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ABSTRACT

This paper presents a design and test report for electronic welding . Initially, the rectifier
and filter circuit change the alternating current 220 Volts 50 Hz line to direct current 311 Volts.
Subsequently, the direct current will change to high frequency pulses (about 27 KHz) by IGBT device
which inside are half-bridge converter circuit and control switching characteristic by SG3526. It can
variable frequency and pulse width which it receive data from output section to continue the process.

Finally, welding electronic has output voltage 76 volts (no load) and maximum welding current is

about 50 amps.
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9 Pt 9 o 9/
M3 Harasdeyavesuanlanowaan ldiunieulag

Current capacity

Diameter Over Nominal  Resistance in milliampares

Insulation (inchs)  Circular Per 1000 bases on
AWG Min Max  Mil area Ft 1000 cm/A  AWG
8 0.310 0.133 16510 0.6281 165110 8
9 0.116 0.119 13090 0.7925 13090 9
10 0.104 0.106 10380 0.9985 10380 10
11 0.0928 0.0948 8230 1.261 8226 11
12 0.0829 0.0847 6530 1.588 6529 12
13 0.0741 0.0757 5180 2.001 5184 13
14 0.0667 0.0682 4110 2.524 4109 14
15 0.0595 0.0609 3260 3.181 3260 15
16 0.0532 0.0545 2580 4.020 2581 16
17 0.0476 0.0488 ' 2050 5.054 2052 17
18 0.0425 0.0437 1620 6.386 1624 18
19 0.0380 0.0391 1290 8.046 1289 19
20 0.0340 0.0351 1020 -10.130 1024 . 20

9
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4.2 mamsnaasdialszansnnueunse Uy MMA

&z 8, d 1 a o o 1
Wﬁﬂ’]i‘ﬂﬂﬂ@\‘iﬂ'}’luﬁuwUﬁ‘llﬂ\iﬂ']ﬂizllﬁf]U'}’!‘ﬂﬂUﬂiz!lﬂ!@‘lﬁwvl M lagn1sAonI

9 T sl @ ' a a ANy a o 2N =
AMMUNTUNITTZATNNG !!ﬂ’;ﬂW’JU‘W1ﬂ1ﬂi$ﬁ‘ﬂ‘ﬁm‘ww 1ﬂ!ﬂiEJUme°UﬂuLm$lijﬂ1ﬂ1ill|atlu

= a 4 9 o ) a a a | Yo dy
audlumsadad uaainnalseumeulszanininlaasil

q‘ Aa a d‘w b d' d’
M5 1 M5 NYszansMuNIa lmm)mmﬂ 24 kHz

Load(Q) Vin (V) | Iin (A) | Pin(W) | Vout (V) | Tout(4) | Pout(W) 5zans M
No Load 310 0.114 35.34 75.5 5 = 5
IK 310 0.12 3T 754 0.075 5.65 15.18
500 310 0.14 43.4 75 0.15 11.25 25.92
250 310 0.16 49.6 74.5 0.29 21.6 43.54
100 310 0.28 36.8 73.8 0.73 53.87 62.06
62 310 0.38 117.8 72.9 1.17 85.29 72.4
50 310 0.39 120.9 72.2 1.44 103.9 85.93
23.5 310 0.78 241.8 70 207 207.9 85.98
12.5 310 1.29 399.9 68 5.44 369.92 925
10 310 153 474.3 65.5 6.55 429.02 . 90.45
8 310 1.86 576.6 64.2 8.02 514.88 89.29
6.5 310 2R 688.2 61.8 9.5 #37.1 85.31
5 310 2.59 796.7 59.8 11.96 715.2 89.77
4 310 2.94 911.4 57.8 14.45 835.21 91.64
2 310 4.62 1432.2 473 23.65 1118.65 78.1
1 310 5.85 1813.5 35.7 35.7 1274.49 70.27
0.5 310 6.19 1918.9 24.27 48.54 1178.06 61.39
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d’ a a Ao 9 & =
MINNN2 (51'li'l\‘]ﬂiZﬂ‘Vl‘ﬁﬂ”IWVl’)ﬂllﬂm’E]ﬂTmﬂ 27 kHz

Load(QY) | Vin (V) | Tin (A) | Pin(W) | Vout(V) | Tout(A) | Pout(W) | sz@nsam
NoLoad | 310 | 0.012 37 76.2 : : :
1K 310 0.14 434 75.8 0.075 5.68 13.08
500 310 0.15 46.5 75.3 0.15 11.29 24.28
250 310 0.19 59 75 0.3 9295 38.13
100 310 0.29 90 73.5 0.73 53.65 59.61
62 310 0.39 121 72.9 3l 85.29 70.48
50 310 0.45 139.5 71.6 1.43 102.38 73.39
23.5 310 0.78 242 70 2.97 207.9 85.9
12.5 310 1.29 400 66.8 5.34 356.71 89.17
10 310 1.54 4774 64.8 6.48 419.9 87.95
8 310 1.82 564.2 63.3 791 500.8 88.76
6.5 310 2.15 666.5 60.9 9.36 570.02 85.52
5 310 2.52 7812 58.5 11.7 684.45 87.61
4 310 2.79 865 56.2 14.05 789.61 91.28
2 310 3.65 1131.5 4438 224 1003.52 88.68
1 310 3.96 N2 397 327 1067.29 86.94
0.5 310 4.94 1531.4 25:6 512 1310.72 85.58




54

d‘ a a d'o/ \ 914' d‘
A1919N3 M31UszansnImida 1@!“{’)?1’3']11‘0 29 kHz

Load(€2) | Vin (V) | lin (A) | Pin(W) | Vout(V) | Tout (&) | Pouttw) | Yszdnsain
No Load 310 0.13 "40.3 76 = T -
1K 310 0.14 43.4 75.6 0.075 5.67 13.06
500 310 0.16 49.6 75.2 0.15 11.28 i
250 310 0.18 55.8 74.6 0.29 21.63 38.8
100 310 0.3 93 74 0.74 54.76 58.88
60 310 0.4 124 734 1.18 86.62 69.85
50 310 0.46 142.6 72.5 1.45 105.12 73.8
23.5 310 0.77 238.7 69.9 2.97 207.6 86.98
12.5 310 (| or 387.5 66.4 531 352.58 90.98
10 310 1.41 437.1 64.5 6.45 416.02 97.24
8 310 1.79 554.9 62.4 7.8 486.72 8771
6.5 310 2.08 644.8 60.2 9.26 557:45 86.45
5 310 2.43 753.3 57.4 11.48 658.95 87.47
4 310 293 846.3 54.9 13.72 753.2 88.99
2 310 3.48 1078.8 42.6 213 907.38 84.11
1 310 3.76 1165.6 30.44 30.44 926.59 79.49
0.5 310 5.14 1593.4 24.6 49.2 1210.32 75.95
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4 v o d ' a a @ ' J { 4
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SG3526

Pulse Width Modulation
Control Circuit

The SG3526 is a high performance pulse width modulator
integrated circuit intended for fixed frequency switching regulators
and other power control applications.

Functions included in this IC are a temperature compensated
voltage reference, sawtooth oscillator, error amplifier, pulse width
modulator, pulse metering and steering logic, and two high current
totem pole outputs ideally suited for driving the capacitance of power
FETs at high speeds.

Additional protective features include soft start and undervoltage
lockout, digital current limiting, double pulse inhibit, adjustable dead
time and a data latch for single pulse metering. All digital control ports
are TTL and B-series CMOS compatible. Active low logic design
allows easy wired—OR connections for maximum flexibility. The
versatility of this device enables implementation in single—ended or
push—pull switching regulators that are transformerless or transformer
coupled. The SG3526 is specified over a junction temperature range of
0°to +125°C.

e 8.0 Vto35 V Operation

® 5.0V £1% Trimmed Reference

1.0 Hz to 400 kHz Oscillator Range

Dual Source/Sink Current Outputs: £100 mA

Digital Current Limiting

OGN Sendiconductor

http://onsemi.com
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A = Assembly Location

WL = Wafer Lot

YY = Year

WW = Work Week

PIN CONNECTIONS

+Error l_1_—
~Error E

"4 B

E Viet
E Vee

Programmable Dead Time

Compensation E
Csoft-Start E
w1

s 6 |

+CS E

Shutdow | 8 |

E Output B
El Ground
oy

E Output A
12] Sy
E‘ Rpeadlime

Undervoltage Lockout

e Single Pulse Metering

® Programmable Soft—Start

e Wide Current Limit Common Mode Range
o Guaranteed 6 Unit Synchronization

Vref oi__—
Under- Rr| 9 10 | Cy
17 | Reference
Vee 04 Regulator [ || ngfg&
op View
Ground OH To Intemal {lopeion)
= CITCUITY |l e SRS E
= ; i
Rpeadtime o en B 13 ORDERING INFORMATION
Rt OW Oscillator a5
10 ! Output Device Package Shipping
A
Reset ﬁi_—so_ﬂ—"i L SG3526N PDIP-18 20 Units/Rail
Csoft-Start Stat |
A | |
Compensation ol 4
16
Metering Ouépul
FIF

Figure 1. Representative Block Diagram
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SG3526

MAXIMUM RATINGS (Note 1.)

Rating Symbol Value Unit

Supply Voltage Vece +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic Inputs -03t0+5.5 \
Analog Inputs -0.3toVee \%
Output Current, Source or Sink lo +200 mA
Reference Load Current (Vcc = 40V, Note 2.) lref 50 mA
Logic Sink Current 15 mA
Power Dissipation Pp mwW

Ta = +25°C (Note 3.) 1000

Tc = +25°C (Note 4.) 3000
Thermal Resistance Junction—to—Air RaJa 100 °CIW
Thermal Resistance Junction-to—Case Reuc 42 °CIW
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —65 to +150 °«C
Lead Temperature (Soldering, 10 Seconds) Tsolder +300 °C

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unit
Supply Voltage Vee 8.0 35 Vdc
Collector Supply Voltage Ve 45 35 Vdc
Output Sink/Source Current (Each Output) lo 0 +100 mA
Reference Load Current lref 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor Rt 20 150 kQ
Oscillator Timing Capacitor Ct 0.001 20 uF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junction Temperature Range oI 0 +125 °C

Values beyond which damage may occur.

Maximum junction temperature must be observed.

Derate at 10 mW/°C for ambient temperatures above +50°C.
Derate at 24 mW/°C for case temperatures above +25°C.

O NN
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SG3526

ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdg, Ty = Tjow to Thign [Note 6.], unless otherwise noted.)

[ Characteristics [ Symbol | Min l Typ | Max | Unit —|
REFERENCE SECTION (Note 7.)
Reference Output Voltage (T = +25°C) Vief 4.90 5.00 5.10 \
Line Regulation (+8.0V < Vcc £ +35V) Regjine - 10 30 mV
Load Regulation (0 mA < I <20 mA) d Regioad = 10 50 mvV
Temperature Stability AViefl AT - 10 - mv
Total Reference Output Voltage Variation AVief 4.85 5.00 5.15 \
(+8.0V <V <+35V,0mA< I £20 mA)
Short Circuit Current (Vs = 0 V) (Note 5.) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Output Voltage (Ver = +3.8 V) - 0.2 0.4
Reset Output Voltage (Vyef = +4.8 V) 24 4.8 -
OSCILLATOR SECTION (Note 8.)
Initial Accuracy (T = +25°C) - +3.0 +8.0 %
Frequency Stability over Power Supply Range Afosc - 0.5 1.0 %
(+8.0 V<V £+35V) AvVee
Frequency Stability over Temperature Afpse - 2.0 - %
(ATy = Tiow to Thign) I~y
Minimum Frequency i - 0.5 - Hz

(Rt = 150 kQ, C1 = 20 |F)

Maximum Frequency. . fmax 400 - - kHz
(Ry=2.0kQ, Cy=0.001pF)

Sawtooth Peak Voltage (Vcc = +35 V) Vosc(P) - 3.0 3.5

Sawtooth Valley Voltage (V¢ = +8.0 V) Vosce(V) 045 0.8 -

ERROR AMPLIFIER SECTION (Note 9.)

Input Offset Voltage (Rg < 2.0 kQ) Vio B 20 10 mV

Input Bias Current iz - =350 —2000 nA

Input Offset Current lio - 35 200 nA

DC Open Loop Gain (R 2 10 MQ) AvoL 60 72 - dB

High Output Voltage VoH 3.6 4.2 - \
(Vpin 1=Vpin 2 2 +150 MV, Isoyrce = 100 pA)

Low Output Voltage Vor - 0.2 04 \
(Vpin 2=Vpin 1 2 +150 mV, Igjnk = 100 HA)

Common Mode Rejection Ratio (Rg < 2.0 kQ) CMRR 70 94 - dB

Power Supply Rejection Ratio (+12 V < Ve <+18 V) PSRR 66 80 - dB

. Maximum junction temperature must be observed.

T|ow =0C Thigh = +125°C

IL = 0 mA unless otherwise noted. :

. fosc =40kHz (RT=4.12kQ £1%, Ct = 0.01 iF +1%, Rp =0 Q)
. 0V<Vemys+5.2V.

© o~ O;
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SG3526

ELECTRICAL CHARACTERISTICS (continued)

Characteristics I Symbol J Min | Typ l Max l Unit I
PWM COMPARATOR SECTION (Note 10.)
Minimum Duty Cycle DCin - - 0 %
(VCompensation =+0.4V)
Maximum Duty Cycle DCnax 45 49 - %

(VCompensa(ion =+3.6V)
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)

Output Voltage \Y
(High Logic Level) (Isource = 40 HA) VoH 24 4.0 -
(Low Logic Level) (lsink = 3.6 mA) VoL - 0.2 04
Input Current — High Logic Level HA
(High Logic Level) (V|4 = +2.4 V) . H - -125 —-200
(Low Logic Level) (V;_ = +0.4 V) I - -225 -360
CURRENT LIMIT COMPARATOR SECTION (Note 12.)
Sense Voltage (Rs < 50 Q) Velhse 80 100 120 mV
Input Bias Current lis - -3.0 -10 HA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 04 \Y
Csofi-start Charging Current (Reset = +2.4 V) Ics 50 100 150 UA
OUTPUT DRIVERS (Each Output, V¢ = +15 Vdc, unless otherwise noted.)
Output High Level VoH \Y
Isource = 20 MA JZ28 13.5 -
lsource = 100 mA 12 13 -
Output Low Level VoL \Y%
Isink = 20 mA - 0.2 0.3
Isink = 100 mA - 2 20
Collector Leakage, Vg = +40 V Ic(leak) - 50 150 tA
Rise Time (C_ = 1000 pF) tr - 0.3 0.6 us
Fall Time (C_ = 1000 pF) te - 0.1 0.2 us
Supply Current Icc - 18 30 mA

(Shutdown = +0.4 V, Ve = +35 V, Rr = 4.12kQ)

10. fose = 40 kHz (R7 = 4.12kQ 1%, Cr = 0.01 uF 1%, Ry = 0 Q)
11. 0V <Vey < +56.2V
12. OVSVCMS+12V

http:/lonsemi.com
4



SG3526
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7 S )4
50 mV w 4.0 74
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o 20
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/-
-75 =50 -25 0 25 50 75 100 125 150 1.0 20 304050 10 20 30 40
Ty, JUNCTION TEMPERATURE (°C) Ve, SUPPLY VOLTAGE (V)
Figure 2. Reference Stability over Temperature Figure 3. Reference Voltage as a

Function Supply Voltage

8.0
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g = 6.0
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Figure 4. Error Amplifier Open Loop. Figure 5. Current Limit Comparator Threshold
Frequency Response
=
8.0 gD:J 25
7.0 E
s 60 B 3
w EE —_—1
¢ 50 o
< 1.9
5 A E
g 4.0 7]
30 @10
g ¥ g /
«© A a
2.0
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0 \ % 0 e
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Vref, REFERENCE VOLTAGE (V) OUTPUT DRIVER SINK CURRENT (mA)
Figure 6. Undervoltage Lockout Characteristic Figure 7. Output Driver Saturation Voltage as a

Function of Sink Current
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SG3526
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Function of Sink Current
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BOpAs S0uA Q12 To Reset
¢100pA §R1 Wy
o Driver
1?/? i“LIA ¢ 3 Compensation .  ara
Bandgap )
Q2 Reference
1.0k % 500 _l. R2 =
I 2 : ) ,
- Error + Error =
Figure 10. Error Amplifier : Figure 11. Undervoltage Lockout
Memory
FIF The metering Flip-Flop is an asynchronous cata latch
Y
S which suppresses high frequency oscillations by allowing
yné S only one PWM pulse per oscillator cycle.
S R Q> Clock
PWM —D
o) PWM The memory Flip-Flop prevents double pulsing in a
push-pull configuration by remembering which output
Metering produced the last pulse.
FIF

Figure 12. Pulse Processing Logic
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SG3526

APPLICATIONS INFORMATION

Negative
Output
Ri Voltage
Ra 1 Ry 1
_L Vref Yw > Vref +
* 2 2
C: = e _
E )R Ry A
Ry Positive
27 17| Reference |18 : Output
Vee T Regulator Viet Gnd Voltage ~ Gnd
+
15 T~ 10uF Ry+Ry Ry
T Vout = Vret R2 Vout = Vet ‘ﬁ;
Gnd :
= RiRy
Ra= | Ri+R
* May be required with some types of transistors litie
Figure 13. Extending Reference Figure 14. Error Amplifier Connections

Output Current Capability

Output to Load €«——4—"W—4—0 +

11 12

r———— 5G3526 T § 16
8

iﬁo 9 10 7
Ra
= Gnd 4—§——o =
R C
f A <0 1v Voul R1 >
ATH AT A2

D f] i mv)
— (max) Rs Isc = < Rg
Figure 15. Oscillator Connections Figure 16. Foldback Current Limiting
+12v
Vref 14 ‘ 7l
Vo Al13 H
/ 138 | Ramp— - =
PWM
+ Error u Efr : v SG3526
- Error 2—._-/AmV B 16
Q2 Gnd
Reset J Qi : 5
To =
Q [
: Unfgg(zl;?ge T~ Csoft-tat The totem pole output drivers of the SG3526 are ideally
suited for driving the input capacitance of power FETs at
= high speeds.
Figure 17. Soft-Start Circuity Figure 18. Driving VMOS Power FETs
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Figure 19. Half-Bridge Configuration

+V Supply © 1 ]C;Ot |
utpul
Filter

R2

14

Ve
A 13

SG3526

B
Gnd

15

O

Figure 21. Single-Ended Configuration

SG3526

+V o
Supply

Ri co LT

14 gm ”

A Bl
Qt
D2 Py
s 5|16
s6as2s |
5 %S

R3
4 6 §
L— Cs g €S
T C » % R2
o, >

In the above circuit, current limiting is accomplished by using the
current limit comparator output to reset the soft-start capacitor.

Figure 20. Flyback Converter with
Current Limiting

+V Supply o— 1
R1
C1
i S5
V, R2
C 13 e |/01 I"IH
C2 ’\1-
SG3526 _‘"F =
16 R3
Gnd y i | se
15 -

Figure 22. Push-Pull Configuration
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PACKAGE DIMENSIONS

PDIP-18

N SUFFIX
CASE 707-02

ISSUE D

J NOTES:
1. POSITIONAL TOLERANGE OF LEADS (D), SHALL
BE WITHIN 0.25 mm (0.010) AT MAXIMUM
MATERIAL CONDITION, IN RELATION TO SEATING
1 i PLANE AND EACH OTHER.
) B P 2. DIMENSION L T0 CENTER OF LEADS WHEN
FORMED PARALLEL.
o] L I 3. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
UUUUULUVUUL 4. CONTROLLING DIMENSION: INCH.

it

[ANANANANANANANA]
18

A M INCHES | MILLIMETERS
WMIN | MAX | _MIN | MAX

=
=

A | 0875 | 0.915 | 22,02 | 23.24
CH B | 0240 | 0260 | 610 | 6.60
C | 0140 | 0.180 | 356 | 457
i D | 0014 | 0.022 | 036 | 056
L F | 0050 | 0070 | 127 | 178

N K G | 0100BSC 2.54 BSC
—T H | 0040 | 0060 | 102 ] 152
SEATING J | 0008 | 0012 | 020 [ 030
PLANE K | o115 ] 0135 | 292 | 343

L | 0.300BSC 7.62 BSC
M 0] 15°| 0°] 15°

N

0020 | 0.040 | o051 ] 1.02

http://onsemi.com
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ON Semiconductor and

are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation special, consequential or incidental damages. *“Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

NORTH AMERICA Literature Fulfillment:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email: ONlit@hibbertco.com
Fax Response Line: 303-675-2167 or 800—344-3810 Toll Free USA/Canada

N. American Technical Support: 800-282-9855 Toll Free USA/Canada

EUROPE: LDC for ON Semiconductor — European Support
German Phone: (+1) 303-308-7140 (Mon—Fri 2:30pm to 7:00pm CET)
Email: ONlit-german@hibbertco.com
French Phone: (+1) 303-308-7141 (Mon—Fri 2:00pm to 7:00pm CET)
Email: ONlit-french@hibbertco.com
English Phone: (+1) 303-308-7142 (Mon—Fri 12:00pm to 5:00pm GMT)
Email: ONlit@hibbertco.com

EUROPEAN TOLL-FREE ACCESS*: 00-800-4422-3781
*Available from Germany, France, Italy, UK, Ireland

CENTRAL/SOUTH AMERICA:
Spanish Phone: 303-308-7143 (Mon-Fri 8:00am to 5:00pm MST)
Email: ONlit-spanish@hibbertco.com
Toll-Free from Mexico: Dial 01-800-288-2872 for Access —
then Dial 866-297-9322

ASIA/PACIFIC: LDC for ON Semiconductor — Asia Support
Phone: 1-303-675-2121 (Tue—Fri 9:00am to 1:00pm, Hong Kong Time)
Toll Free from Hong Kong & Singapore:
001-800-4422-3781
Email: ONlit-asia@hibbertco.com

JAPAN: ON Semiconductor, Japan Customer Focus Center
4-32-1 Nishi-Gotanda, Shinagawa—-ku, Tokyo, Japan 141-0031
Phone: 81-3-5740-2700
Email: r14525@onsemi.com

ON Semiconductor Website: http://onsemi.com

For additional information, please contact your local
Sales Representative.
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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Quad Differential Input,
Low Power
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents about one—fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.
Short Circuited Protected Outputs
True Differential Input Stage
Single Supply Operation: 3.0 V to 32 V (LM224, LM324, LM324A)
Low Input Bias Currents: 100 nA Maximum (LM324A)

Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply

Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

LM224 )
LM324, LM2902,
Rating Symbol LM324A LM2902V | Unit
Power Supply Voltages Vde
Single Supply Vce 32 26
Split Supplies Vce, VEg +16 +13
Input Differential Voltage Vipr +32 +26 Vdc
Range (Note 1)
Input Common Mode Vicr -0.3t032 | -0.3t026 Vdc
Voltage Range
Output Short Circuit tsc Continuous
Duration
Junction Temperature Ty 150 °C
Storage Temperature Tstg —65 to +150 °C
Range
Operating Ambient Ta °C
Temperature Range
LM324, 324A 0to+70
LM2902V, NCV2902 —40 to +125

1. Split Power Supplies.

This document contains information on a new product. Specifications and information
herein are subject to change without notice.

2001

© Semiconductor Components Industries, LLC,

December, 2001 - Rev. 7

QN Seomiconduct™

http://onsemi.com
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1
SO-14
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PIN CONNECTIONS

Outi [T} i 4] Out 4
Inputs 1 {g]}-' % } Inputs 4
Vee (4] 1] Veg, Gnd
Inputs 2 {%j}*l ['@:% } Inputs 3

Out2 (7]

(8] Out3

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 9 of this data sheei.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 10 of this data sheet.
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Vgg = Gnd, Ta = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902V

Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

Input Offset Voltage Vio mV
Vee=5.0Vio30V
(26 V for LM2902, V),
Vicr=0Vto
Vee =17V,
Vo=14V,Rg=0Q
Ta=25°C = 2.0 5.0 - 2.0 3.0 - 2.0 7.0 - 2.0 7.0 - 2.0 7.0
Ta = Thigh (Note 2) = = 7.0 - - 5.0 - - 9.0 - - 10 - - 13
Ta = Tiow (Note 2) = = 7.0 - - 5.0 - - 9.0 - - 10 - - 10

Average Temperatur AV|o/AT - 7.0 - - 7.0 30 - 7.0 - - 7.0 - - 7.0 - pnvieC
Coefficient of Input
Offset Voltage

Ta = Thigh 10 Tiow
(Notes 2 and 4)

Input Offset Current llo — 3.0 30 = 5.0 30 = 5.0 50 - 5.0 50 - 5.0 50 nA
Ta= Trigh 10 Tiow -1 - | o= - 75 | - | - [ Toomf ). - J200] -] - | 2oo
(Note 2)

Average Temperature Alo/AT - 10 - - 10 300 - 10 - - 10 — - 10 = pAFC
Coefficient of Input
Offset Current

Ta = Thigh 1 Tiow
(Notes 2 and 4)

Input Bias Current s - -90 | -150 | - —45 | =100 - -90 | -250 | - -90 | -250 - -90 | -250 nA
Ta= Thigh 10 Tioy - S (1300l = A P00 e - |-500| - =, ! 500 | 3 = Fus00
(Note 2)

Input Common Mode Vicr \
Voltage Range
(Note 3)

VCC =30V
(26 V for LM2902, V)

Ta=+25°C 0 - 2o © - 28.3 0 - 28.3 0 - 243 0 - 243

TA = Thigh 10 Tiow 0 - 28 0 - 28 0 - 28 0 - 24 0 - 24
(Note 2)

Differential Input Vipr ¥ r Vec' |} = - Vee | - H ¥coWle - e | 2 Vee \%
Voltage Range

Large Signal Open AvoL VimV
Loop Voltage Gain
R =2.0kQ, 50 | 100 - 25 -} 100 - 25 | 100 = 25 | 100 - 25 100 -
Vee =15V, ¥
for Large Vo Swing
T = Thigh to Tiow 25 - - 15 = - 15 = = 15 - - 15 - -
(Note 2)

Channel Separation CsS - -120 - - | =120 - - -120 - - -120 - - -120 - dB
10 kHz < f < 20 kHz,
Input Referenced

Common Mode CMR 70 85 - 65 70 = 65 70 = 50 70 - 50 70 — dB

Rejection,
Rs < 10 kQ

Power Supply PSR 65 100 - 65 | 100 - 65 100 - 50 100 - 50 100 - dB
Rejection

2. LM224: T)oy = =25°C, Thigh = +85°C
LM324/LM324A: Ty = 0°C, Thjgh = +70°C
LM2902: T|ow =-40°C, Thi h= +105°C
LM2902V: T oy = —40°C, high = +125°C
NCV2902: Tjoy := ~40°C, Thigh = +125°C. Guaranteed by design. NCV prefix is for automotive and other applications requiring site and
change control.

3. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mole voltage range is Vg —1.7 V.

4. Guaranteed by design.

http://lonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcc =5.0V, Vgg = Gnd, T = 25°C, unless otherwise noted.)

LMm224 LM324A LM324 LM2902 LM2902V

Characteristics Symbol | Min | Typ Max | Min | Typ Max | Min | Typ Max | Min | Typ Max | Min | Typ Max Unit

Output Voltage— VoH \
High Limit
(TA= Thighto Tiow)
(Note 5)
Vee=5.0V,R. = 33 | 35 - 33| 35 - 331 435 - 3.3 3.5 - 33| 35 -
2.0kQ, Tp=25C
Vec=30V 26 - - 26 - - 26 - - 22 - - 22 - -
(26 V for LM2902, V),
R =2.0kQ
Vee=30V 27 28 - 27 28 - 27 28 - 23 24 - 23 24 -
(26 V for LM2902, V),
R =10kQ

Output Voltage — VoL - 5.0 20 - 5.0 20 - 5.0 20 - 5.0 100 - 5.0 100 mV
Low Limit,
Vee=5.0V,
RL=10kQ,

TA = Thigh to Tiow
(Note 5)

Output Source Current lo+ mA

(Vip=+1.0V,
Vee=15V)

Ta=25°C 20 40 - 20 40 - 20 40 - 20 40 - 20 40 -

TA = Trigh 10 Tiow 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -
(Note 5) |

Output Sink Current lo- mA
(Vip=-1.0V, 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -
Vec=15V)
Ta=25°C
TA = Thigh 10 Tiow 50 | 80 - 5.0 | 8.0 - 50 | 8.0 - 50 | 8.0 - 50 | 80 -
(Note 5)
Vp=-1.0V, 12 50 - 12 50 - 12 50 - - - - - - - pA
Vo =200 mV,
Ta=25°C)

Output Short Circuit Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
to Ground
(Note 6)

Power Supply Current lee mA
(Ta = Thigh to Tiow)
(Note 5)
Vee=30V = - 3.0 = 1.4 3.0 = = 3.0 - - 3.0 - - 3.0
(26 V for LM2902, V), :
Vo=0V,R == ;
Vee=5.0V, 3 2 2 | - [Nagr ™A - o2 | - . g2 - - 1.2
Vo=0V,R =w

5. LM224: T|oy = -25°C, Thigh = +85°C
LM324/LM324A: Toy = 0°C, Thigh = +70°C
LM2902: T, = -40°C, Thign = +105°C
LM2902V: Ty, = —40°C, Thjgp = +125°C
NCV2902: Tioy = —40°C, Tjgn = +125°C. Guaranteed by design. NCV prefix is for automotive and other applications requiring site and
change control.

6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vec —1.7 V.

http://lonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Circuitry
Common to Four
Output Amplifiers
[«
= R ov
- ats J cc
AR | ot
Qi3
40k
Q19
¢ p
5.0pF Q12 1
I¢
10 25 §
+0
Q18 Q20
Inputs rg i
a@, N
- 0—] Q17 Q21
r‘/—< Q6 | Q7
Q2 Q5 LI Qt
Iy K b oo
Q3 Q4 J Q26 ( j 20k
& & & St & < 0 Vge/Gnd

Figure 1. Representative Circuit Diagram
(One—Fourth of Circuit Shown)
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LM324, LM324A, LM224, LM2902, LM2902V, NCV29302

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two-stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

3.0 Vo Veemay)

Single Supply

VCC =15Vdc
RL=2.0kQ
Ta=25°C

NN NITEE NI NN

1.0 V/DIV

phaa o e by d T

L] T T rrrrrrrpreres
r
C

\

5.0 usDIV
Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

\ vy e ——J

1 = 15Vt Vcc(max)

Lo
Lo
L
L,

(

2
b
& = 15Vt VEE(max)
VEe ?___T

Split Supplies

????0000

Figure 3.

p:/lonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

20 120
" E [T ]
[as] Vcc=15V ottt
= 2z T~ Ve = Gnd
5] P z < N Ta=25°C
g M > &S g0 A H
[ / @ w
g 2 e W 8 R
e )’ G5 @
2 0 Negati / L i g \\
= egative 2z w N
= Y pasitive =8 N
2 A g 2 N
4.0 // % ; N
2.0
0 -20
0 20 40 60 80 10 12 14 16 18 20 1.0 10 100 1.0k 10k 100k 1.0M
* Vec/Veg, POWER SUPPLY VOLTAGES (V) ' f, FREQUENCY (Hz)
Figure 4. Input Voltage Range Figure 5. Open Loop Frequency
14
= T~ %
s L=20kQ 500
= 12 \ Voo =15V =
w % Ver = Gnd E Input
. w
g 10 N GixEn=400 5} fiad ’d
= \ Ri=1.0kQ £ 400 Quip Ead
o 80 R =100 kQ S / /
5 \ £ 30 /
Q2 6.0 o \
N £ w1
E 4 AN 5 250 U/ Veg=30V
< N, Vge = Gnd
g 20 | 200 |- Tp=25°C
g I o:r Cy =50 pF
1.0 10 100 1000 0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0
f, FREQUENCY (kHz) d t, TIME (us)
Figure 6. Large-Signal Frequency Response Figure 7. Small-Signal Voltage Follower
Pulse Response (Noninverting)
i P/
= 21 Tp=25°C
E RL= = = 90
£ 18 i i
L E \
& 15 & N
o B (o
=] | o« N
5] |t =1
> 1.2 o
z 2
S 09 = 80
o =2
& 06 z
e 03 £z
_8 0 - 70 "
0 5.0 10 15 © 20 25 30 35 0 2:0:°74.0"1:6:0°:8.040510 4 12 14 16 18 20
Ve, POWER SUPPLY VOLTAGE (V) Vce, POWER SUPPLY VOLTAGE (V)
Figure 8. Power Supply Current versus Figure 9. Input Bias Current versus
Power Supply Voltage Power Supply Voltage
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LM324, LM324A, LM224, LM2902, LM23902V, NCV2902

Vee
$ Vrel =1 7
—o
0
1
MC1403 &
Vier =1 Vo fo= 2RC
rel =
_l' : For: f, =1.0kHz
: R=16kQ
Vo=2.5V(1+%) C=0.01 uF

Figure 10. Voltage Reference Figure 11. Wien Bridge Oscillator

R2
Hysteresis
Von t‘_"’l
" Bt | Vo I
o——e
Vi . Yo ) g
Vinl | VinH
Vi = Thi (VoL Vel + Ve Ve

Ri
VinH = Ri+R2 (Vou = Vref) + Viet

Ri
e;=C(1+a+b)(ez-e) bk, R1 +R2 (Vow - Vou

Figure 12. High Impedance Differential Amplifier Figure 13. Comparator with Hysteresis

R
DY - <. g
' fo= 2 7RC
} " 100 k
I I —AAA ~ R1=QR 1
Vi i R G C o ﬂ Vier = E Voo
—{(—s—w——=o R R2=T
g 5 . 100k | =T
O
o 0 C1=10C
Vref % For. f, = 1.0kHz
s v Q =10
¢ J Bandpass ref
Veet Output R3 Tgp =1
Ri Ty =1
R2 &
AN— )]
o———|f——e Notch Output R =160 kQ2
= C =0.001 uF
Ri =1.6 MQ
Viet Where: Tgp = Center Frequency Gain 22 f:g mg
Ty = Passband Notch Gain 3 =1,

Figure 14. Bi-Quad Filter
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

{ :
- = Triangle Wave
Vet = 2 Yo O?Jtput [ ‘52
v 300 k
ref O
43—
o 75k o o—6—e
Square 3
] (——— 100k i Wave Vi
C Viet Output
AMA
Ry
_R1+Rc R3—R2R1
" 4CR;R1 " R2+Ri

Figure 15. Function Generator
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1
Viet =5 Vee

Figure 16. Multiple Feedback Bandpass Filter

Given: f, = center frequency

A(f) = gain at center frequency

Choose value f,, C
Q
B nf, C
- R3
T 2A()

R1R3
[iras ©
4Q%R1 - R3

Then:

R

Qo f
For less than 10% error from operational amplifier, ?ov‘vg <0.1

where f, and BW are expressed in Hz.

If source impedance varies, filter may be preceded with
voltage follower buffer to stabilize filter parameters.




LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ORDERING INFORMATION

Device Package Operating Temperature Range Shipping
LM224D SO-14 55 Units/Rail
LM224DR2 SO-14 | —25°to +85°C 2500 Tape & Reel
LM224N PDIP-14 25 Units/Rail
LM324D SO-14 55 Units/Rail
LM324DR2 SO-14 2500 Tape & Reel
LM324N PDIP-14 25 Units/Rail
LM324AD SO-14 Wie e 55 Units/Rail
LM324ADR2 SO-14 2500 Tape & Reel
LM324AN PDIP-14 25 Units/Rail
LM2902D SO-14 55 Units/Rail
LM2902DR2 SO-14 —40° to +105°C 2500 Tape & Reel
LM2902N PDIP-14 25 Units/Rail
LM2902VD SO-14 55 Units/Rail
LM2902VDR2 SO-14 2500 Tape & Reel
LM2902VN PDIP-14 oo 25 Units/Rail
NCV2902DR2 SO-14 2500 Tape & Reel

http://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646

14 14 14

LM324AN LMx24N
O AWLYYWW O AWLYYWW

VYV YWY W VYV VYYVYY
1 1

LM2902N
O AWLYYWW

LM2902VN
O AWLYYWW

SO-14
D SUFFIX
CASE 751A

14 14 14 14
AAAARARAR RAEAARARA ARAAAAAR AAAARA

LM324AD LMx24D LM2902D LM2902VD

o AWLYWW o AWLYWW o AWLYWW o AWLYWW

BEBEEEE BEEUEEEE FHEEEHEHE FHEEGEEE
1 1 1 1

X = 2o0r3

A = Assembly Location
WL = Wafer Lot

YY,Y = Year

WW, W = Work Week
*This marking diagram also applies to NCV2902.

http://lonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

PDIP-14
N SUFFIX
CASE 646-06
ISSUE M
NOTES:
JUN 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
14 8 1 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
O ‘ 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
{( TAT 7 5. ROUNDED CORNERS OPTIONAL
l INCHES MILLIMETERS
f A DIM|_ MIN | MAX | MIN | MAX
A | 0715 | 0.770 | 18.16 | 18.80
—>|Fle— L B | 0240 | 0.260 | 610 | 6.60
C | 0145 [ 0185 | 369 | 4.59
e D | 0015 | 0.021 | 038 | 053
N { 7t ) F [ o040 [oo70 | 102 ] 178
Y \_lJ_l c G | o0.1008SC 2.5 BSC
E H | 0052 [ 0095 | 132 | 2.41
S l. ' 4 [ 0008 [0.015 | 020 | 038
K | 0115 | 0435 | 292 | 3.43
SEATING =
L | 0290 | 0310 | 737 | 7.87
e -“<~ K J"‘”- M- 10°] — | 10°
—> Hre— G fe— D 14PL M N [ 0015 [0039 [ 038 | 1.01
] 0.13(0.005) | @ |
SO0-14
D SUFFIX
CASE 751A-03
ISSUE F
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
—A-} Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.

AR A AARAHA 3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
14 p 4, MAXIMUM MOLD PROTRUSION 0.15 (0.006)
“ " PER SIDE.
[-B=] p7nL /‘J\ 5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
1) 7 I@I 0.25 (0.010)@] B @J E—L PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
‘H—m—m_ﬂ—g—g MAXIMUM MATERIAL CONDITION.
MILLIMETERS | INCHES
—" G l" R X 45° —J F L— | D[ MIN | MAX | MIN | MAX
- C _-‘ l‘_ A | 855 | 875 ] 0.337 | 0.344
r 1 \ B 3.80 4.00 | 0.150 | 0.157
W : )_t C 1.35 1.75 | 0.054 | 0.068
D 0.35 0.49 | 0.014 | 0.019
{ { ~~- L J F | 040 | 1.25 | 0.016 | 0.049
?EA‘L‘E“ _.l L— D14pPL K M G 1.27BSC 0.050 BSC
J 0.19 0.25 | 0.008 | 0.009
l@] 0.25 (0.010)®|TI B @I A@I K| 010 | 025 | 0.004 | 0.009
M 0~ 72 0= 7.5
P 5.80 6.20 | 0.228 | 0.244
R 0.25 0.50 | 0.010 | 0.019

http://lonsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ON Semiconductor and '._.‘,_: are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfillment: JAPAN: ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 4-32-1 Nishi-Gotanda, Shinagawa-ku, Tokyo, Japan 141-0031
P.O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5740-2700
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com
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LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
voltage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were
designed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique
characteristic in that the input common-mode voltage range
includes ground, even though operated from a single power
supply voltage.

Application areas include limit comparators, simple analog to
digital converters; pulse, squarewave and time delay
generators; wide range VCO; MOS clock timers:
multivibrators and high voltage digital logic gates. The
LM139 series was designed to directly interface with TTL
and CMOS. When operated from both plus and minus power
supplies, they will directly interface with MOS logic— where
the low power drain of the LM339 is a distinct advantage
over standard comparators.

Features

m Wide supply voltage range

B | M139/139A Series  2t0 36 Vpe  or =110 £18 Vpe
® | M2901: 2 to 36 Vpe or £1to £18 V¢
E [ M3302: 2 to 28 Ve or £1to 14 V¢
® Very low supply current drain (0.8 mA) — independent

of supply voltage

Low input biasing current: 25 nA
Low input offset current: *5nA
Offset voltage: £3mV

Input common-mode voltage range includes GND
Differential input voltage range equal to the power
supply voltage

Low output saturation voltage: 250 mV at 4 mA
m Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

Advantages

B High precision comparators

B Reduced Vg drift over temperature

B Eliminates need for dual supplies

H Allows sensing near GND

® Compatible with all forms of logic

B Power drain suitable for battery operation

One-Shot Multivibrator with Input Lock Out

100k

— vV 100k
Tus
0

N (TS =

b 4

1/8 LM139 Vo

10M

240k

62k =

Vv

DS005706-12

© 2001 National Semiconductor Corporation
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LM139/LM239/LM339/LM2901/LM3302

Absolute Maximum Ratings (ot 10)

If Military/Aerospace specified devices are
Office/Distributors for availability and specifications.

Supply Voltage, V*
Differential Input Voltage (Note 8)
Input Voltage
Input Current (Vy<=0.3 Vp¢),
(Note 3)
Power Dissipation (Note 1)
Molded DIP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND,
(Note 2)
Storage Temperature Range
Lead Temperature
(Soldering, 10 seconds)
Operating Temperature Range
LM339/LM339A
LM239/LM239A
LM2901
LM139/LM133A
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

LM139/LM239/LM3

LM2901
36 Vpc or £18 Vg
36 Vpc

required, please contact the National

39

LM139A/LM239A/LM339A

C

-0.3 Ve to +36 Vo

50 mA

1050 mW
1190 mW
760 mW

Continuous
-65°C to +150°C

260°C
0°C to +70°C
—254CteP485C
-40°C to +85°C
-55°C to +125°C

260°C

215°C
220°C

Semiconductor

'LM3302

Sales

28 Ve o 44 Vo

28 Ve
-0.3 V. to +28

50 mA

1050 mW

Continuous
-65°C to +150

260°C

VDC

‘C

-40°C to +85°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability"” for other methods of soldering surface mount

devices.
ESD rating (1.5 kQ in series with 100 pF) 600V 600V
Electrical Characteristics
(V'=5 Vpe, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM139A LM239A, LM339A - LM139 Units
Min Typ Max | Min Typ Max | Min Typ Max
Input Offset Voltage (Note 9) 1.0%=%2 0 1,07 420 20 5.0 | mVpe
Input Bias Current lings) OF ling—y With Output in 25 ¥0Q 2 250 25 100 | nApc
Linear Range, (Note 5), V=0V
Input Offset Current Iiney~hingy Vem=0V 3.0 25 9:0:%50 50 30 25 nApc
Input Common-Mode V*=30 Vpe (LM3302, 0 Y 1] 0 V=450 0 V*-15| Vpe
Voltage Range V*=28 Vpc) (Note 6)
Supply Current R = on all Comparators, 0.8 2.0 08 20 08 2.0 mApc
Rp=e, V*=36V, 1.0 25 10 25 | mApge
(LM3302, V=28 Vp¢)
Voltage Gain R 215 kQ, V=15 Vpe 50 200 50 200 50 200 VimV
Vo= 1Vpe to 11 Ve
Large Signal Vin=TTL Logic Swing, Vrege= 300 300 300 ns
Response Time 1.4 Vpe, Vre=5 Vpe,
R =5.1 kQ
Response Time VrL=5 Vpe, R(=5.1kQ, 1.3 1.3 1.3 us
(Note 7) '

www.national.com




Electrical Characteristics (continued)

(V'=5 Vpg, Ta = 25°C, unless otherwise stated)

Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ Max | Min Typ Max | Min Typ Max
Output Sink Current Vine=1 Voc. Vins=0. 6.0 16 6.0 16 6.0 16 mApc
Vo<1.5 Vpe
Saturation Voltage Vine=1 Voc: Vine=0, 250 400 250 400 250 400 | mVpe
IsinkS4 mA
Output Leakage Vinew=1 VocVine—=0, 0.1 0.1 0.1 NApc
Current Vo=5 Vpe
Electrical Characteristics
(V*=5 Vpe, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min  Typ Max | Min Typ Max | Min Typ Max
Input Offset Voltage (Note 9) 2.0 50 2.0%, 7.0 3 20 mVpe
Input Bias Current lingsy OF liyg—y With Output in 25/ [ 250 25 250 25 500 | nApc
Linear Range, (Note 5), Vy=0V
Input Offset Current Iingoy =gy Vem=0V 5.0 50 & 50 3 100 | nApc
Input Common-Mode V*=30 Vpc (LM3302, 0 V=S|~ d v*=15| 0 V*-15| Vpe
Voltage Range V*=28 Vpc) (Note 6)
Supply Current R =% on all Comparators, 08 20 0.8 2.0 Ms\ 2.0 mApc
Ry=e=, V=36V, 120, \ 2.5 18042 5 1.0 25 | mApe
(LM3302, V*=28 Vp¢)
Voltage Gain R 215 kQ, V'=15 Vpe 50 200 25 100 2 %30 VimV
Vo=1Vpe to 11 Vpe
Large Signal Vin=TTL Logic Swing, Vree= 300 300 300 ns
Response Time 1.4 Voe, VrL=5 Vo,
R =5.1kQ,
Response Time V=5 Vpe, R=5.1 KQ, 1.3 13 1.3 Us
(Note 7)
Output Sink Current Vine=1 Voe, Vinn =0, 6.0 16 6.0-) 16 6.0 16 mApc
Vos1.5 Vpe
Saturation Voltage Vino=1 Voe: Vinn=0, 250 400 250 400 250 500 | mVpg
lginkS$4 MA
Output Leakage Viney=1 VoeVine =0, 0.1 0.1 0.1 nApc
Current Vo=5 Vpe
Electrical Characteristics
(V* = 5.0 Vpe, (Note 4))
Parameter Conditions LNIEaA Iih,c'%%%’:: e Units
Min Typ Max |Min Typ Max |Min Typ Max
Input Offset Voltage (Note 9) 4.0 4.0 9.0 |mVpe
Input Offset Current Iingsy~hingy Vem=0V 100 150 100 | nApc
Input Bias Current lingsy OF ling—y With Outputin 300 400 300 | nApc
Linear Range, Veu=0V (Note 5)
Input Common-Mode V*=30 Vpe (LM3302, 0 V=20 0 V*-20]| 0 V*'-2.0 | Vpe
Voltage Range V*=28 Vpe) (Note 6)
Saturation Voltage Vine==1 Voe. Vinn=0, 700 700 700 |mVpe
: Isinks4 MA

www.national.com
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LM139/LM239/LM339/LM2901/LM3302

(V' = 5.0 Vpe, (Note 4))

Electrical Characteristics (continued)

Parameter Conditions Lhi304 I[%%%%’Z’ L1339 Units
Min Typ Max |[Min Typ Max [Min Typ Max
Output Leakage Current Vinw=1Voe: Vine—=0, 1.0 1.0 1.0 | HAc
Vo=30 Vpe, (LM3302,
V=28 Vpc)
Differential Input Voltage Keep all V;'s20 Vpe (or V7, 36 36 36 Voe
if used), (Note 8)
Electrical Characteristics
(V* = 5.0 Vp, (Note 4))
Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min Typ Max [ Min Typ Max | Min Typ Max
Input Offset Voltage (Note 9) 9.0 9 15 40 mVpe
Input Offset Current v ~Iiney: Vem=0V 150 50 200 300 | nApc
Input Bias Current lingsy OF ling With Output in 400 200 500 1000 | NAgc
Linear Range, V¢=0V (Note
5)
Input Common-Mode V*=30 Vpe (LM3302, V*=28 V=20 V*-20§ O V*-2.0| Vpc
Voc)
Voltage Range (Note 6)
Saturation Voltage Viney=1 Voe, Vinn=0, 700 400 700 700 | mVpe
Isinks4 mA
Output Leakage Current | Viny=1Vpe, Vine =0, 1.0 1.0 1.0 HAsc
V=30 Vpe, (LM3302, V=28
Voc)
Differential Input Voltage | Keep all V,/'s20 Vpe (or V7, 36 36 28 Voe
if used), (Note 8)

Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125'C maximum junction temperature and a
thermal resistance of 95'C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated
based on a 150'C maximum junction temperature. The low bias dissipation and the “ON-OFF" characteristic of the outputs keeps the chip dissipation very small
(Pp<100 mW), provided the output transistors are allowed to saturate.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 20 mA independent of the magnitude of V*.

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action
on the IC chip. This transistor action can cause the output voltages of the comparators to go to the V* voltage level (or to ground for a large overdrive) for the time
duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns
to a value greater than 0.3 Vpg (at 25°)C.

Note 4: These specifications are limited to =55'C<Tp<+125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to
-25'C<Tp<+85°C, the LM339/LM339A temperature specifications are limited to 0°'C<Ta<+70'C, and the LM2901, LM3302 temperature range is ~40°C<T4<+85°C.
Note 5: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading change exists on the reference or input lines.

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode
voltage range is V¥ —1.5V at 25°C, but either or both inputs can go to +30 Vp¢ without damage (25V for LM3302), independent of the magnitude of AR

Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance
characteristics section.

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the
comparator will provide a proper output state. The low input voltage state must not be less than -0.3 Vpc (or 0.3 Vpcbelow the magnitude of the negative power
supply, if used) (at 25°C).

Note 9: At output switch point, Vo=1.4 Vpc, Rs=02 with V' from 5 Vg to 30 Vpc; and over the full input common-mode range (0 Vpg to V' =1.5 Vpg), at 25°C.
For LM3302, V* from 5 Vpc to 28 Vpc.

Note 10: Refer to RETS139AX for LM139A military specifications and to RETS139X for LM 139 military specifications.
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Typical Performance Characteristics Lm139/1.M239/1.M339, LM139A/LM239A/LM339A, LM3302

Supply Current

10
Tp = -55°C —
0.8 L:l —o"‘c 3
STy =
£ =
=
i 2] Ta =+25°C
g -
3 » = Ta =+10°C
ell i
S T =+125°C
2.n2
R ==
0 |
0 10 20 30 a0

SUPPLY VOLTAGE (Vpc)
DS005706-34

Response Time for Various
Input Overdrives —Negative
Transition

Input Current

80 e e
Viniewm =0Voc |
‘g Rincm = 1092
< 0
= T, = -55°C
= T
= 40 [FTa=0C
3 el 3
- 5. %
> X
a. ~ g—
= | - -
1 20 [T, -+125%C To=+25°C
= i i i Ta = +70°C —]
0 10 20 30 40

v — SUPPLY VOLTAGE (Vpc)

Transition
w % [T T somy- iNpUT OVERDRIVE e N
5.0 ot £ B
2 : [ A g 50
o35 40 rumv 5= - 40 [ [
5= a— b8
5 2 0 ,f-—\r_-— v u-'w — 2 __>; i \l § mVI
o -
= 2.0 - =7 = B I I ’
Shine BT mv| g Y 1 B
| ‘ 1 3 10 20m Al
VM ) ]
g 2 - ui g - o
(=) [] ‘é Z N
s & 50 =3 100 o
2oz SE s fH-Ta-250— 4
5> .00 Ta = 25°C— >z i
a s Q o
z 2
= >l 2 [—==C 1l d
o § oil) 109 /& [ 20 =
0 05 10 15 20
TIME (usec)
DS005706-37 TIME (usec)
DS005705-38
Typical Performance Characteristics Lm2901
Supply Current Input Current Output Saturation Voltage
80 T 10
12 | P . S
: e Ta=-40°C— = TA-l-M!C 8
2 ~ = &0 o
€ n >y = | e
b Ta=0°C
£ 10 AT e £ Ta-0C s ! J
E ] Tas 425"0/’ g 40 jL S :A j:;:ﬂf /
= I g } g v S /4
> a8 // £ T =+25°C > / ¢
o > . o<
E Ta=+15°C 2 = T, =0°C
2 A L z 2 Ta = +85°C Eoom /7 T: - a0°c—
0.6 ] 2z | &
i = o
1 | E / ‘
0
0 10 20 30 a0 0 10 2 30 W® o.omu i , - -
V', SUPPLY VOLTAGE (Vpc) V', SUPPLY VOLTAGE (Vocl

DS005706-39

DS005706-35

Output Saturation Voltage
==l I
s ouT o ”
2 SATURATION | ”
g 10
2 7
> Ta = H125°C
g n i 7/ ¢ 2
E VAN
= /4B
5 oo /’7 ——
¢ /% MGl
>

son 2 Lk
001 01 1.0 10 100

Response Time for Various
Input Overdrives —Positive

lo — OUTFUT SINK CURRENT (mA)
DS005705-35

DS005708-40

lo, OUTPUT SINK CURRENT (mA)
DS005705-41
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Typical Performance Characteristics wm2901 (Continued)

Response Time for Various

n Response Time for Various
Input Overdrives —Negative

Input Overdrives-Positive
Transition

LM139/LM239/LM339/LM2901/LM3302

Transition

i 5.0 l 5.0 mV = INPUT OVERDRIVE

E 50 g A A IEIEs

gs 40 F20mV |

5>° J.ll NN g Va u-"“——'

S =

m

T ( =

,6; 0 .
X r

=3 0

—E

g z -50

5 T =25°C—

2

g I TS|

0 0.5 10 1.5 2.0

TIME (usec)
DS005706-42

Application Hints

The LM139 series are high gain, wide bandwidth devices
which, like most comparators, can easily oscillate if the
output lead is inadvertently allowed to capacitively couple to
the inputs via stray capacitance. This shows up only during
the output voltage transition intervals as the comparator
changes states. Power supply bypassing is not required to
solve this problem. Standard PC board layout is helpful as it
reduces stray input-output coupling. Reducing this input
resistors to < 10 kQ reduces the feedback signal levels and
finally, adding even a small amount (1 to 10 mV) of positive
feedback (hysteresis) causes such a rapid transition that
oscillations due to stray feedback are not possible. Simply
socketing the IC and attaching resistors to the pins will cause
input-output oscillations during the small transition intervals
unless hysteresis is used. If the input signal is a pulse
waveform, with relatively fast rise and fall times, hysteresis is
not required.

All pins of any unused comparators should be tied to the
negative supply.

The bias network of the LM139 series establishes a drain
current which is independent of the magnitude of the power
supply voltage over the range of from 2 V¢ to 30 Vpc.

It is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications (v* =50 vpc)

Basic Comparator

DS005706-3

Driving CMOS

u :: < INPUT OVERDRIVE = 100 mV

S w L]

o R 1 .

§> 20 ]l l, /

g “D Zumv l '\'i o

ui 0 / o s

g; 100 - g

SE s {-T.-25°c— 1

i EEEEREEEE

= |

B 0 05 R is 20
TIME (usec)

DS005708-43

The differential input voltage may be larger than V* without
damaging the device. Protection should be provided to
prevent the input voltages from going negative more than
-0.3 Vpc (at 25°C). An input clamp diode can be used as
shown in the applications section.

The output of the LM139 series is the uncommitted collector
of a grounded-emitter NPN output transistor. Many collectors
can be tied together to provide an output OR’ing function. An
output pull-up resistor can be connected to any available
power supply voltage within the permitted supply voltage
range and there is no restriction on this voltage due to the
magnitude of the voltage which is applied to the V* terminal
of the LM139A package. The output can also be used as a
simple SPST switch to ground (when a pull-up resistor is not
used). The amount of current which the output device can
sink is limited by the drive available (which is independent of
V*) and the B of this device. When the maximum current limit
is reached (approximately 16 mA), the output transistor will
come out of saturation and the-output voltage will rise very
rapidly. The output saturation voltage is limited by the
approximately 60Q Rgar Of the output transistor. The low
offset voltage of the output transistor (1 mV) allows the
output to clamp essentially to ground level for small load
currents. .

Driving TTL

+5 Voc

DS005706-4

www.national.com

DS005706-5




Typical Applications (v = 50 v,.) (Continued)

AND Gate
v
39k Ik
+0.375 T
100k 1K
A 1/4 LM139 [ A
100k —
8 + 8
100k
c 1k f=A-B-C c
e =
0 = g
..uu “]“ 0 ,,u,. .,l..
DS005706-8

Typical Applications (v= 15V,

One-Shot Multivibrator

.

1/4 LM139

0.001 ;+F

1N914

Bi-Stable Multivibrator

:

OR Gate
o
200k Ik
+0.075V —
100k m
1/4 LM133 f
100k -
+
100k 16 f= A+B+C
DS005706-9
10k
¥.AR g V‘
tms —frw}—
[1}
1 1
Vu 0 iy

DS005708-10

S
Pl
0

DS005706- 11
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LM139/LM239/LM339/LM2901/LM3302

Typical Applications (v'= 15 vyc) (Continued)

One-Shot Multivibrator with Input Lock Out

100k

Vin

— +V
' ' 100k 1/4 LM138
1
0

560k % 15k

<
—y v'
wuf =

b 4
1/ LM139 Vo
+
10M
iR
240k
B2k =
ANV

D5005706-12

* FOR LARGE RATIOS OF R1/R2,
D1 CAN BE OMITTED.

DsS005706-17
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Typical Applications (v'= 15 v, (Continued)

Large Fan-In AND Gate

v#

100k

A\ 4

10k

100k

1/4LM139 Vour

¥ e 01 —

Vour = AB: G D

|
ALL OIDDES
IN914

DS005706-13

ORing the Outputs

1/4 LM139

1/8 LM139

O— -

1/4 LM139

1/4 LM139

DS005708-15
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LM139/LM239/LM339/LM2901/LM3302

Typical Applications (v'= 15 v,g) (Continued)

N

Time Delay Generator

10k

10k

+Vin O

INPUT GATING SIGNAL

Non-Inverting Comparator with Hysteresis
v

+Veer O

Vin

DS005705-18

DS005706- 14

Inverting Comparator with Hysteresis

v

DS005706-18
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Typical Applications (v'= 15 v,) (Continued)

Squarewave Oscillator

vt

f = 100 kHz

DS005708-18

Limit Comparator
V(12 Vo

2R
*Vaee ii O——AAA—

1/4 LM139 S

*Vin

14 LM129 2N2222

2Rs
*Vaer cow O=——AAA T

DS005706-24

Basic Comparator

v

DS005706-21

Comparing Input Voltages
of Opposite Polarity

- |
100k 2N2222

Vi,

-Ving

1/4 LM123 Vo

DS005708-20
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LM139/LM239/LM339/LM2901/LM3302

Typical Applications (v'= 15 v,) (Continued)

Output Strobing
v

DS005708-22

* Or open-collector logic gate without pull-up resistor

0.1uF

Crystal Controlled Oscillator

Ve

200k
<

-

2.0k

:

200k

CRYSTAL
=100 kHz

DS005708-25
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LM139/LM239/LM339/LM2901/LM3302

Typical Applications (v'= 15 vpc) (Continued)

£2-80£500S0

ANLE

+

ZHY 0045%5ZH 00L
9AA 0g+59ASP0Nw 052
O0A 0E+=4A

BELWT ¥/1

U A =

Z21ndLno

L1ndin0o O

i i

A0°C

GELWT v/

A0

105

LNdNI
39V110A
T0H1INOD
AIN3IND3IHY
U>0

1001

09A Aauanbau4-ybiH spedag-omy
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LM139/LM239/LM339/LM2901/LM3302

Typical Applications (v'= 15 v,) (Continued)

v

10k % 1.0k

1/4 LM139

MAGNETIC Vo
PICKUP

10k

Split-Supply Applications  (v*=+15 V¢ and V-=-15 Vpc)

MOS Clock Driver

.

\'
2k 3.9k %

1/4 LM139

v

NN

Transducer Amplifier Zero Crossing Detector (Single Power Supply)

DS005706-30

=

1/4 LM139

_*_ 12

MH0025

-0 va

%8

DS005708-31
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Split-Supply Applications (v*=+15 v, and V-=-15 Vp¢) (Continued)

Zero Crossing Detector : Comparator With a Negative
v Reference

v

DS005708-32

DS005707-33

Schematic Diagram

3.5uA GD 100uA

+INPUT
OUTPUT
4 08
—INPUT O- t
41/

DS005708-1
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LM139/LM239/LM339/LM2901/LM3302

Connection Diagrams

Dual-In-Line Package
OUTPUT 3 OUTPUT4  GND  INPUT 4+ INPUT4- INPUT 3¢  INPUT3-

L 13 In 1 10 9 8

=
]

1 2 3 4 5 6 7

DUTPUT'Z OUTPUT1 v INPUT 1- INPUT 1+ INPUT 2- INPUT 2¢

TOP VIEW
DS005706-2
Order Number LM139J, LM139J/883 (Note 11), LM139AJ,
LM139AJ/883 (Note 12), LM239J, LM239AJ, LM339J
See NS Package Number J14A
Order Number LM339AM, LM339AMX, LM339M, LM339MX or LM2901M
See NS Package Number M14A
Order Number LM339N, LM339AN, LM2901N or LM3302N
See NS Package Number N14A

Note 11: Available per JM38510/11201
Note 12: Available per SMD# 5962-8873901
Note 13: See STD Mil Dwg 5962R96738 for Radiation Tolerant Device

outPur2 ———] e - outeuT 3
OUTPUT 1 r:_:.—i_ %:I OUTPUT 4
L W W ———1GND
WPUT1- ] LM139W ) \\puras
INPUT 1+ I:é' 10:"l INPUT 4-
INPUT 2- |:: ::1 INPUT 3+
INPUT 2+ 1} [ &9 INPUT 35

DS005706-27

Order Number LM139AW/883 or LM139W/883 (Note 11)

See NS Package Number W14B,
LM133AWGRQMLV (Note 13)
See NS Package Number WG14A

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted

0.785
| (19.939)
MAX
s [ia] (] (2] [r1] [io] [o] [e]
‘"'gfg 0.220-0.310
(5.588-7.874)
DT I h
0.290-0.320 0.005 0.200
(7.366-8.128) (U-&ZIL) GLASS 0.060 +0.005 (5.080)
ek b SIS
SEA*LANT {1,524 0.127) MAX' 4 020-0.060
0.180 | | ! — (0.508-1.524)
(4.572) E-w—'
f 95° +5° seoa TYP M i
| -10° MAX 0.008-0.012 "lh !
0.310-0410 (0-203-0.305) 0.018 +0.003 *H_‘ Py T
(7.874-1041) 0.098 | R (o e SRECTSRS
T (0.457 +0.076) [3.175-5.080)
MAX BOTH ENDS N 0.100 £0.010 0.150
(2.540 £0.254) @an
MIN J14A (REV.G)
Ceramic Dual-In-Line Package (J)
Order Number LM139J, LM139J/883, LM139AJ,
LM139AJ/883, LM239J, LM239AJ, LM339J
NS Package Number J14A
| 0.335-0.344
{8.509—8.728)
’14 1fJeoree vie A 9 8
1> \MT A-R=0-A-0
0.228-0.284 5
5.7191-6.198) | o ﬁgp\
| i 4
(Y i ud _//'\\
whono. 1. b —f
Went Y UUUHUUU/ * Y
1 2 3 4 5 6 7 +
D.010 4y
(0.254)
0.150-0.157 e
(3.810-3.988)
0.010-0.020 . _0.053-0.069
02540508 < 7| [ (1.346-1.753)
8° MAX TYP 0.004—0.010
ALL LEADS 7 \ (0.102-0.254)
L
' I SEATING ] i Y
\ PLANE T } | T
0.008—0.010 T LA s ‘ | ) 0.014-0.020
(0.203-0.254) iy 0.016-0.050 D30 i >~ {356 0.508) i
TYP ALL LEADS 0.004 (0.406 -1.270) TYP 1*_ 0.008
0102 TYP ALL LEADS = 0203 "

ALL LEAD TIPS

S.0. Package (M)

MU34 HEV 1

Order Number LM339AM, LM339AMX, LM339M, LM339MX, LM2901M or LM2901MX

NS Package Number M14A
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LM139/LM239/LM339/LM2901/LM3302

Physical Dimensions inches (millimeters) unless otherwise

noted (Continued)

‘1 0.740-0.770
(18.80 —19.56)
0.090
= 12.285)
_[70 (%] [@] [ (1] [51 [F it
AREA
@ 0.250+0.010
! (6.350 £0.254)
PIN NO. 1 d/—'o : /—-—— PINNO.1 __ T
IDENT DI 2] BT[] li/l« 6] 2 1DENT
0.082 A 0.030 MAX
(2.337) (0.762) DEPTH
OPTION 1 OPTION 02
0.135 £ 0.005 0.300-0.320
{3428 0.127) [7.620-86.128)
0.145 -0.200 0.060 v
{3.603—5.080) _" | ~ sz -~ \\ |‘\:)PI'I;:AL
. () k|
v | B
1 | !
0.020 y 90°£4¢ TYP
{0.508) T e
MK 0.125 —0.150 I\ K<
(3.175-3.810) L ‘—[:%_gg;; 0.280
= le—{T12)—>|
Aot — = I SR ST i
1 . Bl Fos (2.540£0.254) - -
e M Py oass o
ex +1.016)
(3255 1 o0)
Molded Dual-In-Line Package (N)
Order Number LM339N, LM339AN, LM2901N or LM3302N
NS Package Number N14A
-~ e oae ~— 0.385 MAX—>
0.045 =
— I 0.050 £ 0.005 -’1 r<— 0.005 MIN TYP
0.026
vp TYP i
141 8 T
! ! 0.370
| 0.250
B 0.280 MAX ) 0.260
H GLASS 0.235
] i}
_/:
DETAIL A 0.370
! 0.250
PIN #1
IDENT |17 l
0.006 || 0.018 ryp || <~ 0.045 MAX
0.004 0.015
TYP i

NS Package Number W14B

_ 0.008-0.016 0
{0.203-0.405)

N14ApILY ¢

J 0.012

0.008

DETAIL A

Order Number LM139AW/883, LM139W/883, LM139AWG/883 or LM139WG/883

W148 (REV J)
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.Notes

LIFE SUPPORT POLICY

1. Life support devices or systems are devices or 2
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to resultin a
significant injury to the user.

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor National Semiconductor

Corporation Europe

Americas Fax. +49 (0) 180-530 85 86
Tel: 1-800-272-9959 Email: europe.support@nsc.com
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 8508 6208
Email: support@nsc.com English Tel: +44 (0) 870 24 0 2171

www.national.com Frangais Tel: +33(0) 141918790

National Semiconductor National Semiconductor
Asia Pacific Customer Japan Ltd.

Response Group Tel: 81-3-5639-7560

Tel: 65-2544466 Fax: 81-3-5639-7507

Fax: 65-2504466
Email: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications
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Data Sheet

15A, 200V Ultrafast Dual Diodes

The MUR3020PT and RURH1520CC are ultrafast dual
diodes (t;r < 30ns) with soft recovery characteristics. They
have a low forward voltage drop and are of planar, silicon
nitride passivated, ion-implanted, epitaxial construction.

These devices are intended for use as energy steering/
clamping diodes and rectifiers in a variety of switching power
supplies and other power switching applications. Their low
stored charge and ultrafast recovery with soft recovery
characteristics minimizes ringing and electrical noise in
many power switching circuits thus reducing power loss in
the switching transistor.

Formerly developmental type TA09926.

Ordering Information

PART NUMBER PACKAGE BRAND
MUR3020PT TO-218AC MUR3020PT
RURH1520CC TO-218AC RURH1520C

NOTE: When ordering, use the entire part number.

Symbol

Aq A2

MUR3020PT, RURH1520CC

File Number 2775.5

January 2000

Features

» Ultrafast with Soft Recovery. .................. <30ns
« Operating Temperature . ..................... 175°C
o ReverseVollage...... . covawasmw o s ms yams s s 35 50s 200V

» Avalanche Energy Rated

= Planar Construction

Applications
= Switching Power Supply
 Power Switching Circuits

= General Purpose

Packaging
JEDEC TO-218AC
ANODE1
CATHODE
ANODE2
CATHODE

(FLANGE)

Absolute Maximum Ratings (PerLeg) T¢ =25°C

Peak Repetitive ReverseVoltage. ... .. ..o i viin ...
Working Peak Reverse Voltage .............c.ciiniiiniienn,
DC BlockingVoltage ...........couviinvnne i, 8 M

Average Rectified Forward Current .. ...,

(Tc = 157°C)

Repetitive Peak Surge Current ........ .. ..ol

(Square Wave 20kHz)

Nonrepetitive Peak Surge Current .. ... ...

(Halfwave 1 Phase 60Hz)

Maximum Power Dissipation .. ........ ... i
Avalanche Energy (See Figures 7and8) ............coovnninnnnn

Operating and Storage Temperature . ............ciiieeneeenn.

MUR3020PT, RUR1520CC UNITS

.................. VRRM 200 \
.................. VRwM 200 \
..................... VR 200 \Y
.................. IFav) 15 A
................... lERM 30 A
............. seeoo- lFsM 200 A
..................... Pp 100 W
................... EavL 20 mJ
................ Tste Ty -551t0 175 °G

©2001 Fairchild Semiconductor Corporation

MUR3020PT. RURH1520CC Rev. A



MUR3020PT, RURH1520CC

Electrical Specifications

(PerLeg) Tg =25°C, Unless Otherwise Specified

SYMBOL TEST CONDITION MIN TYP MAX UNITS
VE IF = 15A - 1.05 v
IF = 15A, Tg = 150°C - 0.85 v
IR VR = 200V - - 100 pA
VR = 200V, Tg = 150°C - 500 PA
ter If = 1A, dIg/dt = 100A/ps 7 5 30 ns
IF = 15A, dIg/dt = 100A/us - - 35 ns
ta IF = 15A, dIg/dt = 100A/jus 20 - ns
th If = 15A, dIg/dt = 100A/js - 10 ns
ReJc - 1.5 °cw
DEFINITIONS

VE = Instantaneous forward voltage (pw = 300ps, D =2%).

IR = Instantaneous reverse current.

t;r = Reverse recovery time at dIg/dt = 100A/us (See Figure 6), summation of tz + tp.

t, = Time to reach peak reverse current at dig/dt = 100A/us (See Figure 6).

tp = Time from peak Iy to projected zero crossing of Igy based on a straight line from peak Igp through 25% of Igpm (See Figure 6).

RgJc = Thermal resistance junction to case.

pw = pulse width.
D = duty cycle.

Typical Performance Curves

100
2z ‘I‘
Z2 7

= ol L

= .4

g / L

&

a 175°C

O 19 f—f

o 7 4

o« y 4 7

; A ll — 100°C

T VAV, W/

2 [ h N/ i

; 25°C

£ [ N

0 0.2 0.4 0.6 0.8 1.0 1.2

Vg, FORWARD VOLTAGE (V)

FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE

400 : . ) .
I 1 | 1 1
“’0%
< : t 175°C t |
3 I 1 | 1 X |
= ‘°%
£ /St : i i =
2 e
© 100°C
w | s T T =
(7} [ 1 T 1 TR |
@ 0'1%
>
w | semere T T T sao |
oc | e 1 | Il ]
& 0.01
et S g |
72:_ 25°C
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MUR3020PT, RURH1520CC

Typical Performance Curves
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Test Circuits and Waveforms
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FIGURE 5. t,, TEST CIRCUIT

I=1A

L = 40mH

R<0.1Q

EavL = 1/2LI2 [VR(avL)/(VR(avL) - VDD)]
Qq =IGBT (BV¢gs > DUTVR(avL))

FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST ® PACMAN™ SuperSOT™-3
Bottomless™ FASTr™ pOpP™ SuperSOT™-6
CoolFET™ GlobalOptoisolator™ PowerTrench & SuperSOT™-8
CROSSVOLT™ GTO™ QFET™ SyncFET™
DenseTrench™ HiSeC™ QSs™ TinyLogic™
DOME™ ISOPLANAR™ QT Optoelectronics™ UHC™
EcoSPARK™ LittleFET ™ Quiet Series™ UltraFET™
E2CMOS™ MicroFET™ SILENT SWITCHER & VCX™
EnSigna™ MICROWIRE ™ SMART START™

FACT™ OPTOLOGIC™ Star* Power™

FACT Quiet Series™ OPTOPLANAR™ Stealth™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUMEANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or
In Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. H
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15A, 400V - 600V Ultrafast Dual Diodes

MUR3040PT, MUR3050PT, MUR3060PT and RURH1540CC,
RURH1550CC, RURH1560CC are ultrafast dual diodes
(trr < 55ns) with soft recovery characteristics. They have a low
forward voltage drop and are of planar, silicon nitride passivated,
ion-implanted, epitaxial constructiodn.

These devices are intended for use as energy steering/clamping
diodes and rectifiers in a variety of switching power supplies and
other power switching applications. Their low stored charge and
ultrafast recovery with soft recovery characteristics minimizes
ringing and electrical noise in many power switching circuits thus
reducing power loss in the switching transistor.

Ordering Information

MUR3040PT, RURH1540CC, MUR3050PT,
RURH1550CC, MUR3060PT, RURH1560CC

Features

« Ultrafast with Soft Recovery Characteristic
(trr < 55ns)

* +175°C Rated Junction Temperature
» Reverse Voltage Up to 600V
» Avalanche Energy Rated

Applications
» Switching Power Supply
« Power Switching Circuits

¢ General Purpose

Package
PACKAGING AVAILABILITY
JEDEC TO-218AC

PART NUMBER PACKAGE BRAND ANODE1

MUR3040PT TO-218AC MUR3040PT CATHODE
ANODE2
RURH1540CC TO-218AC RURH1540C FFATHOBR ,
(FLANGE)
MUR3050PT TO-218AC MUR3050PT
RURH1550CC TO-218AC RURH1550C \
MUR3060PT TO-218AC MURS3060PT
RURH1560CC TO-218AC RURH1560C
NOTE: When ordering, use the entire part number.
Symbol
K
A1 A2
Absolute Maximum Ratings T¢ = +25°C, Unless Otherwise Specified
MUR3040PT MUR3050PT MUR3060PT
RURH1540CC RURH1550CC RURH1560CC

Peak Repetitive Reverse Voltage. . ... .......... ... iiamee. .. VRRM 400V 500V 600V

Working Peak Reverse Voltage . . . ...t VRwWM 400V 500V 600V

DC Blocking Voltage.... ..« v v vveiee i v vmmnie wvenn i is v tien s s VR 400V 500V 600V

Average Rectified Forward Current . ... ........ ... IF(Av) 15A 15A 15A

(Total device forward current at rated Vg and Tg = +150°C)
Peak Forward Repetitive Current. . ........ ... oot IFRM 42 42 30A
(Rated VR, square wave 20kHz)
Nonrepetitive Peak Surge Current. ... ... ...t IFsm 200A 200A 200A

(Surge applied at rated load condition halfwave 1phase 60Hz)
Operating and Storage Temperature

-550C to +175°C  -55°C to +175°C

CAUTION: These devi

ces are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
http://www.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



MUR3040PT, RURH1540CC, MUR3050PT, RURH1550CC, MUR3060PT, RURH1560CC

Electrical Specifications T¢ = +25°C, Unless Otherwise Specified

LIMITS
TEST MUR3040PT, RURH1540CC | MUR3050PT, RURH1550CC | MUR3060PT, RURH1560CC
SYMBOL CONDITION MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
Vi IF = 15A < 2 1.12 i 2 1.20 i 2 1.20 Y
Tg = +150°C
IF = 15A z - 125 - = 1.50 2 - 150 Y
TC = +2500
IR at Vg = 400V : z 500 - - - - 5 : A
Tc=+150°C  [Vg = 500V : z - 2 2 500 X X - A
VR = 600V 2 z : . B - - - 500 LA
IR at VR = 400V - : 100 i E Z g : : LA
Tc=+25°C  [Vg =500V : : E B R 100 2 B z LA
VR = 600V - z E 2 = z 2 2 100 A
tRR IF=1A - - 55 - - 55 - - 55 ns
IF = 15A B 3 60 " 3 60 < - 60 ns
tA IF= 1A : 20 : - 20 2 2 20 = ns
IF = 15A : 30 A 1 30 2 2 30 - ns
g IF= 1A 4 15 3 ] 15 B § 15 x ns
IF = 15A Z 17 - 2 17 . 2 20 2 ns
Reyc z - 15 3 ; 15 s E 15 OCIW
EAVL see Fig. 7,8 e & 20 r e 20 = - 20 mj
DEFINITIONS

VF = Instantaneous forward voltage (pw = 300us, D = 2%).
IR = Instantaneous reverse current. ;
tRR = Reverse recovery time at dig/dt = 100A/us (See Figure 2), summation of ta + tg.
ta = Time to reach peak reverse current at dig/dt = 100A/us (See Figure 2).
tg = Time from peak Ixp to projected zero crossing of Iy based on a straight line from peak Igp through 25% of Igp (See Figure 2).
Rgyc = Thermal resistance junction to case.
EayL = Controlled avalanche energy (See Figures 7 and 8).
pw = pulse width.
D = duty cycle.

V4 AMPLITUDE CONTROLS I
V2 AMPLITUDE CONTROLS dIg/dt
L =SELF INDUCTANCE OF Ry 1

t 2 Stamax)

tp>
+LLoor t§>:JRR
+Vy ElstA(MIN)
: s Z o L 7
dt | r g
i ¢ ¢
|t g = Y4 el e
sl 1
EASIEERI
LA
I i
I (=11 = t3
e T
: ' I )
.V2 VR

VRM (REC)- — — — -

FIGURE 1. tgg TEST CIRCUIT FIGURE 2. DEFINITIONS OF tgg, ta AND tg

All Intersil semiconductor products are manufactured, assembled and tested under 1ISO9000 quality systems certification.

Intersil semiconductor procucts are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice. Accorcingly, the reader is cautioned to verify that cata sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is grantec by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site http://lwww.intersil.com

2 intersil




MUR3040PT, RURH1540CC, MUR3050PT, RURH1550CC, MUR3060FT, RURH1560CC

Typical Performance Curves
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FIGURE 5. TYPICAL tRR, ta AND tg CURVES vs FORWARD
CURRENT
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT
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