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SWITCHING POWER SUPPLY FOR PLASMA ARC

Natthawut Chugchun

Noppdon Buathong

Somsak  Cheesirikul Advisor
2005

ABSTRACT

This paper presents the design and test report for high current switching power supply.
Tnitial , the rectifier and filter circuit change the alternating current 220 Volts 50 Hzline to
Direct current to direct current 311 Volts. Subsequent , the direct current will change to high
Frequency puises (about 20-200 KHz) by power mosfet transistor which inside are half-bridge
Converter circuit and contro! switching characteristic by SG 3526. 1t can variable frcquency
and pulse width. Finally, high current switching power supply has output 65 Volts and 50 Amp

High current switching this application for plasma arc
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Output Power

300 W

Efficiency

65% at full load

Input Voltage

94— 132 V,., (norminal 115V,.}

187 - 264 V, . (norminal 220V,.)

Output Voltage and Current

+ 5V 6A(min) 30 A (max)

+12V 0A(mim) 6 A(max)

12V 0A(min) 6 A(max)
Line Regulation at 50% load + 5V 05%
- 12V 0.5%

Load Regulation

+ 5V, +12V, - 12V

Ripple and Noise

+ 5V 50mVpp max
+ 12V 120 mVpp max

- 12V 120 mVp-p max

Hold up Time at low line full load

+ 5V  50ms. max

RFI/EMI

Meet FCC part 15] class B VDE 0875

Transient response

< 200 mV ripple at 50% load change

< 400 ps recovery time

Isolation

Input to ground 2 KV rms.

Qurput to ground 500 V rms.

Switching Frequency

100 KHz
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2.5.2 193 luInuanURueINASIE (Current Mode Control)
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m5197 4.1 ugaad g fiaunsadald inwd 25 KHz

] Load Vin Iin Pin Yout Io Po T]

Q™M @w | m| ™| @ W
2k 310 0.009 2.79 63 0.0325 2.11 75.6
1k 310 0.018 5.58 65 0.065 4.23 75.8
500 310 0.036 11.16 65 0.13 8.45 75.7
200 310 0.09 248 64.5 0.324 21.00 84.7
100 310 0.18 55.8 64.6 0.646 41.73 74.8
70 310 0.257 79.67 64.4 0,92 59.25 744
50 310 0.36 111.6 64.2 1.284 82.43 74.0
25 310 0.70 217 63.6 2.544 161.80 74.6
20 310 0.88 272.8 63.6 3.10 197.16 23
16 310 1.05 325.5 634 3.963 234.14 72.0
14 310 1.34 390.6 634 | 453 287.20 73.5
12 310 1.53 474.3 634 5.283 334.94 70.6
10 310 1.76 545.6 63.2 632 399.42 73.2
5 310 3.08 945.5 56.4 11.28 636.20 67.28

3 310 3.56 1103.6 42.6 14.2 604,92 54.81
2.5 310 4.06 1258.6 37 14.8 547.6 43.5
1 310 6.2 1922 20 20 400 20.81
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M7 4.2 naneAdegnannsodale finud 22 Kz

Load Vin Iin Pin Yout Io Po 1‘|
Q| m !l @w! ™M vm@ ] w | ®
2k 310 0.0089 2.76 63 0.0325 2.11 76.4
200 310 0.089 27.66 65 0.325 21.13 76.4
100 310 0.177 55.01 65 0.65 4225 76.8
70 310 0.247 76.64 64.9 0.927 60.16 78.5
50 310 0.336 104.06 64.8 1.296 83.98 80.7
32 310 0519 160,91 64.7 2.022 130.82 81.3
25 310 0.722 223.75 64.6 2.584 184.37 82.4
20 310 0.815 252.62 64.6 323 208.66 82.6
15 310 1.07 333.07 64.6 4.30 277.78 834
10 310 1.58 489.24 64.6 6.46 417.32 853
5 310 3.07 947.67 64.5 12.90 832.05 87.8
3 310 497 153331 64.5 21.30 1373.85 89.6
2.5 310 5.02 1556.05 594 23.76 1411.34 i 90.7
2 310 5.22 1681.2 457 22.85 1044.25 62.11
1 310 6.15 1906.5 349 349 1218.01 63.88
| 0.5 310 8.14 25234 23.8 47.6 1132.88 44,89
1
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Vgt = 5 Vi Triangle Wave R
’ « Output T 5‘33;(
Vrs{ 3
75K N N
’ ng 5 Square v, At
lb—————-—-—{H— Wave "
C o Vie Outpet
B
Rl +Re A2 A1 i = 4
- Vil =3 Voo

” 4 CA{A =i

Figure 15. Function Generator Figure 16. Multiple Feedback Bandpass Filter

Givan:  f, = center froquency
Alf) = gain at center fraquancy

Choose value 1, C

) __Q
Then: R3= LG
R3
Rl= 5 At
Ri A3
th"4st:|2m-ﬁe.

4]
For less than 10% error from aperational ampiifier, ;:: <04

where f, and BW are expressed in Hz

H source impedance varies, fitter may be preceded with
voltage follower buffer to stabilize fitter parameters.

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

ORDERING INFORMATION

Device Opsarating Temperature Range Package Shippingt

LM224D SOIC-14 55 Unlts/Rail

LM224DG SOIC-14 55 Units/Rait
(Pb-Free)

LM224DR2 SOIC-14 2500 Tape & Reel

LM224DR2G SOIC-14 2500 Tape & Reel
{Pb~Free)

L M224DTB 259G fo +85°C TSSOP-14* 96 Units/Rail

LM224DTBG TSSOP-14* 96 Units/Rail

LM224DTBR2 TSSOP-14* 2500 Tape & Reel

LM224DTBR2G TSSOP-14" 2500 Tape & Resel

LM224N PDIP-14 25 Units/Rail

LM224NG PDIP-14 25 Units/Rail
(Pb—Free}

LM324D SOIC-14 55 Units/Rait

LM324DG S0IC-14 55 Units/Rait
{Pb-Free)

LM324DR2 SOIC-14 2500 Tape & Real

LM324DR2G S0QIC-14 2500 Tape & Reel
(Pb-Free)

LM324D7TB TSSOP-14* 96 Units/Rail

LM324DTBG TSSOP-14* 86 Units/Rall

L.M324DTBR2 TSSOP-14* 2500 Tape & Reel

LM324DTBR2G TSSOP-14* 2500 Tape & Reel

LM324N PDIP-14 25 Units/Rail

LM324NG PDIP-14 25 Units/Rall
(Pb—Free)

0°C to +70°C
LM324AD SOIC14 55 Unlts/Rail
LM324ADG 80IC-14 55 Units/Rall
’ {Pb-Fres)

LM324ADR2 50IC~-14 2500 Tape & Reel

LM324ADR2G SQIC~14 2500 Tape & Reel
{Pb~Free}

LM324ADTH ' TSSOP-14* 96 Units/Rail

LM324ADTBG TSSOP-14* 96 Units/Rail

LM324ADTBR2 : TSSOP-14" 2500 Tape & Reel

LM324ADTBR2G TSSOP-14* 2500 Tape & Reel

LM324AN PDiP-14 25 Units/Rail

LM324ANG PDIP-14 25 Units/Rail
{Pb—Free)

+For Information on tape and reel specifications, including part orlentation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRDA011/D.
*This package is inherently Pb~Free.

Http‘:llo'ns‘emi.t.:dm
9



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ORDERING INFORMATION {continued)

Deavice Oparating Tempsrature Range Package Shippingt

LM2902D SOIC-14 55 Units/Rail

LM2902DG S0IC-14 55 Units/Rail
(Pb-Free)

LM2902DR2 ’ SOIC-14 2500 Tape & Resl

LM2902DR2G S0IC-14 2500 Tape & Reel
{Pb—Free)

LM25020T78 —40°C to +105°C TSSOP-14* 96 Units/Rail

LM2902DTEG T8S0OP-14* 96 Units/Rail

LM2902DTBR2 TSSOP-14* 2500 Tape & Reel

LM2802DTBR2G TSSOP-14* 2500 Tape & Reet

LM2902N PDIP-14 25 Units/Rail

LM2802NG PDIP-14 25 Units/Rail
(Pb—Free}

LM2902VD S0IC-14 55 Units/Rai

t M2902VDG ] S0IC-14 55 Units/Rail
(Pb—Free)

LM2902VDR2 80IlC-14 2500 Tape & Reel

LM2302vDR2G 80IC-14 2500 Tape & Reel
{Pb-Free)

LM2002vDTB TS8OP-14* 96 Units/Rail

LM2902vDTBG TSSOP-14* 96 Units/Rail

40°C to +125°C

LM2902VDTBR2 TSSOP~-14* 2500 Tape & Reel

LM2002VDTBR2G TSSOP-14* 2500 Tape & Reel

LM2802VN PDIP-14 25 Units/Rail

LM2902VNG PDIP-14 25 Units/Rail
(Pb—Free)

NCV2802DR2 SQIC-14 2500 Tape & Ree!

NCV2902DR2G SOIC-14 2500 Tape & Reel
{(Pb—Free)

tFor information on tape and reel spacifications, Including part orlentation and tape sizes, pleasa refer to our Tape and Reel Packaging
Spedilications Brochure, BRDB011/D.
*This package is inherently Pb-Free.

B http:ﬂonssmi.com
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LM324, LM324A, LM224, L M2902, LM2902V, NCV2902
MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646

14 14 14 14

LM324AN LMx24N LM2802N LM2302VIN
O AWLYYWWG C AWLYYWWG O AWLYYWWG O AWLYYWWG
1 1 1 1
SQIC-14
0 SUFFIX
CASE 751A
LM324ADG LMx24DG LM2902DG LM2902VDG *
a AWLYWW o AWLYWW o AWLYWW o AWLYWW

WHEHHHEHEE SRR ELELE R LERLLLER)

TSS0P-14
DTB SUFFIX
CASE 948G

14 14 14 14
EEARAAA AORGAA ARARA AAA9R8

x24 324A 2902 2902
v
AWYWa AWYWs AWYWn ANYWe

0 o

0 [= N} - -
EIHHHHH EELLL dHdHEb [ELLLE
1 1 1

X =203 ) *This marking diagram also applies to NCV2902,
A = Assembly Location

WL = Wafer Lot

YY,Y = Year

WW, W = Work Week

G = Pb~Free Package

. = Pb-Free Package — {Note: Micradot may be in either location)

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

PACKAGE DIMENSIONS

PDIP-14
N SUFFIX
CASE 648-06
ISSUEN
NOTES:
1. DIMENSIONING AND TOLERANCING
PER ANSI Y44.5M, 1082.

2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS

LA
14 ]

l— o —

WHEN FORMED PARALLEL.
@] 4. DIMENSICN B DOES NOT INCLUDE
1 7 MOLD FLASH.
VWYY Y Y vy 5. ROUNDED CORNERS OPTIONAL.
A

INCHES MKILLIMETERS
MIN MAX MiN MAX
0715 t 6770 | 1816 | 18.80
0.240_1 0260 810 6.60
0.145 | 0.185 369 4.69
0.015 _{ 0.021 0.38 0.53
Q.040_| 0.070 1.02 178
0100 BSC 2.54 BSC
0052 t 0085 1.32 241
0.008 { 0.015 620 038
0.115 | 0,135 2,82 343
0.290 { 0.310 7.37 787
- g2 - 10 °®
04015 [ 0039 0.38 1.0t

Fle— L—-—‘

=~

D14FL M

G[un (o]

e

(e B

T

ZZI'KEIQ'HUDUEIE

S0IC~14
D SUFFIX
CASE 751A-03
ISSUE G
A — NOTES:
\ . ) 1. DIMENSIONING  AND TOLERANCING PER
HHhHnHdhn 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INGLUDE
MOLD PROTRUSION.
B praL 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
O 5 EFJE?J?.%N D DOES NOT INGLUDE
H)] 025 mMD}@l BE® l " DAMEAR PROTRUSION, ALLOWABLE
TH U1 DAMBAR PROTRUSION SHALL BE 0.127

1 {0.005) TOTAL IN EXCESS OF THE D
lG l‘_ _J L_ DIMENSION AT MAXIMUM MATERIAL
c R x45 u_ﬂ F CONDITION.

[ 1 1

MILLIM! INCHES

t | b Tamy T WAX] MINT MAX

[ i o | ) i | Y Jn 565 | 8.75 10,337 0.4

=] T o 3.80 [ 400 |0.160 0157
SEATING  — le— [} 14 PL K M J 135 | 175 [0054 10068 |
PLANE 0.35 | 043 {0014 10018
‘$|O.25 (0.010)®]T|B @lA@)] 040 | 175 10016 [0.049

127BBC_ | 0,05085C
D19 1 035 {0,008 0003
0.19 | (009 ]
0.10 ] 0.2 {0064 {0,005
[ S A I
e [ 670 |0275 |a244
.75 | 0.50 [0.010 [0018

”"’""""‘""I"”lg

h&p:ﬂonéemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

TSSOP-14
DTB SUFFiX
CASE 948G-01

14x K REF

ISSUE A

010 @ua®@[T[u BV
[a]0.15 p0og] T[U ® | _,H‘—{ Z J

| T 1AHARN

[alos e[tV ®] e A

-

DETAILE

- _L vL = K1 17_

4 N7/

=

T SECTION N-N

e 5

St o) | ok ko

DETAIL E

htlp:!lonsami.com
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NOTES
. DIMENSIONING AND TOLERARCING PER

ANS! Y14.5M, 1882

. CONTROLLING DAMENSION: MILLIMETER.
. DIMENSION A DOES NOT INGLUDE MOLD

FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH OR GATE BURRS SHALL NOT
EXCEED 0.15 (.006) PER S1DE.

. DIMENSION B DOES NOT INCLUDE

INTERLEAD FLASH OR PROTRUSIGN.
{NTERLEAD FLASH OR PROTRUSION SHALL
NOT EXCEED 0.25 (0.010) PER SIDE.

. DIMENSION K DOES NOT INGLUDE DAMBAR

PROTRUS!ION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 {0.003) TOTAL
N EXCESS OF THE K OIMENSION AT
MAXIMUM MATERIAL CONDITION.

. TERMINAL NUMBERS ARE SHOWN FOR

REFERENCE ONLY.

. DIMENSION A AND B ARE TO BE

DETERMINED AT DATUM PLANE -W-.

MRLIMETERS]  INCHES
MIN | WAX | MIN | MAX
4.0 | 510 |0.193 [0.200
230 | 450 |0,169 10.177
- | 120 b —— 10.047
.05 | 0.15 10002 |0.006
0.50 | 0.75 |0.020 {0.63C
0.65 BSC 0.026 BSC
0.50 ] 060 |0.020 |0.024
0.00 | 020 0004 0,008
@09 | 0.6 [0.064 |C.006
019 | 0.30 10.007_0.612
018 | 075 |0.007 |0.010
640 BSC 0,252 BSC
0°] B8°| 0°] 8®

;r-ﬁzk..zc:-nunwx-E




LM339, LM239, LM2901,
LM2901V, NCV2901,
MC3302

Single Supply Quad
Comparators

These comparators are designed for use in level defection, low—level

sensing and memory applications in consumer, automotive, and
industrial electronic applications.

F

eatures

Pb~Free Packages are Available*

Single or Split Supply Operation

Low Input Bias Current: 25 nA (Typ)

Low Input Offset Current: 5.0 nA {Typ)

Low Input Offset Voltage

Input Common Mode Voltage Range to GND

Low Output Saturation Voltage: 130 mV (Typ) @ 4.0 mA
TTL and CMOS Compatible

ESD Clamps on the Inputs Increase Reliability without Affecting
Device Operation

*For additionat information on our Pb~Free sirategy and soldering details, please

download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2004 1
July, 2004 - Rev. 13

LI N1 A I AR 4 B VL L ke B

ON Semiconductor”

http://onsemi.com
SQIC-14
14 D SUFFIX
GASE 751A

POIP-14
M, P SUFFIX

iy i
l‘ UADSE B4b
ST

1

-
TSSOP-14
14 DTB SUFFIX
CASE 948G
p

PIN CONNECTIONS

S
Ouput 2 [ 1] - 14§ Ouiput 3
Output 1 [ 2] 3 | Qutput 4

Vec [2] 2] anp
- input 1 E "~ E+lnpul4
+tnput 1 5] + @:ﬂ-mpm
- Ingu1 2 [ 4 [s ]+ npin 3
+ Input 2 Eb -@:E-""PW’

Man Yiaw!
L10p iew)

ORDERING INFORMATION
Sea detaded ordering and shipping information in the package
dimensions section on page 7 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 8 of this data sheet.

Publication Ofdér Nuhbec
LM339/D



LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

MAXIMUM RATINGS

Rating Symboi Value Unit
Power Supply Voltage Vee Vdc
LM239M339AM2901, V +36 or +18
MC3302 +300r 15
Input Differential Voltage Range Vior Vdc
LM230/i M339/ M2001, V A6
MC3302 30
Input Common Mode Voltage Range ViCMR ~0.3 o Vee Vde
Output Short Circuit to Graund {Nate 1} lsc Continuous
Drvine Mimminatinn AT, — 9RO [
Power Dissipation @ Ta = 25°C D
Plastic Package 1.0 W
Derate above 25°C Ry A B.0 mw/eG
Junction Temperature T, 150 *C
Operating Ambient Temperature Range Ta °C
LM239 -25to +85
MC3302 -40 to +85
—40 to +105
tngg1v NCV2901 4010 +125
! 0Ota +70
LM339
Storage Temperature Range Tsig -65to +150 °C
ESD Protection at any Pin Vasd v
Human Body Model 2000
Machine Model 200

Maximum ratings are those values beyond which device damage can cocur. Maximum ratings applied to the device are individual stress limit

values {not notmal operating conditions) and are not valid simultaneously. If these fimits are exceaded, davice functional operation & not implied,

damage may ocetr and reliability may be affected.

1. The maximum output current may be as high as 20 mA, Independent of the magnitude of Ve, Output short circults to Vg can cause excessive
heating and eventual destruction.

T lano

NOTE: Diagram shown ig for 1 comparator.

Figure 1. Circuit Schematic

hﬁﬁ:ﬂonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

ELECTRICAL CHARACTERISTICS (Ve = +5.0 Vdc, Ty = +25°C, unless otherwise noted)

LM2801/2901V/
1L.M239/330 NCV28H MC3302
Characteristic Symbat | Min | Typ [ Wax | Min | Typ | Max | Min | Typ | Max | Unit
nput Offset Voltage {Note 3) Vio - 20 | +5.0 - 20 1 +0 - 13.0 +20 | mVde
[nput Bias Current (Notes 3, 4) lig - 25 250 - 25 250 - 25 500 nA
{Cuitputl i Anaity Range)
Input Offset Current (Note 3) o - +5.0 | £30 - 5.0 | +50 - 3.0 | =100 nA
Input Comman Mode Voltage Range VieMR o - Vee 0 - Voo 0 - Ve v
-15 -1.5 -1.5
Supply Cuirent ico A
R = = {For All Comparators) - 0.B 2.0 - 08 20 - 0.8 20
Ry = e, Vg = 30 Vdc - 1.0 | 25 - 10 | 25 - 10 | 25
Vottage Gain Ayon 50 200 - 25 100 - 25 100 - Vimv
RL =15 K@, Vg = 15 Vde
Large Signal Response Time - - 300 - - 300 - - 300 - ns
Vi = TTL Logic Swing,
Vrge = 1.4 Vde, Vg = 5.0 Vdc,
R =5.1 k2
Response Time (Note 5} - - 1.3 - - 1.3 - - 1.3 - us
VR =50 Vde, Ry = 5.1 kQ
Onitpt Sink Current Izink 6.0 18 - .0 16 - 6.0 14 - mA
Vi(~}2+1.0Vde, Vi{+) =0,
Vos1.5Vde
Saturation Voltage Veat - 130 | 400 - 130 | 400 - 130 | 500 mv
Vi{-Y2 +1.0 Vdc, Vi(+) = 0,
lsink < 4.0 mA
Output Leakage Current loL - 0.1 = - 0.1 - - 0.1 - nA
Vi(+) 2 +1.0 Vde, Vi{(-) =0,
Vg = +5.0 Vde

- {LM238) Tyoy = ~25°C, Thigh = +85°
{LM339) Tjow = 0°C, Thhh =+70°C
{MCA302) Tyopy = ~40°C, Tpyign = +85°C
{LM2801) Tipyy = ~40°C, Tpygh = +105°
{LM2501V & NCV2901) Ty = =40°C, Tiygn = +125°C
NCV2901 is qualified for aufomalive use. . )
3. At the output switch point, Vg = 1.4 Vdc, Kg < 100 §1 5.0 vdc € Ve < 30 Vdc, with the inputs over the tull common mode range {0 Vdc 1o
Ve ~1.5 Vda).
. The bias currant flows out of the inputs due to the PNP input stage. This current is virtually constant, indepandent of the output state.
. Tha response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.

http:/fonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PERFORMANCE CHARACTERISTICS (Vg =+5.0 Vdc, Tp = Tigw 10 Thigh {Note B8])

LM2301/2901V/
LM239/339 NCV2901 MC3302
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage (Note 7) Vio - - |80 - - 15 - - +40 | mVde
Input Bias Current {Nates 7, B} ha - - 400 - - 500 - - 1000 | nA
{Output in Analog Range)
{input Offset Current (Note 7) ko - - +150 - - 1200 - - +300 nA
Input Common Made Voltage Range ViCMR 1] - Veo 0 - Vee V] - Vee v
-2.0 -2.0 -2.0
Saturation Voltage Vaat - - 700 - - 700 - - 700 my
Vi{-12+1.0 Vde, Vi(+) =0,
faink < 4.0 MA
Output Leakage Curment loL - - 1.0 - - 1.0 - - 1.0 pA
Vi(+) 2 +1.0 Vde, Vi(-) =0,
Vo = 30 vde
Differentiat Input Voltage Vip - - Voo - - Veo - - Voo | Vde
AV 20 Vde

- {LM239) Tyoy, = —25°C, Thigp, = +85°
(LM333) Tqw = 0°C, Thigh = +70°C
(MC3302) Tygy = —40°C, Tpign = +85°C
{LM2901) Tiq = —40°C, Thigy = +105°
{LM2901V & NCV2801) Tigw = —40°C, Thjign = +125°C
NCV2901 is qualified for automotive use.
. At the output switch.point, Vo = 1.4 Vdc, Rg < 100 R 5.0 Vde < Ve < 30 Vde, with the Inputs over the full common mode range (0 Vdc to
Voo —1.6 Vdc).
. The bias current flows out of the inputs dus to the PNP input stage. This current is virtually constant, independent of the output state.
. The response time specified is for a 100 mV input step with 5.0 mV averdrive. For larger signals, 300 ns is typical.

o H
10k .

ik
Vip 60— A——
—O VO
+ Voo 0—WA +
me lr—"—'VF{/?‘l_
10M
10k im Vo = e Vg
L Hm + A1 raf = er TR
A3 = R1//Re/{R2
R LR AR = R1// R
ref .
e e B s ~Vgimi Amourt of Hysteresis V
N i (T P2 V0020 ~Voinin Rszsf "
R2 > ref{ {1 V= 7o pa [Vomax ~Vogmnd
Figure 2. Inverting Comparator Figure 3. Noninverting Comparator
with Hysteresis with Hysteresis
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NOAMALIZED OFFSET VOITAGE

1.40

1.00

0.80

0.60

LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

Typlical Characteristics
(Voo = 18 Vdc, Ta = +25°C {each comparator) unless otherwise noted.)

48
42 —
—_— /
/// E ” T,l,="55hc /ﬂ;‘—/‘/‘-‘-
/ E bapremrT Tp=1425°C |t
T 2 — [
o 4 _____,..———“ Ta = +125°C
= "]
o 8 51—
// 2
— Z 1
o
- 60
0
~50 -25 0 25 50 75 100 125 0 40 8.0 12 16 20 24 28 32
Ta, AMBIENT TEMPERATURE (°C) Vg, POWER SUPPLY VOLTAGE (Vdc)
Figure 4. Normalized Input Offset Voitage Figure 5. input Bias Current
8.0
T 10
E T;'t = +25“G
z 8T, ssc /
o
e 50 7 "
3 / Tp = +125°C
5 4.0 /,
5 N A
S 20 77
W
RV/
0 100 200 00 400 5§00
Vear, OUTPUT SATURATION VOLTAGE (mV)
Figure 6. Output Sink Current versus
Output Saturation Voltage
Veo Voo 240V
‘E. 10k
Rg Ry 1?2‘!‘
Vin

Rg = Source Resistance

Tt >
R1 = Rg 12
T =72=063RC
Veo R 7.2
Lagic Device '] k2 = C—(‘.I.F]
CMOS [1/4 MC14001}  +15 100 R2 - R3 = R4
TTL 114 MC7400 +5.0 10

RY = A2 /(A3 /{ R4

Figure 7. Driving Logic Figure B. Squarewave Oscillator
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide eddition of positive feedback (< 10 mV} is also

bandwidth characteristics. This gives the device oscillation recommended. It is good design practice to ground all

tendencies if the outputs are capacitively coupled to the unused input pins.

inputs via stray capacitance. This oscillation manifests itself Differential input voltages may be larger than supply

during output transitions (VoL t0 Vop). To alleviate this voltages without damaging the comparator’s inputs.

situation input resistors < 10 k£ sheould be used. The Voltages more negative than —300 mV should net be used.
+15V

1ok Vingming = 0.4 V peak for 1% phase distortion (A8).
Yo Vinre
Vi infmin)
Veo q
2 10k
3
. . ) Vs *—o Vo Voar +—
D1 prevents inpit from going negative by more than 0.6 V. in cc r
|
R1+R2=R3 A Vg ——t o
A3< s for smal emor in zero erossin ) Vee I
T g v L2 88 |
Figure 9. Zero Crossing Dstector Figure 10. Zero Crossing Detector
(Single Supply) (Split Supplies)

httpfilonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

ORDERING INFORMATION
Davice Package Shippingt

LM236D 501C~14 55 Units/Rai

LM235DG SOIC-14 55 Units/Rail
{Pb—Free)

LM239DR2 S0IC—14 2500 Units/Tape & Reel

LM239DR2G SOIC-14 2500 Units/Tape & Resl
{Pb~Free)

LM239DTBR2 TSSOP-14 2500 Units/Tape & Reel
{Pb-Free)

LM239N PDIP-14 25 Units/Rail

LM239NG PDIP-14 25 Units/Rail
{Pb-Free)

LM3390 S0IC-14 55 Units/Rail

LM338DG S0I1C-14 55 Units/Rait
{Pb-Free)

LM339DR2 S0IC-14 2500 Units/Tape & Reel

LLM339DR2G SOIC-14 2500 Units/Tape & Reet
{Pb—Frea)

LM338DTBR2 TSS0P-14 2500 UnitsfTape & Reel
{Pb-Free)

LM339N PDIP-14 25 Units/Rall

LM3I3ONG PDIP-14 25 Units/Rail
{Pb-Free)

LM2901D S0IC~-14 55 Units/Ratt

LM28010R2 SOIC-14 2500 Units/Tape & Reel

LM29010R2G SOIC-14 2500 Units/Tape & Reel
{Pb-Free)

LM29010TBR2 TSSOP-14 2500 Units/Tape & Reel
(Pb-Free)

| M2S01N PDIP-14 25 Units/Rail

LM2301NG PDIP-14 25 Units/Rail
(Pb—Free)

£ M2301VD S0IC-14 55 Units/Rail

LM2301VDG SOIC-14 55 Units/Rail
{Pb~Fres)

LM2901VDR2 S0IC-14 2500 Units/Tape & Reel

LM2901VDR2G S0IC-14 2500 Units/Tape & Reel
{Pb—Free)

LM2901VDTBR2 TSSOP-14 2500 Units/Tape & Reel
{Pb—-Free)

LM2801VN PDIP-14 25 Units/Rail

NCV2901DR2 S0IC-14 2500 Units/Tape & Reel

NCV2901DR2G 80IC-14 2500 Units/Tape & Reel
{Pb—Free)

MC3302D 30IC~14 55 Units/Rail

MC3302DR2 50i1C—14 2500 Units/Tape & Reel

MC3302DTBR2 TSSOP-14 2500 Units/Tape & Reel
(Pb—Free)

MC3302P PDIP-14 25 Units/Rail

tFor information on tape and reel specifications, including part erientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRDA011/D.
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

MARKING DIAGRAMS

POIP-14
N, P SUFFIX
CASE 646
14 14 14 14 14
LM339N LM230N LM2901N LM2901VN MC3302P
o AWLYYWW | o AWLYYWW o AWLYYWW o AMLYYWW | o AWLYYWW
1 1 1 1 1
S0IC-14
D SUFFIX
CASE T51A
14 14 14 14
ninininininin! Bininlaiwinin; minlnlninlin Oooooaon . O0eaonnn
LM339D LM239D LM2901D LM2901VD MC33020
o AWLYWW o AWLYWW o AWLYWW o AWLYWW o AWLYWW
L{IIJL.ILJLJLJI..I s.1_|uuuuuu oo oo L1Juuuuuu IEJLIL.ILILILH..I
1
TSSOP-14
DTB SUFFIX
CASE 948G A = Assembly Location
WL, L =Wafer Lot
14RRRAARE 14 0RRAGAR 14RAARAAR -+ ARARRAR 14 AHGAAAA YY,Y = Year
239 339 2801 2501 3302 WW, W= Work Week
ALYW ALYW ALYW v ALYW . o
o o o o ALYW ° This marking diagram also
B LLLEL L TLEEEE SEEELLEL] 146G B W EELEL applies to NCV2901.
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PACKAGE DIMENSIONS
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r 1 L \ +
GC —
SEATING )
PLANE
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PDiP-~14

P SUFFIX
CASE 846-06

ISSUE M

—]

Il

0.13 (0.005) | B

SOIC-14
D SUFFIX
CASE 751A-03
ISSUE G
m
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o =B-| pre
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e e
S & | | | 3 S A )
SI;];\TING —»{j&~ D1apL —E; =%M L,
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NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!

Y14.54, 1982
2. CONTROLLING DIMENSION: INCH.
4. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLFL
4. DIMENSION B DOES ROT INCUJDE MOLD FLASH.
5 ROUNDED COANERS OPTHONAL.

INCHES MILLIMETERS
| DIN | WM HAX NIN | WAX
A | 0715 1 070 § 1616 | 1860
B | 0240 | 0.260 6.10 660
C | 0%45 | 0185 | 969 | 469
o | beis | e.02 D28 053
F | 0040 | 007D 102 1.78
[ 0.100 BSC 254 B5C
H [pos2 [ 0095 | 122 [ 241
J | 0008 | 0015 0.2¢ 0.38
K [ 0155 | 0135 | 292 | 143
L | 0290 ¢ 0310 1.3 TA7
] — T 19°
W ;o015 ]0039: 038 1.01
HOTES:

t. DIMENSIONING AND TOLERANCING PER
ANS1Y14.5M, 1982,

CONTROLLING DIMENSION: MILLIMETER,
DIMENSIONS A AND B DO NOT INCLUDE
MCLD PROTRLUSION.

MAXIMUM MOLD PROTRUSION 0.15 (C.006}
PER SIDE,

DIMENSION D DOES NOT INGLUDE
DAMBAR PROTRUSION. ALL OWABLE
DAMBAR PROTRUSION SHALL BE 0.127
{0.005) TOTAL IN EXCESS OF THE D
HMENSION AT MAXIMUM MATERIAL
CONDITION,

wh

a o~

MILLIMETERS INCHES
DIME MIN | MAX | MIN | MAX
A | 855 | 876 | 0337 | 0344
B ! 383 | 400 0150 | G157
€41 936 | 1.78 §0.084 |0.0B8 |
D | 035 1 049 |D014 |0.018
F | 040 | 125 10016 |0.048
G 1.27 BSC 0.050 BSC
o 0.18 | 025 |0.008 }0.008
X | DD 1 02510004 10009
M 0° 1° a° 2°
P | 580 7 6.20 |10.228 | 0244
R | 025 ] 050 |8.010 {0.019




LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PACKAGE DIMENSIONS
TSSOP-14
DT8 SUFFIX
CASE 948G-1
ISSUE O
14X K REF NOTES:
1. DIMENSHONING AND TOLERANCING PER ANSE

o ne

. DIMENSION A DOES NOT IRCLUDE MOLD FLASH,
PROTRLISHING OR GATE BURRS. MOLD FLASH

H H H H ﬂ H R GATE BURRS SHALL NOT EXCEED 0.15

) 8

N 0.25 {0.010} ] {6.066] PER BIDE.
X L3 . DIMENSION B DOES NOT INCLUDE INTERALEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
M PROTAUSION SHALL NOT EXCEED
0125 0.010) PER SIDE.
o B — 5. DIMENSKOK K DGES NOT INCLUGE DAMBAR
PIN 1 @ N PROTRUSION. ALLOWABLE DAMBAR
_l F

E:)I 0.15 {u,ooe)ITl u @J‘.| $l 0.10(0.004)@|T1 v @1\’@ %ﬁe DMENSION: WILLIMETER.

.

PROTRUSICN SHALL BE 0.08 (0.003) TOTAL IN
IDENT. EXCESS CF THE ¥, DIMENSION AT MAXRMUIM

l\p , MATERIAL CONDITION,
6. TEAMINAL MIMEERS AAE SHOWN FOR
H H H DETAILE REFERENCE CHLY,
H H H H 7. DIMENSICN A AND B ARE TO BE DETEAMINED
AT DATUM PLANE -W-.
|a]e1s pooe] Tl u @] A — K
- MILLIKETERS MCHES
- L —TI K1 o [ WK | MAX | WIN | MAX
& Al ao0 [ 570 [oe3 § p2oe
/— Bt 430 | 450 7 0969 [ 0.17F
J A g el -1 120 ] -1 ppa7
T_ ! D | 005 | 045 | ¢.002 1 0.008
F 1 oso | o075 | onze | coo
r SECTION N-N G 0.65 BSC 0.028,B5C
i | o050 [ p6o | 0.020 ] Dooe
J | oed [ 026 | 0008 | 1,
— Ji | 008 | pig | 0.004 | 0,008
C Kt 019 [ 030 {0.007 | 9012
;Jj Ki | ois | p2s | ooor | potg
010,10 (0.004) s L | sa0Bic 0.252 BSE
T SEATING _.l L ,, Wl o] ool o) ot
PLAKE b G re— H DETAILE

ON Semliconductar and o ate reglsiered trademarks of Semiconductar Compenents Industies, LEGC {SCILLC). BCILLE reserves tha right to make changes withatt furher nofice
1o any praducts herein. SCILLC makas no warmanty, rep: Hon ar g xjarding ihe euttability of its producs for any paicutar purposa, nor does SCILLC assume any tabllity
arising out of tha application pr use of ary product ar circuit, and specifically disclaims any and all lability, including without limitation speciad, consaquential or incidernial damages.,
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SG3526

Pulse Width Modulation
Control Circuit

The S(i3526 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 corrent
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 casy wired-QR 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° 10 +125°C.

& §.0V to 35V Operation

5.0 V £1% Trimmed Reference

1.0 Hz to 400 kHz Oscillator Range

Dual Source/Sink Current Qutputs: £100 mA
Digital Current Limiting

Programmable Dead Time

Undervoltage Lockout

Single Pulse Metering

Programmable Soft—Start

Wide Current Limit Common Mode Range
Guaranteed 6 Unit Synchronization

Vit O-LB—'—

17 § Referance
Voo ol Regulator

Ground OH

Syic
Roendime

Shuldown & B -

Figure 1. Representative Block Diagram

@ Semiconductor Components Industries, LLC, 2001 1
April, 2001 —Rewv. 3

ON Semiconductor™
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2 PDIP-18
R\ N SUFFIX
CASE 707

MARKING
DIAGRAM
18
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! SG3526N
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1

A = Assembly Location

- WL = Wafer Lot

YY =Year

WW = Wark Week

PIN CONMECTIONS

+Error |_1__ E Vit

—Emor E

D
<s[s]|
+CSE

E Veo
16 | Output 8
El Ground
ol

E Oulput A
[12] e

'—OVC

Shutdown | 8 | 11 ] Rosaine
Rrl9] [10]or
(Top View)
ORDERING INFORMATION
Device Package Shipping
SG3526N PDIP-18 20 Units/Rail

Publication Order Number:
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MAXIMUM RATINGS {Noie 1.)

5G3526

Rating Symbol Value Unit
Supply Voltage Vee +40 Vde
Collector Supply Voltage Ve +40 Vde
Logic Inputs -0.3t0+5.5 v
Analog Inputs -0.3to Ve v
Output Current, Source or Sink lo +200 mA
Referance Load Current (Ve =40 V, Note 2.} Yref 50 mA
Logic Sink Current 15 mA
Power Dissipation Pp mw
Ta = +25°C (Note 3.} 1000
Tg =+25°C (Note 4.} 3000
Thermal Resistance Junclion—to—Air Rgja 100 “CIw
Thermal Resistance Junction—o—-Case Ralc 42 W
Operating Junction Temperature T, +150 °C
Storage Temperature Range Tstg ~65 fo +150 °C
L.ead Temperature (Soldering, 10 Seconds) Tsalder 1300 C
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unit
Supply Voltage Vee 80 a5 Vdc
Coilector Supply Voltage Ve 4.5 35 Vdc
Output Sink/Source Current {Each Output) lo 0 +100 mA
Referance Load Current It 0 20 mA,
Osciltator Frequency Range fose 0.001 400 kHz.
Osciltator Timing Resistor Rt 20 150 kQ
Osciltator Timing Capacitor Cr 0.001 20 wF
Available Deadtime Range (40 kHz) - 30 50 Ya
Operating Junction Tamperature Range Ty 0 +125 °C

o o -

. Values beyond which damage may accur.

. Maximum junction femperatura must be observed,

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

http:ffonsemi.com
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5G3526

ELECTRICAL CHARACTERISTICS (Voc = +15 Vdc, T; = Tigw lo Thign [Note 6.], unless otherwise noled )

L Characteristics I Symbol t Min l Typ I Max | Unit
REFERENCE SECTION (Note 7.)
Reference Cutput Voltage (T, = +25°C) Viet 4.80 5.00 5.10 v
Line Regulation (+8.0 V £ Voo £ 35 V) Regiine - 10 30 mv
Load Regulation (0 mA < 1< 20 mA} Reginag - 10 50 mv
Temperature Stability AViafAT - 10 - my
Total Referance Output Voltage Variation AVt 4.85 5.00 515 v
(+B.OV Ve s +35V, 0mA <1 <20 mA)
Short Circuit Current (Vg = 0 V) {Note 5.} Isc 25 B0 125 mA
UNDERVOLTAGE LOCKCUT
Resét Output Valtage (Vier = +3.8 V) - 0.2 0.4 {
Resel Output Voltage (Ve = +4.8 V) 24 48 -
OSCILLATOR SECTION (Note 8.}
Initial Accuracy (T = +25°C) - 3.0 80 %
Frequency Stability over Power Supply Rarge Algse - 0.5 1.0 %
(+8.0V £ Voo 2 +35 V) VIO
Frequency Stability aver Temperature Afgse - 20 - %o
(AT = Tiqw to Thign} ATy
Minimum Frequency frrin - 0.5 - Hz
{Ry =150 k0, Cy =20 pF)
Maximum Fraquancy frrax 400 - - kHz
(Rr =20k, Cy=0.001pF)
Sawlooth Peak Voltage (Ve = +35 V) VoscdP) - 3.0 3.5 v
Sawtooth Valley Voltags (Ve = +8.0 V) VosdV) D.45 0.8 -
ERROR AMPLIFIER SECTION {Note 9.)
tnput Offset Voltage (Rg < 2.0 k(2) Vig - 20 10 mv
input Bias Currant lig - =350 | —2000 nA
Input Ofiset Current o - 35 200 nA
DC Open Loop Gain {Ry 2 10 M} AyoL 60 72 7 - dB
High Output Voltage VoH 36 4.2 - \Y
(VPin 1=Vpin 2 2 +150 MV, lequre = 100 pA}
Low Oulput Voltage Voo - 0.2 04 v
{(VPin 7-Vpin 1 2 +150 mV, Iy = 100 pA)
Commen Moda Rejection Ratio {Rg < 2.0 kQ) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12V < Ve < +18V) PSRR 66 80 - dB8
5. Maximum junction temperature must be ohserved.
6. Tiow=0°C Thigh =+125°C
7. I = 0 mA unless otherwise noted.
B. fosc =40 kHz (RT=4.12 k21 1%, Cy=001pF +1%,Rp=0Q)
9. 0V Vems+5.2V.

http:/fonsemi.com
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$G3526

ELECTRICAL CHARACTERISTICS {(continued)

Characteristics | Symbo! ] Min | Typ | Max l Unit |
PWM COMPARATOR SECTION (Note 10.)
Minimum Duty Cycle BCrin - - 0 Y%
(Veompensation = +0.4 V)
Maximum Duty Cycla DCrmax 45 49 - %
{Veompensation = +3.6V)
DIGITAL PORTS (8YNC, SHUTDOWN, RESET)
Output Voltage v
{High Logic Level} (lenyurce = 40 LA} Vou 24 4.0 -
{Low Logic Level} {lgn = 3.6 mA} Voo - 0.2 0.4
Input Current — High Logic Level PA
{High Logic Level} (Vjy =+2.4 V} hH - -125 —200
{Low Logic Level) (VL= +04 V) I - —225 ~380
CURRENT LIMIT COMPARATOR SECTION (Note 12.)
| Sense Voltage (Rg < 50 ) Veense 80 100 120 mv
Input Bias Current s - -3.0 -10 pA
SOFT-START SECTION
1
Error Clamp Voitage {Reset = +0.4 V) - 0.1 04 v ;
Cooft-start Charging Current (Reset = +2.4 V) Ics 50 100 150 WA
OUTPUT DRIVERS (Each Oulput, V¢ = +16 Vdg, unless otherwise noted.}
Output High Level Vou v
lsouree = 20 MA 12.5 135 -
Isource = 100 mA 12 13 -
Qutpul Low Level VoL v
lgink = 20 mA - 02 03
lgink = 100 mA - 12 20
Collactor Leakage, Vg = +40V Ic(ieak) - 50 150 LA
Rise Time (C| = 1000 pF} L - 03 06 us
Fall Time (C = 1000 pF) t - Q.1 02 ps
Supply Cumrent lec - 18 3o mA
(Shuldown = +0.4 V, Voo = +35 V, Ry = 4.12 kQ)

10. fgge =40 kHZ (RT =412 k2 £ 1%, CT =001 uF + 1%, Rp=0%)
11, 0V<Voy<+5.2V
12. 0V s Vg s +12V

http:/fonsemi.com
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5G3526
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\ o |t
V] () ———r
0 1.0 2.0 3.0 1.0 5.0 6.0 ro 80 >$ 20 5.0 10 20 50 100 200
Vet REFERENCE VOLTAGE (v} DUTPUT DRIVER SINK CURRENT (mA)
Flgure 6. Undervoltage Lockout Characteristic Figure 7. Output Driver Saturation Voltage as a

Function of Sink Current
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w 20 a =
3 =
= J = 50
S 1s " 2
Z re &
= LA W 20
& 10 ol o
E ..-—/ ’E 10
3 z
5 0.5 &£ 50
-

U 2-0 H

2.0 5.0 10 20 50 100 200 § g

Ic. SINK CURRENT (mA} s o OSCILLATOR PERIOD {ms)
Figure 8. V¢ Saturation Voltage as a Figure 9. Oscillator Period
Function of Sink Current
Veo
Q6
Qs Ve
125 Viet

L 1

S50uA 50uA _ |<Q12 To Resel
1000A g R

To Driver A
WT T4pA +—o 3 Compensalion N To Driver B
AT e10
% 100pA : v Huyy
Bandgap P
] Q2 Refarence
500 _I_ R2 =
= = | £ =
= = 1 =
- Error + Enor =
Figure 10. Error Amplifier Figure 11. Undervoltage Lockout
Mamory
FiF The metering Flip-Plop is an asynchronous data latch

e s which suppresses high fraquency oscillalions by allowing
yne ——jl—c only ona PWM pulsa per oscillator cyclo.

S q R O— Tiock

PWM —|D
g——» FWN The memory Flip-Flop prevents double pulsing ina
push—pult configuration by remembering which oulput
Metering produced the last pulse.
FF

Figure 12, Pulse Processing Logic
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APPLICATIONS INFORMATION

Negalive
A QOutput

1 Votlage
Ve Ry 1] i3
oL 2 -
- 4

Ry Posilive
z 17| Reference | 18 Outout
Vee ANN— Requialor Vet Gnd Votage Gnd

At
15 10uF Ry + Ry Ry
T Yout = Viet Ao Vout = Vet AR._E
Gnd ‘
= RyHz
Ra= | R+ A
* May be required with some types of fransistors iR
Figure 13. Extending Reference Figure 14. Error Amplifier Connections
Output Current Capability
Outpud te Load — N A———0 ¢
Rs
L 5G1526 12 Sync |8
8 R1 th.ﬂ
Ro 9 10 R
_L Gnd - Q -
§ Rr - Ot :
( Vou By )
i 0V = Rl+ 2

limaxy =

Rs 'm(%sy")

Figure 15. Osclilator Connactions Figure 16. Foldback Current Limiting

HaVo-
Vet 14 —
. Ve Al1S ! u
1 \ ﬁ ' Ramp — . =
+ Emor * Error : . . P , SG3s28
y o ’:i
Q2 Gnd 1

Coot-Start The iotem pole u.llpul drivers of the SG3526 are ideally

suiled for driving the inpul capacitance of power FETs &
high speads.

Figure 17. Soft-Start Circuity

Figure 18. Driving VMOS Power FETs

http:fonsemi.com
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A +
Supply
13)] oy T
14 R4 ”
53]
Ve A‘13
W 5
Q1
Supply o2
5 5 8 16
A1 1 5| sos® |
“ - o - Ct ] +C§
Ve a 13 « E | : - 4 6 R3
T Cs 4 ]
T2 nd
5G3526 € i 15
B
Gnd | o i
15 mn*
< {n the abave circuil, current limiling is accomplished by using the
= current limit comparator oulpul to raset the soft-slart capacilor,
Figure 19. Half-Bridge Configuration Figure 20. Fiyback Converter with

Current Limiting

+V Supply © o (TJO +V Supply O
utput

R2

A1

ci

13

16

<

Figure 21. Single-Ended Configuration Figure 22. Push-Pull Configuration
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PACKAGE DIMENSIONS

PDIP-18

N SUFFIX
CASE 707-02

ISSUE D

P
Oy 3

ht— 17 ]
r

LPAER TR TRV RYRVEY

- T

httb:ﬂohsemi.com
9

MOTES:
t. POSITIOMAL TOLERANCE OF LEADS {D}, SHALL

BE WITHIN 0.25 mm {0,070 AT MAXIMUM
MATERLAL CONDITION, IR RELATION TO SEATING
PLANE AND EAGH OTHER.

2. DIMENSION L TO GENTER OF LEADS WHEN
FORMED PARALLEL

3, DIMENSION B DOES NOT INGLUDE MOLD FLASH.

4, CONTAGLLING DIMENSION: INCH.

INCHES MILUMETERS
WH ] maX | wmIN | max
0875 | 0915 | 2222 | 23.24
0246 | 0250 | 610 | 660
0140 | 0.180 | 356 | 457
0014 | 002 | 036 | 056
0.050 | 0070 | 127 | 178
0.100B5C 254 B5C
0040 | 0060 | 102 | 152
0008 | 0of2 | 020 | 086
0115 | 0435 | 282 | 3.43
¢.300 BSC 7.62 BSC

0c| is5° 0cy 15°
0020 | 0040 | 051 | 102




MC14049B, MC14050B
Hex Buffer

The MC14049B Hex Inverter/Buffer and MC14050B Noninverting
Hex Buffer are constructed with MOS P-Channel and N-Channel
enhancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired. These devices
provide logic level conversion using only one supply voltage, Vpp.

The input-signal high level (Vi) can exceed the Vpp supply
voltage for logic level conversions. Two TTL/DTL. loads can be driven
when the devices are used as a CMOS—~to-TTL/DTL converter (Vpp

ON Semiconductor

http://onsemi.com

MARKING

DIAGRAMS
16

- PDIP-16
=50V, VoL = 04 V,IgL 23.2mA). _ pSUFFIX b MC140XXBCP
Note that pins 13 and i6 are not connected internally on thesc CASE 648 Lo AWLYYWW
devices; consequently connections to these terminals will not affect 2
circuit operation. 16
. i SOIC—16 aaanannr
® High Source and Sink Currents D SUFFIX 140XXB
e High-to-Low Level Converter CASE 7518 = AWLYVW
CoooIIom
® Supply Voltage Range =30V 1w 18V 16
& Vy can exceed V) LTTEER
IN can €x b . TSSOP-16 14
® Mects JEDEC B Specifications @ DT SUFFIX OXXB
# Improved ESD Protection On All Inputs CASE 948F o ALYW
LR ELEL
MAXIMUM RATINGS (Voltages Referenced to Vgg) {Note 2.} 16
Symbo! Parameter Value Unit SOEIAJ-16 nnl_'mn ——
Voo | DC Supply Voltage Range —0510 +16.0 v F SUFFIX MTaXXS
. : ; CASE986 |o AWLYWW
Vin Input Voltage Range —-0.510 +18.0 V' RSN NN
{DC or Transient) ' 1
XX = Specific Davics Code
Vout Cutput Voltage Range ~05toVpp + 0.5 v A = Assembly Location
(DC or Transisnt} WLorL =WaferLot
YYorY =Year
bin Input Current 10 mA _
(DC or Transient) per Pin ' WW or W= Work Week
lowt . | Output Current +45 mé ORDERING INFORMATION
{DC ar Transient) per Pin -
- Device Package Shipping
Pp Power Dissipation, mw -
per Package (Naote 3.) MC14049BCP PDIP-18 2000/Box
(Plaslic) 825
(SOIC) 740 MC140498D SOIC-16 2400/Box
Ta Ambient Temperature Range —55to +125 °C MC14049BDR2 SOIC-16 | 2500¢Tape & Ree!
Tetg Storage Temperature Range ~65 1o +150 °C MC14049BF SOEIAJ-16] SeeNote 1,
T Lead Temperature 260 °C BCP PDIP— ;
(8-Second Soldering) MC14050 16 ] 20008
2. Maximum Ratings are those values bayond which damage to the device MC140508D S0IC-16 2400/Box
may occur.
3. Temperature Derating: See Figure 3. MC1405080R2 SOIC-16 | 2500/Tape & Resl
This devica contains protection circuilry to protect the inputs against damage MC14050BDTEL  TSSOP-16 | 2000/Tape & Real
due ta high static voltages or glectric fields referenced to the Vgg pin only. Extra
precautions must be taken lo avoid applications of any voilage higher than the MC140508F SOEIA1E See Note 1.
maximum rated voltages o this high—impadance circuit. For proper operatian, the MC14050BFEL S0EIAI-16]  See Note 1.
ranges Vgg < Vin € 18 V and Vgg < Vi s Vpp are recommended.

Unused inputs must always be tied to an appropriate logic vollage lavel (e.g.,
eithar Vgg or Vpp}. Unused outputs must be left open.

© Semiconductor Components industries, LLC, 2000 1
March, 2000 — Rev. 3

1. For ordering infarmation on the EIAJ version of
the SOIC packages, please contaci your local
ON Semiconductor raprasentalive.

Publication Order Number:

MC140498B/D




MC14049B, MC14050B

PIN ASSIGNMENT
Voo [l 10 16 [I NC
QUTA[] 2 15 [] OUTF
Ny [ 3 14 [ N

autg [ 4 13 [INC
INg [} 5 12 [ QUTE

QU {] & ] INg
e [ 7 10 {] OUTy
Vgs [1 8 91Ny

MC140498

10

1 12

1711

14 15

NC=PIN13,16
Vss=PINS
Vpp=PIN1

LOGIC DIAGRAM

http://onsemi.com
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TYTTTY

NC =PIN 13, 16
Vgs=PINB
Vpp =PIN 1

10

12
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MC140498, MC140508B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vsg)

Voo -55°C + 25°C +125°C
Characteristic Symbeol | Vde Min Max | Min | Typ) Max Min Max | Unit
Quiput Voltage “0" Level VaL 5.0 — 0.05 - 0 0.05 — 0.05 Vdc
Vin = VDD 10 — 0.05 — 0 0.05 — 0.05 '
15 —_ 0.05 - 0 0.05 — 0.05
“1"Level | Vowu 50 495 — 495 5.0 — 495 —_ Vdo
Vin=0 10 9.85 —_ 995 10 _— 9.95 —
15 14.95 — 14.95 15 e 14,95 —
Input Voltage “0* Lavel ViL Vdce
(Vo =4.5Vdc) 5.0 -— 15 —_ 225 1.5 —_ 15
{Vo =8.0 Vdc} 10 — 30 — 4.50 3.0 — 3.0
{Vg =13.5 Vdc) 15 — 40 — 6.75 4.0 — 40
“1” Level Vi Vde
(Vo = 0.5 Vdc) 50 35 — 35 275 — 35 —
(Vg = 1.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
{Vo=1.5Vdc) 15 1 — 11 8.25 — " —
Qutput Drive Current loH mAdc
{Von = 2.5 Vdc) Source 50 -1.6 — ~1.25 -25 s -1.0 —
{Yon = 9.5 Vdc) 10 -16 — {-130 ]| -26 — -10 —
{¥oH = 13.5 Vdc) 15 -47 — | -3715] -10 — ~-30 —
(VoL =0.4 Vdc) Sink oL 5.0 375 —_ 3.2 6.0 — 26 — mAdec
(VoL = 0.5 Vdc) 10 10 — 8.0 16 — 6.6 —
(VoL = 1.5 Vdc) 15 a0 — 24 40 19 —
Input Current lin 15 — +0.1 - +0.00001 | £0.1 — £1.0 | pAdc
input Capacitance (Vi, =0} Cin — — — — 10 20 — — pF
Quiescent Current (Per Package) Ipp 50 — 10 - 0.002 1.0 — 30 pAde
10 — 20 — 0.004 20 — 60
15 - 4.0 — 0.006 t 40 —_ 120
Total Supply Current (5-1{8.) It 50 It =(1.8 pAKkHz) f + Ipp pAde
(Dynamic plus Quiescent, 10 it = (3.5 pA/KHZ) T + lpp
per package) 15 ir = (5.3 pA/KHZ) f + Ipp
(Cp = 50 pF on all outputs, all
buffers switching

4. Data labafled “Typ” is not Lo be used for design purposes but is intended as an indication of the IC's potentual performance.
5. The formulas given are for he typical characleristics only at + 256°C
6. To calculate total supply current at loads othar than 50 pF:

IHCL) = k{50 pF) + (G —50) ik
Where: |1 is in pA (per Package), Cp in pF, V = (Vpp — Vs) in volts, fin kHz is input frequency and k = 0.002.

http://fonsemi.com
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MC14049B, MC14050B

AC SWITCHING CHARAGTERISTICS (7} (C| = 50 pF, T = + 25°C)

Vop
Characteristic Symbo! Vde Min Typ (@ Max Unit

Output Rise Time trLH ns

tin = (0.7 ns/pF) C_ + B5 ns 50 —— 100 160

triy = (0.25 ns/pF) C_+37.5ns 10 -— 50 80

trLH = (0.2 ne/pF) Cy + 30 ns 15 — 40 60
Output Falf Time trHe ns

truL = (0.2 ns/pF) G + 30 ns 50 — 40 60

triL = (0.06 nsfpF} Cy + 17 ns 10 - 20 40

Iy, = (0.04 ns/pF) C +13 ns 15 — 15 30
Prapagation Delay Time {pLH ns

tp=(0.33 ns/pF) C_ +63.5ns 5.0 — 80 140

tpLy = (019 nsfpF} C_ + 305 ns 10 ~— 40 80

tpry = (0.06 ns/pFY C|_ + 27 ns 15 — 30 60
Propagation Delay Time tpHL ns

tpuL = {02 nsfpF}C + 30 ns 5.0 — 40 a0

tpHL = (0.1 ns/pF) Cp + 15 ns 10 — 20 40

tprL = (D.05 ns/pF) C_ + 125 ns 15 — 15 30

7. The formulas given are for the typical characteristics anly at 25°C.
8. Datalabeled “Typ" is not to be used for design purposes but is intended as an indication of the IC's patential performance.

MC140498
V,

MC140)

0B

0

3 L .

2 Vgs =50Vic__ | J7

s -0 74

7

D _a Vs

EJJ ul

o A

=

@A _30} Ves=10Vdc

5

5 r

3 -0

x Vs = 15 Ve MAXIMUM CURRENT LEVEL
I NN

- 80 60 -4 -20 0

Vps. DRAIN-TO-SQURCE VOLTAGE (Vdc)

Figure 1. Typical Output Source Characteristics

IoL. OUTPUT SINK CURRENT {mAdc)

g

8

B

3

MC14049B
Vv

MC140508

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

IR
Vs =15V _|
L~ -
/]
B v
/ ' Vs =10 Vdc |
/,A I
A 71 MAXMUMCURRENTLEVEL |
' —
|
y. Ves =5.0Vde
1
0 20 40 60 8O 10

Figure 2. Typical Qutput Sink Characteristics
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PULSE
GENERATOR

Pp. MAXIMUM POWER DISSIPATION {mW)

PER PACKAGE

MC14049B, MC14050B

000
g
)
2% C:\\
600 S
500 > (P) POIP
40 FaAN
A s N
300 O SO
20 T = 175 mW
100 = 120 MW
0
2 s 75 0 15 w175

T, AMBLENT TEMPERATURE (°C)

Figure 3. Ambient Temperature Power Derating

#Invert on MC140498B only

{P

)

)

20ns —] A.I e— 20115
INPUT X Voo
50%
10% - Ves
tpyL == - — teuy
0% — Vou
OUTPUT o
MC140498
10% Vo
oy bt o B ol 51T
tppy - - oy Vou
QUTPUT 50%
MC140508 50%
10% Vo
Iy — ot — L

Figure 4. Switching Time Test Clrcult and Waveforms

http:!lonsemi.cum

5



ﬁﬁﬁr‘ﬁﬁr‘ﬁr"ﬂﬂ

16

ol — (] et

O

1 [

oA LA QI CIT BT
i

—C

145 ]

1

-K

H L
G
D16 PL

B g =E

MC14049B, MC14050B

PACKAGE DIMENSIONS

PDIP-16
P SUFFIX
PLASTIC DIP PACKAGE
CASE 64808
ISSUER

lee— L

J—l— \'IM

[ 025 0.0)®[ T[4 B

‘I:I_H" HAAHAA

i

Solc-186
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J

111

ParL

i[{al 0.25 0.010®{ B O]

(D '
H;T_T;HHHHH
e

NOTES:

el

qul/_
3

%Jf‘

(&0 pon®@[1]8 ®]AG)]

http:ﬂonsémi.coni
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T

4.

DIENSIONING AND TCLERANCING PER ANSI
Y14.5M, 1962,

2. CONTROLUING DIMENSION: INCH.
i

DHVIENSEON L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
DWMENSION B DOES NOT INCLUDE MOLD FLASH.

5 ROUNDED CORNERS OPTIONAL

INCHES | MILLMETERS
o] NN | WAX | MIN | MAX

A 10740} OFJ0 | 1880 | 19.58

B | 0250 | 0.270 B35 B.B5

C | 0145 | 9375 1.659 4.44

D_]. 6015 | 0021 0.39 0.53

F | a6dn 0.7 1.02 177

[ 0.100 BSC 2.54 BSC

M | 0.050BSC 127 BSC

J 0008 | D015 0.21 0,@__1

K | 0.110 | 0130 2.80 130

L | 0295 | 0.306 150 T4

M 1° 13° 0° e

§ ] o002 | 040 051 101
NOTES

1. DIMENSIONING AND TOLERANCING PER ANSE

YI4.5M, 1982

2. CONTROLLING DIMENSION: MILUMETER.

1 DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXMUM MOLD PROTRUSION 015 (.006)
PER SIDE,

5 DIMENSION D DOES NOT INCLUDE DeBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRLISION SHALY BE 0127 (omsy TOTAL
IN EXCESS OF THE D DIMENSION

MAXBUM MATERIAL cuu:umn

i § TR




MC14049B, MC14050B

PACKAGE DIMENSIONS

TSSOP—16
DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948F-01
ISSUE O

16X KREF

— r__|¢| 010004 @[ T[U @[V O

[=]0.15 0008 T] U @]

16

m ~‘//‘ ;:

j SECTION N-N
J

LI A

[a]o15 0o T]U B

DETAILE

BARRRAR || =i

S

1. DIMENSIONMG AND TOLERANCING PER ANSI
¥14.5M, 1582

2. CONTROLUNG BIMENSION: MILLBJETER,

1. DIMENSION A DOES NOT INCLLDE MOLD
FLASH. PROTRUSIONS OR GATE BURRS. MOLD
FLASH OR GATE BURRS SHALL NOT EXCEED 0.15
{0.005) FER SIDE,

4. DBIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH Oft PROTRUSION. INTERLEAD FLASH OR
PROTRUSKON SHALL XOT EXCEED
0.25 {0.010} PER SIDE.

5, DIMENSION K DOES NOT INCLUDE DAMBAR
PROTRUSION, ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.6a {0.003) TOTAL IN
EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.

6. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

7. DIMENSKON A AND B ARE TO HE DETERMINED
AT DATUM PLANE -W-.

MBLLMETERS INCHES
MN | max MIN | MAX
490 [ 510 ] 0193 1 0200 |
430 [ 4501 0169 | 0177
— | 32 — | 0047
ofs | 035 | 0002 | 0.008
.50 0.75 | ¢.020 | 0,010

4 S J{ oY

|-
350,10 (0,004) e
—T-sexmne _T T ] H DETAILE—/'\
D |

PLANE

http:/fonsemi.com
7

0565 BSC 00268
018 | o7d | op07 | aon
009 | 020 | 0004 | 0.008
000 | 016 | 0.004 { 0006
018 | 030 | 0007 | 0012
019 | 025 | ooy | towo
640 BEC 025285C |
c° ] s a° ] 8°

:rEn:u!znm e ..:-Ig




MC140498, MC14050B

PACKAGE DIMENSIONS
SOEIAJ-16
F SUFFIX
PLASTIC EIAJ SOIC PACKAGE
CASE 966-01
KOTES:
ISSUE O T1ES DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
2. CONTROLLING DIMENSION: MILLIMETER
3, DIMENSIONS D AND E DO NOT INCLUBE
mm&m I Le ‘ WOLD FLASH DR PROTRUSIONS AND ARE
_1' Q MEASURED AT THE PARTING LINE. MOLD FLASH
H OR PROTRUSIONS SHALL NOT EXCEED 015
006} PER SIDE.
+ E Hg M f 4.[[' urﬁE}mmL NUMBERS ARE SHOWN FOR
I REFERENCE ONLY.
_l_ 5 THE LEAD WIDTH DIMENSION (b} DOES NOY
i

—{ e

DETAIL P

INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08 (0,003
TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER

=t D -t RADILS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS ANO ADJACENT LEAD
VIEW P TO BE 0.46 | 0.018).

EL_I I._ A— m\,_.. WILLMETERS | INCHES
/ N e |DIM] BN | MAX | WN | MAX
[ . 1 A A | — 1 205¢ — 1048
l { j%. * A | o005 | nzo { conz | 6008
Lttt H—t \ | b | 035 | 0500014 § 0020
L ~— T c [ 018 | 077 | acor | oo

__‘ P_ b Ay D_| 99 11050 |03m | o413,

E | 510 | 545 | ogo1 | 4216

¢ 1.27BSC 0.050 BSC
0.13 (0.005) & E 0.10 {0.004) M| 7e0 | a0 | 020 | 0353
L | oso| o6 }con | oo
ig ¥ 1101 150 0.043 | 0.059
[] B° | 0°1 6° ] we
Gy ] 070 | 090 [ 0028 | 0035
F —~ 1 om| — | ogn

ON Semiconductor and @ ara tradenarks of Semiconductor Compenents Industres, LLC (SCILLC). SCILLC reserves the right #o make changes
withoutfurther notice to any products hereln. SCILLC makas nowarranty, representation or guarantea regarding the sultabllity of its products for any particular
purpose, nor doas SCILLC assume any llability arsing out of the application or use of any product or circult, and specifically disclalms arvy and all Habllity,
including without limitatlon spacial, consaquential or Incidental damages, “Typical” parametars which may be providad in SCILLC data sheats and/or
spectiications ean and do vary in different applications and actual parformance may vary aver time, All operating parametars, Including “Typicals® must be
validated for each customer application by customer's tachnical experts. SCILLC does not convey any license under its patent rights nor the rights of othars.
SCILLC products are notdesigned, intanded, orauthorired for use as components in syslems Intended for surgicatimplant into the body, or other applications
intended to support or sustaln kfe, or for any other appllcation In which ths (ailure of the SCILLC product could create & sttuation whers personal indury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnlfy and hoid
SCILLC and its officers, employees, subsidiaries, affliates, and distributors harmless against all claima, costs, damages, and expensas, and reasonable
attomay fees arising outef, directly orindirecily, any claim of parsonal injury or death associated with such unintendad or unauthorized usa, even If such claim

aflegas that SCILLC was negligent regarding tha dasign or manufacture of the part. SCILLC Is an Equat Opporturity/Affirmative Action Emplayer.

PUBLICATION ORDERING INFORMATION

NORTH AMERICA Litarature Fulfiliment:
Literatura Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 8003443860 Toli Frae USA/Canada
Fax: 303-675-2176 or 8003443867 Toll Frea USA/Canada
Email: ONlit@hibbarico.com
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TIP31, TIP31A, TIP31B, TIP31C,
(NPN), TIP32, TIP32A, TIP32B,

TIP32C, (PNP)

Complementary Silicon
Plastic Power Transistors

Designed for use in general purpose amplifier and switching

applications.

Features

® (Collector—Emitter Saturation Voltage —
VCE(sar) = 1.2 Vde (Max) @ Ic = 3.0 Ade
® Collector—Emitter Sustaining Voltage —
Y CEO(sus) = 40 Vde (Min) — TIP31, TIP32
= 60 Vdc (Min) — TIP314A, TIP32A
=80 Vdc (Min) — TIP31B, TIP32B
=100 Vdc (Min) ~ TIP31C, TIP32C
¢ High Current Gain — Bandwidth Product

fr= 3.0 MHz (Min) @ Ic = 500 mAdc

¢ Compact TO—220 AB Package
& Pb—Frec Packages are Available*

MAXIMUM RATINGS

ON Semiconductor®

http:ffonsemi.com

3 AMPERE
POWER TRANSISTORS
COMPLEMENTARY
SILICON
40-60-80-100 VOLTS
40 WATTS

MARKING
4 DIAGRAM

O

AYWW
/ TIPoxG
STMET: AKA

PIN1. BASE
2. COLLECTOR

3. EMITTER
4. COLLECTOR

TO-220AB
CASE 221A-09
STYLE 1

xxx = Specific Device Code:
31, 31A, 3B, 31C, 32, 324, 32B, 32C

Rating | Symbol | Value Unit
Collector-Emitter Voltage TiP31, TIP32 Veeo 40 Vde
TIP3A, TiP32A 60
TIP31B, TIP32B B0
TiP31C, TIP32C 100
Collector-Base Voitage  TIP31, TIP32 Vee 40 Vde
TIPIA, TIP32A 60
TIP31B, TIP32B B0
TiP31C, TIP32C 100
Emitter-Base Vottage Veg 50 Vde
Collector Current Continuous le 3.0 Adc
Peak 5.0
Base Current ) 1.0 Adc
Total Power Dissipation Pp
@Tc= 40 w
Derate above 25°C 0.32 wrec
Total Power Dissipation Pp
@Ta= 20 w
Derate above 25°C 0.016 wrc
Uncitamped Inductive Load Energy (Note 1) E 3z mJ
Operating and Storage Junclion TiTey | -B5t0 °C
Temperature Range +150

Maximum ratings are those values beyond which device damage can ocour,
Maximum ratings applied to the device are individual stress limit values {not
normal operating conditions} and are not valid simuitanecusly. If these limils are
exceeded, device functional operation is not implied, damage may occur and

reliability may be affected.

1. Ig=18A L=20mH, PRF = 10 Hz, Vec = 10 V, Rgg = 100 Q..

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques

Referenca Manual SOLDERRIWD

[~] SemmundudurCornponmh Induslnas LLC 2005
June, 2005 ~ Rev. 9

A = Assembiy Location

Y = Year

WW = Work Week

G = Pb-Free Package
ORDERING INFORMATION

Sea detallad ordering and shipping infarmation in the package
dimensions section on page 3 of this data sheet.

Pubtication Order Number:
TIP31A/D



TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

THERMAL CHARACTERISTICS
Characteristic Symbel Max Unit
Thermal Resistance, Junction-to—Ambient ReJa 62.5 *CIW
Thermal Resistance, Junction—+o—Case Raic 3.125 W

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noled)

l Characteristic Symbal I Min I Max i Unit l
OFF CHARACTERISTICS
Collector—Emitter Sustaining Voltage {Note 2) TIP31, TIP32 |  VcEo(sus) 40 - Vdc
{Ic = 30 mAde, I =0) TIP31A, TIP32A 60 -
TiP31B, TIP328 80 -
TIP31C, TIP32C 100 -
Collector Cutoff Current (Veg = 30 Vdc, Ig = 0) TIP3, TIP32, TIP31A, TIP32A IceD - 0.3 mAdc
(Ve = 60 Vdc, I =0) TIP318, TIP31C, TIP328, TIP32C - 03
Colleclor Culoff Cumrent Ices wAde
(Vce = 40 Vdc, Vgg = 0) TIP31, TIP32 - 200
(Vce = 60 Vde, Vg = 0) TiP31A, TIP32A - 200
(Vce = 80 Vdc, Veg = 0) TIP31B, TIP32B - 200
(Vce = 100 Vde, Veg = 0) TIP31C, TIP32C - 260
Emitter Cutoff Current (Vgg = 5.0 Vde, I = 0) lero - 1.0 mAdc
ON CHARACTERISTICS (Note 2)
DC Current Gain {Ic = 1.0 Adc, Vce = 4.0 Vdc) hrg 25 - -
{lg =3.0 Adc, Vg = 4.0 Vde) 10 50
Callector-Emitter Saturation Voltage (I = 3.0 Adc, I = 375 mAdc) VeE(sat) - 1.2 Vdc
Base-Emitter On Voltage (ic = 3.0 Ade, Vg = 4.0 Vde) VBE(on) - 1.8 Vde
DYNAMIC CHARACTERISTICS
Current-Gain - Bandwidth Product {Ic = 500 mAdc, Vicg = 10 Vdeg, fiest = 1.0 MHZ) fr 30 - MHz
Small-8ignal Current Gain (Ic = 0.5 Adc, Vg = 10 Vde, f = 1.0 kHz) hte 20 - -

2. Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%.

I e TS et AP T SRR TTS . S SIS EOF R

http:/fonsemi.com
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TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TiP32A, TIP32B, TiP32C, (PNP)

ORDERING INFORMATION

Device Package Shipping?

TIP31 TO-220AB 50 Units/Rail

TIP31G TO-220AB 50 Units/Rail
(Pb-Free}

TIP31A TO-220AB 50 Units/Rail

TIP3MAG TO-220AB 50 Units/Rail
(Pb—-Free)

TIP31B TO-220A8 50 Units/Rail

TIP31BG TO-220AB 50 Units/Rail
{Pb-Free)

TIP31C TO-220AB 50 Units/Rail

TP31CG TO~220AB 50 Units/Rail
(Pb-Free)

TIP32 TO~-220AB 50 Units/Rail

TIP32G TO-220AB 50 Units/Rail
(Pb-Free)

TIP32A TO-220AB 50 Units/Rail

TIP32AG TO-220A8 50 Units/Ratl
{Pb-Free)

TIP32B TO-220A8 50 Units/Rail

TIP32BG TO-220AB 50 Units/Rail
{Pt—Free)

TIP32C TO-220AB 50 Units/Rail

TIP32CG TO-220AB 50 Units/Rail
(Pb—Free)

+For information on tape and reel specifications, including part orientation and tape sizes, pleasa refer to our Tape and Real Packaging
Spacifications Brochure, BRD8011/D.

htfb:ﬂoﬁéémi.com
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TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

Te Ta

40 4D
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= ™~
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0 o N
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80 100 120 140 160

T, TEMPERATURE (°C)

Figure 1. Power Derating

TURN-CN PULSE

Vec o AN
APPROX Re 20 —
+1V lofig = 10
| . 1.0 T, =25°C ]
V0 e Vin A SCOPE o7 1 @Vec=30V
VEB{Oﬁ] I f - 0.5 i e S |
— k=4 % 04 e T s
Cig << Cap o | [ ¥@Vec=10V
APPROX =l tabe— e L =
Hy b ys70ns —40V - ™
| 1100 < 1, < 500 us 04 <= —]
Vm ——l——--— L-;<15n5 0.07 td@VEB(Dﬁ)=2'0V——|
1 I .05
1
"ll\
—{ 't h-—DUTYCYCLE = 2.0% g'gg
TURN-OFF PULSE APPROX-8.0V “003 005 0.1 03 05 10 3.0

Rg and R¢ VARIED TO OBTAIN DESIRED CURRENT LEVELS.
Figure 2. Switching Time Equivalent Circuit

Ic, COLLECTOR CURRENT (AMP)
Figure 3. Tum-On Time

N Htt‘[:.i:}ldhsém.i;com
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ic, COLLECTOR CURRENT {AMP) rit), TRANSIENT THERMAL RESISTANCE MNORMALIZED)

1, TIME {ps)

TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

1.0 —F s o i =2
0.7 T T 4
0.5 b- °'i5
[ L1 -
0.3
0.2 X o
I 4 —
0.1 gur I :
0.1 } - L
0.07 0.05 ”_.z::g Zaycg =10 Rasc . it
] —] Raicll) = 3.125°C/W MAX 1]
008 0.02 L O CURVES APPLY FOR POWER i
0.03 et L] PULSE TRAIN SHOWN I re— |
0.08 ke T LT READ TIME AT, \-— ty _.i i
o o0 Ty~ Te = Pl Zagen BUTY _ i
0.01 [ SINGLE PULSE o M o ogOVAED-
oot 002 005 10 Q2 05 L0 20 50 W 2 50 100 200 500 1.0k
t, TIME (ms)
Figure 4. Thermal Response
10 There are two limitations on the power handling ability of
a transistor. average junction temperature aod second
>0 W, N A, N breakdown. Safe operating area curves indicate [c — Vg
< soms I limits of the ransistor that must be observed for reliable
20 I S II operation; i.e., the transistor must not be subjected to greater
= = \I? mN dissipation than the curves indicate.
10F SECONDARY BREAKDOWN e = The data of Figure 5 is based on Ty = 150°C; Tc is
! LMITED @ Ty < 150°C ~= iable depending on conditions. Second breakdown pulse
0.5 [ ——— THERMAL LINTT @ Tg = 25°C S, variabie depencing o . cown p
(SINGLE PULSE) A limits are valid for duty cycles to 10% provided Tk
| — - — BONDING WIRE LM AN < 150°C. Typky may be calculated from the data in
021 CURVESAPPLY ~ ——| TIP31A TIP32A \ Figure 4. At high case temperatures, thermal limitations will
- BELOW RATED Veo —— TIPS!B, TIPS28 N reduce the power that can be handled to values less than the
oalt 1oy o |TPSIGTIRGC 1 limitations imposed by second breakdown.
5.0 10 20 50 100
Voe, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 5. Active Reglon Safe Operating Area
a0 r T 300 peg T 1
2.0 el ! Int =lpa R \% Ty=425°C
. v ia=10 g
: k@ Voo =30V ——— T;=25C
07 = i 1 &
] == ! prrg o
= SUE — e g NON
Al
03| 4@ Vee=10V S <J £ o 1
0.2 2 o o~
3" A
0.1 \\
0.07 50 cd,\
0.05
0.03 0
0.03 0,05 0.07 0.1 02 03 05 07 10 20 30 01 0203 05 10 2030 50 10 20 3040

lg, COLLECTOR CURRENT (AMP)

Figure 6. Tum-0ff Time

Vg, REVERSE YOLTAGE (VOLTS)}

Figure 7. Capacitance

. http:l!onsémi.com
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hFg, DC CURRENT GAIN

V, VOLTAGE (VOLTS)

Ig. COLLECTOR CURRENT (1 A)

TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

500 TTTI0 .
L LI | T
300 Ty = 160°C Veg=20V
RN )
25°C iy N
100 s T
70 -55°C
50 \\\
30 \
10
7.0
50
0.03 005 0.07 0.1 03 05 07 10 2.0

lg. COLLECTOR CURRENT {AMP)

Figure 8. DC Current Gain

14
- T,=25°C
1.2
1.0 /|
0.8
VEE(SE!’ @lgfig=10
06 H%%:#ﬁ:" 1
Vpr @ Ve =20V
0.4
4
0.2 Vot @ ol d
. Cl g~ 10 -
N W Y il
LT TN
0.003 0.005 001 002003005 01 0203 05 0 2030
I, COLLECTOR CURRENT (AMPS)
Figure 19. “On" Voltages
19 T : =q’ ——..__..?z
[ Vee=30V 217
102 . V4
— T=150°C - i
ol e o P
/I
100 100°C w4 L
i 7
10! REVERSE —» 4~ FORWARD ==
] =7
1 7
10-2 25°C
—1== h
10-3 | 1 FES
-0.4 -03 -02 -0.1 0 +01 +0.2 +0.3 +0.4 +05 +06

Vg, BASE-EMITTER VOLTAGE (VOLTS)

Figure 12. Collector Cut-Off Region

Vo, COLLECTOR-EMITTER VOLTAGE (VOLTS)

6y, TEMPERATURE COEFFICIENTS (mVFC)

Rpg. EXTERNAL BASE-EMITTER RESISTANCE (OHMS)

2.0
P
T)=25°C
1.6
12l lc=03A 1.0A \3.0A
0.8 l\
y Y
04 N -
Py
T—
0
10 240 50 10 20 50 100 200 500 1000
Ig. BASE CURRENT (mA)}
Figure 9. Collector Saturation Region
S T T T T T
+2.0 |+ *APPLIES FOR lflg < hpef2
+i5lt  Ty=-65°CTO +150°C
+1.0 5
* '/,
+0.5 By FOR Vee(san =
0
=0.5
-1.0 rll v
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lc, COLLECTOR CURRENT (AMP)
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Figure 11. Temperature Coefficlents

107 r—— —
j | 1 1 L 1 1
By —t— V :30‘:("“
=10xi CESHY
108 _lc ces
1
. N S
s loxloes S >
]‘\. B ™)
e s N
10t lo =2 Klges .
| ! -~
1
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Figure 13. Effects of Base—Emitter Resistance
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TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

PACKAGE DIMENSIONS
TO-220AB
CASE 221A-09
|SSUE AA
NQTES:
—T—| 3EANe 1. DIMERSICNING AND TOLERANCING PER ANSI
Y14.5M, 1982
e g - 2. CONTROLLING DIMENSION: INCH.
B F T— ¢ 3 DIMENSION Z DEFINES A ZDNE WHERE ALL
L S ! BODY AND LEAD IRREGULARITIES ARE
ALLOWED.
]
j vy ' ! P INCHES MILLIMETERS
— o] WIN | MAX | MM | WAX
Q A A | 0570 | 0620 | 1443 | 155
l | 123 T B_J 0380 | 0405 | 085 | 1028
C {0060 | 0190 | 407 | 482
H o T—— D | o025 | 0036 [ CB4 | 088
F lo0t42 | 0147 | 361 | 3713
K G | 0095 | G105 { 242 | 266
Z- H]ewnnlo1ss | 280 F 393
i 0.0 | 0.025 | D46 § 064
K | 6506 | 0562 | 1270 | 1427
! » L[ 0045 | o060 | 15 | 152
L R N | 0190 | 0210 | 483 | 6.33
= J 100 | 0420 | 254 | 3.04
B 10080 | otin | 204 | 270
e 5 ] 0045 | 0055 | t15 | 130
D STYLE §: T | 0235 | 0255 | 507 | 647
« FINY. BASE U | o000 | 0pse | 000 | 127
oe— g Eaufmgm‘ Y 05 -4 115 ] -
4 GOLLECTOR Bl - 10080 ] - | 3
http://fonsemi.com
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TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

ON Semiconductor and @ &re regislered irademarks of Semiconductor Components Industries, LLC (SCILLC), SCILLC reserves the righi to make changes without further nolice
10 any produets herein. SCILLC makes no warmanly, represantation or guarantes regarding the sultablity of s products for any paricular parpese, nor does SCILLC assume any Wability
arising out of the application or use of any product or circult, and specifically disclalms any and all Eability, including wiihout limitation special, consequential or incidantal damages.
“Typical” parameters which may ba pravided in SCILLC data sheets andfor specifications can and do vary In different applications and eclual performance may vary over Eme. Al
operaling parametars, including “Typicals™ must ba validatad for each custamer apphication by customer's technical experts. SCILLC does nol comvery ary boense under s patent rights
nor the rights of others. SCILLC products are nol designed, Intended, or aulharized for use a3 componants in systems intended for surgical implard rlo the body, or olher applications
intanded 1o suppan or suslain iifs, or for any olher application in which the fiture of tha SCILEC product could craete a siluation where parsonal injury or daath may occur. Shoukd
Buyer purchase or use SCILLC products for any such unintended or vnauthorized aplication, Buyer shalt indemnify and hold SCILLC and its afficers, employees, subsidiaries, affilistes,
and disirbutors harmless agalnst all claims, cogts, damages, and expenses, arkd masonable atiomey fees arising out of, direclly or indirectly, any clem of persoral Injury or death
associalad wilh such unintended or unauthorized use, avan if such ciaim alleges that SCILLC was negllgem regarding the dasign or manufaciure of the parl- SCILLC is an Equal
Opportunity/AMfirmativa Action Employar. This ¥teraturs is subjact to all applicable copyright laws and is not for resala in any manner,

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT. N. Amarican Technlcal Support: 800-282-6855 Toll Free QN Semiconductor Wabsite: hitp-lonsami.com
Litarature Distribution Genter for ON Semiconductor USA/Canada . §
£.0. Box 61312, Phoenix, Arzone B5082-1312 USA Ordar Litarature; hilp:!/www.onsemi.comvitonder

Phone: 480-825-7710 or B00~344-3860 Tall Free USA/Canada Japan: ON Semiconducior, Japan Customar Focus Center “ . _
Fax: 480-820-7700 or B00-344-3867 Tok Free USA/Canada 2-8~1 Kamimegura, Megura—ku, Tolyo, Japan 1530081 For eddiional infrmation, plsase contact your
Email: orderiit@onsemi.com Phone: §1-3-5773-2850 local Sales Represariative.
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PD-8.512B

IRFP460

Intemational
Rectifier

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating
®* Repetitive Avalanche Rated b
® |solated Central Mounting Hole
* Fast Switching

® Easg of Paralleling

* Simple Drive Requirements

VDSS = SOOV
5 'D = 2OA

Description
Third Generation HEXFETs from International Rectitier provide the designer
with the best combination of fast switching, ruggedized device design, low
‘on-resistanca and cost-effectiveness,

The TO-247 package is prefemred for commerciaHnduatial applications
whera higher power lavels preclude the use of TO-220 devices. The TO-247
is similar but superior lo the eadier TO-218 package becauss ol Hs isolated
mounting hole, It also provides greater creepage distance batween pms to

maet the requirements of most safety specifications.

TO-2470C
Absolute Maximum Ratings
Parameter Max. Units

Ip @ Tg=25"C Continuous Drain Current, Vas @ 10V 20
Ip® To=100°C | Continuous Draln Current, Vas & 10V 13 A
lom Pulsad Drain Cuvent © B8O
Po @ Tc=25°C | Power Dissipation 280 W

Linear Derating Factor 22 WHRC
Vas Gale-to-Source Voliage 120 v
Eas Single Pulse Avalanche Energy @ 260 )
lag Avalanche Current @ 20 A
Ean Ropetitive Avalanche Energy @ 28 m
dv/dt Peak Diode Recovery dvidt @ 35 Vine
Ta Cperating Junctlon and <55 to +160
Ts1a Storage Temperaiure Range C

Soldering Temparalure, for 10 seconds 300 {1.6mm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfeint (1.1 Nem}

Thermat Resistance
Parametar Min. Typ. Max. Units

Raic Junction-{o-Case —_ — Q.45
Racs Case-{o-Sink, Flat, Greased Surdace — 0.24 — “CW
Rgua Jundlion-ie-Ambient _ — 40

1028




IRFP460

Electrical Characteriatics @ Ty = 25°C (unless otherwisa specified)

Paramatar Min. ; Typ. | Max. | Units Test Corditions
Veross Drain-to-Source Breakdown Voltage 500 | — — V | Vgs=0V, lo= 250uA
AV emoss/AT,| Breakdown Voltage Temp. Coefficient — 1063 | — {vrC |Refarence to 25°C, Ip= 1mA
Ropsjony Static Drain-to-Source On-Resistance — | — 1027 ] @ |Ves=10V, [z=12A ®
Vaainy Gata Thrashold Voltage 20| — | 40 | V !Vpg=Vas, lo=250pA
| O Forward Transconductance 13 —_ — S Vps=50V, Ip=12A &
loss Crain-to-Sourca Leakage Current T 22:0 pA :z:jx' :2:21 [ r—
less Gate-to-Source Forward Leakage — - | 100 A Vge=20Y
Cate-to-Souence Reverse Leakage — — | <100 Vge=-20V
Qg Total Gate Charge - — [ 210 10=20A
Qg Gate-o-Source Charge — | — | 29 | nC |Vpg=400V
=™ Gate-to-Drsin ("Miller”) Charge — | — | 110 " | Vag=10V See Fig. 6 and 13 ®
Lakont Tum-On Delay Time - 18 | - Vpo=250V
1% Rise Yime — 58 - ne lp=20A
Tt " | Tum-Off Delay Time — | 110 — Pg=4.301
4 Fall Time — 58 | -~ Rp=1302 Ses Figure 10®
Lo Intemal Drain Induciance — {50 — E‘E‘n‘:’:?g;g';‘,‘is
nH lrnEn packagfa
le triemal Source Inductance — P13 — glna ;enm° i
1 Cian Input Capacitance — 4200| — Vas=OV
- Coss Output Capacilance — 870 | — | PF ]Vpe=25V
i Crge Reverse Transler Capacitance — 350 [ - F=1.0MHz See Figurs &
Source-Drain Ratings and Characteristice :
Parameter Min. | Typ. | Max. | Units Tast Conditions
Is Continuous Source Curent _ - 20 MOSFET symbol e
{Body Diode) A shawing the
7] Putsad Source Current 1 g infegral reverse @
(Body Dicda) @ p-n junction dioda. s
Van Diode Forward Veltaga — — | 1.8 V | Tm=25°C, Is=20A, Vee=0V @
[ Reverse Recovery Time - | 670 | 860 | n3 |T=25°C, Ir=20A
Qr Revarse Recovery Charge — | 67 | 68 | uC |difd=100Afs @
on - Forward Tum-On Time intiinglc furm-an ¥me is neglegibis {lum-on is dominaled by Ls+La)
Notes:

@ Rapetitive rating; pulse width imited by
max, junction temperature (Ses Figure 11)

@ Vpp=50V, &tarting TJ=25°C, L=4.3mH

Ra=250, 1a5=20A (See Figure 12}

@ leoc20A, diidi<160A/ms, VDDSVBR)DSS,
Tust150°C

@ Pulss width < 300 15; duty cycle s2%.
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IRFP460

{p, Drain Current {Amps)

ip, Drain Current (Amps}
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Vps, Draln-to-Sourcs Voltage (valts)
Fig 1. Typical Output Characteristics,

Te=25°C
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Fig 3. Typicat Transfer Characteristics
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Fig 2. Typical Quiput Characteristics,
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|REP460

Vos = 0¥, f = 1Mz 20 -
CEE 4 In = 20a b
1ss ” Cgo * Cgo Cus SHORTED 7 | vpg - 400V I
oG, : s
8000 ~pless Cgs + Cgg 2 1 05
N H B 1{')
= pOO% Cigs = 12
§ \ \“H.‘_ g v
: b N T =1 v
P
NS g ® 7
o Coss 3 lfé
™~ l [\'\ © .
\- P [0} ]
2000 e T ] - 4 /
T 53 L
[ SEE FIGURE 13
108 sl °g 2§ B0 120 160 200
Vs, Drain-te-Source Voltaga (volts) Qg. Tota! Gate CGharge (nC)
Fig 5. Typg‘cal Capacitanca Vs. Fig 6. Typical Gate Chargs Vs.
Drain-to-Sourcs Voltage Gate-to-Source Voltage
W > i3 =
p %:;:Eh":o'u 18 7RIS aREE _TvITIZ T
E A sp—r 9} S o
ey AT
2 w4 = LT
: / : v il
g < i eeses
6 . E 5 = > ,‘fl s - e = 110,45
c t=: \\ Y \\
g 1%% / i 2 ¢ p Y T~ Yo
- L f<o.s
§ L {AA asc : g » L =
g i R e i S S
3 / ALK i T
a foesie ! e
= 211 jw1500C :
il / vgg ~ OV . STNGLE PLLSE II L Nom
0.6 0.8 t.D‘ i.2 $.4 t.6 18 2.0 3 2 5 g @ s g 2 s pd
Vsn, Source-to-Drain Voltage {volts) Yps, Drain-to-Source Veliage (volts)
Fig 7. Typical Source-Drain Dicda Fig 8. Maximum Safe Opsrating Area

Forward Voltage
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\g. Drain Current (Amps)
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Te, Casa Temperature (°C)
Fig 9. Maximuem Drain Current Vs,

Case Temparature

[RFP460

Pulse Width 5 1ps
Buty Factor < 0.1%

Fig 10a. Switching Time Test Circuit
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Fig 10b. Switching Time Wavelorms
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MUR3020PT, MUR3040PT,
MUR3060PT

SWITCHMODE™
Power Rectifiers

... designed for use in switching power supplies, inverters and as
free wheeling diodes, these state—of-the-art devices have the
following features:

e Uitrafast 35 and 60 Nanosecond Recovery Time

e 175°C Operating Junction Temperature

High Voltage Capability to 600 Volis

Low Forward Drop

Low Leakage Specified @ 150°C Case Temperature

Current Derating Specified @ Both Case and Ambient Temperatures
Epoxy Meets UL94, Vo @ 1/8”

High Temperature Glass Passivated Junction

Pb—Free Packages are Availahle

“Wechianical Characteristics:
e Case; Epoxy, Molded
Weight: 4.3 grams (approximately)
Finish; All External Surfaces Corrosion Resistant and
Terminal Leads are Readily Solderable

Lead Temperature for Soldering Purposes:
260°C Max. for 10 Seconds

Shipped 30 units per plastic tube
Marking: U3020, U3040, U3060

»

MAXIMUM RATINGS
I Please See the Tabla on the Following Page l

% Samiconducior Componants Industries, LLC, 20035 1
September, 2005 - Rev. 7

ON Semiconductor®

http:/fonsemi.com

ULTRAFAST

RECTIFIERS

30 AMPERES
200-600 VOLTS

1 O~
3 o—Ppp—-

abe

MARKING DIACRAM

AYWWG

| MUR30XOPT

TO-21BAC
CASE 340D
STYLE 2
A = Assambly Location
Y = Year
ww = Work Week
G = Pb-Free Device
MUR30x0PT = Devica Code
X =2 4orb
ORDERING INFORMATION
Device ‘Package Shipping
MUR3020PT 80T-93 30 Units/Rail
MUR3D20PTG SOT-93 30 Units/Rail
{Pb—Free)
MUR3040PT S0T-93 30 Units/Rail
MUR3040PTG 80T-93 30 Units/Rail
{Pb~Free}
MUR3060PT S0T7-53 30 Units/Rail
MUR30DE0PTG SOT-93 30 Units/Rail
{Pb—Free)

Pﬁblicaﬁon Order Number:
MUR3020PT/D




MUR3020PT, MUR3040PT, MUR3060PT

MAXIMUM RATINGS (Per Leg)

Rating Symbol MUR3020PT | MUR30D40PT | MUR3060PT Unit
Peak Reopetitive Reverse Voltage VRrM 200 400 €90 Volts
Working Peak Reverse Voltage VrwM
DC Blocking Voltage Vr
Average Rectified Forward Current {Rated Vg) e Amps
Per Leg 15@ T =150°C 15@Te=
Par Navics an@ Tg = 1h0°C 30 145°C
Peak Rectified Forward Cument, Per Leg IFRM 30 30 Amps
{Rated Vg, Square Wave, 20 kHz, T, = 150°C) @ Tc=150°C @ Tg =145°C
Nonrepetitive Peak Surge Current Irsm 200 150 Amps
{Surge applied at rated load conditions,
hatfwave, single phass, 60 Hz) Par Leg
Operating Junction and Storage Temperature Ty Toig - 6510 +175 *C
THERMAL CHARACTERISTICS (Per Diode Leg)
Maximum Thermat Resistance — Junction to Case ReJc 15 “CIw
«w lunction to Ambient Rgia 40
ELECTRICAL CHARACTERISTICS (Per Diode Leg}
Maximum Instantaneous Forward Voltage {Note 1.) VE Volts
{If = 15 Amp, T¢ = 150°C) 0.85 112 12
{tg =15 Amp, T =25°C}) 1.05 125 15
Maximum Instantaneous Reverse Current (Note 1.} ir HA
(Rated DC Voitage, T = 150°C) 500 1000
(Rated DC Voltage, T; = 25°C) 10 10
Maximum Reverse Recovery Time b 35 60 ns

(ir = 1.0 Amp, difdt = 50 Amps/us)

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit

values (not nommal operating conditions) and are not valid simuitaneousty. If these limits are exceeded, device functional operation is not implied,
damage may occur and retiability may be affected.
1. Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%,

hftp:ﬂonsemi.com
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iF, INSTANTANEOUS FORWARD CURRENT {AMPS)

I Fiav) AVERAGE FORWARD CURRENT {AMPS}

MUR3020PT, MUR3040PT, MUR3060PT
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i, INSTANTANEQUS FORWARD CURRENT {AMPS)

IF{Av). AVERAGE FORWARD CURRENT (AMPS)

MUR2020PT, MUR3040PT, MUR3060PT
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iF, INSTANTANEOQUS FORWARD CURRENT (AMPS)

[Fav)» AVERAGE FORWARD CURRENT (AMPS}
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MUR3020PT, MUR3040PT, MUR3060PT
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MUR3020PT, MUR3040PT, MUR3060PT
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MUR3020PT, MUR3040PT, MUR3060PT

PACKAGE DIMENSIONS

TO-218 THREE LEAD
TO-218
CASE 340D--02
ISSUE E

legt—
la— NOTES:
1. DIMENSIONING AND TQLERANCING PER ANSI
Y1a.5M, 1982,
2, CONTROLLING DIMENSION: NILLIMETER,

MILLMETERS | INCHES

| ol win | wax | win_ ] Bax
— [ 2035 | — | osm

C
) - 470 1 1520 | 0573 1 058
_L— 430 | 290 | 085 | 0.193
K ey — 110 1 130 | 0.043 | 0.051
J ‘|' 117 |37 | 0046 | 0054

< [e% (xm e

540 555 | 0.213 | 0219
200 300 ) 6079 | 0.118
056 | 078 1 0.02¢ | Q031
31.00 REF 1220 REF
— | 1620 -— | 0.638
400 | 418 | 0158 | 0161
17.80 | 18.20 | @701 | 0.747
4.00 REF $.457 REF
1.75 REF 0.069

o
II'_
Ti
< [=en o |~ [=1e

STMEZ
PN 1. ANCDE 1
2. CATHODES)
3. ANODE 2
4. CATHODE(S)

 http:fionsemi.com
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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
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 MCI1741 (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.

Features

Short Circuited Protected Cutputs

True Differential Input Stage

Single Supply Operation: 3.0V to 32V

Low Input Bias Currents: 100 nA Maximum {LM324A)
Four Amplifiers Per Package

Internally Compensated

Common Moede Range Extends to Negative Supply
Industry Standard Pinouts

Device Operation
Pb—Free Packages are Available*

® NCV Prefix for Automotive and Other Applications Requiring Site

and Control Changes

*For additional information on our Pb-Free strategy and scldering details, please
download the ON Semiconductor Soldering and Mounting Techniques

Reference Manual, SOLDERRM/D.

@ Semicondocior Camponents (ndustries. LLC, 2005 1
June, 2005 - Rev. 16

ON Semiconductor®

http:/fonsemi.com

14%:ii
1

G

PDIP-14
N SUFFIX
CASE 648

S0IC-14
D SUFFIX
CASE 751A

TSSO0P-14
DTB SUFFIX
CASE 943G

ESD Clamps on the Inputs Increase Ruggedness without Affecting

PIN CONNECTIONS

ot 1 [1] ~ {14] Out 4
lnpusi{%gl %g } Inputs 4

Vec [4] [11] Vg, GND
Inpuls2{gpl l—@%‘}mms

oul2[7— 3| 0u3

(Top View)

ORDERING INFORMATION
See detailed ordaring and shipping Information in the package
dimensions seclion on page 8 of this data sheet.

o A S 1, ST e 4 T RS S T AT 27 W

DEVICE MARKING INFORMATION

Ses general marking information In the davice marking
section on page 11 of this data sheel

Publicaﬁbn Order Nﬁrﬁber:
LM324/D



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

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

Rating Symbo! Vaiue Unit
Power Supply Voltages Vdc
Single Supply Vec 32
Sptit Supplies Voo Vee +16
fnput Differential Voitage Range (Mote 1) VDR 132 Vde
input Common Mode Voltage Range Vicr -0.3 to 32 Vdc
Output Short Circuit Duration tsc Continuous
Junction Temperature {(Note 2) Ty 15D °C
Thermal Resistance, Junction—to—Air {Note 3} Case 646 Raa 1iB SCIW
Case 751A 156
Case 848G 180
Storage Temperature Range Tstg 65 to +150 °C
ESD Protection at any Pin Vasd A
Human Body Model 2000
Machine Model 200
Operating Ambient Temperature Range Ta °C
LM224 -25to +85
LM324, 324A 0o +70
LM2502 -4Q to +105
LM2902V, NCV2902 (Note 4) -40 to +125

Maximum ratings are those values beyond which device damage can ocour. Maximurm ratings applied to the device are individual stress fimit
values {not nommat operating conditions) and are not valid simultaneousty. If these fimits are exceeded, device functional operation Is not Implied,
damage may occur and reliability may be affected.

1. Split Power Supplies.

2. For supply voltages less than 32 V, the absolute maximum Input voltage is equal to the supply voltage.

3, All Rpa Measursments made on evaluation board with 1 oz. copper traces of minimum pad size. All device outputs were active.

4. NCV2802 is qualified for automitive use.

- I;ﬂpéllf;n.séﬁii.c.o.ﬁ\
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Voo =5.0V, Ve = GND, Ty = 25°C, unless otherwise noted.)

LM224 LM324A L3324 LM2902 LMZS0VINCV2902
Charactariatics Symbol |Min | Typ | Max {Min | Typ | Max |Min | Typ | Max [Min | Typ ] Max | Min | Typ | Max Unit

Input Offsat Voltage Vio mv
Vec =S0VI030V
V!CR =0Vio
Ve -1.7V,
Vo=14V,Rg=00Q
Ta =25°C - 20 5.0 - 20 A H - 20 7.0 - 2.0 7.0 - 20 7.0
Ta = Thigh (Note 5) - - 70 | - - 50 | - - g0 | - - 10 - - 13
Ta = Tiow (Note 5) - - 7.0 - - 5.0 - - 9.0 - - 10 - - 10

Average Temperature | AVig/aT | - 7.0 - B 7.0 30 - 1.0 - - 7.0 - - 7.0 - WG
Coeffident of Input
Offset Vollage

Ta = Trigh 10 Tiow
(Notes 5 and 7)

Input Offset Cument o - 3.0 30 - 5.0 30 - 5.0 50 - 5.0 50 - 5.0 50 nA
Ta = Trigh 10 Tigw - - 100 | - - 75 - - 150 | - - 200 1 - - 200
{Note 5}

Average Temperature Al/AT - 10 - - 10 300 - 10 - - 10 - - 10 - pArC
Coefficient of Input
Offsat Current

T = Trign 10 Tiw
(Nales 5 and 7)

Input Bias Current Y| - 190 ]|-1s)| - | -45 {-100] - | 90 |-250] - | -00 |~250| - | -90 | -250] nA
Ta = Thigh 0 Tiaw - - J-30} - - |-200| - - | -500]| - - |-s00] - - ] -500
{Note 5}

Input Commaon Mode Yier v
Voltage Range
{Note 6)

Ve =30V
Ta=+25°C 0 - 2831 0 - 83| 0 - 231 0 - 43)] 0 - 243

Ta = Thigh 1o Tiow 0 - 28 0 - 28 0 - 28 0 - 24 0 - 24
[Note 5)

Differential Input Vior - - Vee | - -

Voo - - Voo - - Voo - - Yoo \'
‘Voltage Range

Large Signal Open P VimyV
Loop Voltage Galn
Ry =20k, 50 {1 100 - 25 | 100 - 25 Y 100 - 25 | 100 - 25 | 100 -
Vec= 15V, ’ :
for Large Vi Swing
Ta = Thigh & Tiow 25 - - 15 - - 15 - - 15 - - 15 - -
{Note &)

Channal Separation cs - |-120] - - -2} - - {-120] - - |20} - - {-20] - dB
10 kHz < £ 20 kHz,
Input Referenced

Common Moda CMR 70 85 - 65 70 - 65 70 - 50 70 - 50 70 - dB

Rg s 10 k2

Power Supply PSR B5 | 100 - 65 | 100 - 65 1 100 - 50 | 100 - 50 100 - dB
Rejection

5. LM224: Ty = —25°C, Thigh = +85°C
EM324M324A: Tigy = OFC, Thigy = +70°C
LMZ2902: Tigy = —40°C, Thign = +105°C
LM2902V & NCV2902; Ty, = =40°C, Thgh = +125°C
NCV2902 Is qualtfied for automolive use.
6. The input common mede voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the commoen mode voltage range is Ve ~1.7 V.
7. Guaranteed by deslign.

I.lttp:l!o.nsérrnl.;:dh"l“ o
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Ve = 5.0V, Ve = GND, Ta = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2802 LM2002V/INCV2002

Characteristics Symbol |Min | Typ | Max [Min | Typ | Max {Min | Typ | Max jMin | Typ | Max [ Min | Typ | Max | Unit

Output Voltage — VoH v
High Limit
{Ta = Thigh 1o Tiow}
{Note 8)

Voo =50V R = 33 as - 33 35 - a3 35 - 33 35 - 33 35 -
20kE2, Ty = 25°C

Ve =30V 26 - - 26 - - 26 - - 22 - - 2 - -
Ry = 2.0 kQ

Vec =30V 27 28 - 2r 28 - 27 28 - 3 24 - 23 24 -
R, = 10 k@2

Qutput Voltage - VoL - 5.0 20 - 50 20 - 5.0 20 - 50 100 - 5.0 100 mVy
Low Limit,
Voo =80V,
Ry, =10 k2,
TA = Thigh to Tm
{Note 8}

Quiput Source Current I« mA
(Vp=+1.0V,
Ve = 15V)
Ta® 25°C 2
TA = Tr-@‘ [:+] Tb,,- 10
{Noie 8)

83
88
88

Cutput Sink Current lo- mA
Mo=-10V, 10| 20 - f1o | 20 - o] 2 - {10 20 - 0 | 20 -
Vec=15V)
T = 25°C
Ta = Trigh 1 Tiow s0{80 ] - |se]| 8o - {so| 8o | - [s50] 8o - |50} se -
{Nata 8}
Mp=-10V, 12 | s0 - 12| s0 - 12] s | - - - - - - - LA
Vo =200 mV,
Ta = 25°C)

Qutput Short Cirguit lac - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
to Ground

{Nota B)

Power Supply Current lee mA

(T = Thigh 1o Tiow)
(Nota 8

Vee =30V - - 340 - 14 3.0 - - 30 - - a0 - - 3.0
Vo=0V,R =w

Vec =5.0V, - - 1.2 - 0.7 1.2 - - 1.2 - - 12 - - 12
Vo=0V,R ==

. LM224: T = =25°C, T’*E" =+85°C
LM3241 M324A: Tigy, = 0°C, Tiugn = +70°C
LM2902: Tigwy = —40°C, Tiygh = +105°C
LM2802V & NCV2802: Ty = —40°C, Thigh = +125°C
NCV2802 is quaiified for atfomative use.

. The Input comman mode voitage or elther 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 Vg ~1.7 V.

http:ffonseml.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902
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Bias Circuitry
Comenon to Four
Gutpul Amplifiers
. " ’ TV,
l‘; Qis PJ E AR } ce
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!
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|
I
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\1 20% } |
. : vo-l o veefoND
Figure 1. Repressentative Circuit Diagram
(One-Fourth of Circuit Shown)
CIRCUIT DESCRIPTION
The LM324 series is made using four internally ¥ Voo = 15 Vde
compensated, two—stage operational amplifiers. The first T R =20k
stage of each consists of differential input devices Q20 and T Ta=2°C
Q18 with input buffer transistors Q21 and Q17 and the *
differentialtosingleendedconverterQ3andQ4.TheﬂISt E [ESTA RS RRINEN Illlltu::llu"ul ript v ean loares
stageperf notorﬂyﬂléﬁrststagegainfunc‘tionbutalso : H--H ..n....::...- A EEEE mEEEEEma
petforms the level shifting and transconductance reduction - ¥ /
functions. By reducing the transconductance, a smaller T /
compensation capacitor (only 5.0 pF) can be employed, thus \ ;: y
saving chip area. The transconductance reduction is = /
accomplished by splitting the collectors of Q20 and Q18. 5.0 usmV

Another feature of this input stage is that the input common
mode range can include the negative supply or gtound, 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.

0V v,
R

¢ “1\ o
o
:, 2 —0
2 3 o
P e
al
Single Supply = Vee/GND

Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an intemal—voltage
regulator which has a low temperature cocfficient thus
giving cach amplifier good temperature characteristics as
well as excellent power supply rejection.

Vee
L+
o ! = 1.5V 10 Vogimn
& 2 -0
o
@ 3 e
o -
o =
e ) Lo 1.5V 10 VeE(may
Vee ?_._..__j
Split Supplies

Figure 3.
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£y, , INPUT VOLTAGE (V)

VoR, OUTPUT VOLTAGE RANGE (Vpp)

}cg» POWER SUPPLY CURRENT {mé)

LM324, LM324A, LM224, LM2902, LM2902V, NCV2902
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Figure 11. Wien Bridge Oscillator
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