

RAS pulse width (Fast page) tRASP 70 

W to RAS precharge time (C-B-R refresh) twRP 10 

W to RAS hold time (C-B-R refresh) twRH 10 

CAS precharge (C-B-R counter test) tcPT 35 

NOTES 

1 . An initial pause of 200µs is required after power
up followed by any 8 RAS cycles before proper 
device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measur
ing timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;i.tRCD(maxJ· 
6. tAR, twcR. toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

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

•• C:CSAMSUNG 
•• Electronics 

Unit Notes 
Max Min Max Min Max 

0 0 ns 10 

15 20 ns 10 

60 75 ns 6 

16 16 16 ms 

0 0 ns 8 

10 10 ns 

30 30 ns 

10 10 ns 

45 45 55 ns 3 

50 60 ns 

10 10 ns 

200,000 80 200,000 100 200,000 ns 

10 10 ns 

10 10 ns 

40 50 ns 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs;;;io:twcs(min) the cycle is an early write cycle 
and the data out pin will remain high impedance for 
the duration of the cycle. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11 . Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAc(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA. 
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KMM5402000A/ AG 

TIMING DIAGRAMS 

READ CYCLE 

DRAM MODULES 

IRC --------------i 

'---------IRAS --------t 

RA-S 
"-1------IAR-----t 

V1H- \_ 
V1L-

A 
V1H-

V1L~ 

V1H-

V1L-

V1H-

V1L-

DQ 
VoH-

OPEN 
VoL-

WRITE CYCLE (EARLY WRITE) 

-IRc----------

!----------IRAS---------_, 

V1H- -------i <------- IAR 

RAS 
V1L-

CAS 

A 

v1H- ~mrn~~'OI:~~~ 
w 

V1L- ~l.!,1:,J.~lfi..lJ~l.J~~~~~~~~~~_..;i~c,A,.L~,.L~..6.,;LJ.J::Jt.J.~~o.LJ~~~~ 

OE 
V1H- "U'1:7\1-.'J\J\.7'C7\Jf.,~~'7V~~7V'~~7'\l(,'7\J'~~7\J'~ro.V'\,'tf.V'\/~'f7'.'V\JiJ'9W'V"ii~~'!7-°l7-7V 
V1L-

DQ 

~DON'T CARE 

c8SAMSUNG 
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KMM5402000A/ AG DRAM MODULES 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 
r-------------tRc-------------' 

------- lRAS---------l 

--IAR--

,__ ______ tcsH ----+--------< 

V1H- T"ft""""l""lr"'I" J.--------.1 ...... F°""-:~7:":".:7:"'"~'-A'7\l''il\Jc:70~~7'f\!~1'0":7f\?<~~~l'!\Jm'1\J'.'°'"\7'\ 
A 

V1L - a.£l~:i.£l£Y ~----

w 

V1H-

DQ 
V1L- ----

READ·MODIFY·WRITE CYCLE 

f--------------IRWC:-----------

RAS 

A 

V1H- ----+----+---+--Po----------..1 
V1L-

V1H- ~~7f."1~11:?tn~"'°""~M"{"liim7' 
OE 

V1L - lQ,j~~~~,Q-'l"'°""::.,.O.Q,Q..t::J,i.~~Qt;.~..,.+.-.J 

DQ 
V110H -

--------------..w··~ V110L -

~DON'T CARE 

c8SAMSUNG 
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KMM5402000A/ AG 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 
V1H-

V1L-

V1H-
GAS 

V1L-

V1H-
A 

V1L-

V1H-
w 

V1L-

V1H-
OE 

V1L-

VoH-
DO 

VoL-

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS 

A 

w 

V1H

V1L-

DRAM MODULES 

DO 
VoH-\7t"i?tro'l;7'Q"l7'}d~-;7::7-:';;:----t~7m?O"!~T"7:":~~,_,IMt'J~k:mt'l~~~=--~•/\J(~:7t71:7!:7'1~~r1'1 

VoL - ...Qj'-liL:~l.Qj'.J.J -----~-vl<LVVVY111'----_. l.M1Mt!Vl, ____ .ll \j'-.Ml.AJ.~W.l~~~~ 

~DON'T CARE 

c8SAMSUNG 
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KMM5402000A/ AG DRAM MODULES 

TIMING DIAGRAMS <continued) 

FAST PAGE MODE READ·MODIFY·WRITE 

V1H-
CAS V1L-

A 
V1H-

V1L-

w V1H-

V1L-

V1H-
OE V1L-

DQ 

~DON'TCARE 
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KMM5402000A/ AG 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

V1H-

V1L-

tRA 

A 
V1H-

V1L-

V1H-

V1L-

f--tcRP 

V1H-
DO 

V1L-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: OE, Address= Don't Care 

V1H-
RAS 

V1L-

t--IRPC 

tcp tcsR 

V1H-
GAS 

V1L-

w 

DRAM MODULES 

OPEN 

IRC 

ICHR 

DO 
V110H -
V110L- ------~i.-----------OPEN-----------

m DON'T CARE 

c8SAMSUNG 
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KMM5402000A/ AG 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
f- -IRC 

RAS 

CAS 

A 

w 

DQ 

I -IRAS 

---IAR 

-lRSH --i 
I 

HIDDEN REFRESH CYCLE (WRITE) 
---- IRC 

-IRAS 

RAS - ---- lAR -__j 

CAS 

A 

w 

OE 

DO 

c8SAMSUNG 
Electronics 

L 

DRAM MODULES 

-IRC-

-----IRAS---

-ICHR-

- lRC-

· -- -- IRAS-· ··- -

----!CHA-- - --1 
! 

I- -!RP-
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KMM5402000A/ AG 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H--

V1L-

CAS 
V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w 

DO VoH- -----'1-+'--
VoL-

WRITE CYCLE 

w 

V1H
DO 

V1L- -------

V1H-

w V1L-

5E 
V1H-

V1L-

DO 
VoH-

VoL-

c8SAMSUNG 
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DATA-OUT 

DRAM MODULES 

I 
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KMM5402000A/AG DRAM MODULES 

PACKAGE DIMENSIONS 
Units: Inches (millimeters) 

~
t------------4.250(107.95) -----------

----------3.984(101.19) 

.133 (3.38) R.062 (1.57) .125 DIA± .002 (3.18± .051) 

~'----"'------~ 

I 
~ 
iri 
~ 

~ 

t-----+--- .250 (6.35) R.062 ± .004 (R1.57±1.0) 

---------3.750(95.25)----------

KMM5402000AG DETAIL OF CONTACTS (Gold plating lead) 
41° MAX 

.350 (8.89) MAX 

010(~)MAX~ ~ ~ I 100(2~)MIN 
.050 (1.27) W- .041 ± .004 (1.04 ± .10) 

.047(1.19) 

KMM5402000A DETAIL OF CONTACTS (Solder plating lead) 

010(~)MAX~ ~ ~ [ .100(2.~)MIN 
.050 (1.27) K-- 0.36 ± .004 (.914 ± .10) 

Tolerances: ± .005 (.13) unless otherwise specified 

•• cc SAMSUNG 
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SAMSUNG SEMICONDUCTOR SALES OFFICES - U.S.A. 

Southwest 
(Memory products) 
22837 Ventura Blvd. 
Suite 305 

Southwest 
(Microproducts) 

Nonhwest 
2700 Augustine Drive 
Suite 198 2102 Business Center Drive 

Suite 169 
Woodland Hills, CA 91367 
(818) 346-6416 

Irvine, CA 92715 
(714) 253-5795 

Santa Clara, CA 95054 
(408) 727-7433 
FAX: (408) 727-5071 

FAX: (818) 346-6621 FAX: (714) 252-8842 

south Central 
15851 Dallas Parkway 
Suite 840 
Dallas, TX 75248-3307 
(214) 770-7970 
FAX: (214) 770-7971 

Nonh Central 
901 Warrenville Road 
Suite 120 
Lisle, IL 60532-1359 
(708) 852-2011 
FAX: (708) 852-3096 

NonhEast 
20 Mall Road 
Suite 410 
Burlington, MA 01803 
(617) 273-4888 
FAX: (617) 273-9363 

Southeast 
Battleground Corporate Park 
3859 Battleground Ave. 
Suite 204 
Greensboro, NC 27410 
(919) 282-0665 
FAX: (919) 282-0784 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ALABAMA 
SOUTHERN COMPONENT 
SALES 
307 Clinton Ave. East #413 
Huntsville, AL 35801 

ARit ONA 
O'DONNELL ASSOCIATES 
2432 W. Peoria Ave. #1026 
Phoenix, AZ 85029 

CALIFORNIA 
I-SQUARED 
3350 Scott Blvd. 
Building 10 
Santa Clara, CA 95054 
SPINNAKER SALES 
Del Mar Corp. Center 
990 Highland Drive 
Suite 105 
Solana Beach, CA 92075 
WESTAR REP COMPANY 
2472 Chambers Road 
Suite 100 
Tustin, CA 92680 
WESTAR REP COMPANY 
25202 Crenshaw Blvd. 
Suite 217 
Torrance, CA 90505 
WESTAR REP COMPANY 
26500 Agoura Rd. 
Suite 204 
Calabasas, CA 91302 

CANADA 
INTELATECH, INC. 
1115 Cresttawn Drive 
Suite 1 
Mississauga, Ontario L4W1A7 
INTELA TECH, INC. 
3285 Cavendish Blvd. 
Suite 390 
Montreal, Quebec H4B 2L9 

c8 !!!"SUNG 

TEL: (205) 533-6500 
FAX: (205) 533-6578 

TEL: (602) 944-9542 
FAX: (602) 861-2615 

TEL: (408) 988-3400 
FAX: (408) 988-2079 

TEL: (619) 792-4800 
FAX: (619) 792-5803 

TEL: (714) 832-3325 
FAX: (714) 832-7894 

TEL: (213) 539-2156 
FAX: (213) 539-2564 

TEL: (818) 880-0594 
FAX: (818) 880-5013 

TEL: (416) 629-0082 
FAX: (416) 629-1795 

TEL: (514) 369-1317 
FAX: (514) 369-1319 

COLORADO 
FRONT RANGE MARKETING TEL: (303) 443-4780 
3100Arapahoe Road FAX: (303) 447-0371 
Suite 404 
Boulder, CO 80303 

CONNECTICUT 
PHOENIX SALES 
248 Main Street 
Torrington.CT 06790 

FLORIDA 
BIB TECH SALES 
3000 N.W. 79th Avenue #636 
Miami, FL 33166 
MEC 
700 W. Hillsboro Blvd. 
Bldg. 4, Suite 204 
Deerfield Beach, FL 33441 
MEC 
10637 Harborside Drive, N 
Largo, FL 34643 

GEORGIA 

TEL: (203) 496-7709 
FAX: (203) 496-0912 

TEL: (305) 477-0341 
FAX: (305) 477-0343 

TEL: (305) 426-8944 
(305) 426-8960 

FAX: (305) 426-8799 

TEL: (813) 393-5011 
FAX: (813) 393-5::'.02 

SOUTH ATLANTIC COMPONENT SALES 
3300 Holcomb Bridge Road TEL: (404) 447-o 134 
Suite #210 FAX: (404) 447-6714 
Norcross, GA 30092 

ILLINOIS 
DAVIX INTERNATIONAL LTD. 
1655 N. Arlington Heights Rd. TEL: (708) 259-5300 
Suite 302 East FAX: (708) 259-5428 
Arlington Heights, IL 60004 

IND/ANA 
. GEN II MARKETING, INC. 

3003 E. 96th Street 
Suite 201 
Indianapolis, IN 46240 
GEN II MARKETING, INC. 
4803 Oak Mast Trail 
Ft. Wayne, IN 46804 

TEL: (317) 848-3083 
FAX: (317) 848-1264 

TEL: (219) 436-4485 
FAX: (219) 436-4485 
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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 St. TEL: (913) 888-0022 
Lenexa, KS 66215 FAX: (913) 888-4848 

KENTUCKY 
GEN II MARKETING, INC. 
8819 Roman Court 
Louisville, KY 40291 

MASSACHUSETTS 
NEW TECH SOLUTIONS, INC. 
111 South Bedford Street 
Suite 102 
Burlington, MA 01803 

MICHIGAN 
JENSEN C.B. 
2145 Crooks Rd. 
Troy, Ml 48084 

MINNESOTA 

TEL: (502) 491-5250 
FAX: (502) 491-5250 

TEL: (617) 229-8888 
FAX: (617) 229-1614 

TEL: (313) 643-0506 
FAX: (313) 643-4735 

GP SALES, INC. TEL: (612)831-2362 
7600 Parklawn FAX: (612) 831-2619 
Suite 315 
Edina, MN 55435 

MISSOURI 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
11520 St. Charles Rock Rd. TEL: (314) 298-9900 
Bridgeton, MO 63044 FAX: (314) 298-8660 

NEW JERSEY 
NEPTUNE ELEC. 
2460 Lemoine Avenue 
Ft. Lee.NJ 07024 

NEW MEXICO 
O'DONNELL ASSOCIATES 
3200 Carlisle Blvd. NE 
Suite 119 
Albuquerque, NM 87110 

NEW YORK 
NEPTUNE ELEC. 
255 Executive Dr. 
Suite 211 
Plainview, NY 11803 
T-SQUARED 
6443 Ridings Road 
Syracuse, NY 13206 
T-SQUARED 
7353 Victor-Pittsford Road 
Victor, NY 14564 

NORTH CAROLINA 

TEL: (201) 461-2789 
FAX: (201) 461-3857 

TEL: (505) 889-4522 
FAX: (505) 889-4598 

TEL: (516) 349-1600 
FAX: (516) 349-1343 

TEL: (315) 463-8592 
FAX: (315) 463-0355 

TEL: (716) 924-9101 
FAX: (716) 924-4946 

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 
129 W. Main Street 
New Lebanon.OH 45345 

ciS !',!UISUNG 

TEL: (513) 687-1325 
FAX: (513) 687-2930 

OHIO (Continued) 
J.N. BAILEY & ASSOC.IATES 
2978 Findley Avenue 
Columbus.OH 43202 
J.N. BAILEY & ASSOCIATES 
1667 Devonshire Drive 
Brunswick.OH 44212 

OREGON 
ATMI 
6700 S.W. 105th Street 
Suite303 
Beaverton, OR 97005 

PENNSYLVANIA 
CMS MARKETING 
715 Twining Road 
Dresher, PA 19025 
BAILEY, J.N. & ASSOC. 
1660 Hancock Avenue 
Apollo, PA 15613 

PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 00753 
Puerto Rico 

SOUTH CAROLINA 

TEL: (614) 262-7274 
FAX: (614) 262-0384 

TEL: (2t6) 273-3798 
FAX: (216) 225-1461 

TEL: (503) 643-8307 
FAX: (503) 643-4364 

TEL: (215) 885-4424 
FAX: (215) 885-3736 

TEL: (412) 568-1392 
FAX: (412) 568-1479 

TEL: (809) 892-4260 
FAX: (809) 892-3366 

SOUTH ATLANTIC COMPONENT SALES 
305 West Royal Tower Dr. TEL: (803) 732-0816 
Irmo, SC 29063 FAX: (803) 732-0816 

TENNESSEE 
SOUTH ATLANTIC COMPONENT SALES 
740 Shady Springs Lane TEL: (615) 693-6104 
Knoxville, TN 37923 FAX: (615) 693-6104 

TEXAS 
VIELOCK ASSOCIATES 
555 Republic Drive 
Suite102 
Plano, TX 75074 
VIELOCK ASSOCIATES 
9430 Research Blvd. 
Echelon BLDG. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES 
4606 FM 1960 West 
Suite 420 
Houston, TX 77069 

UTAH 
ANDERSON & ASSOC. 
270 South Main, #108 
Bountiful, UT 84010 

WASHINGTON 
ATMI 
8521 154th Ave .. NE 
Redmond, WA 98052 

WISCONSIN 
DAVIX INTERNATIONAL LTD. 
N91 W17194 Appleton Avenue 
Menomonee Falls, WI 53051 

TEL: (214) 881-1940 
FAX: (214) 423-8556 

TEL: (512) 345-8498 
FAX: (512) 346-4037 

TEL: (713) 586-9817 
FAX: (713) 586-9818 

TEL: (801) 292-8991 
FAX: (801) 298-1503 

TEL: (206) 869-7636 
FAX: (206) 869-9841 

TEL: (414) 255-1600 
FAX: (414) 255-1863 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 

SAMSUNG MILANO PARIS BARCELONA 
SEMICONDUCTOR Viale G. Matteotti, 26 Centre d'Affaires La Diagonal 605, planta5 
EUROPE GmbH 1-20095 Cusano Milanino Boursidiere RN 186, Bat. E-08028 Barcelona 
Mergenthaler Allee 38-40 TEL : 0039-2-66400181 Bourgogne, BP 202 TEL: 0034-3-4107760 
6236 Eschborn (Germany) FAX: 0039-2-6192279 92357 Le Plessis-Robinson FAX: 0034-3-4108816 
TEL : 0049-6196-90090 TEL : 0033-1-40940700 
FAX : 0049-6196-900989 FAX: 0033-1-40940216 
TLX : 4072678 LONDON BELGIUM 

Samsung House 3 Riverbank Rue de Geneve10, 
MONCHEN Way Great West Road STOCKHOLM B3 B-1140 Brussels 
Carl-Zeiss-Ring 9 Brentford Middlesex Bergkaellavaegen32 TEL: 0032-2-2456510 
8045 lsmaning TW8 9RE P.O. Box 319 FAX : 0032-2-2456313 
Bei Monchen TEL : 0044-81-8629300 S-19130 Sollentuna 
TEL : 0049-89-964838 FAX: 0044-81-5680528 TEL : 0046-8-6269626 
FAX : 0049-89-964873 TLX: 25823 FAX: 0046-8-6268638 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

EUROPE 

AUSTRIA 

SATRON HANDELSGESELLSCHAFT mbH 
Hoffmeistergasse 8-10 TEL: 0043-222-8123020 
A-1120 Wien FAX: 0043-222-859593 

TLX: 047-75311851 

BELGIUM 

INELCO ELECTRONICS COMPONENTS DIVISION 
Oorlogknisenlaan 94 TEL : 0032-2-2442911 
B-1120 Brussels FAX: 0032-2-2164606 

TLX : 046-25820 

DENMARK 

EXATEC A/S 
Dortheavej 1-3 
DK-2400 Kopenhagen NV 

FINLAND 

FINDIP 
P. 0. Box 64, Vitikka 1 
SF-02631 
Espoo 

FRANCE 

ASIA MOS 
Batiment Evolic 1 165, 
Boulevard de Valmy 
F-92705 Colombes 

SCAIB 
6, Rue le Corbusier 
Silic 424 
F-94583 Rungis, Cedex 

TEL: 00453-1-191022 
FAX: 00453-1-193120 
TLX: 27253 

TEL : 00358-0-5284325 
FAX: 00358-0-5284333 
TLX: 057-124426 

TEL: 0033-1-47601247 
FAX: 0033-1-47601582 
TLX : 042-613890 

TEL: 0033-1-46868170 
FAX : 0033-1-45605549 
TLX : 042-206952 

•• :::SAMSUNG 
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GERMANY 

ASTRONIC GmbH 
Grunwalder Weg 30 
D-8024 Deisenhofen 

TEL 0049-89·6130303 
FAX 0049-89-6131668 
TLX 5216187 

CANNING ELECTRONIC DISTRIBUTION GmbH 
Laatzener Str.19 TEL: 0049-511-865075 
Postfach 721226 FAX: 0049-551-876004 
D-3000 Hannover 72 TLX : 923509 

MSC VERTRIEBS GmbH 
lndustrie Str.16 
Postfach 1380 
D-7513 Stutensee 3 

MICRONETICS GmbH 
Weil Der Staedter Str.45 
D-7253 Renningen1 

TEL : 0049-7249-7580 
FAX: 0049-7249-7993 
TLX: 465230 

TEL: 0049-7159-6019 
FAX: 0049-7159-5119 
TLX: 724708 

SILCOM ELECTRONICS VERTRIEBS GmbH 
Hindenburg Str.284 TEL: 0049-2161-15074 
D-4050 Mi:ienchengladbach FAX : 0049-2161-183313 

TLX: 852189 

ITALY 

DIS. EL. SPA 
Via Orbetello 98 
1-10148 Torino 

MOXEL S.R.L. 
Via C. Frova, 34 
1-20092 Cinisello Balsamo 

FANTON SERVICE S.R.L 

TEL: 0039-11-291930 
FAX: 0039-11-2919380 

TEL : 0039-2-61290521 
FAX: 0039-2-6172582 
TLX : 043-352045 

Via 0. Simoni, 5 TEL: 0039-51-735015 
1-40011 Anzola dell' Emilia FAX: 0039-51-735013 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

THE NETHERLANDS 

MALCHUS BV HANDELMIJ 
Fokkerstraat 511-513 
Postbus 48 
Nl-3125 BO Schiedam 

NORWAY 

EXATECALS 

TEL: 0031-10-4277777 
FAX: 0031-10-4154867 
TLX: 044-21598 

Solheimveien 50 TEL: 0047-2-972950 
Postbox 314 FAX : 0047-2-972953 
N-1473 Skarer 

SPAIN 

SEMICONDUCTORES S.A 
C. Provenza 159 3-1 TEL : 0034-3-4332856 
08025 Barcelona FAX: 0034-3-4331944 
Spain 

SWEDEN 

MIKO KOMPONENTS 
Segersbyvaegen 3 
P.O.Box 2001 
S-14502 Norsborg 

TEL 0046-753-89080 
FAX 0046-753-75340 
TLX 054-15023 

... 
C:CSAMSUNG 
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SWITZERLAND 

PANATEL AG 
Hard Str.72 
5430 Wettingen Schweiz 

UNITED KINGDOM 

TEL 0041-56275500 
FAX 0041-56275511 
TLX 045-868763 

BYTECH COMPONENTS LIMITED 
12a Cedarwood Chineham TEL : 0044-256-707107 
Business Park Crockford Lane FAX : 0044-256-707162 
Chineham Basingstroke 
Hampshire RG24 OWD 

ICE ELECTRONICS LTD. 
31-32 Stephenson Road TEL 0044-480-496466 
Burrel Road Industrial Estate FAX 0044-480:496621 
ST. Ives Cambrige PE17 4WJ TLX 329244 

ITT MUL TICOMPONENTS LTD. 
346 Edinburgh Avenue TEL 0044-753-824212 
Slough Berkshire SL1 4TU FAX 0044-753-824160 

TLX 849808 

NEL TRON IC LIMITED 
John F. Kennedy Road 
Naas Road Dublin 12 
Ireland 

TEL 00353-1-503560 
FAX 00353-1-552789 
TLX 93556 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ASIA 

HONG KONG 
AV, CONCEPT LTD. 
ROOM 802-804, Tower A, 8/FI., 
Hunghom Commercial Centre, 
37-39 MA Tau Wai Road, 
Hunghom, Kowloon, 
Hong Kong 

TEL: 3629325 
FAX: 7643108 
TU<: 52362 ADVCC HX 

PROTECH COMPONENTS LTD. 
Unit 2, 3/F, Wah Shing Centre, TEL: 7930882 
11 Shing Yip Street, FAX: 7930811 
Kwun Tong, Kowloon, Hong Kong 

WISEWORLD TECHNOLOGY CO. 
Room 708, Tower A, 7/Fl., TEL: 7658923 
Hunghom Commercial Centre, FAX: 3636203 
37-39 Ma Tau Wai Road, Hunghom, 
Kowloon, Hong Kong 

RIGHT SYSTEM CO., LTD. 
Room A 19, 6/FI., 
Proficient Ind. Centre, 
Block A, 6 Wang Kwun Road, 
Kowloon Bay, Kowloon, 
Hong Kong 

TEL: 7566331 
FAX: 7998985 
TLX: 52896 OSPCL HX 

SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/8 BIT ONE CHIP SOFTWARE HOUSE) 
Unit 703-4, 7/FI., Jordan House, TEL: 7213318 
6-8 Jordan Road, Kowloon, FAX: 7235288 
Hong Kong 

CENTRAL SYSTEMS DESIGN LTD. 
(ASIC DESIGN HOUSE) 
Room 1704, Westlands Centre, TEL: 5620248 
20 Westlands Road, FAX: 5658046 
Quarry Bay, Hong Kong TLX: 73990 CSD HX 

DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4, 5/FI., 
Yuen Shing Ind. Bldg., 
1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 

TAIWAN 
YOSUN INDUSTRIAL CORP. 

TEL: 7862611 
FAX: 7856213 
TLX: 45876 MYK HX 

7F, No. 76, Chem Kong Rd., TEL: (02) 788-1991 (Rep.) 
Sec. 1, Nan Kang, Taipei, FAX: (02) 782-6120 
Taiwan R.0.C. 

KINREX CORP. 
2nd. Fl., 514-3, Tun Hwa S. 
Rd., Taipei, Taiwan, R.O.C. 

SANT SONG CORP. 
Room A, SF No. 180, Sec-4, 
Chung Hsiao E. Rd., Taipei, 
Taiwan, R.O.C. 

TEL: 02-700-4686-9 
FAX: 02-704-2482 
TLX: 20402 KINREX 

TEL: (02) 775-2506 
FAX: (02) 771-8413 

c8SAMSUNG 
Electronics 

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 Kita-Ku FAX: (06) 222-1185 
Osaka, 530 Japan 

DIA SEMICON SYSTEMS INCORPORATED 
Flowerhill-Shinmachi 1-23-9 TEL: (03) 3439-1600 
Shinmachi Setagaya-Ku Tokyo FAX: (03) 3439-1601 
154 Japan 

ADO 
7F Sasage Bldg., TEL: (03) 3257-2600 
4-6 Sotokanda 2 Chome FAX: (03) 3251-9705 
Chiyoda-Ku Tokyo, 101 Japan 

MARUBUN 
8-1 Nihombashi-Odenma-Cho TEL: (03) 3639-9897 
Chuo-Ku Tokyo, 103 Japan FAX: (03) 3661-7433 

SAMSUNG JAPAN 
No.3108 Kasumigaseki Bldg., TEL: (03) 3581-7565 
3-2-5 Kasumigaseki Tokyo, 100 FAX: (03) 3507-0923 
Japan 

SINGAPORE 
GEMINI ELECTRONICS PTE LTD. 
315, Outram Road # 12-08, TEL: 65-2263066 
Tan Boon Llat Building, FAX: 65-2262781 
Singapore 0315 TLX: RS-42819 

BOSTEX ELECTRONICS PTE LTD. 
#05-14 Bylands Bldg., TEL: 65-3395713 
135 Middle Road, FAX: 65-3389538 
Singapore 0718 

ASTINA ELECTRONICS (M) SON BHD 
23, Jalan Pantai Jerjak Satu TEL: 04-876697 
11900 Bayan Lepas Penang, FAX: 04-876780 
West Malaysia 

ASTINA ELECTRONICS (S) PTE LTD. 
315, Outram Road, TEL: 65-2232221 
# 11-02 Tan Boon Liat Bldg., FAX: 65-2213776 
Singapore 0315 

INDIA 
COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 
100, Dadasaheb Phalke Road, TEL: 4114585 
Dadar, Bombay 400 FAX: 4112546 
014 TLX: 001-4605 PDT IN 

TURKEY 
ELEKTRO SAN. VE TIC. KOLL STI. 
Hasanpasa, Ahmet Rasim Sok TEL: 337-2245 
No. 16 Kadikoy lstanbut, FAX: 336-8814 
Turkey TLX: 29569 elts tr 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

THAILAND 
VUTIPONG TRADING LTD., PART. 
51-53 Pahurat Rd. (Banmoh) TEL: 221-9699-3641 
Bangkok 10200 THAILAND 223-4608 

FAX: 224-0861 
TUC: 87470 Vutipong TH 

KOREA 
NAEWAE SEMICONDUCTOR CO., LTD. 
Room 503, 22-dong, Sunin TEL: 717-4065-7 
Bldg., 16-1, Hankangro-2ka, 702-4407 -9 
Yongsan-ku, Seoul, Korea FAX: 702-3924 
Cable: ELECONAEWAE TUC: NELCO K27419 

SEOUL 
C.P.0. Box 1409 

SAMSUNG LIGHT-ELECTRONICS CO., LTD. 
4th Fl. Room 2-3, TEL: 718-0045 
Electronics Main Bldg., 16-9, 718-9531-5 
Hankangro-3ka, Yongsan-ku, FAX: 718-9536 
Seoul, Korea 

NEW CASTLE SEMICONDUCTOR CO., LTD. 
4th Fl. Room 10-11, TEL: 718-8531-4 
Electronics Main Bldg., 16-9, FAX: 718-8535 
Hankangro-3ka, Yongsan-ku, 
Seoul, Korea 

ex SAMSUNG 
u Electronics 

HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATIONS CO., LTD. 
402 Suite, Sowon Bldg., TEL: 338-2015-8 
354-22, Seokyo-dong, FAX: 338-2983 
Mapo-ku, Seoul, Korea 

SEG YUNG INTERISE CORP. 
21-301, Sunin Bldg., 16-1, TEL: 701-6811-6 
Hankangro-2ka, Yongsan-ku, 701-6781-4 
Seoul, Korea FAX: 701-6785 

SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 

SAMTEK 
Room 704, Euylim Bldg., 
16-96, Hankangro-3ka, 
Yongsan-ku, Seoul, Korea 

TEL: 273-6781 -3 
FAX: (02) 273-6597 
TUC: K24950 

SUKSEMT 

TEL: 703-9656-8 
FAX: 703-9659 

SUNIN INDUSTRIES CO., LTD. 
Sunin Bldg., 7FI., 16-1, TEL; 718-7113-6 
Hankangro-2ka, Yongsan-ku, 702-1257-9 
Seoul, Korea FAX: 715-1031 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 

ALABAMA ACTIVE (514) 731-7441 
HAMMOND (205) 830-4764 5651 Ferrier Street FAX: (514) 731-0129 
4411-B Evangel Circle, N.W. FAX:(205) 830-4287 Montreal, Quebec H4AP 1N1 
Huntsville, AL 35816 ACTIVE (403) 235-5300 

ARIZONA 3220 5th Avenue, N.E. Bay 2 FAX: (403) 248-0750 
ADDED VALUE (602) 951-9788 Calgary, Alberta T2A 5N1 
7741 East Gray Road FAX: (602) 952-4182 ACTIVE (204) 786-3075 
Suite #9 106 King Edward St., E FAX: (204) 783-8133 
Scottsdale, AZ. 85260 Winnepeg, Manitoba R3H ON8 

CAUFORNIA ACTIVE (416) 238-8825 
ADDED VALUE (209) 734-8861 1350 Matheson Blvd, Unit 2 FAX: (416) 238-2817 
3320 East Mineral King FAX: (209) 734-8865 Mississauga, Ontario L4W 4MI 
UnitD ACTIVE (403) 438-5888 
Visalia, CA 93291 6029 103rd St. FAX: (403) 434-0812 
ADDED VALUE (714) 259-8258 Edmonton, Alberta T6H 2H3 
1582 Parkway Loop FAX: (714) 259-0828 ACTIVE (418) 682-5775 
UnitG 1990 Blvd. Charest 0. FAX: (418)682-8303 
Tustin, CA 92680 Ste-Foy, Quebec G1N 4K8 
ADDED VALUE (619) 558-8890 ACTIVE (613) 728-7900 
6397 Nancy Ridge Road FAX: (S19) 558-3018 1023 Merivale Road FAX: (613) 728-3586 

I San Diego, CA 92121 Ottawa, Ontario K1Z 6A6 
ALL AMERICAN (800) 669-8300 ACTIVE (514) 256-7538 
369 Van Ness Way #701 FAX: (213) 320-72Q7 6080 Metropolitan FAX: (514) 256-4890 
Torrance, CA 90501 Montreal, Quebec H1S 1A9 
ALL AMERICAN (408) 943-1200 . G.B. MICRO ELECTRONICS (514) 333-7373 
2360 Qume Drive, Suite C FAX: (408) 943-1393 9770 Henri Bourassa W. FAX: (514) 334-7707 
San Jose, CA 95131 Ville St. Laurent, Quebec H4S 1 RS 
ALL AMERICAN (800) 831-8300 G.B. MICRO ELECTRONICS (613) 825-6380 
5625 Ruffin Road FAX: (619) 268-3836 Box 207 RR2 FAX: (613) 825-0569 
#3212 Nepean, Ontario K2C 3H1 
San Diego, CA 92123 G.B. MICRO ELECTRONICS (416) 241-7000 
1.E.C. (916) 363-6030 2777 Thamesgate Dr. FAX: (416) 241-4853 
9940 Busin,ess Park Drive, #145 FAX: (916) 362-6926 Mississauga, Ontario L4T 1 GS 
Sacramerito, CA 95827 COLORADO 
ITT components (714) 727-4001 ADDED VALUE (303) 422-1701 
5. Jenner Street FAX: (714) 727-2109 4090 Youngfield FAX: (303) 422-2529 
Irvine, CA 92718 Wheat Ridge, CO 80033 
ITT Components (408) 453-1404 l.E.C. (303) 292-5537 
1580 Oakland Road FAX: (408) 453-1407 420 East 58th Avenue FAX: (303) 292-0114 
Suite #C102 Denver, CO 80216 
San Jose, CA 95131 l.E.C. (303) 292-6121 
JACO (714) 258-9003 5750 North Logan Street FAX: (303) 297-2053 
1541 Parkway Loop FAX: (714) 258-1909 Denver, CO 80216 
Suite A CONNECTICUT 
Tustin, CA 92680 GREENE-SHAW (203) 265-3333 
JACO (805) 495-9998 65 So. Turnpike Rd. FAX: (203) 265-3583 
2282 Townsgate Road FAX: (805) 494-3864 Wallingford, CT 06492 
Suite 100 FLORIDA 
Westlake Village, CA 91361 ALL AMERICAN (305) 621-8282 
JACO (408) 432-9290 16251 N.W. 54th Avenue FAX: (305) 620-7831 
2880 ZANKER ROAD FAX: (408) 432-9298 Miami, FL 33014 
SUITE 202 ALL AMERICAN (800) 327-6237 
SAN JOSE, CA 95134 5009 Hiatus Road FAX: (305) 749-9229 

CANADA Sunrise, FL 33351 
ACTIVE (514) 694-7710 GREENE-SHAW (407) 9S1-3636 
237 Hymus Boulevard (514) 697-8112 270 East Drive 
Point Claire, Quebec H9R SC? Melbourne, FL 32904 
ACTIVE (604) 324-7500 HAMMOND (407) 973-7103 
100 S.E. Marine Drive FAX: (604) 324-3100 6600 N.W. 21st. Avenue FAX: (407) 973-6010 
Vancouver, BC YSX 2S3 Fort Lauderdale, FL 33309 
ACTIVE (416) 367-2911 HAMMOND (407) 849-6060 
100 Lombard Street FAX: (416) 367-4706 1230 W. Central Blvd FAX: (407) 648-8S84 
Toronto, Ontario MSC 1 M3 Orlando, FL 32802 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS (Continued) 

FLORIDA (Continued) HAMMOND (919) 275-6391 

JACO (407) 241-7943 2923 Pacific Avenue FAX: (919) 275-6391 x225 

1060 Hollaed Drive FAX: (407) 241-7950 Greensboro, NC 27420 
Boca Raton, FL 33487 GREENE-SHAW (919) 954-7138 

GEORGIA 6200 Falls of the Neuse Road FAX: (919) 954-7139 
HAMMOND ( 404) 449-1996 Suite 200 
5680 Oakbrook Parkway FAX: (404) 242-9834 Raleigh, NC 27609 
Suite 160 OHIO 
Norcross, GA 30093 CAM/RPC (216) 461-4700 
JACO (404) 449-9508 749 Miner Road FAX: (216) 461-4329 
6035 Atlantic Blvd. FAX: (404) 449-0275 Cleveland, OH 44143 
Suite J CAM/RPC (614) 888-7777 
Norcross, GA 30071 733 H. Lakeview Plaza Rd. FAX: (614) 888-9779 

ILL/NOIS Worthington, OH 43085 
QPS (708) 884-6620 CAM/RPC (513) 898-1111 
101 Commerce Dr. #A FAX: (708) 884-7573 7956 Strawberry Hill Lane FAX: (513) 433-6792 
Schaumburg, IL 60173 Maineville, OH 45039 
l.E.C. (708) 843-2040 OREGON 
2200 N. Stronington Ave., #210 FAX: (708) 843-2320 l.E.C. (503) 641-1690 
Hoffman Estates, IL 60195 6850 S.W. 105th Ave., Ste. B FAX: (503) 646-3737 

MARYLAND Beaverton, Oregon 97005 
ALL AMERICAN (301) 251-1205 PENNSYLVANIA 
14636 Rothgeb Dr. FAX: (301) 251-8574 CAM/RPC (412) 782-3770 
Rockville, MD 20850 620 Alpha Drive FAX: (412) 963-6210 
JACO (301) 995-6620 Pittsburgh, PA 15238 
Rivers Center FAX: (301) 995-6032 SOUTH CAROLINA 
10270 Old Columbia Road HAMMOND (803) 233-4121 
Columbia, MD 21046 1035 Lowndes Hill Rd FAX: (803) 233-4121x207 

MASSACHUSETS Greenville, SC 29607 
ALL AMERICAN (617) 246-2300 HAMMOND (919) 275-6391 
107 Audubon Road FAX: (617) 246-2305 2923 PACIFIC AVENUE FAX: (919) 275-6391X225 
Wakefield, MA O 1880 TEXAS 
GREENE-SHAW (617) 969-8900 ALL AMERICAN (214) 231-5300 
70 Bridge Street FAX: (617) 969-4712 1819 Firman Drive, #127 FAX: (214) 437-0353 

Newton, MA 02195 Richardson, TX 75081 
JACO ( 508) 640-0010 JACO (713) 240-2255 
1053 East Street. FAX: (508) 640-0755 1005 Industrial Blvd. 
Tewksbury, MA 01876 Sugar Land, TX 77478 

MINNESOTA JACO (512) 835-0220 
ALL AMERICAN (612) 944-2151 2120-M Braker Lane 
11409 Valley View Road Austin, TX 78758 
Eden Prairie, MN 55344 UTAH 

NEW YORK ADDED VALUE (801) 975-9500 
ALL AMERICAN (516) 981-3935 1836 Parkway Blvd. FAX: (801) 977-0245 
71102 Koehier Ave. FAX: (516) 981-3947 West Valley City, UT 84119 
Ronkonkoma, NY 11779 l.E.C. (801) 977-9750 
ALL AMERICAN (914) 699-2224 2117 South 3600 West FAX: (802) 975-1207 
161 S. MACQUESTEN PKWY FAX: (914) 699-1316 W. Valley City, UT 84119 
MOUNT VERNON, NY 10550 WASHINGTON 
CAM/RPC (716) 427-9999 JACO (206) 881-9700 
2975 Brighton Henrietta TL Road FAX: (716) 427-7559 15014 N.E. 40th Street FAX: (206) 881-9777 
Rochester, NY 14623 Bldg. "O", Unit 202 
JACO (516)-273-5500 Redmond, WA 98052 
145 Oser Avenue FAX: (516) 273-5528 l.E.C. (206) 455-2727 
Hauppauge, NY 11788 1750 124th Avenue, N.E. FAX: (206) 453-2963 

NORTH CAROLINA Bellevue, WA 98005 
JACO (919) 876-7767 
3029-105 Stonybrook Drive 
Raleigh, NC 27604 

•••••••••••••••• 
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Semiconductor Business 

HEAD OFFICE: 
8/1 OFL., SAMSUNG MAIN BLDG. 
250, 2-KA, T AEPYUNG-RO, 
CHUNG-KU, SEOUL, KOREA 
C.P.O. BOX 8780 

BUCHEON PLANT: 
82-3, DODANG-DONG, 
BUCHEON, KYUNGKl-DO, KOREA 
C.P.O. BOX 5779 SEOUL 100 

KIHEUNG PLANT: 
SAN #24 NONGSUH-RI, KIHEUNG-MYUN 
YONGIN-GUN, KYUNGKl-DO, KOREA 
C.P.O. BOX 37 SUWON 

GUMI BRANCH: 
259, GONDAN-DONG, GUMI, 
KYUNGSANGBUK-DO, KOREA 

SAMSUNG SEMICONDUCTOR INC.: 
3725 NORTH FIRST STREET 
SANJOSE, CA 95134-1708, USA 

HONG KONG BRANCH: 
24FL., ADMIRAL TY CENTER, 
TOWR 1, 18 HARCOURT ROAD, 
OUEENSWAY, HONG KONG 

TAIWAN OFFICE: 
RM. 2401, 24F, INT'L TRADE BLDG., 333, 
KEE LUNG RD., SEC. 1, TAIPEI, 
TAIWAN, R.O.C. 

TELEX: KORSST K27970 
TEL: (SEOUL) 727-7114 
FAX: 753-0957 

TELEX: KORSEM K28390 
TEL: (SEOUL) 7 41-0066, 664-0066 
FAX: 741-4273 

TELEX: KORSST K23813 
TEL: (SEOUL) 760-7114 
FAX: 741-0628 

TELEX: SSTGUMI K54371 
TEL: (GUMI) 460-2169, 463-2570 
FAX: (GUMI) 461-9258 

TEL: (408) 954-7000 
FAX: (408) 954-7873 

TELEX: 80303 SSTC HX 
TEL: 862-6900 
FAX: 866-1343 

TEL: (2) 757-7292 
FAX: (2) 757-7311 

SAMSUNG ELECTRONICS JAPAN CO., LTD. 
SF SUDACHO VERDE BLDG., TELEX: 2225206 SECJPN J 
2-3 KANDA-SUDACHO CHIYODA-KU TEL: (03) 3258-9501 
TOKYO, 101 JAPAN FAX: (03) 3258-9695 

SAMSUNG SEMICONDUCTOR EUROPE GMBH: 
MERGENTHALER ALLEE 38-40, TELEX: 4072678 SSED 
D-6236 ESCHBORN, W/GERMANY TEL: 0-6196-900920 

FAX: 0-6196-900989 

SAMSUNG ELECTRONICS SINGAPORE PTE LTD.: 
10F., COLLYER QUAY #18-05/06 TEL: 535-2808 
OCEAN BUILDING SINGAPORE 0104 FAX: 532-6452 
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