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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC 

KM41C16000A/AUALUASL-5 50ns 13ns 

KM41C16000A/AUALUASL-6 60ns 15ns 

KM41C16000A/AUALUASL-7 70ns 20ns 

KM41C16000A/AUALUASL-8 80ns 20ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Common 1/0 using Early Write 
• Double+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh 
• 4096 cycles/128ms (Low Power & Self Ref.) 
• 4096 cycles/256ms (Super Low Power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

tRC 

90ns 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 
The Samsung KM41C16000A/AUALUASL is a high 
speed CMOS 16, 777 ,216 bit x 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM41C16000A/ AU ALU ASL 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 outputs are fully TTL compatible. 

The KM41C16000A/ AU ALU ASL is fabricated using 
Samsung's advanced CMOS process. 

FUNCTIONAL BLOCK DIAGRAM 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM41C16000 AJ/ALJ/ALLJ/ASLJ • KM41C16000 AT/ALT/ALLT/ASLT • KM41 C16000 ATR/ALTR/ ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 

Vee 10 Vss Vee 10 24 Vss Vss 24 Vee 

D 2 Q D 23 Q Q 23 0 D 

N.C 3 N.C N.C 22 N.C N.C 22 N.C 

CAS w 21 CAS CAS 21 w 
RAS N.C RAS 20 N.C N.C 20 RAS 

Ag A11 19 Ag Ag 19 A,, 

A10 7 As A10 7 18 As As 18 7 A10 

Ao 8 A1 Ao 8 17 A7 A1 17 8 Ao 

Ai 16 As Ai 9 16 As As 16 Ai 

A2 10 15 As A2 10 15 As As 15 10 A2 

AJ 0 14 A4 AJ 11 0 14 A4 A4 14 0 11 AJ 

Vee 13 Vss Vee 12 13 Vss Vss 13 12 Vee 

J: 400MIL T: 400MIL(Forward) TR : 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D Data In 

Q Data Out 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

Vee Power(+5.0V) 

Vss Ground 

N.C. No connection 

d"'if JIUiiP 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -1to+7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1 to + 7.0 v 
Storage Temperature Tstg -55 to+ 150 QC 

Power Dissipation Po 1 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 
absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage referenced 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 VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM41C16000AI AU ALUASL-5 90 mA 
Operating Current* KM41C16000AI AU ALUASL-6 

lce1 
80 mA 

(RAS and CAS Cycling @tRe=min.) KM41C16000AI AUALUASL-7 
-

70 mA 
KM41C16000AI AU ALUASL-8 60 mA 

KM41C16000A 2 mA 
Standby Current KM41C16000AL 

lce2 
1 mA 

(RAS=CAS=W=VIH) KM41C16000ALL 
-

1 mA 
KM41C16000ASL 1 mA 

KM41C16000AIAUALUASL-5 90 mA 
RAS-Only Refresh Current* KM41C16000AI AU ALUASL-6 

lce3 
80 mA 

(CAS=VIH, RAS Cycling @tRe=min.) KM41C16000AIAUALUASL-7 
-

70 mA 
KM41C16000AI AU ALUASL-8 60 mA 

KM41C16000AI AU ALU ASL-5 80 mA 
Fast Page Mode Current* KM41C16000AI AU ALU ASL-6 

1Ce4 
70 mA 

(RAS=VIL, GAS, Address Cycling @tPe=min.) KM41C16000AI AU ALU ASL-7 
-

60 mA 
KM41C16000AIAUALUASL-8 50 mA 

KM41C16000A 1 mA 
Standby Current KM41C16000AL 

Ices 
300 µA 

(RAS=CAS:::W=Vee-0.2V) KM41C16000ALL 
-

200 µA 
KM41C16000ASL 200 µA 

KM41C16000AI AU ALUASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM41C16000AI AU ALU ASL-6 

Ices 
80 mA 

(RAS and CAS Cycling @tRc=min.) KM41C16000AI AU ALU ASL-7 
-

70 mA 
KM41C16000AI AU ALU ASL-8 60 mA 

Battery Bac.:k Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vec-0.2V 

KM41C16000AL 450 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM41C16000ASL 
lce7 -

350 µA 
Cycling or 0.2V DIN=Don't Care TRe=31.5µS(L-Ver.) 
62.5µ S(SL-Ver.), TRAS ~ min-300ns 

t1Mfilih» 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM41C16000ALL Ices 300 µA 
W=OE=Ao-A11=Vcc-0.2Vor 0.2V 

-

DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current ll(L) -10 10 µA 
(Any input Os VIN s Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVoUTsVcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=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 an average current. In lcc1 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (D) CIN1 - 7 pF 

Input Capacitance (Ao-A11) CIN2 - 6 pF 

Input Capacitance (RAS, CAS, W) CIN3 - 7 pF 

Input Capacitance (Q) Cour - 7 pF 

AC CHARACTERISTICS (0°CsTas70°C, Vcc=5.0V±0.5V, See notes 1,2) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

Transition time (rise and falO tr 3 50 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time !CAP 5 5 5 5 ns 

tlm'lfiihi• 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Row address set-up time tASR 0 0 0 0 ns 

Row address hold time tRAH 10 10 10 10 ns 

Column address set-up time tAsc 0 0 0 0 ns 

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

Column address to RAS lead time tRAL 25 30 35 40 ns 

Read command set-up time tRCS 0 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twp 10 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 20 ns 

Write command to CAS lead time tCWL 13 15 20 20 ns 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to Fij\g tDHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 64 ms 

Refresh period (Low Power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low Power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 13 15 20 20 ns 8 

RAS to W delay time tRWD 50 60 70 80 ns 8 

Column address to W delay time tAwo 25 30 35 40 ns 8 

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

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

RAS to GAS precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

Access time from GAS precharge tCPA 30 35 40 45 ns 3 

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 53 60 70 75 ns 

GAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 50 200K 60 200K 70 200K 80 200K ns 

RAS hold time from GAS precharge tRHCP 30 35 40 45 ns 

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

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

t1Mf11iiiiP 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

RAS pulse width (C-B-R refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-B-R refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-B-R refresh) tCHS -50 -50 -50 -50 ns 15 

TEST MODE CYCLE (Note 12) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

Access time from CAS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 18 20 25 25 ns 8 

RAS to W delay time tRWO 55 65 75 85 ns 8 

Column address to W delay time tAwo 30 35 40 45 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

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

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

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

•111i'1Hiiii• 
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KM41C16000A/ AL/ ALL/ ASL 

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 
measuring timing of input signals. Transition times 
are measured between V1H(min) and V1L(max) 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. If tRco is greater than the 
specified tRCD(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD2':tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;:::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo;::::tcwo(min), tRWD2': 
tRwo(min) and tAwo;::::tAwo(min), then the cycle is a 

t11Ji'ifiiiii» 
ELECTRONICS 
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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. 

10. These parameters are referenced to the GAS 
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 tRAD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAc, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

Q 

VOL -

WRITE CYCLE (EARLY WRITE) 

V1H 
----..! --------IRAs----------

RAS 

V1L -

tRco------+--tRsH------i 

CAS 
V1H -

V1L -

A 

w 

D 
V1H -

V1L - ........ """'-""-"'-.........i~ ......... .__..._,,, l'-----""'I '\,,,~~~~"'-l6.~~.¥.-llo--"-"'--..io'-"-~_.._..._ 

---toHR ___ __ 

~DON'T CARE 

eJMH'iii» 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w 

D 
V1H -

V1L - ........ ......_.'-¥-~'-"-........ .."'-l~~~~'-"-~-"-~ "----..J 

Q VoH -

~---------+-------~ Vm-

FAST PAGE MODE READ CYCLE 

CMOS DRAM 

>-----------!RASP----------~ 

RAS 

GAS 

A 

w 

Q 

V1H -
(AR 

VIL -

V1H -

V1L -

v,H - "i'\":"7\"7'\7~"7'\7~H--r----t1E:-r--+---....,.--+mt:-+----...;...+-+~~i:-: 

V1L -""-"-...¥..-:.~~~ 

VoH -

VoL -

lcLZ 

~DON'TCARE 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
-----------tRASP------------i 

RAS 
VrH -

!AR 

VrL -

Vr'i -
C"AS 

VrL -

A 

w 

D 
VrH -

VrL -.._........, ........................ ,,,__,,, 

FAST PAGE MODE READ-WRITE CYCLE 

A 
VrH 

VrL 

w VrH 

VrL 

D 
VrH 

VrL 

VoH-
Q 

VoL -

•'l'!Milhl• 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

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

>--------- ----tRc----

RAS 

GAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

t------------tRc------------< 

V1H-
RAS >----------- IRAS--------HI 

V1L-

>------ tcHR----' 

V1H-

GAS 
V1L- I 

V110H -

D,Q V110L - ~ 11---------- OPEN--------------

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

RAS 
V1H- -----IRASS ------' 

V1L-

LGAS 
V1H-

V1L-

D,Q 
VoH - l>---------OPEN-------------VoL -

~ DON'TCARE 

•1Mfiihi1P 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

w V1H -
V1L -

Q 
VoH-

VoL-

HIDDEN REFRESH CYCLE (WRITE) 

CMOS DRAM 

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

RAS V1H - --------~ ~~~~ -----
V1L -

tRCo tRSH 

V1H - lcHR 

GAS 
V1L -

tAR 

tRAL 

V1H -
A 

V1L -

V1H -

V1L - .-....-..llll..li~~'-M..¥..M..11..Ao-....... ----~~..I 

V1H - -""~~~m<~\T'f::'J~ 
D 

VIL - ~~~~UQ~~~ ""-----"'I "'_.._..._.......,........_..._....11...1~.11....K...._."'""-l~.ll...ll..¥.. 

a 
----tDHRl----VOH - --------------OPEN--------------

VOL -

~DON'T CARE 

•1Mf11iiltP 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H - ~~~~~"""'"'"""""7'1:""'7""':~""'""7':""'7""':~"'7\. 

Vil - ""-"'--"-......... -'f--'~~r.....i.L-.~~~llL.....i.:.~'-1 !'---~---" 

READ CYCLE 

V1H -
w Vil -

VoH -
Q 

Vol -

WRITE CYCLE lcwl 

V1H - lwcH 
w 

Vrl -

twp 

VoH -
Q OPEN 

VOL -

los 
loH 

D 
VrH -

Vrl -

V1H -
w 

Vrl -

VoH -
Q 

Vol -
~~~~~~~~ 

D 

VALID DATA-IN 

~DON'T CARE 

tl"nfiljii• 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

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

CMOS DRAM 

i------i ~---IRAS-------

!cp 

V1H -

V1L - -------' 

w 

Q 

VOL - --------

TEST MODE DESCRIPTION 

The KM41C16000A/AUALUASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, Al, A10 and A11 are not 
used. If, upon reading, 16 bits are equal (all "1 "s or "O"s) 
the Q pin indicates a "1 ". 
If they were not equal, the Q pin would indicate a "O". In 

ttMfiiUI• 
ELECTRONICS 

~DON'T CARE 

"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 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 (1/16 in cases of 
N test pattern). 
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KM41C16000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

0.670 (17.02) 

0.680 (17.27) 

i::e:: 0.004(0. 1) 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.027 (0.69) 

MIN 

00 
NC') 

e. e. 
CO N 
0 ~ 
0 0 
d 0 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

"'"' LO <D 

tS t:. 
~ ~ 
C\I C') 

ci ci 

a> r--. 
C') '<t 
0 0 
ci ci 

lol 0.003(0.08) I 6 H 
I o.o4s (1.22) 0.012 (0.30) I ~ u 

---j 0.052 (1.32) 0.020 (0.50) r-- 0.037 (0.95) 

TYP 

tJMf]iiW> 
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N 
N 

~ a. 
.... >
~ f
ci 

C\IC\I 
~ C') 

~~ 
a> r--. 
LO <D 
C') C') 

ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM41C16000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0. 723 (18.36) 

0.727 (18.46) 
en ,.._ 
(") <t 
a a 
ci ci 

lol 0.003 (0.00) I b g 
I 0.048 (1.22) 0.012 (0.30) I ~ u 

--j 0.052 (1.32) 0.020 (0.50) r-- 0.037 (0.95) 

TYP 

•lllMJiiii> 
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-CMOS DRAM 

Units: Inches (millimeters) 

MAX 

0.025(0.64) 

MIN 

<O <O <O ,.._ 
ci 

(") 
C\I 
<t 
ci 

~ «! 
Cl. 
>- ~ ~ 

I- en ,.._ 
ll) c.o 
<t <t 
ci ci 

0.005(0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC 

KM44C4000A/ AU ALU ASL-5 50ns 13ns 

KM44C4000A/ AU ALU ASL-6 60ns 15ns 

KM44C4000A/ AU ALU ASL-7 70ns 20ns 

KM44C4000A/ AU ALU ASL-8 80ns 20ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
•Fast parallel test mode Capability 
• TTL compatible inputs and outputs 

tRC 

90ns 

110ns 

130ns 

150ns 

• Early write or output enable controlled write 
• Double+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM44C4000A/AUALUASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4000A/AUALUASL 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 outputs are fully TIL compatible. 

The KM44C4000A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w VBB Generator 

df Va 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
~ D01 

Memory Array 
en 
Cl to 

Refresh Counter 4, 194,304 x 4 
E 

<l'. D04 
Cells 

<l> 

~ 
Row Address Buffer <l> 

AO-A11 rJ) 

Data out 

AO-A9 Col. Address Buffer Column Decoder 
Buffer OE 

tl'li':filiii" 
ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM44C4000 AJ/AW/ALLJ/ ASW • KM44C4000 AT/ALT/ALLT/ASLT • KM44C4000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 

Vee 10 24 Vss Vee 10 24 Vss Vss 24 Vee 

001 004 001 23 004 004 23 0 001 

002 3 003 002 22 003 003 22 002 

w 4 21 CAS w 21 CAS CAS 21 w 
RAS 20 5E RAS 20 OE OE 20 RAS 

Ai1 6 19 Ag A,, 19 Ag Ag 19 A,, 

A10 7 18 As A10 18 As As 18 A10 

An 17 A1 Ao 17 A1 A1 17 8 Ao 

A, 16 A5 Ai 16 A5 A5 16 9 Ai 

A2 10 15 A5 A2 10 15 A5 A5 15 10 A1 

A3 11 0 14 A4 A3 11 0 14 A4 A4 14 0 11 A3 

Vee 12 13 Vss Vee 12 13 Vss Vss 13 12 Vee 

J: 400MIL T: 400MIL(Forward) TR : 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

•l'IMiiJii» 
ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter 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 w 
Short Circuit Output Current los 50 mA 

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=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 VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C4000A/ AUALUASL-5 90 mA 
Operating Current* KM44C4000A/ AU ALU ASL-6 

lcc1 
80 mA 

(RAS and GAS Cycling @tRC=min.) KM44C4000A/ AUALUASL-7 
-

70 mA 
KM44C4000A/ AUALUASL-8 60 mA 

KM44C4000A 2 mA 
Standby Current KM44C4000AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM44C4000ALL 
-

1 mA 
KM44C4000ASL 1 mA 

KM44C4000A/ AU ALU ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4000A/ AU ALU ASL-6 

ICC3 
80 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM44C4000A/ AU ALU ASL-7 
-

70 mA 
KM44C4000A/ AU ALU ASL-8 60 mA 

KM44C4000A/ AU ALU ASL-5 80 mA 
Fast Page Mode Current* KM44C4000A/ AUALUASL-6 

ICC4 
70 mA 

(RAS=VIL, GAS, Address Cycling @tPc=min.) KM44C4000A/ AU ALU ASL-7 
-

60 mA 
KM44C4000A/ AU ALU ASL-8 50 mA 

KM44C4000A 1 mA 
Standby Current KM44C4000AL 

Ices 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM44C4000ALL 
-

200 µA 
KM44C4000ASL 200 µA 

KM44C4000A/ AU ALU ASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM44C4000A/ AU ALU ASL-6 

Ices 
80 mA 

(RAS and GAS Cycling @tRc=min.) KM44C4000A/ AU ALU ASL-7 
-

70 mA 
KM44C4000A/ AU ALU ASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-o.2v 

KM44C4000AL 450 µA 
Input Lvw Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C4000ASL 
ICC? -

350 µA 
Cycling or 0.2V DIN=Don't Care TRC=31.25µS(L-Ver.) 
62.5µ S(SL-Ver.), TRAs ~ min-300ns 

•liJ:':fi@iP 
ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CA8=0.2V 

KM44C4000ALL Ices 300 µA 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 

-

DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
h(L) -10 10 µA 

(Any input O~VIN ~Vcc+O.SV, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~Vour~Vcc) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, ICC4 and Ices are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as an average current. In lcc1 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A11) CIN1 - 6 pF 

Input Capacitance (RAS, CA'S, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°C:s;Ta:s;?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tcsH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

Row address set-up time tASR 0 0 0 0 ns 

•liJ:Wiliii" ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

- 5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

Column address set-up time tAsc 0 0 0 0 ns 

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

Column address to RAS lead time tRAL 25 30 35 40 ns 

Read command set-up time tRCS 0 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 0 ns 9 

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

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twp 10 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 20 ns 

Write command to GAS lead time tcwL 13 15 20 20 ns 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to RAS tOHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

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

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

RAS to GAS precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-B-R counter test cycle) tCPT 20 20 30 30 ns 

Access time from GAS precharge !CPA 30 35 40 45 ns 3 

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 76 85 100 105 ns 

GAS precharge time (Fast Page mode) ICP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

RAS hold time from GAS precharge IRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 

OE to data delay !OED 13 15 20 20 ns 

Output buffer turn off delay time from OE IOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 20 20 ns 

•1Mif1ihi" ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

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

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

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

Access time from MS tRAC 55 65 75 85 ns 3,4,11 

Access time from CAS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

AAS hold time tRSH 18 20 25 '25 ns 

CAS" hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55' ns 8 

FiAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAwo 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

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

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from GAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

diMJllH• 
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KM44C4000A/ AL/ ALL/ ASL 

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 
measuring timing of input signals. Transition times 
are measured between V1H(min) and V1L(max) 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. If tRCD is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRcoztRco (max). 
6. tAR, twcR. tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo:::::tcwo(min), tRwo;:::: 
tRwo(min) and tAwoztAwo(min), then the cycle is a 

t1Mf11iii" 
ELECTRONICS 

CMOS DRAM 

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. 

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 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAc, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

5E 
V1H -

V1L -

VoH- ------
VOL-

tJMHiiii• 
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~<M44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
CAS 

V1L -

A 
V1H -

V1L -

w V1H -
VIL -

OE V1H -

VIL -

DQ,-004 
V1H -

V1L -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
D0,-004 

V1L -

t1Mfi:W» 
ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ·MODIFY-WRITE CYCLE 

V1H -
Ffi\S 

V1L -

V1H -

~ 
V1L -

V1H -

A 
V1L -

w 
V1H -

V1L -

OE V1H -

V1L -

VoH-
~~~~~~~~~...._n/\ 

VoL-

FAST PAGE MODE READ CYCLE 

V1H -
A 

V1L -

w V1H-

V1L-

OE V1H -

V1L-

VoH-

oa,-004 
VoL-

rttMfi@tP 
ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

V1L - ...................... _ 

~DON'T CARE 

e!:i:fi'hiiP 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

TIM ING DIAGRAMS (Continued) 

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

1-------------tRc----

RAS 
1'r------IRAS-------IJ 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

,___---------tRc------------1 

r---------·- IRAS--------·U 

>------ ICHR-----' 

CAS 

V110H -

V110L -
t---------- OPEN------------------1 

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

RAS 
V1H- t------IRASs---------1 

V1L-

LCAS 
V1H-

V1L-

001-004 
VoH - 1>--------0PEN-------------
Vol -

~ OON'TCARE 

t11i:i:fJijh> 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

GAS 
V1H -

V1L -

A 
V1H -

V1L -

V1H -
w 

V1L -

BE V1H -
V1L -

00,-00. 

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

BE V1H -

V1L -

001-004 
VoH-

VOL -

•1Mfillh* ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H-

V~L -

1------------IRAS----~------1 

CAS 
V1H - ---!CHA----

V1L -

A 
V1H-

V1L -

READ CYCLE 

w V1H -

V1L -

V1H-
BE 

V1L -

Vol -

WRITE CYCLE 

w V1H-

V1L -

OE V1H -

V1L -

VoH-
D01-D04 --------OPEN-----c:1 

Vol- lcwL 

READ-MODIFY-WRITE 

V1H -

V1L - ...................................................................................................... .___ ..... _-"l't'_-t-" 

V110H
D01-D04 V110L - ----------------~Lii\ 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

ttMtJllW> 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

VrH 
.___ ___ !RAS--------< 

-
RAS 

VrL -
!RPG 

!cp 

VrH -
GAS 

VrL -

w VrH -

VrL -

lo FF 

DQ 1-DQ4 
VoH -

VoL -

TEST MODE DESCRIPTION 

The KM44C4000A/AUALUASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "O". In "Test 

t!Mfi'hi» 
ELECTRONICS 

~DON'T CARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1 M x 4 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 (1/4 in cases of N test 
pattern). 
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KM44C4000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

0.670 (17.02) 

0.680 (17.27) 

[e:: 0.004(0.1) 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.027 (0.69) 

MIN 

so 
NM e. e. 
CON 
0 ~ 
00 
d ci 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

r:::- r:::-
1.0 <O 

t:. t:. 
CX> C\I 
<» 0 
C\I C') 

ci ci 

0.671 (17.04) 

0.679 (17.24) 

Joi 0.003 (0.08) I b ~ 
I o.048 (1.22) 0.012 (0.30) I ~ u 

---j 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) 

TYP 

ttMHlhi» 
ELECTRONICS 

N 
N 

!:2. Q. 
.q- > 
~ I
d 

@"@" 
~ C') 

~~ 
<» " LO <O 
C') C') 

0 0 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 

_J 0.025(0.64) 

I MIN 

'.:'. ~ en 0"J 

enen°~ ~ Q aoi5~ o 
~ ~;;:;: ~ 
0 0 0 0 0 [ ~ 
--oo 

0 ci 

-~-------------- ~ J - L_ --, 
~ 0725(18.42) I 0.144(3.66) I 

I_ MAX 

[el 0004(0.1) I ggAAAARAMAAA 
0.050{1.27) . I 0.015(0.38) LJ I 0 026(0~ I 

TY p I I 0 .021 (0 .53) --I 0 032(0 .• _,,_ 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

iol 0.003 (0.08) I b g 

en "
<n "<!" 
0 0 
c:i c:i 

0 050(1 .27) 
MAX 

en r-... 
l{) tO 
"<!" "<!" 
c:i c:i 

0.005 (0.13) 

0.008 (0.20) 

I o.048 (1.22) 0.012 (0.30) I ~ 0 
--j 0.052 (1.32) 0.020 (0.50) r--- 0.037 (0.95) ~ TYP 

O.D16 (0.40) I I 
0.024 (0.60) 

•liJ:Wi:W• 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C41 OON AU ALU ASL-5 50ns 13ns 90ns 

KM44C41 OON AU ALU ASL-6 60ns 15ns 110ns 

KM44C41 OON AU ALU ASL-7 70ns 20ns 130ns 

KM44C41 OON AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Double+5.0V ± 10% power supply 
• 2048 cycles/32ms refresh (Normal) 

GENERAL DESCRIPTION 
The Samsung KM44C4100A/AUALUASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4100A/AUALUASL 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 outputs are fully TIL compatible. 

The KM44C41 OOA/ AU ALU ASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GAS 
Control 

~Voo Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder Buffer 

Q 
Refresh Control 

olJ D01 
Memory Array en 

a. to 
Refresh Counter 4, 194,304 x 4 

E 
<( D04 

Cells 
Q) 
en 
c 

Row Address Buffer 
Q) 

en 
Data out 

AO-A10 
Col. Address Buffer Column Decoder 

Buffer OE 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4100 AJ/AW/ALLJ/ ASLJ • KM44C4100 AT/ALT/ALLT/ASLT • KM44C4100ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ ALS/ ALLS/ASLS ASR/ ALSR/ ALLSR/ ASLSR 

Vee 10 24 Vss Vee 10 24 Vss Vss 24 Vee 

001 23 OQ4 001 23 004 004 23 0 001 

002 22 003 002 22 003 003 22 002 

w w 21 CAS CAS 21 w 
RAS 20 OE RAS 20 5E OE 20 RAS 

N.C 19 Ag N.C 19 Ag Ag 19 N.C 

A10 18 As A10 18 As As 18 A10 

17 A1 Ao 17 A1 A1 17 8 Ao 

A1 16 A5 A1 16 A5 A5 16 9 A1 

A2 10 15 A5 A2 10 15 A5 A5 15 10 A2 

0 14 A4 A3 11 0 14 A4 A4 14 0 11 A3 

Vee 12 13 Vss Vee 12 13 Vss Vss 13 12 Vee 

J: 400MIL T: 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A10 Address lnptJts 

DQ1-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

N.C No Connection 

d'f:fiiiii» 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -1 to + 7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1 to + 7.0 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation Po 1 w 
Short Circuit Output Current los 50 mA 

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=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 VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C41 OOA/AU ALUASL-5 110 mA 
Operating Current* KM44C41 OOA/AUALUASL-6 

lcc1 
100 mA 

(RAS and GAS Cycling @tRC=min.) KM44C41 OOA/AUALUASL-7 
-

90 mA 
KM44C41 OOA/AU ALUASL-8 80 mA 

KM44C4100A 2 mA 
Standby Current KM44C41 OOAL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM44C41 OOALL 
-

1 mA 
KM44C41 OOASL 1 mA 

KM44C41 OOA/AU ALUASL-5 110 mA 
RAS-Only Refresh Current* KM44C41 OOA/AU ALUASL-6 

ICC3 
100 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM44C41 OOA/AU ALUASL-7 
-

90 mA 
KM44C41 OOA/AU ALU ASL-8 80 mA 

KM44C41 OOA/AU ALUASL-5 90 mA 
Fast Page Mode Current* KM44C41 OOA/AUALUASL-6 

ICC4 
80 mA 

(RAS=VIL, GAS, Address Cycling @tPC=min.) KM44C41 OOA/AUALUASL-7 
-

70 mA 
KM44C41 OOA/AUALUASL-8 60 mA 

KM44C4100A 1 mA 
Standby Current KM44C41 OOAL 

Ices 
300 µA 

(RAS=CAS=VV=Vcc-0.2V) KM44C41 OOALL 
-

200 µA 
KM44C41 OOASL 200 µA 

KM44C41 OOA/AUALUASL-5 110 mA 
GAS-Before-RAS Refresh Current* KM44C41 OOA/AUALUASL-6 

Ices 
100 mA 

(RPS and GAS Cycling @tRC=min.) KM44C41 OOA/AUALUASL-7 
-

90 mA 
KM44C41 OOA/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-o.2v 

KM44C41 OOAL 400 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C41 OOASL 
ICC? -

300 µA 
Cycling or 0.2V DIN=Don't Care TRC=62.5µS(L-Ver.) 
125µS(SL-Ver.), TRAS~ min-300ns 

•Jtl"ifi'IW> 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM44C41 OOALL Ices 300 µA 
W=OE=Ao-A1o=Vcc-o.2v or 0.2V 

-

DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
ll(l) -10 10 µA 

(Any input OsV1N sVcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVouTsVcc) 

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

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

*NOTE: lcc1, Ices, ICC4 and lcce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as an average current. In lcc1 and Ices, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A10) CIN1 - 6 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°CsTas?0°C, Vcc=5.0V±10%, See notes 1,2) 

- 5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

Row address set-up time tAsR 0 0 0 0 ns 

•1Mfiifo» 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

Column address set-up time tAsc 0 0 0 0 ns 

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

Column address to RAS lead time tRAL 25 30 35 40 ns 

Read command set-up time tRCS 0 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

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

Write command hold time twcH 10 10 15 15 ns 

Write command hold time referenced to RAS tWCR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 20 ns 

Write command to CAS lead time tCWL 13 15 20 20 ns 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) !CSR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) ICPT 20 20 30 30 ns 

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

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time IPRWC 76 85 100 105 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

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

OE access time IOEA 13 15 20 20 ns 

OE to data delay torn 13 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 20 20 ns 

tJ"i':filiW> 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

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

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

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

Access time from CAS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

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

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

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

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

t1Mfiiiii» 
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KM44C41 OOA/ AL/ ALL/ ASL 

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 
measuring timing of input signals. Transition times 
are measured between V1H(min) and V1L(max) 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. If tRCD is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2':tRco (max). 
6. tAR, twcR, toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRwoz 
tRwo(min) and tAWD2':tAwo(min), then the cycle is a 

tlm'ifi@» 
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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. 

10. These parameters are referenced to the GAS 
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 tRAo(max) limit, then access time is 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAC, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

VIL -

GAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

5E 
V1H -
VIL -

VoH- ------
VoL-

•t:!:i:filiiitP 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -
V1L -

V1H -

GAS 
V1L -

V1H -
A 

V1L -

w V1H -
VIL -

OE v,H -

CMOS DRAM 

VIL - --.-.... ......... -...--....,.--........__....._...__.,.....,.. ......... ....._.-...._.....___ ........ _._......._......_......._.......,......._~ ....................... ..._.. .... 

V1H -
~~~~~---~~~1 

VIL -

i-----toHR----t 

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
CAS 

VIL -

V1H -
A 

VIL -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
D01·DQ4 

V1L -

~DON'T CARE 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

Vil -

V1H -

CA8 
Vil -

V1H -
A 

Vil -

V1H -
w 

Vil -

OE V1H -

Vil -

VoH-
~~~~~~~~~..j...-~A 

Vol-

FAST PAGE MODE READ CYCLE 

V1H -

RAS Vil -

Vil -

V1H -
A 

V1L -

w V1H -

Vil-

OE V1H -

Vil -

VoH-
~~~~~~~~...,..rix 

Vol-
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

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

~DON'TCARE 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

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

f------------ IRC----

RAS 

CAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

f-----------tRc-------------+ 

RAS 

>------ ICHR--~-< 

CAS 
V1L- i 

V110H - ____ M_OF_· ... _________ OPEN--------------
D01·DQ4 y 110L _ _J 

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

RAS 
V1H- IRASS 

V1L-

LCAS 
V1H-

V1L-

VoH -
DQ1-DQ4 OPEN-------------

VoL -

~ DON'TCARE 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

GAS 
V1H -

V1L -

A 
V1H -

V1L -

V1H -w 
V1L -

OE 
V1H -
V1L -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

6E V1H -

V1L -

oo,-oa. 
VoH-

VoL -
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
V1H - !RAS RAS 
v;L -

RSH 

V1H - le HR le AS 
GAS 

V1L -

lRAL 

A 
V1H-

V1L -

READ CYCLE 

w 

WRITE CYCLE 
.----+-+----lcwL-----+-

-----+--+----lRwL----

w V1H -

V1L -

OE V1H -

V1L -

VoH-
D01-D04 ---___,.-+----OPEN-----+<I 

Vol- lcwL 

READ-MODIFY-WRITE 

w 

V110H- ------------------<IA 
D01-D04 V110L -

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
1-----lRAS--------1 

-
RAS 

V1L -
tRPC 

V1H -
CAS 

V1L -

w V1H -

V1L - ~~~~~~~~IC----+~~~~~-=-"'--lo:-=-~-=-~..¥...1'--"-...................................... 

VOL - _______ ...., 

TEST MODE DESCRIPTION 

The KM44C4100A/AUALUASL is the RAM organized 
4, 194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "O". In "Test 

•tMH'iiii> 
ELECTRONICS 

~ DON'TCARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, GAS-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 (1/4 in cases of N test 
pattern). 
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KM44C41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

I 0.670 ('7.02) 
0.680 (17.27) 

El 0004:~:0!12~8 
TYP I ~ 0.021 (0.53) ---1 0.032(0 81) 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.027 (0.69) 
MIN 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

R' R' 
LO CO 

t:. tS 
co C\I 
O> 0 
C\I C') 

0 0 

~s 
C! C'! 
.::.. :s. 
O> l'
C') "<t 
0 0 
0 0 

iol 0.003 (0.08) I b ~ 
I 0.048 (1.22) 0.012 (0.30) I ~ 0 

----j 0.052 (1.32) 0.020 (0.50) i-- 0.037 (0.95) 

TYP 

tJMHihi* 
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N'N' 
~ C') 

~~ 
O> l'-
10 co 
C') C') 

0 0 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM44C41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

re 0.004(0.1) 

0.021 (0.53) 0.032(0.81) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

lol 0.003 (0.00) I b ~ 

O> ,... 
(") v 
0 0 
0 0 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.025(0.64) 

MIN 

0.005 (0.13) 

0.008 (0.20) 

I 0.048 (1.22) 0.012 (0.30) I ~ u 
--j 0.052 (1.32) 0.020 (0.50) r-- 0.037 (0.95) ~ TYP 

0.016 (0.40) ! . I 
0.024 (0.60) 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM48C2000A/ AU ALU ASL-5 50ns 13ns 90ns 

KM48C2000A/ AU ALU ASL-6 60ns 15ns 110ns 

KM48C2000A/ AU ALU ASL-7 70ns 20ns 130ns 

KM48C2000A/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Double+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh {Normal) 

GENERAL DESCRIPTION 
The Samsung KM48C2000A/AL/ALL/ASL is a high 
speed CMOS 2,097, 152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48C2000A/AL/ALL/ASL 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 outputs are fully TIL compatible. 

The KM48C2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

• 4096 cycles/128ms refresh {Low power & Self Ref.) 
• 4096 cycles/256ms refresh {Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP{ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control t:G= Vee Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
oil D01 

Memory Array 
Cf) 

a. to 
Refresh Counter 2,097,152 x8 

E 
<t: DOB 

Cells 
QJ 
Cf) 

c: 
Row Address Buffer 

QJ 

AO-A11 Cf) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-AB 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C2000 AJ/ALJ/ ALLJ/ASLJ • KM48C2000AT/ALT/ALLT/ASLT • KM48C2000ATR/ALTR/ALLTR/ASLTR 

Vee 1 0 Vss Vee 1 0 28 Vss Vss 28 Vee 

001 OOa 001 27 OOa OOs 27 0 001 

002 007 002 26 007 007 26 002 

003 005 003 25 005 OQ5 25 003 

004 OOs 004 24 OOs OOs 24 004 

w eAS w 23 eAS eAS 23 w 
RAS 5E RAS 22 OE OE 22 RAS 

A11 Ag A11 21 Ag Ag 21 A11 

A10 As A10 20 As As 20 A10 

Ao 10 A1 Ao 10 19 A1 A1 19 10 Ao 

A1 11 Ae A1 11 18 A5 A5 18 11 A1 

A2 12 As A2 12 17 As As 17 12 A2 

A3 13 0 A4 A3 13 16 A4 A4 16 13 A3 

Vee 14 Vss Vee 14 0 15 Vss Vss 15 0 14 Vee 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

•liJ:'ifillil» 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 PD 1 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 
absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage referenced 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 VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM48C2000AIAU ALU ASL-5 90 mA 
Operating Current* KM48C2000AIAU ALU ASL-6 

lcc1 
80 mA 

(RAS and CAS Cycling @tRC=min.) KM48C2000AIAU ALU ASL-7 70 mA 
KM48C2000AI AU ALU ASL-8 60 mA 

KM48C2000A 2 mA 
Standby Current KM48C2000AL 

lcc2 
1 mA 

(RAS=CAS=VV=VIH ) KM48C2000ALL 1 mA 
KM48C2000ASL 1 mA 

KM48C2000AI AU ALU ASL-5 90 mA 
RAS-Only Refresh Current* KM48C2000AIAU ALU ASL-6 

ICC3 
80 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM48C2000AI AU ALU ASL-7 
-

70 mA 
KM48C2000AIAU ALU ASL-8 60 mA 

KM48C2000AI AU ALU ASL-5 80 mA 
Fast Page Mode Current* KM48C2000AI AU ALU ASL-6 

ICC4 
70 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM48C2000AIAU ALU ASL-7 
-

60 mA 
KM48C2000AIAU ALU ASL-8 50 mA 

KM48C2000A 1 mA 
Standby Current KM48C2000AL 

lcc5 
300 µA 

(RAS=CAS=VV=Vcc-0.2V) KM48C2000ALL 
-

200 µA 
KM48C2000ASL 200 µA 

KM48C2000AIAU ALU ASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM48C2000AIAU ALU ASL-6 

Ices 
80 mA 

(RAS and CAS Cycling @ tRc=min.) KM48C2000AIAU ALU ASL-7 70 mA 
KM48C2000AIAU ALU ASL-8 60 mA 

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

KM48C2000AL 450 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM48C2000ASL 
ICC7 

350 µA 
Cycling or 0.2V D1N=Don't Care TRC=31.25µS(L-Ver.) l 62.5µS(SL-Ver.), TRAs~300ns 

•111i'i fJ liii, 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM48C2000ALL Ices 300 µA 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 

-

DQ1-D0a=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input O~VIN ~Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~Vour:s:;Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=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 an average current. In lcc1 and lcc3, Address can be changed maximum 
two times while RAS=V1L. In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A11) CIN1 - 6 pF 

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

Input Capacitance (DQ1-DQa) Coo - 7 pF 

AC CHARACTERISTICS (0°C:s:;Ta:s:;?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

CAS to output in Low-Z tCL2 0 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to GAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

Row address set-up time tASR 0 0 0 0 ns 

•lm'1H1m> 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

Column address set-up time tAsc 0 0 0 0 ns 

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

Column address to RAS lead time tRAL 25 30 35 40 ns 

Read command set-up time tRCS 0 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 
I 

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

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twp 10 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 20 ns 

Write command to CAS lead time tCWL 13 15 20 20 ns 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to RAS IDHR 40 45 55 60 ns 6 

Refresh period (Normal) !REF 64 64 64 64 ms 

Refresh period (Low power & Self Ref.) !REF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) !CSR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

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

Access time from CAS precharge !CPA 30 35 40 45 ns 3 

Fast Page mode cycle time !PC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time IPRWC 76 85 100 105 ns 

CAS precharge time (Fast Page mode) ICP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) !RASP 50 200000 60 200000 70 200000 80 200000 ns 

RAS hold time from CAS precharge IRHCP 30 35 40 45 ns 

OE access time !OEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output buffer turn off delay time from OE IOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time !OEH 13 15 20 2!T ns 

•1MfiliiltP 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

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

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

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

Access time from CAS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 -25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 
--

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

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

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

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

t1MfJiiiiiP 
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KM48C2000A/ AL/ ALL/ ASL 

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 
measuring timing of input signals. Transition times 
are measure.d between V1H(min) and V1L(max) 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. If tRCD is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD 2tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2tcwo(min), tRWD2 
tRwo(min) and tAwo2tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

CMOS DRAM 

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. 

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 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAc, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 

r----------~lRc------------1 

>---------IRAS----·-------' 

RAS 

GAS 

A 

VoH- -------
VoL-

~DON'TCARE 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

CAS 

A 

w 

V1H- ~~~~~ Ir_....._.__. 

V1L- ~:io£:~'i::J.:.~;:!;'.,~~ 

V1H- "J'il'.'l9'-~7VWW~V\JO\ [ _- - I 
V1L- C£'£¥..~~o.QQCC:iC.~~~-+-___;~-__;i~6£.'i/:::i.>£:,/.'.:J::J.~~'f:i.~~/::,l.~~CJ>.l::J..~~~t:J:l 

V1H- '7V"'YVVVV'9~lV'r:f'V.V'lli"V'l'iv-i!VVv'V'ii'v'i;'fV'o,~'1il'i.~'V"9'V\7'i7"iri:f".~V'iJ"V'i:r"i7'1~r!\JV'iJ'V'Q"V"'i'r::l\l'iJ~~ 
V1L- t;,C.'i/::ii.~~~..c:,[,~~~.,l:;l.'i::>i,.~~~O/::it::/:Jl:Jt:A~~Ol:J,6/::i~~~~l::i/).~')/;:J.~~~J::J.~~'h,A 

V1H-
DQ,-DOa ViL- ---------....(] 

l'------'I 

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

A 

w 

V1H

V1L-

V1H

V1L-

'-------- tRAS---------' 

ru---- tAR--

i-------- tcsH--+------

V1H- "11""111~~"' Jt~__.. ....... ...,.,..,., _M.-"--...i....---4._ ~'.lm~"X"71~~'m'~~~"t7'1"1"'~~'f7'\:~X"7\ 

V1L - C.,O~~~ ~-----,,,-\..Jl'~..,.:!~~::_J-'\Ci:JL.l0£~~~~~~~0/:J./:),£.IJ:li.~QD,CJ,/:J{;I 

V1H- ""7rl~l"r'7'1:"7'1~~~~n'7~~"71~""'-m.

V1L- .Jj,,/,liQj~~~l,Q,j~~~),Q,,j~Cfj"lia,£~~---~lAl~C[ji::J:.~~~t::J/.).>/J/.~~a,QWJl.lia,£~ 

V1H-7\J\l'iJ'U't~~\1'iJ~~7'm':JO':~----t"t-""-~~'1'\1'<\1'iJ~~~';"/0~"7'1:"J'\1.~~~m'l'.:7'\'1~~ 

V1L - C,,,C.~~~a,Q~~~~CJ 

V1H-

V1L- ----

IZZI DON'T CARE 

tllfa flliiitP 
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KM48C2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE. CYCLE 

f---------------- lRWC-- - -·--- --- ·-- --- -

CMOS DRAM 

IRAS------------< 

RAS 

A 

w 

OE 

DQ1-D0a 

- lAR------

- -~ tcsH---
tRsH--------

V1H- ~---4---------..... --...-----------
ViL -

V1H- \i't~~'t":"/\J~~'J\Jot~"Jl::J~rv\ 

V1L - ¥)..Q,,Q~~4'~l..O.l::J.~~~~~~-..+.-__J 

V110H -

~-----------1--.....CJ/\~ 
V110L -

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 

w V1H- ~7\l'\l'V~AJ.:t"t-...._t-----Hr"brt------K~i-rlrl~r=---+r-..r,.~~7'7'1r"'7 
V1L- .:&,;l~.,Q,j~~ 

V1H- ""'~Ml'r'J~"""""°""tft!~'ft. 
OE 

V1L- ~~~~~~~~~l-4~~W~~~--f.J4~1.lll./d~til+.-4...A~~~~l:J.iXlW 

DQ1-D0a 

~DON'T CARE 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 
lRAsp----

RAS 

-- '""----rl I 

lCRP---1 

CAS 

A 

w 

OE 

D01·DOs 

~DON'TCARE 
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KM48C2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

1------------IRc----

RAS 
I--------IRAS------

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

>----------IRc------------1 

IRAS,-----

i------- lcHR--~--' 

GAS 

V110H -

D01-00e V110L - Jt----------OPEN--------------

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

RAS 
V1H- i.-----IRASS ___ ___, 

V1L-

LCAS 
V1H-

V1L-

D01-DOe 
VoH -

1-----------0PEN-------------~ 
VOL -

~ DON'TCARE 

tJ:!:i:filiiiiP 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

A 

w 
V1H- '\7\AJ:..7'\!<~\7'Vl\J'.'~-1-----_._-i;~~'7'\7'V"t?~~~~7V~~~"'~~~"l\1\~~ 

VtL - ~~.IJ&.~),(jJ 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 

A 

w 

1-----------IRC ---------+---·----- IRC---------1 
'------IRAS ----i 

V1H- ~~~~~~~~*'~Ai~~~~~~~:"'?{""lf:7"'°"'"'""""~"""'~""'7'1~""""'r""!r'""""'r""!r'""'""'"""' 

V1L- ..w.;~w.,~~~~~~~~~~~W.~~Q/..~Q/..~~~~~~W:,~A/,.~~~,{;jJ,~ 

V1H- """"'""""""""""°' l"---------1 
V1L- ~.&::J,.~~r--k,. _______ _J ~~~~~~~l.Q,~~~~~Q,L;~~~(,.::il.~~ 

~DON'T CARE 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE·RAS REFRESH COUNTER TEST CYCLE 

1---~-----IRAS-------·----~ 

RAS 

CAS 

A 

READ CYCLE 

V1H-
w 

V1L-

V1H-

OE 
V1L-

DO,-DOa 
VoH-

OPEN 
VoL-

WRITE CYCLE ---- IRWL·------+---< 

'---__,_, ___ tcwL-----~--1 
V1H- \1\P.'J\!\)\7\,ll;1\!\J~'f\J\1..'7\Al'\l\7\md mo~~~~~i7\i!:'.'1\1\7 

w 
V1L-

V1H-

5E 
V1L-

V1H-

DQ,-DQ8 V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

DQ1-D0a 
V110H-

V110L-

tl"WtJiiii» 
ELECTRONICS 

VALID __j 

DATA-OUT 
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KM48C2000A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

iol 0.004(0.1) I 

~I 

0.016(0.41) 11 

0.020(0.51)-1 r- TYP 

0.026(0.66) 

0.032(0.81) 

0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

;:::- c;; 
0 0 C\I "' C\I (') oi oi 
0 0 LO" LO" as N" (() "-
0 0 ~ ~ 
0 0 0 
0 0 

0.140(3.56) 

0.148(3. 76) 

'°" 0 
0 (') 

LO" LO" 
(') v 
v v 
0 0 

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

0.740 (18.80) 

MAX 

N 

g g 
00 N 

f!l ~ 
0 c:i 

0 

,.,,, , .. ,., I 
o.726 (18.46)L 

._lo__.l_o.0_8_MA_x___._I ~=L.....<:c::J=-~ 
_o._o3_7-'--(0._95-'-l --+-J ~J-· _ I o.048 (1.22) I 0.016 (0.4;r-

I 0.052 (1.32) I 0.020 (o.5o) 

•tiJ:'A\1111" ELECTRONICS 

Units: Inches (millimeters) 

0.03 (0.80) 

~ (!) co 
<'? ~ 

~ - -
~ ~ ~ .q-

ci ci 0 

0.037 (0.95) 

0.041 (1.05) 

-JI._ __ o_.0_05--'.(0~.1--'.3) 
0.008 (0.20) 

f hco /. 
0.016 (0.40) I I 0.024 (0.60) 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM48C21 OOA/ AU ALU ASL-5 50ns 13ns 90ns 

KM48C21 OOA/ AU ALU ASL-6 60ns 15ns 110ns 

KM48C21 OOA/ AU ALU ASL-7 70ns 20ns 130ns 

KM48C21 OOA/ AU ALU ASL-8 80ns 20ns 150ns 

• 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 
• Double+5.0V ± 10% power supply 
• 2048 cycles/32ms refresh (Normal) 
• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48C2100A/AL/ALL/ASL is a high 
speed CMOS 2,097, 152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48C21 ODA/AL/ALL/ASL 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 outputs are fully TIL compatible. 

The KM48C2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator t:!I"'' 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
o6 D01 

Memory Array 
(/) 

Cl. to 
Refresh Counter 2,097,152x8 

E 
<!'. DOB 

Cells 3l 
c 

Row Address Buffer 
Q) 

AO-A10 
(f) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

tt:!:i: fiiiii» 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C2100 AJ/ ALJ/ ALLJ/ ASLJ • KM48C2100AT/ALT/ALLT/ASLT • KM48C2100ATR/ALTR/ALLTR/ASLTR 

Vee 1 0 Vss Vee 1 0 28 Vss Vss 28 Vee 

001 OOa 001 OOa OOa 27 0 2 001 

002 007 002 007 007 26 3 002 

003 4 005 003 25 005 005 25 003 

004 5 005 004 24 005 005 24 004 

w GAS w 23 CA'S GAS 23 w 
RAS OE RAS OE OE 22 RAS 

N.C Ag N.C 21 Ag Ag 21 N.C 

A10 As A10 20 As As 20 A10 

Ao 10 A1 Ao 10 A1 A1 19 10 Ao 

A1 11 A5 A1 11 18 A5 A5 18 11 A1 

A2 12 A5 A2 12 17 A5 A5 17 12 A2 

A3 13 0 A4 A3 13 16 A4 A4 16 13 A3 

Vee 14 Vss Vee 14 0 15 Vss Vss 15' 0 Vee 

Pin Name Pin Function 

Ao-A10 Address Inputs 

DQ1-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5V) 

t1Mf fo1" ELECTRONICS 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -1to+7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1to+7.0 v 
Storage Temperature Tstg -55 to+ 15D oc 
Power Dissipation Po 1 w 
Short Circuit Output Current los 50 mA 

• Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=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 VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - D.8 v 

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

Parameter Symbol Min Max Units 

KM48C21 ODA/AU ALU ASL-5 110 mA 
Operating Current* KM48C21 ODA/AU ALU ASL-6 

lcc1 
100 mA 

(RAS and GAS Cycling @tRc=min.) KM48C210DA/AUALUASL-7 
-

90 mA 
KM48C21 ODA/AU ALU ASL-8 80 mA 

KM48C210DA 2 mA 
Standby Current KM48C21 ODAL 

lcc2 
1 mA 

(RAS=CAS=VV=VIH ) KM48C21 OOALL 
-

1 mA 
KM48C21 OOASL 1 mA 

KM48C21 ODA/AU ALU ASL-5 110 mA 
RAS-Only Refresh Current* KM48C21 OOA/ AU ALU ASL-6 

ICC3 
100 mA 

(CAS=VIH, RAS Cycling eg tRC=min.) KM48C21 OOA/ AU ALU ASL-7 
-

90 mA 
KM48C21 OOA/ AU ALU ASL-8 80 mA 

KM48C2100A/AUALUASL-5 90 mA 
Fast Page Mode Current* KM48C210DA/AUALUASL-6 

ICC4 
80 mA 

(RAS=VIL, GAS, Address Cycling @tPc=min.) KM48C210DA/AUALUASL-7 
-

70 mA 
KM48C21 OOA/AUALUASL-8 60 mA 

KM48C2100A 1 mA 
Standby Current KM48C21 OOAL 

Ices 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM48C21 ODALL 
-

200 µA 
KM48C21 OOASL 200 µA 

KM48C21 OOA/ AU ALU ASL-5 110 mA 
GAS-Before-RAS Refresh Current* KM48C21 OOA/ AU ALU ASL-6 

ICC6 
100 mA 

(RAS and GAS Cycling @tRc=min.) KM48C2100A/AUALUASL-7 
-

90 mA 
KM48C21 OOA/AU ALUASL-8 80 mA 

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

KM48C21 OOAL 400 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM48C21 OOASL 
ICC? -

300 µA 
Cycling or 0.2V DIN=Don't Care TRC=62.5µS(L-Ver.) 
125µS(SL-Ver.), TRAs~3DDns 

tt:f:l:filiiliP 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V KM48C21 OOALL Ices - 300 µA 
W=OE=Ao-A10=Vcc-o.2v or 0.2V 
DQ1-D0s=Vcc-0.2V, 0.2V or Open 

Input Leakage Current ll(L) -10 10 µA 
(Any input 0 s V1N s Vcc+0.5V, all other-pins not under test=O volts.) 

Output Leakage Current IO(L) 
(Data out is disabled, OVsVouTsVcc) 

-10 10 µA 

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

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

*NOTE: lcc1, Ices, lcc4 and lcce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as an average current. In lcc1 and Ices, Address can be changed maximum 
two times while RAS=VIL. In ICC4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A10) CIN1 - 6 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQs) Coo - 7 pF 

AC CHARACTERISTICS (0°CsTas70°C, Vcc=5.0V±10%, See notes 1,2) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from GAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

GAS to output in Low-Z tCLZ 0 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

GAS hold time tCSH 50 60 70 80 ns 

GAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to GAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time !RAD 15 25 15 30 15 35 15 40 ns 11 

GAS to RAS precharge time tCRP 5 5 5 5 ns 

Row address set-up time tASR 0 0 0 0 ns 

•1m'¥illU" ELECTRONICS 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 - 8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

Column address set-up time tAsc 0 0 0 0 ns 

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

Column address to RAS lead time tRAL 25 30 35 40 ns 

Read command set-up time tRCS 0 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 0 ns 9 

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

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 20 ns 

Write command to GAS lead time tCWL 13 15 20 20 ns 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

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

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

RAS to GAS precharge time tRPC 5 5 fr 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

Access time from GAS precharge tCPA 30 35 40 45 ns 3 

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 76 85 100 105 ns 

GAS precharge time (Fast Page mode) tcp 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

RAS hold time from GAS precharge tRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 20 20 ns 

tlli''ifi'hl» 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

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

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

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 15 

TEST MODE CYCLE (Note 12) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

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

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

Access time from CAS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10:000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

GAS hold time tCSH 55 65 75 85 ns 

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

GAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time MWD 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

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

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

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

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 
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KM48C21 OOA/ AL/ ALL/ ASL 

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 
measuring timing of input signals. Transition times 
are measured between V1H(min) and V1L(max) 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. 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 tRco;:::: tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;:::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo;::::tcwo(min), tRWD2:: 
tRwo(min) and tAWD2::tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

CMOS DRAM 

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. 

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 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAc, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 

r-----------~IRC-------------4 

ViH- ----....i. i----------IRAS---------< 

V1L - .i.-------.L 

A 

w 

VoH-
DQ,-DQ8 -------

VoL-

~DON'TCARE 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

CAS 

A 

w 

V1H- 7"~m:7'0't1..l'~~---1 

V1L- tl::il.~l::it::iOO~~~~,~~~~~~~~~~~~~~~~~~~~M':/\. 

V1H- 7'/'~'VVVV'V'VW-v'9WI\\ JC__=]_ 
V1L-

v1H- 7717V"o.7V"<'tV'V"Vvc;;~rv-.'VVwrl~~~~rn~~'"7'1i7'\7'ilV'~~""i7'trn"l~~il':'l"'7'0"~~~'7t""71~ 
V1L- 1::£'iC:iil.'i:::il.."JC:JJ..~00~~~~~~~~~6t:i,"::t;i.'t::/.~')/;:J.':/::J.~~6,f).Af.>J::J.)bl.':l::J.":i:::J.~6J::i~l.Al!i.t:. 

V1H-

DQ,-DOa ViL- ---------~ 
l"'------'I 

WRITE CYCLE (OE CONTROLLED WRITE) 

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

l\.!-----lAR--

i-------- tcsH 

CAS 

V1H- "ll""l'r'"'"""....,... Jr--.1..l.......,j 

A 
V1L- ~QA!~ ~--.Jf"~ lo-~::.::!::.=:;.~J,-\LlD/J~ll£l~~~~Q.Ci,6/J~'l£)4.~~000/Y 

V1H- ':7\1~'0'\,"0"\'.~7'0"'\°"'\m'O'\,~~~~~\-I 
w 

V1L- .IJJ..~~~~Q.O~~~~Q.Ci,6/Jrl::;,,C.li0i£.~~--....;,4~Q,,a.C:J/j/:),,£~~~0J:;;,.CJ/j~'il:J.~~~~ 

V1H- '7\}f.,~i:JfJ~'t'tro"\~7'\!"i!'\1C'"'J!:-----tt-"""""'4~'il'iJm~7°0't70l~t7'0~7m~"i/\1'\J\J~~~ 

V1L - Q,Q,a/Jol::Jil::...0.C~~~':J::iJ.'YY 

V1H-

V1L- -----' 

~DON'T CARE 
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KM48C21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE: CYCLE 

>---------------- lRWC-- -

<---------------IRAS--------...,; 
RAS lAR--

-~ - tcsH~--

-----i---+--------·--- lRSH --· -------- ---

A 

w V1H- ----+----+----+---.------------...1 
V1L-

V1H- \it""'~~1'\J~~7'\J~~7\J~"7\ 

V1L - ~Ci..li.L:J,J.l.ci.4i.~~li..t,~~~~Q.:'.:4;_..j___j 

D01-DOa 
V110H -

~------------1----4l/\~ V110L -

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

CMOS DRAM 

v1H- 7'11!!\.-i!"m'itml-A:Jl\7\r~~™-:i,nov'd~ h~'iil'.;;:;-~~~w~ w--..i..o.-......i~,~'O'C~nn ---
A 

v1L -

w V1H- "\)r'\7'VQ~'l\},~t-i.....r---~-1r-"1::t7T-"t------fi1r.d-~~...:..;:~---..f-f---t,;~~"°"'~ 
V1L - ~~~~c.I 

V IH - ""rm~""""""'n'T:"7'rm"""'"' 
OE 

V1L- ~~~Q,.o,,~~~~¥1--+--~~~~~~~_A~~5.41~{'LJ+.-4-~lza.oa~~U:~X} 

~DON'T CARE 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued> 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
----:\-~ tRASP--------------

rt:=-IAR-==i----+l ----~~~H----~ 
I , 

to .. s 

A 

w 

DQ,-DOe 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
~r----- IRASP------------~ 

~i------tcsH---==--------tJ.t---------'1 

A 

w 

DQ,-DOe 

~DON'TCARE 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

r------------- tRc----

RAS 

CAS 

v"- ___, J~ '-J 

~::=-=-....... _-_-_~---_-_-_-_-_-_-A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

1------------tRc----------------< 

1---------- IRAS.---------U 

r------ ICHR----< 

CAS 

V110H -

D01-00e V110L -
].,_ _________ OPEN--------------

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

RAS 
V1H- i------IRAss----

V1L-

LCAS 
V1H-

V1L-

D01-DOe 
VoH - 1>--------0PEN-------------
VoL -

~ DON'TCARE 

•tm'if Jihl$ 
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KM48C21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

---------IRC ---------------IRC------4 

RAS 

A 

w V1H- 'V\'.'f\J\.7\J-.'1\J-V\J!\t'i"'"~~~~~~-'--:t;~~"J\JV'VCN~~7':?\7V~~7':?\~~'il\'7~~7\Jli~~ 

VIL - ;.:ic,QL.:iDJJ'p,/.~ 

VoH-
~~~.._~~~~~~I 

VOL-

HIDDEN REFRESH CYCLE (WRITE) 

V1H-
RAS 

V1L-

V1H-

CAS 
V1L-

V1H-
A 

w 

V1H-

OE 
V1L-

V1H-
DQ,-008 

V1L-
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

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-

VoL-

WRITE CYCLE 
-- ·-IRWL-

V1H-

w 
V1L-

V1H-

5E 
V1L-

V1H-

D01-DOs 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

D01-DOs 
V110H-

V110L-

VALID __; 
DATA-OUT 

~DON'TCARE 
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KM48C21 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

io I 0.004(0. 1) I 

0.720(18.29) 

0. 730(18.54) 

~I 0.026(0.66) 

0.032(0.81) 

0.016(0.41) 11 

o.020(0.51H r- TYP 

0 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

00 
C\I (') 

ci ci 
05 C\i 
0 ~ 
0 0 
ci ci 

0.148(3. 76) 

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

Units: Inches (millimeters) 

0.740 (18.80) 

MAX 

(;i iD iD iD ,.._ 
~ ~ 

~ g g_ 
~ ~ 

CXl 

~ C'? O> co 
O> C\I I() co 
C'? "¢ "¢ "¢ 

0 0 c:i c:i c:i 

0 

I 
0.722 (18.36) I 0.037 (0.95) 

. 0.726 (18.46)~ 0.041 (1.05) 

l._o__.j_o.o_8 M_A_x __.lc......:b~o::i....~ 

_j) ._ __ o_.o_05......:.(o~.1......:.3) 
0.008 (0.20) 

_0._03_7 (_0._95_) ---4-+-+I- I 0.048 (1.22) I 0.016 (0.4;-r-

1 0.052 11.32) I 0.020 10.50) 

( 

h:=J ! 
0.016 (0.40) I I 0.024 (0.60) 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM41V16000A/ AU ALU ASL-6 60ns 15ns 110ns 

KM41V16000A/ AU ALU ASL-7 70ns 20ns 130ns 

KM41V16000A/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Common 1/0 using Early Write 
• Double+3.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh(Normal) 
• 4096 cycles/128ms refresh(Low power & Self Ref.} 
•. 4096 cycles/256ms refresh(Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS-
Clocks 

GENERAL DESCRIPTION 
The Samsung KM41V16000A/AUALUASL is a high 
speed CMOS 16,777,216bitx1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM41V16000A/AUALUASL 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 outputs are fully TTL compatible. 

The KM41V16000A/AUALUASL is fabricated using 
Samsung's advanced CMOS proces~. 

Vss 
w Vss Generator 

~VDD 

Data in 
Refresh Timer Row Decoder 

Buffer D 

Refresh Control Q 
oil 

Memory Array 
Cl) 

a. 
Refresh Counter 16,777,216x1 

E 
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c 
Row Address Buffer C1l 

(/) Q 
Data out 

AO-A11 Buffer 
Col. Address Buffer Column Decoder 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41V16000 AJ/AW/ALW/ASLJ • KM41V16000 AT/ALT/ALLT/ASLT • KM41V16000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK I AS/ ALS/ALLS/ ASLS /ASR/ ALSR/ALLSR/ASLSR 

0 

J: 400MIL 
K: 300MIL 

24 Vss 

23 Q 

22 N.G 

21 GAS 
20 N.G 

19 Ag 

18 As 

17 A1 

16 A5 

15 A5 

14 A4 

13 Vss 

dJi':filiil" 
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Voo 1 0 24 

23 

22 

21 

20 

19 

Vss 

Q 

N.G 

D 

N.G 

w 
RAS 

18 

17 

16 

10 15 

11 0 14 
12 13 

T: 400MIL(Forward) 
S: 300MIL(Forward) 

GAS 
N.G 

Ag 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D Data In 

Q Data Out 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

Vee Power(+3.3V) 

VDD Ground 

N.C. No connection 

Vss 

Q 

N.G 

GAS 
N.G 

Ag 

24 

23 0 
22 

21 

20 

19 

18 

17 

16 

15 10 
14 0 11 

13 12 

TR : 400MIL(Reverse) 
SR: 300MIL(Reverse) 

Voo 

D 

N.G 

w 
RAS 
A11 

\. 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, VouT -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 - 4.6 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation Po 1 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 
absolute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vrm 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 

--
Input High Voltage VIH 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM41V16000A/ AU ALU ASL-6 80 mA 
KM41V16000A/ AU ALU ASL-7 lcc1 70 mA 

(RAS and CAS Cycling @tRc=min.) 
KM41V16000A/ AU ALU ASL-8 60 mA 

KM41V16000A 2 mA 
Standby Current KM41V16000AL 

lcc2 
1 mA 

(RAS=CAS=VV=VIH ) KM41V16000ALL 1 mA 
KM41V16000ASL 1 mA 

RAS-Only Refresh Current* 
KM41V16000A/AUALUASL-6 80 mA 
KM41V16000A/ AU ALU ASL-7 ICC3 - 70 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM41V16000A/ AU ALU ASL-8 60 mA 

Fast Page Mode Current* 
KM41V16000A/AUALUASL-6 70 mA 
KM41V16000A/ AU ALU ASL-7 ICC4 60 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM41V16000A/ AU ALU ASL-8 50 mA 

KM41V16000A 1 mA 
Standby Current KM41V16000AL 

Ices 
300 µA 

(RAS=CAS=VV=Voo-0.2V) KM41V16000ALL 
-

200 µA 
KM41V16000ASL 200 µA 

CAS-Before-RAS Refresh Current* 
KM41V16000A/ AU ALU ASL-6 80 mA 

(RAS and CAS Cycling <0 tRC=min.) 
KM41V16000A/ AU ALU ASL-7 Ices 70 mA 
KM41V16000A/AUALUASL-8 60 mA 

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

KM41V16000AL 450 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM41V16000ASL 
Ice? -

350 µA 
or0.2V DIN=Don'tCare TRC=31.25µS(L-Ver.) 
62.5µS(SL-Ver.), TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM41V16000ALL Ices - 250 µA 
W=CiE.=Ao-A11=Voo-0.2V or 0.2V 
D, 0=Voo-0.2V, 0.2V or Open 

•l'iiWMii• 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input O::;V1N ::;Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV::;VouT::;Voo) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=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 an average current. In lcc1 and lcc3, Address can be changed maximum 
two tim.,.es while RAS=VIL. In ICC4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min 

Input Capacitance (D) CIN1 -

Input Capacitance (Ao-A11) CIN2 -

Input Capacitance (RAS, CAS, W) CIN3 -

Input Capacitance (Q) CouT -

AC CHARACTERISTICS (0°C::;TA::;70°C, Voo=3.3V±0.3V, See notes 1,2) 
Test Condition: VihNi1=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=100pF 

-6 -7 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 110 130 

Read-modify-write cycle time tRWC 155 185 

Access time from RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tcLZ 5 5 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

t11JMJihi> 
ELECTRONICS 

Max Unit 

7 pF 

6 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

5 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address set-up time tASR 0 0 , 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 55 60 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tcwL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (Low power & self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 15 20 20 ns 8 

RAS to W delay time tRWD 60 70 80 ns 8 

Column address to W delay time tAWD 30 35 40 ns 8 

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

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

RAS to CAS precharge time tRPC 5 5 5 ns 

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

Access time from CAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 60 70 75 ns 

CAS precharge time (Fast Page mode) tcP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

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

Write command hold time (Test mode in) tWTH 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 pulse width (C-B-R refresh) tRASS 100 100 100 µs 15 

RAS precharge time (C-B-R refresh) tRPS 110 130 150 ns 15 

CAS hold time (C-B-R refresh) tCHS -50 -50 -50 ns 15 

•111i'if1iiil$ 
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KM41V16000A/ AL/ ALL/ ASL 

TEST MODE CYCLE 

Parameter 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 W delay time tcwo 

RAS to W delay time tRWD 

Column address to W delay time tAWD 

Fast Page mode cycle time tPC 

Fast Page mode read-modify-write cycle time tPRWC 

RAS pulse width (Fast Page Mode) tRASP 

Access time from CAS precharge tCPA 

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

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vo1=0.8V(IOUT=2mA) 

4. Operation within the tRCD(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 tRCD2':tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;:::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo;:::: tcwo(min), tRWD;:::: 
tRWD(min) and tAWD2':tAwo(min), then the cycle is a 

t!M fiiiii» 
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Min 

115 

160 

65 

20 

20 

65 

35 

20 

65 

35 

45 

65 

65 

CMOS DRAM 

(Note.12) 

-6 -7 -8 
Units Notes 

Max Min Max Min Max 

135 155 ns 

190 210 ns 

65 75 85 ns 3,4, 11 

20 25 25 ns 3,4,5 

35 40 45 ns 3,11 

10,000 75 10,000 85 10,000 ns 

10,000 25 10,000 25 10,000 ns 

25 25 ns 

75 85 ns 

40 45 ns 

25 25 ns 8 

75 85 ns 8 

40 45 ns 8 

50 55 ns 

75 80 ns 

200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 

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. 

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 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAC, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

V1H -

V1L -

V1H -

VoH -

tcAC 

Q -------OPEN----+---<V 

tcLZ 

WRITE CYCLE (EARLY WRITE) 

A 

w V1H -

CMOS DRAM 

VALID DATA-OUT 

V1L - ~~~~~~~~~-+--+---------~~~~~~~~~.:i6, 

D 

---toHR ___ __ 

~DON'T CARE 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w 
VrH - '""""~_...,r-+"""""",....,.,.-+---+--------.1 

VrL - -~~~...-

CMOS DRAM 

D 
VrH - ~""""""""'""'~""""'°""'""'~,.._...,...i,...,.....,....,,,..,...,,....,.....,...,. ..... r~---..i ~"'""""~""""',..,...,""""'"""""""""'....,.........,...,. 

VrL - ""-l<.~"-ll:...~~"-ll:...~~~.i..:...i.~~..l'..l"-li:..::itJ 

Q VALID DATA 

lcLZ 

FAST PAGE MODE READ CYCLE 
1-----------!RASP-----------1 

VrH -
RAS 

VrL -

GAS 
VrH -
VrL -

VrH -
A 

VrL -

VrH -w 
VrL ....1 

Q 

•tm':filiii> 
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!AR 

lcLZ 

~DON'TCARE 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
-----------tRASp-------------1 

RAS 
VrH -

!AR 

V1L -

v,'"' -
CAS 

V1L -

A 

w 

D 
V1H -

VIL - ~~~u+-~~ ----'I 

FAST PAGE MODE READ-WRITE CYCLE 

V1H 
A 

VIL 

w V1H 

V1L 

V1H 
D 

VIL 

VoH-
Q 

VoL -

tJiJ:':filiWP 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

CMOS DRAM 

RAS 

,,,,-___ t_RC_-_-_-_-_-_-_-f-~~ --;::--::- ~-----

CAS 

A 

ICAP . 
'- _, 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H. OE, A=Don't Care 

IRPC 
------j 

\_] 

t------------tRC ---

>------ lcHR----< 

CAS 

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

RAS 
V1H- t-------tRASS --------' 

V1L-

LCAS 
V1H-

V1L-

D,Q 
VoH - 1>-------------0PEN-------------
Vol -

~ DON'TCA-RE 

t1Mfiiiii» 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

f--------lRc------'-----

1-----IAR---

le RP 

A 

Q 
VoH-

~~~~~~~~~-+~~~ 

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

---tRAs--- 1-----tRAS-----t 

RAS V1H -

V1L -
tRCo tRSH 

CAS V1H -
V1L -

tAR 

tRAD tRAL 
tRAH 

V1H -
A 

V1L - .... .-.ii.- r------'I 

V1H -
w 

V1L -

V1H -
D 

V1L -

-!OHR 
VoH - OPEN a 
VoL -

~DON'T CARE 

tllli'&JliiiiP 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

A 

VrH -

Vrl -

VrH -

Vrl -

VrH -

CMOS DRAM 

Vrl - .._.._.._ ........ -'+-"'1--*'..-...""-M.~ ......... ~--~__, i--__,--'f ~~~~~~'-j(...~~~~ 

READ CYCLE 

VrH -
w Vrl -

VoH -
Q 

Vol -

WRITE CYCLE lcwl 

VrH - lwcH 
w 

Vrl -

twp 

VoH -
Q OPEN 

Vol--:-

!Ds 
!DH 

VrH -
D 

Vrl -

VrH -
w 

Vrl -

Q 
Vol -

VrH -
D 

Vrl - _ .......... _..._ ........ ......_...._. .......... .......,........._ ......... ......._. ........................... ....._. ......... ...._........_ ........ _.._...__, 

~DON'T CARE 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

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

CMOS DRAM 

tr------1 t-----IRAS-------1 

VIL----

lcp 

V1H -

VIL - ____ __, 

w 

Q 

VOL - ---------11 

TEST MODE DESCRIPTION 

The KM41V16000A/ AU ALU ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all "1 "s or "O"s) 
the a pin indicates a "1 ". 
If they were not equal, the Q pin would indicate a "O". In 

•1ifafi@$ 
Cl CPTDftlUlr~ 

~DON'T CARE 

"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 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 (1/16 in cases of 
N test pattern). 
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KM41V16000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300,MIL) 

I 0.670 (17.02) : 
0.680 (17.27) 

lei 0004(01) I ~A AAAARAAAAAA 
0.050(1.27} I 0.01510 36) u I 0.026(0.~ 

TYP I 0.02110.53) --I 003210.~ 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.027 (0.69) 
MIN 

66 
"'C') e. 8 
co "' 0 ~ 
0 0 
d d 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 
<» l'
M ..q 
0 0 
d 0 

iol 0.003 (0.08) I b i:J 
I o.048 (1.22) 0.012 (0.30) I ~ u 

---j 0.052 (1.32) 0.020 (0.50) r--- 0.037 (0.95) 

TYP 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM41V16000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

[_e: 0.004(0.1) 

0.021 (0.53) 0.032(0.81) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

iol 0.003 (o.00i I b ~ 

O> "" (") '<!" 
0 0 
0 0 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.025(0.64) 

MIN 

-.-
0. 144(3.66) I 

MAX 

0.005(0.13) 

0.008 (0.20) 

I 0.048 (1.22i .0.012 (0.30) I ~ u 
----j 0.052 (1.32) 0.020 (0.50) i--- 0.037 (0.95) ~ TYP 

O.D16 (0.40) I I 
0.024 (0.60) 

tJ:!:i:fJllWP 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44V4000A/AU ALU ASL-6 60ns 15ns 110ns 

KM44V4000A/AU ALU ASL-7 70ns 20ns 130ns 

KM44V4000A/AUALUASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Double+3.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh (Normal DRAM) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM44V4000A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44V4000A/AL/ALL/ASL 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 outputs are fully TTL compatible. 

The KM44V4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

~Voo 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
o6 D01 

Memory Array 
rJl 
Cl. to 

Refresh Counter 4, 194,304 )( 4 
E 
<( D04 

Cells 
Q) 
rJl 
c 

Row Address Buffer 
Q) 

AO-A11 (/) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM44V4000 AJ/AW/ALW/ASLJ • KM44V4000 AT/ALT/ALLT/ASLT • KM44V4000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ ALLK/ASLK /AS/ ALS/ ALLS/ ASLS I ASAI ALSR/ ALLSR/ ASLSR 

VDD 1 0 

001 

002 

w 
RAS 

A11 

A10 7 

Ao 8 

A, 

A2 10 

AJ 11 Q 

Voo 12 

J: 400MIL 
K: 300MIL 

As 

A1 

16 A5 

15 A5 

14 A4 

13 Vss 

tMntiW• 
ELECTRONICS 

10 

10 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

11 0 14 

12 13 

T : 400MIL(Forward) 
S : 300MIL(Forward) 

Vss 

OQ4 

DQ3 

CAS 
N.C 

Ag 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

Vss 

DQ4 

DQ3 

CAS 
N.C 

Ag 

24 

23 0 
22 

21 

20 

19 

18 

17 

16 

15 10 

TR: 400MIL(Reverse) 
SR : 300MIL(Reverse) 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, VouT -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss VDD -0.5 - 4.6 v 
Storage Temperature Tstg -55 to+ 150 cc 
Power Dissipation Po 1 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 
absolute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44V4000A/AUALUASL-6 80 mA 

(RAS and GAS Cycling @tRc=min.) 
KM44V4000A/ AUALUASL-7 lcc1 - 70 mA 
KM44V4000A/ AU ALU ASL-8 60 mA 

KM44V4000A 2 mA 
Standby Current KM44V4000AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM44V4000ALL 
-

1 mA 
KM44V4000ASL 1 mA 

RAS-Only Refresh Current* 
KM44V4000A/AUALUASL-6 80 mA 

(CAS=VIH, RAS Cycling @tRc=min.) 
KM44V4000A/AUALUASL-7 ICC3 - 70 mA 
KM44V4000A/AUALUASL-8 60 mA 

Fast Page Mode Current* 
KM44V4000A/AUALUASL-6 70 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM44V4000A/AUALUASL-7 ICC4 - 60 mA 
KM44V4000A/AUALUASL-8 50 mA 

KM44V4000A 1 mA 
Standby Current KM44V4000AL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0.2V) KM44V4000ALL 
-

200 µA 
KM44V4000ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM44V4000A/ AUALUASL-6 80 mA 

(RAS and GAS Cycling @tRC=min.) 
KM44V4000A/ AU ALU ASL-7 ICC6 - 70 mA 
KM44V4000A/AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage {VIH)=VDD-0.2V 

KM44V4000AL 450 µA 
Input Low Voltage {VIL)=0.2V CAS=CAS-Before-RAS Cycling 

KM44V4000ASL 
ICC? -

350 µA 
or 0.2V D1N=Don't Care TRC=31.25µS(L-Ver.) 
62.5µS(SL-Ver.), TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM44V4000ALL Ices 250 µA 
W=OE=Ao-A11=Voo-0.2V or 0.2V 

-

DQ1-D04=Voo-0.2V, 0.2V or Open 

•11JMJllW> 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(l) -10 10 µA 

(Any input 0:::;; V1N :::;; Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV:::;;VouT:::;;Voo) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*NOTE: lcc1, Ices, lcc4 and ICC6 are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as an average current. In lcc1 and Ices, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25CC, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Output Capacitance (001-004) Coa -

AC CHARACTERISTICS (0°C:::;;TA:::;;?0°C, VDD=3.3V±0.3V, See notes 1,2) 

Test Condition: VihNi1=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=100pF 

-6 - 7 I 

Parameter Symbol 
Min Max Min Max 

Random read or write cycle time tRC 110 .130 

Read-modify-write cycle time tRWC 155 185 

Access time from RAS tRAC 60 70 

Access time from GAS tCAC 15 20 

Access time from column address tAA 30 35 

GAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

GAS hold time tcsH 60 70 

GAS pulse width tCAS 15 10,000 20 10,000 

RAS to GAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

GAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

t11mn:m• 
ELECTRONICS 

Max Unit 

6 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 15 15 ns 

Write command hold time referenced to RAS twCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal DRAM only) tREF 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

CAS hold time (GAS-before-RAS refr~sh) tCHR 10 15 15 ns 

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 30 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 85 100 105 ns 

CAS precharge time (Fast Page mode) tcP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 0 15 0 20 0 20 ns 

OE commend hold time tOEH 15 20 20 ns 

d!:i:fjilWP 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

T 
-6 -7 -8 

Parameter Symbol Units Notes 
Min Max Min Max Min Max 

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

Write command hold time (Test mode in) tWTH 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 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 
J_ 

-7 -8 
Parameter Symbol I--,-- Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

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

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

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

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 

l 
55 i 55 ns 8 

RAS to W delay time tRWD 90 1051 115 ns 8 

Column address to W delay time 
I 

tAWD 60 70 75 ns 8 

Fast Page mode cycle time ! 45 
I 

50 55 tPC l ns 

Fast Page mode read-modify-write cycle time r 

l 105 I tPRWC I 
90 110 ns I 

RAS pulse width (Fast Page Mode) 
T 

tRASP ! 65 I 200,000 l 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 
I . 40 I 45 50 ns 3 

OE access time I tOEA 20 25 25 ns 
I 

--+----------i ---··-----!--
I 

OE to data delay torn 20 25 25 ns 
+ 

OE command hold time tOEH 20 25 25 ns 

t1Mfiliil» 
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KM44V4000A/ AL/ ALL/ ASL 

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

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vo1=0.8V(louT=2mA) 

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

5. Assumes that tRCD 2 tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo:::::tcwo(min),-tRWD2 
tRwo(min) and tAwo::C:tAwo(min), then the cycle is a 

t1Mf11iii» 
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CMOS DRAM 

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. 

10. These parameters are referenced to the GAS 
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 tRAD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAc, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

5E 
V1H -

V1L -

VoH- ------
VoL-

•t:f:l:flllil» 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAfl 
V1H -
V1L -

V1H -
CA8 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

OE V1H -

CMOS DRAM 

VIL - ........_ ____ ........ .,......_... ................. .....,.....,....-.-.....-... ......... ---.................................................................................. .... 

V1H -
~~~~----~-<I 

VIL -

---!OHR----

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
D01-D04 

V1L -

~DON'T CARE 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L -

V1H -

eA$ 
V1L -

V1H -

A 
V1L -

w V1H -

V1L -

OE V1H -

V1L -

VoH-
~~~~~~~--+-flA 

Vol-

FAST PAGE MODE READ CYCLE 

V1H -
A 

V1L-

w V1H -

V1L-

BE V1H-

V1L -

VoH

VoL - ---------+ClX. 

dfofi@iP 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

V1L - ........................ .,,¥.J 

~DON'TCARE 

tt:!Mi'IU» 
ELECTRONICS 

106 



KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

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

>----------------- tRC---- ------1 

f--- IRp - _ _j 

RAS 
f-------- tRAS------

GAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H. OE, A=Don't Care 

f-----------tRc-----------_____, 

RAS 

CAS 

:::; ~-1_~: __ -~---~------t_c_H_R_~~ --_--_--_l_R_A-S~--1}---------l ____ _ 

9t---------- OPEN--------------
V110H -

V110L -

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

RAS 
V1H- -----tRASS -----'----' 
V1L-

LCAS 
V1H-

V1L -

001-004 
VoH -

Vol -
l>---------OPEN-------------

~ OON'TCARE 

•1Mfiijii» 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

A 

w V1H -

v,l - -~~-......~ ...... 

HIDDEN REFRESH CYCLE (WRITE) 

A 

w V1H -

v,l - ~"""'-loo~~~~~~--+--+---~ ............... ...__ 

V1H -

CMOS DRAM 

v,l - ~~£;:;;L:L::J....:L:lf::...:ii::...l~~~~~~~~~~..lUI~~~~~~~~~~~ 

VoH

VoL -~-.,.;o'--~~........_.'-"'J --~~~~~ ~~~~~~~~_,_.._..._...........,.__,~~ 

tJMfl@» 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - IRAS 
v;L -

ASH 

V1H -
CAS 

le HR le AS 

V1L -

tRAL 

A 
V1H-

V1L -

READ CYCLE 

WRITE CYCLE 

w V1H-

V1L -

OE V1H -

V1L -

VoH-
D01·DQ4 ------1-+----0PEN----M: 

VoL- lcwL 

READ-MODIFY-WRITE 

V110H- ------------------<IX D01 -DQ4 ViioL _ 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

t1:!:iif \ihliP 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
1------tRAS------t 

-
RAS 

V1L -
IRPC 

lcp 

V1H -
GAS 

V1L -

w V1H -

V1L - ~~~~~~~~IC----~~~~~~~~-"'-~-¥,..;~..K..1~~~~ ............. 

VoH - 1')-----------0PEN----------
VoL - --------· 

TEST MODE DESCRIPTION 
The KM44V4000A/AUALUASL is the RAM organized 
4, 194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1 "s or "O"s) the D/Q pin indicates a "1 ". If they were 
not equal, the D/Q pin would indicate a "O". In "Test 

41Mfriiii> 
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~DON'T CARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 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 (1/4 in cases of N test 
pattern). 
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KM44V4000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

I 0.670 '"·°'' 
0.680 (17.27) 

--------.' 

lei 0.004(0.1) I g B PlAAARAAAAAA 
0.050( 1.27) I 0. 01 5(0. 38) Li I 0. 026(0 ~ 

TVP I 0.021 (0.53) --1 0 032(0 . .""_ 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.027 (0.69) 
MIN 

66 
"'"' e. e. 
CXl"' 0 ~ 
0 0 
d 0 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

r::::- r::::-
LO <O 

t:. ~ 
CX) C\I 
Ol 0 
C\I C') 

ci ci 

0.671 (17.04) 

0.679 (17.24) 

Joi 0.003 (0.08) I b g 
I 0.048 (1.22) 0.012 (0.30) I ~ 0 -----1 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) 

TYP 

tMnH'hl5 
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"' "' !!:!. a. 
.q- >
~ I
d 

C\IC\I 
~ C') 

ee 
Ol r-. 
LO <O 
C') C') 

ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM44V4000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type} 

0.723 (18.36) 

0.727 (18.46) 

lol 0.003 (0.08) I b g 

~ C\J 

g~ 
co C\J 
Cl) 0 
C') '<t 
ci ci 

Cl),.... 
C') '<t 
0 0 
ci ci 

CMOS DRAM 

Units: Inches (millimeters) 

0.025(0.64) 

MIN 

_____ o_.1_44_(3~ 
MAX 

0.050(1.27) 
MAX 

0.005 (0.13) 

0.008 (0.20) 

I o.048 (1.22) 0.012 (0.30) I ~ u ----i 0.052 (1.32) 0.020 (0.50) r-- 0.037 (0.95) ~ TYP 

0.016 (0.40) I I 
0.024 (0.60) 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44V4100A/AUALUASL-6 60ns 15ns 110ns 

KM44V4100A/AUALUASL-7 70ns 20ns 130ns 

KM44V41 ODA/ AU ALU ASL-8 sons 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Double+3.3V ± 0.3V power supply 
• 2048 cycles/32ms refresh (Normal DRAM) 

GENERAL DESCRIPTION 
The Samsung KM44V4100A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44V4100A/AL/ALL/ASL 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 outputs are fully TTL compatible. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 

The KM44V4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GAS 
Control &Voo Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
o6 D01 

Memory Array 
(/) 

Cl. to 
Refresh Counter 4, 194,304 )( 4 

E 
~ D04 

Cells 5l 
c 

Row Address Buffer 
(j) 

(f) 

Data out 
AO-A10 Buffer OE Col. Address Buffer Column Decoder 

•llli'ifiliii" ELECTRONICS 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44V4100 AJ/ALJ/ALLJ/ASW • KM44V4100 AT/ALT/ALLT/ASLT • KM44V4100 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ ALLK/ ASLK I AS/ALS/ ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 

Voo 10 24 Vss Voo 10 24 Vss Vss 24 Voo 

DQ1 23 DQ3 DQ1 23 DQ4 DQ4 23 0 DQ1 

DQ2 3 22 DQ4 DQ2 22 003 DQ3 22 DQ2 

w 4 21 CAS w 21 CAS CAS 21 w 
RAS 20 N.C RAS 20 N.C N.C 20 RAS 

N.C 6 19 Ag N.C 19 Ag Ag 19 N.C 

A10 18 As Aio 18 As As 18 A10 

Ao 17 A1 Ao 17 A1 A1 17 Ao 

Ai 16 A5 Ai 16 A5 A5 16 Ai 

A2 10 15 A5 A2 10 15 A5 A5 15 10 A2 

A3 11 0 14 A4 A3 11 0 14 A4 A4 14 0 11 A3 

Voo 12 13 Vss Voo 12 13 Vss Vss 13 12 Voo 

J: 400MIL T: 400MIL(Forward) TR : 400MIL(Reverse) 
K: 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A10 Address Inputs 

DQ1-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

VDD Power(+3.3V) 

N.C No Connection 

tJMfJiih'P 
ELECTRONICS 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss VDD -0.5 - 4.6 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation Po 1 w 
Short Circuit Output Current los 50 mA 

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44V41 ODA/ AUALUASL-6 100 mA 
KM44V4100A/AUALUASL-7 lcc1 - 90 mA 

(RAS and GAS Cycling @tRc=min.) 
KM44V4100A/AUALUASL-8 80 mA 

KM44V4100A 2 mA 
Standby Current KM44V4100AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44V4100ALL 
-

1 mA 
KM44V4100ASL 1 mA 

RAS-Only Refresh Current* 
KM44V41 ODA/ AUALUASL-6 100 mA 
KM44V41 ODA/ AU ALU ASL-7 ICC3 - 90 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM44V41 ODA/ AU ALU ASL-8 80 mA 

Fast Page Mode Current* 
KM44V4100A/AUALUASL-6 80 mA 
KM44V41 ODA/ AU ALU ASL-7 ICC4 - 70 mA 

(RAS=VIL, GAS, Address Cycling @tPC=min.) 
KM44V4100A/AUALUASL-8 60 mA 

KM44V4100A 1 mA 
Standby Current KM44V4100AL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0.2V) KM44V 41 OOALL - 200 µA 
KM44V4100ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM44V4100A/AUALUASL-6 100 mA 

(RAS and GAS Cycling @tRc=min.) 
KM44V41 ODA/ AU ALU ASL-7 Ices - 90 mA 
KM44V41 ODA/ AUALUASL-8 80 mA 

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

KM44V41 OOAL 400 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM44V41 OOASL 
ICC7 -

300 µA 
or 0.2V DIN=Don't Care TRC=62.5µS(L-Ver.) 
125µS(SL-Ver.), TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM44V4100ALL Ices 250 µA 
W=OE=Ao-A10=Voo-0.2V or 0.2V 

-

DQ1-D04=Voo-0.2V, 0.2V or Open 

•tMHIUI" ELECTRONICS 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
h(L) -10 10 µA 

(Any input OsV1N sVoo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVoursVoo) 

Output High Voltage Level (IOH=-2mA) VOH 2.4 - v 
Output Low Voltage Level (loL=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 an average current. In lcc1 and ICC3, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min 

Input Capacitance (Ao-Arn) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Input Capacitance (DQ1-DQ4) Coo -

AC CHARACTERISTICS (0°CsTAs70°C, Voo=3.3V±0.3V, See notes 1,2) 

Test Condition : Vih/Vi1=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=1 OOpF 

-6 -7 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 110 130 

Read-modify-write cycle time tRWC 155 185 

Access time from RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

GAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

GAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to GAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

•1MfilliiiP 
ELECTRONICS 

Max Unit 

6 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 10 15 15 ns 

Write command hold time'referenced to RAS tWCR 45 55 60 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tcwL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal DRAM only) tREF 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 30 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 85 100 105 ns 

GAS precharge time (Fast Page mode) tcP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Out put buffer turn off delay time from OE tOEZ 0 15 0 20 0 20 ns 

OE commend hold time tOEH 15 20 20 ns 

tJ1lf:fili}iiP 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max 

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

Write command hold time (Test mode in) tWTH 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 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4, 11 

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

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

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

RAS hold time tRSH 20 25 25 ns 

GAS hold time tcsH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAWD 60 70 75 ns 8 

Fast Page mode cycle time tPC 45 50 55 ns 

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

RAS pulse width (Fast Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 40 45 50 ns 3 

OE access time tOEA 20 25 25 ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 

t11JMJllWP 
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KM44V41 OOA/ AL/ ALL/ ASL 

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

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vo1=0.8V(IOUT=2mA) 

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

5. Assumes that tRCD2tRCD (max). 
6. tAR, twcR. tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRwoz 
tRwo(min) and tAwoztAwo(min), then the cycle is a 

t1Mfiliii» 
ELECTRONICS 

CMOS DRAM 

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. 

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 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAC, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

VIL -

V1H -
CAS 

V1L -

V1H -

A 
V1L -

V1H -

w 
V1L -

5E 
V1H -

V1L -

001-004 
VoH-

VoL-

ttMtJlhi» 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

Ri'iS 
V1H -

V1L -

V1H -
CAS 

V1L -

A 
V1H -

VIL -

w V1H -
VIL -

OE v,H -

CMOS DRAM 

VIL - ......... _.__ _ _._. ___ _...........,...._ .......... ____ ......... ....._...._......._........,_.__. __ ............... ........,--... ........ _.. 

---!OHR----

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
DQ1-DQ4 

V1L -

~DON'T CARE 

t1MfJiiW> 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H -
A 

V1L -

w V1H -

V1L -

OE V1H -

V1L -

VoH-
----------1-~1 

VoL -

FAST PAGE MODE READ CYCLE 

V1H -
A 

V1L -

w V1H -

V1L-

5E V1H -

V1L-

VoH
VoL - -----------1-CIX 

41Mfi@IP 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

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

~DON'T CARE 

•tMfJihi» 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

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

>-------------- tRc----

RAS 
">------- tRAS------

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

1-----------tRc----------~ 

GAS 

V110H -

D01·DQ4 V110L -

1------ICHR---~ 

t---------- OPEN--------------

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

RAS 
V1H- IRASS 

V1L-

LCAS 
V1H-

V1L-

VoH -
DQ1-DQ4 

VoL -
OPEN-------------

~ DON'TCARE 

41iJ:'¥11JhiP 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -
RAS 

V1L -

GAS V1H -

V1L -

A 
V1H -

V1L -

V1H -
w 

V1L -

OE 
V1H -
V1L -

VoH -

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

A 

w 

VoH

VoL - ...... ---..... ................. ,._._......, 

t1111'¥11hi1P 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - ----------IRAs-----------

v;l -

V1H -
CAS 

Vil -

A 
V1H-

Vil -

READ CYCLE 

w V1H -

Vil -

V1H-
OE 

Vil__:.. 

Vol-

WRITE CYCLE 

w V1H -

Vil -

OE V1H -

Vil -

---tcHR----

1-----+-+----lcwl-----+-

---+-+----lRwl----

VoH-
D01·DQ4 -----+-+----OPEN----<1 

Vol-

READ·MODIFY·WRITE 

w V1H -

Vil -

V1H -

V110H-
D01·DQ4 V11ol - -------------------C.IA 

efoHiiii• 
ELECTRONICS 

lcwl 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
t------tRAS---------1 

-
RAS 

V1L -
\RPG 

lcp 

V1H -
CAS 

V1L -

w V1H -

V1L - ~~~~~~"-¥...¥-lllo-----"""l-l ........ """"-'"-"-...1'...l'-¥..¥...l ........ """"-'"-"-........ "-"-""'-"-"--"--" ....... -"--" ............ 

VoH -
>----------~QPEN----------

VoL - -------"" 

TEST MODE DESCRIPTION 

The KM44V4100A/AUALUASL is the RAM organized 
4, 194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits .on one D/Q pin are equal (all 
''1''s or "O"s) the D/Q pin indicates a "1 ". If they were 
not equal, the D/Q pin would indicate a "O". lr'l "Test 

tJi!:i:fJllWP 
ELECTRONICS 

~ DON'TCARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1 M x 4 DRAM. W, GAS-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 (1/4 in cases of N test 
pattern). 
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KM44V41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

a; G1" 
'<I',.._ 

t::. t::. 
LO LO g: g 
c:i c:i 

0.050(1.27) 

MAX 

0.027 (0.69) 
MIN 

SS "'(") e. e. 
co "' 0 ~ 
0 0 
d c:i 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

r::- r::-
LO <O 

t:. t:. 
co C\I re g 
c:i ci 

O> ,.._ 
C') "<!' 
0 0 
ci ci 

iol 0.003 (0.08) / b f:d 

I o.048 (1.22i 0.012 (0.30) I ~ u 
---j 0.052 (1.32) 0.020 (0.50) i--- 0.037 (0.95) 

TYP 

tl"nf JllWP 
ELECTRONICS 

@' @' 
~ C') 

~~ 
O> ,.._ 
LO <O 
C') C') 

ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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KM44V41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0. 727 (18.46) 
0) l'
C")"'" 
0 0 
c:i c:i 

iol 0.003 (0.00) I b g 
I o.048 (1.22) 0.012 (0.30) I ~ u 

---j 0.052 (1.32) 0.020 (0.50) i--- 0.037 (0.95) 

TYP 

t11Jnfi1JiliP 
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CMOS DRAM 

Units: Inches (millimeters) 

MAX 

0.025(0.64) 

MIN 

MAX 

0) l'
l{) <D 

"'""'" c:i c:i 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM48V2000A/ AU ALU ASL-6 60ns 15ns 110ns 

KM48V2000A/ AU ALU ASL-7 70ns 20ns 130ns 

KM48V2000A/ AU ALU ASL-8 80ns 20ns 150ns 

• 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 
• Double+3.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh (Normal) 

GENERAL DESCRIPTION 
The Samsung KM48V2000A/AUALUASL is a high 
speed CMOS 2,097, 152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48V2000A/AUALUASL 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 outputs are fully TTL compatible. 

• 4096 cycles/128ms refresh (Low power & Self Ref.) 

The KM48V2000A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control &Voe Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder Buffer 

Refresh Control Q 
o6 D01 
(/) 

Memory Array a. to 
Refresh Counter E 

2,097,152 x8 <( DOB 
QJ 

Cells (/) 
c 

Row Address Buffer 
QJ 

AO-A11 Cf) 

Data out 

Col. Address Buffer Coiumn Decoder 
Buffer OE 

AO-AB 

tH':fiiiU» 
ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48V2000 AJ/~W/ALW/ASW • KM48V2000 AT/ALT/ALLT/ASLT • KM48V2000 ATR/ALTR/ALLTR/ASLTR 

Voo 1 0 Voo 10 28 Vss Vss 28 Voo 

OOi OOi 27 OOs OOs 27 0 OOi 

002 007 002 26 007 007 26 002 

003 005 003 25 005 OQ5 25 003 

004 005 004 24 005 005 24 004 

w CAS w 23 CAS CAS 23 w 
RAS 5E RAS 22 BE 5E 22 7 RAS 

A,, Ag N.C 21 Ag Ag 21 8 Ai1 

A10 As A11 20 As As 20 A10 

Ao 10 A1 Ao 10 19 A1 A1 19 10 Ao 

Ai 11 A5 Ai 11 18 Ae A5 18 11 Ai 

A2 12 A5 A2 12 17 A5 A5 17 12 A2 

A3 13 A4 A3 13 16 A4 A4 16 13 A3 

Voo 14 Vss Voo 14 0 15 Vss Vss 15 0 14 Voo 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D01-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

tllli':filih" 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, Vour -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 - 4.6 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation Po 1 w 
Short Circuit Output Current los 50 mA 

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - Voo + 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM48V2000A/ AUALUASL-6 80 mA 
KM48V2000A/AU ALUASL-7 lcc1 - 70 mA (RAS and GAS Cycling @tRC=min.) 
KM48V2000A/AUALUASL-8 60 mA 

KM48V2000A 2 mA 
Standby Current KM48V2000AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM48V2000ALL 
-

1 mA 
KM48V2000ASL 1 mA 

RAS-Only Refresh Current* 
KM48V2000A/ AU ALUASL-6 80 mA 
KM48V2000A/ AU ALUASL-7 ICC3 - 70 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM48V2000A/ AUALUASL-8 60 mA 

Fast Page Mode Current* 
KM48V2000A/ AUALUASL-6 70 mA 
KM48V2000A/ AUALUASL-7 ICC4 - 60 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM48V2000A/ AU ALUASL-8 50 mA 

KM48V2000A 1 mA 
Standby Current KM48V2000AL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0.2V) KM48V2000ALL 
-

200 µA 
KM48V2000ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM48V2000A/ AU ALUASL-6 80 mA 

(RAS and CAS Cycling @tRc=min.) 
KM48V2000A/ AU ALUASL-7 Ices - 70 mA 
KM48V2000A/ AU ALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage {VIH)=VDD-0.2V 

KM48V2000AL 450 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM48V2000ASL 
ICC7 -

350 µA 
or0.2V DIN=Don't Care TRC=31.25µS(L-Ver.) 
62.5µS(SL-Ver.), TRAS= TRAS min.-300ms 

Self Refresh Current 
RAS=CAS=0.2V 

KM48V2000ALL Ices 250 µA 
W=OE=Ao-A11=VDD-0.2V or 0.2V 

-

DQ1 -D0a=VDD-0.2V, 0.2V or Open 

41Mf Jiii11P 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input O::;V1N ::;Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV::;Vour::;Voo) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, ICC4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as an average current. In lcc1 and ICC3, Address can be changed maximum 
two times while RAS=VIL. In ICC4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, GAS, W, OE) CIN2 -

Input Capacitance (DQ1 -DQs) Coo -

AC CHARACTERISTICS (0°C::;TA::;?0°C, Voo=3.3V±0.3V, See notes 1,2) 

Test Condition: VihNil=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=100pF 

-6 -7 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 110 130 

Read-modify-write cycle time tRWC 155 185 

Access time frqm RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAB to output in Low-Z tCLZ 5 5 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

GAS hold time tCSH 60 70 

CAB pulse width tCAS 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAB to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

•1Mtiiiii• 
ELECTRONICS 

Max Unit 

6 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

5 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time tWCH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to GAS lead time tCWL 15 20 20 ns 

Data set~up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

GAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

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

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

RAS to CAS precharge time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 30 30 ns 

Access time from GAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 85 100 105 ns 

GAS precharge time (Fast Page mode) tcP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from GAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay to ED 15 20 20 ns 

Out put buffer turn off delay time from OE tOEZ 0 15 0 20 0 20 ns 

OE commend hold time tOEH 15 20 20 ns 

tt:!:i:Hihi" 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued} 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

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

Write command hold time (Test mode in) tWTH 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 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 us 15 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

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

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

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

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAWD 60 70 75 ns 8 

Fast Page mode cycle time tPC 45 50 55 ns 

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

RAS pulse width (Fast Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 40 45 50 ns 3 

OE access time tOEA 20 25 25 ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 

tliJ:':fJIUliP 
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KM48V2000A/ AL/ ALL/ ASL 

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

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vol=0.8V(IOUT=2mA) 

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRCD 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, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs ~ 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo;::::: tcwo(min), tRwo;::::: 
tRwo(min) and tAwo:::=::tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

CMOS DRAM 

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. 

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 tRAD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAC, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 

f.-----------~tRC-------------j 

f.---------tRAS----------1 

w 

DQ,-DOa VoH- ~~~~~~-
VoL -

~DON'TCARE 

t1Mfillil" 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

A 

w 

V1H- ~:1:7:~~,~~~--i 

V1L - ~~Ol:Ji.~~.:.:.:,;,;,;:~ut:/"}~~~~4\:0~~~QD.~~~Qb.~~':il::/..':l::f.'/::/:J'Y\. 

V1H- ~~7Yl'('X'fXY')irt'ir'V'1r::f'i/'YvVVVr::l'V'Vf:J'v:J'\J'!J\J\7.:7Yi~'JV'.~~V'\J~~"/\l"i..~"f'\T'.1':1"~~~'""~ 
V1L- ~Oij~'/:::i,l...c::,J.~~D,,D.~~~~~~~~~~~.l:if.6t.>J:J.~~MMM~~.AJ.~~~i:. 

V1H-

DQ,-DOa ViL- ---------..(] 
!'------'! 

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

A 

w 

oa,-DOa 

>----------IRAS--------+ 

ViH- ------.1u---lAR-

V1L-

V1H- ...,.._..,..._r-_..._....__,_ 1_....._......., __ -' K.iutioi::~~7rn7\J'~'\7'0m~~~~~~ 

V1L - ~~),C)I l"----.Jl"""'-U' l-....:::;~~~J\Cli0000.0l::Ji.Qa.AJ:.1.,o£~::i.Ci.~/:lAt:i::JAl.',f:J.~~ 

V1H- ':7'lJ~m':~~m"l?t'7'~~""'"'"'°"""~~ 

V1L- .Ql.:.~~l.aj:W,~J;:;,,JJ~~~~a.C:.~>J::J/..:.~---~~Oi.a,~~'i/:J.~'::J;;J.~~~./::,/.'i/:;J.~~M 

V1H- ~'7'V"'iJfl7J'Q"V'V"\:r:::J!:..7\J'o~trl-::-----t+-~';1\Jf;ro'\7'0~~~'7\J'.rn7~~rm'7"1'l'~~n'n~"7:' 

V1L- ~Q,Ll~~~~),A/.),A/.~ 

V1H-

V1L- ----

~DON'T CARE 

tl'IMJiiii» 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE. CYCLE 

~------------ IRWC--- -· 
f------------- IRAS-------------< 

----11 
RAS 

----------------- ~- -· tcsH-·- ________ ____, 
----+--+------- IRSH ______ _ 

A 
V1H- _"'\._n~~--.i 

V1L-

w V1H- -----1-----1----+--.------------.1 
V1L-

V1H- \.?C~V'\'.i"O"i'if:J~1!:7'\'7\J°t?t~j\)~7V\ 
OE 

V1L - ¥lo;C..0..&i.J.~4°'~l.O.&i.l.~~Ciii:.~~~-J....__J 

I 
f-. -
i 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

A 

w V1H- ~"'7"~~~t--~--t~~~~-t--rt,.,.'"'t~~~~-f'S1~,0~..:.;,:;~~~~f+~~;m:""'~ 

V1L - .li.l~i.Al~l::l;/ 

V1H- ll"l'ir"7'1m'J~""'"7T""''7'1'1~'ft. 
OE 

v1L- '.&JJ.lO.lo.a.~~~~~~l--+~~ww~~--+44!.llll..\i~M+..-1-...i:Ji:J.~~~l:J.~W 

~DON'T CARE 

•t:f:I: f Jii Ii ;p 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS ~-~A_R_·_·---~--~~~,~~--------------1-R-AS-P------J~ 
~~ ~--IRCD I 

CAS ICAS 
r 

A 

w 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
~ --------1RASP 

RAS 

-tcsH--~-< 
J 

'-----IPRwc-----

CAS 

A 

w 

twp-

OE 

~DON'TCARE 

11mnm• 
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KM48V2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

!------------ tRC----

RAS 
IH-------tRAS------

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

>------------tRc------------4 

>------ ICHR-----' 

CAS 

V110H -

DQ,·DOa V110L - 9-t--~--------OPEN--------------

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

RAS 
V1H-

V1L-

V1H-
LCAS 

V1L-

00 1-DOa 
VoH -

l>-----~------~OPEN------~-----~ 

VoL -

~ DON'TCARE 

•lm'if Jllil• 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
,.__------IRC ------...i.-------IRC------1 

RAS 

A 

V1H- \A'l\F..7'\fl,'J\J~¢r-t-----_._-t~7':7'\7\l'iJ'iJ\7V~~7':71:7Vm'.7':7'\~~'V\1\7V~'!\1i?\'.71~ 
w 

V1L- ~~l::!J:.~~ 

OE 

VoH-

------'-----------..(1 VoL-

HIDDEN REFRESH CYCLE (WRITE) 
,__ ______ ,Rc~----___,----~---IRc--------1 

f------IRAS --~-

RAS 

V1H-

CAS 
V1L-

V1H-
A 

V1L-

w 

V1H-

OE 
V1L-

V1H-
001-DOs 

V1L-

•11M o:m• ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L-

V1H-

GAS 
V1L-

V1H-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-

OE 
V1L-

D01·DOs 
VoH-

VoL-

WRITE CYCLE 

V1H-

w 
V1L-

V1H-

5E 
V1L-

V1H-

D01·DOs 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

D01·DOs 
V110H-

V110L-

t1MfJihl$ 
ELECTRONICS 

OPEN 

--~-- IRWL 

VALID~ 
DATA-OUT 

tcwL-

CMOS DRAM 
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KM48V2000A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

iol o.004(0 1) I 

~I 

0016(0.41) 11 

0.020(0 51)--j r- TYP 

0.026(0.66) 

0.032(0.81) 

0 
c;;- cr; 
0 N 
ci ci 
li) li) 
Ol 0 
(') .... 
ci ci 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

;:::- c;;-
0 0 N l!) 

N (') ai ai 
ci ci li) li) 
ro N' co I'-

0 0 
(') C') 

0 ci ci 
ci c::i 

0.140(3.56) 

0.148(3.76) 

~ 0 
0 (') 

li) li) 
(') .... .... .... 
ci ci 

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

0.740 (18.80) 

MAX 

C\I 

g g 
~ 

N 
0 .... 

0 c:i 

0 

0.722 ,, •. 36, I 
o.726 (18.46)L 

._I o__.l_o.o_8 _MA_x----L-...-1 b=L.....<:c:J=-ciiiciiiiUiciii 
_o._o3_7_(0._95_l _ _.....+__./- I o.048 (1.22i I 0.016 (0.4;r-

[ 0.052 (1.32) I 0.020 (o.5o) 

tt:!:i: fJii ii ;p 
ELECTRONICS 

Units: Inches (millimeters) 

0.037 (0.95) 

0.041 (1.05) 

{ 
[ 

0.03 (0.80) 

~ iO iO 

"' cq 
g - -
(') "' (!) 

C\I "' ~ .... .... 
c:i c:i ci 

11 0.005 (0.13) --l ~--'-----'-
0.008 (0.20) 

he] 
0.016 (0.40) 

I I 0.024 (0.60) 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAc tCAC tRC 

i KM48V2100A/AUALUASL-6 60ns 15ns 110ns 

I KM48V2100A/AUALUASL-7 70ns 20ns 130ns 

KM48V21 OOA/AUALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CM-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Double+3.3V ±0.3V power supply 
• 2048 cycles/32ms refresh (Normal) 
• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48V2100A/AUALUASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48V2100A/AUALUASL 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 outputs are fully TTL compatible. 

The KM48V21 OOA/AUALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

~Voo 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
o6 DQ1 

Memory Array 
en 
Cl. to 

Refresh Counter 2,097,152x8 
E 
<( DQ8 

Cells 
Q) 
en c 

Row Address Buffer 
Q) 

AO-A10 en 
Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

ttMtJllW> 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (fop views) 

• KM48V2100 AJ/AW/ ALW/ASLJ • KM48V2100 AT/ALT/ALLT/ASLT • KM48V2100 ATR/ALTR/ALLTR/ASLTR 

VDD 1 0 Vss Voo 10 28 Vss Vss 28 Voo 

001 OOa oo, OOa OOa 27 0 oo, 
002 007 002 26 007 007 26 002 

003 006 003 005 005 25 003 

004 OOs 004 24 OOs OOs 24 004 

w CAS w 23 CAS CAS 23 w 
RAS OE RAS 22 5E 6E 22 RAS 

N.C Ag N.C 21 Ag Ag 21 N.C 

A10 As A10 20 As As A10 

Ao 10 Ar Ao 10 A1 A1 19 10 Ao 

Ai 11 A5 Ai 11 18 A6 A5 18 11 Ai 

A2 12 As A2 12 17 As As 17 12 A2 

A3 0 
A4 A3 13 16 A4 A4 16 13 A3 

Voo 14 Vss Voo 14 0 15 Vss Vss 15 0 14 Voo. 

Pin Name Pin Function 

Ao-A10 Address Inputs 

D01-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

•t:!:l:H'iii" ELECTRONICS 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss VDD -0.5 - 4.6 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation PD 1 w 
Short Circuit Output Current los 50 mA 

• Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage VDD 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - VDD + 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM48V21 OOA/AUALUASL-6 100 mA 
KM48V21 ODA/ AUALUASL-7 lcc1 - 90 mA 

(RAS and GAS Cycling @tRc=min.) 
KM48V2100A/ AUALUASL-8 80 mA 

KM48V2100A 2 mA 
Standby Current KM48V21 OOAL 

lcc2 
1 mA 

(RAS=CAS=VV=VIH ) KM48V21 OOALL 
-

1 mA 
KM48V21 OOASL 1 mA 

RAS-Only Refresh Current* 
KM48V21 ODA/ AU ALU ASL-6 100 mA 
KM48V21 OOA/AUALUASL-7 ICC3 - 90 mA 

(CAS=VIH, RAS Cycling @1tRC=min.) 
KM48V21 ODA/ AUALUASL-8 80 mA 

Fast Page Mode Current* 
KM48V21 ODA/ AUALUASL-6 80 mA 
KM48V21 ODA/ AU ALU ASL-7 ICC4 - 70 mA 

(RAS=VIL, GAS, Address Cycling @tPC=min.) 
KM48V2100A/ AUALUASL-8 60 mA 

KM48V2100A 1 mA 
Standby Current KM48V21 OOAL 

Ices 
300 µA 

(RAS=CAS=W=VDD-0.2V) KM48V21 OOALL 
-

200 µA 
KM48V21 OOASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM48V21 DOA/ AU ALU ASL-6 100 mA 

(RAS and GAS Cycling @tRc=min.) 
KM48V21 DOA/ AU ALU ASL-7 ICC6 - 90 mA 
KM48V21 DOA/ AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage {VIH)=VDD-0.2V 

KM48V21 OOAL 400 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM48V2100ASL 
ICC? -

300 µA 
or 0.2V DIN=Don't Care TRC=62.5µS(L-Ver.) 
125µS(SL-Ver.), TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V KM48V21 OOALL Ices - 250 µA 
W=OE=Ao-A1o=Voo-0.2V or 0.2V 
DQ1 -DQa=VDD-0.2V, 0.2V or Open 

•li'+iliiiiP 
· ELECTRONICS 

146 



KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(l) -10 10 µA 

(Any input 0 <::; V1N <::; Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV<;VouT<;Voo) 

Output High Voltage Level (IOH=-2mA) VoH 2.4 - v 

Outp'ut Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, ICC4 and ICC6 are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as an average current. 'In lcc1 and ICC3, Address can be changed maximum 
two times while RAS=VIL. In ICC4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25CC, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Input Capacitance (DQ1 -DQs) Coo -

AC CHARACTERISTICS (0°C<;TA<;70°C, Voo=3.3V±0.3V, See notes 1,2) 

Test Condition : VihNi1=2.0V/0.8V, VohNo1=2.0V/0.8V, Output Loading CL=1 OOpF 

-6 -7 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 110 130 

Read-modify-write cycle time tRWC 155 185 

Access time from RAS tRAC 60 70 

Access time from GAS tCAC 15 20 

Access time from column address tAA 30 35 

GAS to output in Low-Z tCLZ 5 5 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

GAS hold time tCSH 60 70 

GAS pulse width tCAS 15 10,000 20 10,000 

RAS to GAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

GAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

tllfofi1lil$ 
ELECTRONICS 

Max Unit 

6 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

5 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol ·-·· Units Notes 

Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 15 15 ns 

Write command hold time referenced to RAS twCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

GAS" to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAwo 55 65 70 ns 8 

GAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

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

Access time from CAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 85 100 105 ns 

GAS precharge time (Fast Page mode) tCP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Out put buffer turn off delay time from OE tOEZ 0 15 0 20 0 20 ns 

OE commend hold time tOEH 15 20 20 ns 

•1"i'ifl@IP 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8_ 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

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 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs l§ 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 - 7_ -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4, 11 

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

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

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

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAwo 60 70 75 ns 8 

Fast Page mode cycle time tPC 45 50 55 ns 

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

RAS pulse width (Fast Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 40 45 50 ns 3 

OE access time tOEA 20 25 25 ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 

d't'ifiliiiiP 
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KM48V21 OOA/ AL/ ALL/ ASL 

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

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vo1=0.8V(IOUT=2mA) 

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 tRCD2tRco (max). 
6. tAR, twcR, toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

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

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo 2tcwo(min), tRWD 2 
tRwo(min) and tAWD2tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

CMOS DRAM 

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. 

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 tRAD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAC, tAA, tcAc 

is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

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

15. 2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 

,....._---------~IRC-------------< 

A 

DO,-DOa 

V1H

V1L-

V1H

V1L-

f---------- IRAS---------

VoH- ~~~~~~-
VoL -

tl:!:': fj ijii $ 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 
V1L-

CAS 

A V1H- 'J9~~il7~~-:v:f'.i......\J'V\..£"~~~:;---:\Jf~'J'il''V'\IV'\.l~'rV°V'l\i"'V'1°VV'\7'IO't"\J't"\J~',;J\J\X7~J 
V1L- .l:Jl..~~':it::£~-\----o11 

w V1H- ""!i1~\1'J~~~~~"'7\,\ 

V1L-

V1H- "/'il'ifVr:fV.V'V~rv'\l'V.V'IJrv"o'iv'~~'V'::~'T'\r-~'1\1:,~'V"';~~T'f".i'\JV'V'V"i:r'\r~\l'VV'\J~'V"IT'\1'~"'~ 
V1L- C:,C.~')£;/.~~l::il.~';:,AC;;i,fj~'){::J.~~(:l/lD/::JD/:Jl:i::JC:/:i,.Jeii~~(:AJ::J.~~/::.l...!::J.")/:J.~~~J:J.~~~ 

V1H-

D01·DOa ViL- ----------(! 
l'"------'I 

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

A 

w 

V1H

V1L-

V1H

V1L-

>-------- tRAS--------" 

ru-~--lAR--

,___-~---- tcsH 

V1H- ...... ..,...._.. _r--.:...:..~Lr7' ~r""""~~~-~1:1':.~~~7t?l~~~~~~~1":71'~~~ 

V1L - ~./,;;;,l.~Y .,._ ___ .111U1~.....;.;.;;.:;.;.;.;.;;.;;...~ \CaOOaiat:J:.4£,~~0ll~~~MQLl~~~~ 

V1H- ....,;Jt'm~~~~~~~~~~~~m.

V1L- Jj,/,.~.l.Qo~Qi/.:.~~Q,,,Q,IJ.C.~~~C:;/Jl£l.c~~---.*1./,;;;,l.~~~~~~CAOC.la.£~~0/:J{j,£~ 

V1H-

V1L- -----1 

tKZI DON'T CARE 
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KM48V21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE. CYCLE 

A V1H- ""'"" 1-~~ ..... 

V1L-

w 
V1H- ~----1-----1---.... -----------.......1 
V1L-

V1H- t"X'.~~~*70\.it?t?f7~~"7r'Jm"7\ 

V1L - lQ,j~.AJ.),Af¥.1..0i,1),A~~~At,~~4;-.J-__J 

V110H -

~-----------+----till\~ V110L -

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

CMOS DRAM 

A 
V1H- 7'i/9\.-ir!n;'t..C10\"~~':":':i,_J'7mi~ n~~~~~~~ii'iu~:\.~~~~n 
V1L-

w V1H- ~~7f:/Q'\:"V'\t-~-t~~~---t-i:.'i:?t-.l.f~--~---tfrtt'7!:1~...:.;.:,:;:;;:_~~~++ ...... bt~7',.~ 
V1L-~~~~~ 

VI H - """7'1~otft"'7'tft""""""'"' 
OE 

V1L- '.,CJJ.J.Q,ia,Q~~~6'l~~~-+~~ww~~--+4~~l44~t:il+.-l-...l:ii:al~U.~l:J.~W 

~DON'T CARE 

•tMH@tP 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

I--------------------~=~I~----------------l-RA_S_P~~~~~~~~~~~-=--n_ 

A 

w 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 

· ,,,,_11 I 
lcRP_j 

CAS 

A 

w 

~DON'TCARE 
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KM48V21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

RAS 

A 

V1H

V1L-

>-------------- tRc----

">-------IRAS------

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

f------------tRc--------------1 

V1H-
RAS ---------IRAS----

V1L-

1------ ICHR----< 

GAS 
V1L-

V110H -
D01·DOs V1toL _ ~.----------OPEN--------------

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

RAS V1H-

V1L- ----

V1H-

V1L- -----' 

D01·DOs VoH - ~-------OPEN-------------
VoL - ------..-1 

~ DON'TCARE 

•tlli'AJlih' ELECTRONICS 
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KM48V21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

i--------tRc -------+-------tRc------1 

RAS 

A 

w 
V1H- \7\7iJ\7\J.'J\J\7V¢r-1-----_._-i;~:m'i7\?'i7\J~~~:m'i7'V~~?\?i7'. ?im~~'!i7\~~ 

V1L - ~~(J[J~~ 

OE 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 

GAS 

A 

w 

OE 

V1H- \A:~7f:?t:\. 

V1L- ~.J;;;J.~~'1\..--------..J ~~~lil:..).WiL.:~~~~~~~~~~~~Ql.W~ 

f----- IDHR ---~ ~DON'T CARE 

e!:I: fJii ii" 
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KM48V21 OOA/ AL/ ALL/ ASL 

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-D~s 
VoH-

VoL-

WRITE CYCLE 

V1H-

w 
V1L-

V1H-

5E 
V1L-

V1H-

DQ,-DOs 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

DO,-DOs 
V110H-

V110L-

•tMti1iW> 
ELECTRONICS 

OPEN 

-- tRWL 

VALID ~ 
DATA-OUT 

tcwL-

CMOS DRAM 

~DON'T CARE 
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KM48V21 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

Joi o.oo4(0.1)J 

0.720(18.29) 

0.730(18.54) 

0 

~I 0.026(0.66) 

0.032(0.81) 

0.01610.41) 11 

0.020(0.51)-j r--

0 
c;)" Ci) 
0 N 
ci ci 
lei" lei" 
Ol 0 
(') ... 
ci ci 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

00 
N (") 

ci ci co c;r 
o~ 
00 
ci ci 

0. 140(3.56) 

0. 148(3. 76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reve_rse Type) 

0.740 (18.80) 

MAX 

(;i 

~ g 
CX) N 
O> 0 
(') ... 
0 ci 

0 

I 
0.722 (18.36) I 

. 0.726 (18.46)_L 

.___Jo__..J_o.o_8_MA_x_..._J l::J-"='---"t::l=-~ 
_o._o3_7_;_(o_.95_;_) _ ___..,--1j-·- I 0.048 (1.22) I 0.016 (0.4;r-

I 0.052 (1.32) I 0.020 (o.5o) 

tJm'+JIJiliP 
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0.037 (0.95) 

0.041 (1.05) 

Units: Inches (millimeters) 

:e CD CD 
~ ~ g - -

(') O> <O 
N "' <O ... ... ... 
ci ci ci 

11 0.005 (0.13) --Ji-----~ 
0.008 (0.20) 

)(I-----}~ 
0.016 (0.40) I I 
0.024 (0.60) 
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