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PLASMA CUTTING MACHINE

Thawatchai Tikeaw

Bundit Jumpathong

Piched Suriyot

Somsak Cheersirikul Advisor

2005

ABSTRACT

This paper is present the ccmpenent of Plasma Cutting Machine.
(in the path of power circuit) Initially the rectifier and filter circuit transform the
aiternating current 220 Volts 50 Hz to direct 311 Volts. Subsequently the direct
current will be changed to high frequency pulses (25kHz) by the MOSFET that
it's inside of Full-Bridge converter. Swilching characteristic is produced by
SG3526 entire pulse width and frequency which it received data from output
section to continue the procession. Finally, cutput voltage of power switching is
250 Volts. That about power 2.5 kW. For 250 D.C veltage feeding to head cutling
and 10 A.C Kilo voltage use for trig to generate the plasma beam. It controlled

by the plasma cutcff circuits,
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Dimeter Over Nominal Resistance Current capacity
AWG Insuration (inch} Circular Per 1000 In milliampares AWG
. Mil arca It Bases on '
e 1000 c.m/A

8 0.310 0.133 16510 0.6281 165110 8
9 0.116 0.119 13090 0.7925 | 13090 7 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
| 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
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

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

Characteristics

Symbol

LM224

LM324A

LM324

LM2902

LM2802V/NCV2902

Min

Typ

Typ Max

Typ Max

Min

Typ | Max

Min | Typ Max

Unit

Inputl Offset Voltage
Ve =50Vie 30V

Vicr=0Vto
Ve =17V,
Vo=14V,Rg=010
Ta =25°C
Ta = Thg (Note 2)
T,, = Tigw (MoOte 2}

{26 V for LM2902, V},

Vi

20

5.0
7.0
.

80 -
5.0 -

Vo
o

1

2.0 7.0

20 7.0

10

7.0
- 13

!
g
o

Average Temperature
Coefficient of input
Offset Vollage

Ta = Thigh 10 Tiow
{Notes 2 and 4}

AV /AT

70

70 -

7.0 -

wvrec

Input Otfset Current
Ta = Trg», 0 T
{Nole 2}

ho

30

30
100

50 a0 -

50 50
- 150

50 50
- 200

200

ni

Average Temperature
Coefficient of Input
Ofiset Current

Ta = Tregh 10 Tigw
{Noles 2 and 4)

AllgIAT

10 -

pA/-C

Input Bias Cumrent
Ta = Trugn 10 Tigw,
(Nole 2}

—150

- -300

—45 | -100 | -
- ~200 | -

=50 | -250
- =500

-80 | -250
- =500

=250
=500

nA

Input Cemmon Mode
Vollage Range
{Note 3)

Voo =36V
{26 V for LM2902, V)

Ta = +25°C

Ta = Tr.m 0 Ty
(Nole 2)

Vicr

28.3
28

- 283

- 2683

- 243

243

Differential Input
Voitage Range

Vior

- VCC -

- Vee

- Vee

Veo

Large Signat Open
Loop Voltage Gain
RL= 2.0k,
Vee =16V,
for Large Vg Swing
Ta = Trigh 10 Tigw
{Note 2)

AvoL

50

25

100

100 - 25

100 -

25

25 100 -

VimV

Channel Separation
10 kiflz < f £ 20 kHz,
Input Referenced

cs

~120

120 - -

—120 -

-120 -

- |- -

d8

Common Mode

Rejectnon,
Rg < 10 kid

CMR

70

85

70 - 65

70 -

70 -

50 T0 -

dB8

Power Supply
Rejeclion

PSR

65

100 -

50

100 -

dB

2. LM224: Ty, = —25°C, Thign = +85°C
LM324/LM324A: Tigy, = 0°C, Thign = +70°C
EM2902: Tyo,, = —40°C, Trigy = +105°C

LM2902Y & NCV2902: Tigy = —40°C, Trgn = +125°C

NCV2902 is qualified for automotive use.
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 mode voltage range is Ve —1.7 V.
4. Guaranteed by design.

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

ELECTRICAL CHARACTERISTICS (Voo =50V, Veg = Gnd, Ta = 25°C, unless otherwise noted )

Characteristics

Symbol

LM224

LM324A

LM324

LM2802

LM2902v/NCV2902

Min

Typ

Min

Typ | Max | Min

Typ

Min

Typ

Max

Min | Typ Max

Unit

Qutput Voltage—
High Limit
(Ta = Thigh 1o Tiow)
(Note 5)
Ve =350V, RL =
20 kLl Ty =25"C
VCC =30V
(26 V for LM2902, V),
R =20%
Ver =30V
{26 V for LM2502, V),
Ry = 10 ki2

VoH

33

26

27

35

26 |

33

26

7

35 | - |33

26

27

a5

28

13

22

23

a5

24

i3 3.5 -

23 24 -

¢

Qutput Voftage —
Low Limit,
Ve =50V,
R = 10 k€2,
Ta = Th-gh t0 T
{Note 5}

VoL

5.0

20

50 20 -

5.0

20

5.0

100

mv

Qutput Source Curent
(VMip=+i1.0V,
Vee =15 V)
Ta = 25°C
TA = Tm 10 Tigw
{Note 5)

20
10

40
20

20
10

20
10

40 -
20 -

40
20

20
10

40
20

20
10

40 -

ma

Outpat Sink Current
{VgD = =10V,
Voo © 15 V,
Tp = 25°C
Ta = Th'j1 w0 Tm
{Note 5)
(Vip=-10V,
VQ = 200 IT‘IV.
Ta = 25°C)

20

8.0

50

50

12

20 -

8.0 -

50 -

20

8.0

50

10

5.0

20

80

20 -

50 a.0 -

mA

Output Short Circuit
1o Ground
{Note 6}

Isc

40

60

40

40

&0

40

60

60

mA

Power Supply Current
(TA = Thigh t0 Tiow}
(Note 5)

Ve =30V
{26 V for LM2902, V},
VosOV,R ==
Veg =50V,
Vp=0V.R ==

lec

3.0

0.7

30

3.0

1.2

3.0

5. LM224: Ty, = -25°C, Tyigi, = +85°C

LM324/LM324A: Ty, = 0°C, Tign = +70°C
LM2902: Tigy = =40°C, Tiigp = +105°C
LM2902V & NCV2902: Tjoy = -40°C, Tpgn = +125°C
NCVZ2902 is qualified for automotive use.
6. The input common mode voltage or either input signal voftage should not be allowed to go negative by more than 0.3 V. The upper end of

the common made vollage range is Vo ~1.7 V.
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Circuitry
Common 1o Four
Output Amglifiers
°
T + * ' 2 Vec
|) Q15 J/T i |
Q16 hy—— b ¢ a1 | Q22 |
Q13 | |
ank I |
Q19 l ]
[ ~ I !
54 pF Q12 )
Y f Q24| |
§ ; h ! o |
e 0 |
Q18 Q20 J | !
Inpuls | I
Q11 { |
—| Qg N I L[
Q17 Q2 | i
/—J 06 | Q7 | Q2 |
o2 05 k‘ J) ai |
ot Q10 (o kS
a3 Q4 (8] I/J ﬁ 20k i |
. S A S— . | S SIS Vee/Gnd

Figure 1. Representative Circuit Diagram

{One-Fourth of Circuit Shown)
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 scries is made using four internally
compensated, two-stage operational amplifiers. The first
stape of each consists of differential input devices Q20 and
QI8 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage perfonns not only the first stage pain 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 QI4§.
Anather feature of this input stape is that the input commeon
mode range can include the negative supply or ground, in
single supply operation, without saturating etther the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplificr stage.

38V 10 Vegimay
i

Single Supply

Voo = 15 Vdo
Rl = 2.0 k2
Ta= 557

T

I EEEN RN

1444

114 1k
LI B

1.0 ¥/DIY

LR AR NI R R

PN IR NEE

—

5.0 ps/0Iv
" Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an intemal—voltage
regulator which has a low temperature coefficient thus
giving each amplificr good temperature characteristics as
well as exceilent power supply rejection.

1.5V10 Voeimag

Split Supplies

|

Lo
Lo
Lo
Lo

1799%99%

1.5 V10 VEE(may

Figure 3.

http:ffonsemi.com
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* Vy . INPUT VOLTAGE vy

VoR, OUTPUT VOLTAGE RANGE (Vpp)

log POWER SUPPLY CURRENT (mA}

LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

% 120
18 _ W BN
(=3 Voo =18V
16 230 T~ Veg = Gnd
P Z » Ta=25°C
14 / / 0o 80 A
<o Y
12 // w F ™
/ « F_-J &0 \
1 i o7e % g N
! -1 ==
8.0 Negative o~ 1 ga @ M
60 W A" Puositve <8 S~
R = RS
40 a
L~ S H | 1ty
20 e 01
0 20 l
¢ 20 40 60 B8O 10 12 14 16 w2 1.0 10 160 1.0k 10k 100 k 10M
* Voo/Veg, POWER SUPPLY VOLTAGES (V) 1, FREQUENCY {Hz}
Figure 4. Input Voitage Range Figure 5. Open Loop Frequency
14
0 Tt T
12 Ve = 15V s
\ Vee = Gnd £ fnput
1 X Gai =100 g *
\ Ri= 10k = aw Qutout AN
80} Re = 100402 8 e /
5 350 \ /
6.0 E A
E r
40 \ o \ /r i !
| N S 250 Voo =30V
N = 1% Vee = Gad
24 ] 200 Ta=25°C
= CL = 5] pF
1.0 10 100 1600 0 0 i.0 20 a0 4.0 5.0 6.0 1.0 8.0
f, FAEQUENCY (kHz) 1, TIME {s)
Figure 6. Large—Signal Frequency Response Figure 7. Small-Signal Voltage Follower
Pulse Response (Noninverting)
24 T 1
21 Tp=25°C
A== T 90
18 é— Y
15 & \\
Lt £ ~
1.2 o
2
09 =z B
5
0.6 g
03 £
o T
o 50 10 15 20 25 30 35 ] 20 40 &0 80 10 12 14 16 18 20

Vec. POWER SUPPLY VOLTAGE (V)

Figure 8. Power Supply Current versus
Power Supply Voltage

Yoo, POWER SUPPLY VOLTAGE (V)

Figure 9. Input Bias Current versus
Power Supply Voltage
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

LMCMDJ

V0=2.5V(1+ 2;)

Figure 10. Voltage Reference

e,=C{l +a+b)(e;-¢)

Figure 12. High Impedance Differentital Amplifier

Viet
— VO

; 1

1 = 2nRC
et = 2VCE Fos: !n—10kHz

- - e = 0
- R=16kQ
C=001pF

Figure 11. Wien Bridge Oscillator

R2
Hysteresis
Vou il
Vet 0 0 I
O——8 I
Vin < Vo VoL
VinL I VinH
R1
VinL = R14+R2 VoL - Viet) + Vew Vrot

R1
Vi= Rs,pa Vo - Vied + Vrey

R
H=Riere {Vor- Vo)

Figure 13. Comparator with Hysteresis

o=

O

Vin R2

C1
—I——wnw—a—o0

100k

f, = 1.04Hz
Q=10
Tgp =1

Viet

A Ty =1

C1
o4——|—— e NotchOutpwt R =160k}

Where: Tgp = Cenler Frequency Gain
Ty = Passband Notch Gain

Figure 14. Bi—Quad Filter

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

1 )
Vyer = P Voo Triangle Wave xﬁ.%

y-—a

Square R1
wave \I'I.
Output
oo T Vi= 3 Ve
Figure 15. Function Generator Figure 16. Muitiple Feedback Bandpass Filter

Given: fy = center requency
A{ly} = gain at center reguency

Choose value 1, C

. _ Q
Then: Ra= T1,C
R3
Al 2 A
A1 A3
2= — Tt
R 402R1 - A3

Q f,
Far less than 10% evror from operalional amplifier, 2 <01

0
Bw
where f, and BW are expressed in Hz.

if source ii‘upedance varies, filler may be preceded with
voitage follower butler 1o stabilize liter parameters.

http:/fonsemi.com
8



LM324, LM324A, LM224, LM2302, LM2902V, NCV2§02

ORDERING INFORMATION

Device Package Operating Temperature Range - _ Shipping
LM224D0 S0-14 55 Units/Rail
LM224DR2 SO-14 2500 Tape & Reel
LM224DT78 TSSOP-14 —-25° 10 +85°C 96 Units/Rail
LM224DTBR2 TSSOP-14 : 2500 Tape & Reel
LM224N PDIP-14 25 Units/Rail
LM324D SO-14 55 Units/Rail
LM324DR2 SO-14 . 2500 Tape & Reel
LM3240TB TSSOP-14 96 Units/Rail
LM324DTBR2 TSSOP-14 2500 Tape & Reel
LM324N PDIP-14 : 25 Units/Rail
LM324A0 SO-14 07 to+70%C 55 Units/Rail
LM324ADR2 SO—14 2500 Tape & Reel
LM324ADTB TSSOP-14 95 Units/Rail
LM324ADTBR2 TSSOP-14 2500 Tape & Reel
LM324AN PDIP—14 25 Units/Rail
LM2902D S0-14 55 Units/Rail
LM2902DR2 SO-14 B 2500 Tape & Reel
LM2902DTB TSSOP-14 —40% 10 +105°C 96 Units/Rail
LM29G20TBR2 TSSOP-14 2500 Tape & Reel
LM2902N PCIP-14 25 Units/Raii
LM2902vD SO-14 55 Units/Rail
LM2902VDR2 SO-14 2500 Tape & Reel
LM29G2VDTB TSSOP-14 | 96 Units/Rail
—40° o +125°C
LM2902vDTBR2 TSSOP-14 2500 Tape & Reel
LM2902vN POIP-14 25 Units/Rail
NCV29020R2 S0-14 2500 Tape & Reel

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

MARKING DIAGRAMS

PDIP-14
N SUFFEX
CASE 646
14 14
LM324AN LMx24N LM2902N
C AWLYYWW O AWLYYWW O AWLYYWW

YY YWY VY
1

LM2902VN

G AWLYYWW
_ - T

50-14
D SUFFIX
CASE 751A
14 14 14 14
fAARARE FAAAAARER RARAAAER HHHHHHH*
LM324AD LMx24D LM2502D LM2902VD
o AWLYWW o AWLYWW o AWLYWW o AWLYWW
HHHEBH LR ELELE FHEHEE HEHERHE
1 1 1 1
TSSOP-14
DTB SUFFIX
CASE 948G .
14 14 14 14
AAARAAE  AAHAHAAH AARAAAA ARARA
%24 324A 2902 2902
\'
o AWV o AWYW o AWYW o AWYW
FREELEL EEEELL! CELELEEEL] ELLLE!
1 1 1 1
X =2ar3
A = Assembly Location
WL = Wafer Lot
YY,Y = Year

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

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

PACKAGE DIMENSIONS

PDIP—14

N SUFFIX
CASE 64606

ISSUE M

NOTES:

W -

[LYFN

e

v [ *Fb | (H La’
- ‘| —t
SEATING 4
PLANE L J‘_”_‘

—™H G -—“-—DMPL M

@[ene[@

S0-14
D SUFFIX
CASE 751A-03
ISSUE F
- . -
H"H"H"H_H_H_H
" l

PrpL /_r\

; [$ 025 0010) @B ® |
_’{ l'_ c Rxasﬂ_-“-- F

[ N

I
o o T b

SEATING
[dazsp010@]1][8 ©[AB)]

. [HMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982

. COMTAOLLING DIMENSION: INCH.
. DIMENSION LTO CENY 3 OF LEADS WHEN

FORMED PARALLEL.
. DIMENSION 8 DOES NOT INCLUDE MOLD FLASK -
AOUNDED CORNERS OPTIONAL -
INCHES MILLIMETERS
DIM] WIN | MAX | BN | MAX
A o715 | 070 | 1816 | 188
B | 0240 | 0260 | 610 | 660
€ 0145 | 0185 | 369 | 469
D | 0015 | 0021 | 036 | 053
F | oo [ogre] 102 178
G | 01008SC 254 BSC
W o052 1009 | 12 ] 241
J Joooe Jots | 020 | 0ds
K [ oMz | 0135 | 2w | 343
L o200 [o310 ] 137 | re7
M| | w0 -] w°
¥ | oms5 | 6039 | 036 ( 1.0t

NOTES:

. DIMENSIONING AWD TOLERANCING PER ANS!
Y14.54, 1982,

CONTROLLING DIMENSEON: MILLIMETER.
DIMENSIONS A ANO 8 DO NOT INGLUDE
WALD PROTRUSION.

MAXIMUM MOLD PROTHLSION 0.15 {0.006)
PER SIDE.

DIMENSION D DOES NOT INCLUDE DAMTAA
PROTRLUISION. ALLOWABLE DAMEAR
PAOTRUSION SHALL 8E 0.127 {0.005} TOTAL
IW EXCESS OF THE D DIMENSION AT
MAXHUM MATERLAL CONDITION.

WLLINETEAS | INCHES
MK | MAX | WIN | WA
855 | 875 | 0337 | 034
380 | 400 | 0150 | 0157
135 175 { 0054 | 0.068
035 049 [ 001 | 0.019
.40 125 | 0016 | 0049
1.27 B5C 0.050 BSC,
039 | oz 0008 [ 6om
010 | 025 | 0004 | 0003
0% 7] a°| 1°
580 | 620 | 0208 | 0244
02 $.50 | 6010 ¢ 0019

L g

-

L

w-u::xn.n-nanmb|§

http:/fonsemi.com
1



1L M324, LM324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

TSS0P-~14
DTB SUFFIX
CASE 948G-01
ISSUE O
14x K ReF T CMENSIONING AND TOLERANGING PER ANSI
'-—{q;{ 0.10 {0.004) (W) T[ U @[ V:J 2 CONTROLLAG DMENSION: WLLMETER.

Eﬁns o8| TIU G 3 DM SOM A DOES NOT INCLUIDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD#FLASH

-

Of GATE BURRS SHALL NOHJ(}EED 035
T H H H H H H H N 0.25 (0.010) {0.00€] PER SIDE.

DIMENSK. B DOES NOT INCLUDE INTERLEAD
2x L{2 FLASH OR PROTRUSION. INTERLEAD FLASH OR

M PROTRUSION SHALL NOT EXCEED
0.25 (0.010) PER SIDE
DIMENSION K BDES NOT INCLUDE DAMBAR

PHOTRUSION. ALLOWABLE DAMBAR

w

PIN 1 |‘ PAOTRUSION SHALL BE 0.08 (0,003) TOTAL IN
msnr\ F — EXCESS OF THE K DIMENSION AT WAXIMUM
MATEALAL CONDITION.
, 7 5 TERMENAL RUMBERS ARE SHOWN FOR
DETAIL E REFERENCE ONLY
H H H H H H H 7. DIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PLANE -,

@_0.?5 (0.008)| T| U ® .._ﬁ_._..‘ L ‘“"; ;: "'; MILLMETERS | INCHES
] i il UM T WAR | OMIN T WAX

490 | 510 ] 0193 | 0200
430 | 450 ) 0.169 | 0177
J N ‘A

[ 1A - [ouer

065 | 045 | 0002 | 0006

_T__f_ SECTION N—N 050 | 075 | 000 [ 0030
/ \~, (W

,;Jj 7 &} 019 | 025 ] 0007 | oota

6.40 B5C 0257 B

065 B5C QOB |
}c
018 (0 004) — Aese 1 CRRES
{:..T—l AT J T-J GL— —-l H DETAILE — A7 " -t

0.50 080 [ 0020 | 0.024
069 | 020 | 0.004 | 0008
D09 | 016 | 0.004 | D.006
a1§ 630 | 0007 | 00312

L.:m-nunw)-%

=

tadrd

-

[T,

ON Semiconductor and '.D are regisiered rademarks of Semiconductor Components Industries, LLC {SCILLC). SCILLC reservas the right to make
changes withaut further natice e any praducts herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of 4s products far any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product ar circuit, and specrficaliy disclaims any and all
liability, including withowd limilation speciaf, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC dala sheets and/or
specifications can and do vary in different applicalions and actual performance may vary over time. All operating parameters, including “Typicals® must be
validatod for each customer applicalion by customer’s lechnical experts. SCILLC does not convey any license under is patent rights naor the rights of olhers.
SCILLC products are nat designed, intended, or authorized for yse as components in systems intended for surgical implam into the body, or other applications
intended 10 support o sustain e, of for any other application in which the ailure of the SCILLC preduct could create a stuation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unimlended or unauthorized application, Buyer shall indemnity and hotd SCILLC
and its officers, smployees, subsidiaries, affiliates, and distribulors harmiess against all claims, costs, damages, and expenses, and reasonable attomey 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
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PUBLICATION ORDERING INFORMATION
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Literature Distribution Center for ON Semiconductor 4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 141-0031
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www.fairchildsemi.com

LM2901,LM339/LM339A,LM3302,
LM239/LM239A

Quad Comparator

‘Features

Single or dual supply operation

+ Wide range of supply voltape

LM2901,LM33%/LM339A LM239/LM239A : 2 ~ 36V
{or £1 ~ 218V}

1.M3302 : 2 ~ 28V (or ] ~ £14¥)

Low supply current drain 800pA Typ.

Open collector outputs for wired ard connectors

Low input bias current 25nA Typ.

l.ow Input offset current £2.3nA Typ.

Low inpul offset voltage £1.4mV Typ.

Common mode input voltage range includes ground.
Low output saturation voltage

Output compatible with TTL. DTL and MOS logic system

Internal Block Diagram

Description
The LM2901, LM339/LM339A LM239/LM239A, LM3302
consist of four independent voltape comparators designed
1o operate from sinple power supply over a wide voltage
range.

14-DiP

E] ouT3

E]oun

Rev. 1.0.1

©2001 Fairchild Semiconductor Corparation
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LM2901,LM3IJ9/LMI39A LM3302, LM239/LM239A

e M 1 L MR A Rl e e T o ek o A T Mk R e L

L T N AL AP Ry S

Schematic Diagram

vee G .
]
Lo !
Pl eite
) $oo '
vt N
WD - - OUTPUT
for Mes}
os o6 Yo
n
oe
hj
Absolute Maximum Ratings
Parameter Symbol Value Unit
Supply Voltapa vce t18 or 36 vV
Supply Voltage only LM3302 Ve 114 or 28 vV
Differential Input Voltage VI{DIFF) 36 v
Differential Input Voltage only LM3302 VI(DIFF) 28 v
Input Voltage Vi -0.3to +36 Vv
Input Voltage only LM3302 V] -0.3to+28 v
Qutput Short Circuit to GND - Continuous -
Power Dissipation Pp 570 mw
Operating Temperature
LM339/LM339A ToPR 0~-+70 C
LM2901/LM3302 -40 -+ 85
LM239/LM239A -25 -+ 85
Storage Temperalture TSTG -85~ + 150 °C




LM2901,LMIJY/LMIIGA LM3302, LM239L M2IZA

Electrical Characteristics
(Vo = 5V, Ta = 25°C, unless otherwise specified)

W N LM239A/LM339A LM239/LM329 .
Parameter Symbol Conditions - - Unit
Min | Typ Max Min { Typ| Max
Input Offset y Vo) =1.4V, g =012 -, +1 12 - 114 15 mv
votage .19 [Note1 17 - 140 | - | - | 90
Inp : Offset \ 23] #50 - [+23] 450 | nA
Current 10 [ Note 1 - 150 | - | - | 1150
Input Bias Current | - 57 250 - 57 250 | nA
BIAS | Note 1 - - 400 - | - | 400
Input Cormmmon 0 - vVee-1.5] 0 - |Vee-1.5
Mode Voltage VI{R) v
Range Noie 1 0 - Vee-2 0 - vce-2
Supply Current lcc VCC=5VRL=w= - 1.1 2.0 - 1.1 2.0 mA
Voltage Gain Gy Voo =18V, RL 2 15K 50 200 ) 50 | 200 ) Vimy
(for large swing)
Large Signal V1= TTL Logic Swing
Response Time TLRES | VREF = 1.4V, VRL = 5V, - 350 - - | 350 - ns
RL = 5.1KQ
Response Time TRES | VRL =5V, RL=5.1KQ - 1.4 - - 1.4 - us
Jutput £k Vi) 2 1V, Vig+) = 0V, -
Current ISINK Vo(P) £ 1.5V 6 18 - 6 18 - mA
Output Saturation y Vi) 2 1V, Vi(+p = 0V - 140 400 - | 140 | 400 v
T m
Voltage A ISINK = 4mA | Note 1 - 700 - 700
Ouiput Leakage | Vi) = 0V Vo(p) = 5V - 0.1 - - |01 - nA
Current O(LKG) V|(+] =1V VO(P] =30V _ - 1.0 _ _ 1.0 ].LA
Differential Voltage | Vi(DIFF) Note 1 - - % - - 36 M
Note 1.
LM339/LM339A : 0 < TA < +70°C
LM2901/LM3302 ; 40 < Ta < +85°C

LM239/LM239A : -25 < TA < +85°C




LM2901 LM339/LM3I39A, LM3202, LM239/LM239A

Electrical Characteristics {Continued)
(Voe = 5V, Ta = 25°C, unless otherwise specified)

) LM2901 LM3302 .
Parameter Symbol Conditions - - Unit
Min | Typ | Max. | Min | Typ | Max.
Vo(p) =1.4V, Rg =0Q - 2 7 - 2 20
nput Offset ¥oltage | VIO ¢ - . mv
- | Note 1 - 9 15 - - 40
- 231 50 - 3 100
Input Offset Current ho — nA
. [ Note 1 - |50 j200] - - | 300
| { Bias C ¢ | . - 57 250 - 57 250 | nA
nput Bias Curren BI
P AS [ Note 1 - {200 500f - - | 1000
Vce Vce
input Comman 0 RN 0 T 115
Mode Voltage VI(R) v v \
Range Note 1 o | - V¢ o | - jYEC
-2 -2
S W C t | RL =<0, VCC=5V - 11 2.0 - 1.1 2.0 "
u urren .
i cc RL ==, VCC=30V| - 16 | 25 - - -
. Voo =15V, RL = 15K0 \/}
v ! - -
oltage Gain Gy (for large swing) 25 | 100 2 30 .y
Large Signal TLRES | Vi =TTL Logic Swing - 380 - - l3se] - |™
Response Time VREF =1.4V, VRL =5V, RL =5.1KQ
Response Time TRES | VRL =5V, RL = 5.1KQ2 - 14 - - 1.4 - us
Output Sink Current | ISINK | Vi) 2 1V, Vi(+) =0V, Vo) £ 1.5V | 6 18 - 6 18 - | mA
Ou[put Saturation Vl(-] > 1V, V[f+) = Qv - 140 | 400 - 140 | 400
VSAT ' my
Voltage ISINK =4mA Note 1 - - | 700 { - - | 700
OQutput Leakage IO(LKG Vi) = 0V VOo(p) = 5V - | 04 - - 0.1 - nA
Current ( ) Vi(+) =1V VO[P) = 30V - - 1.0 - - 1.0 | pA
Differential Voltaye |VI{DIFF) Note 1 - - 36 - - 36 \
Note 1.
LM339/LM339A : 0 = TA = +70°C
LM2901/LM3302 ; 40 < TA £+85°C
LM239/LM239A ; -25 < Ta < +85°C
-




LM2901,1LM339/LM339A,LM2302, LM233/LM239A

Typical Performance Characteristics

1z T Y ha T |
2 1 Tar M - a You e
. 1 -
T Ta=-15C
g el e 4 { L] i
i’ A I o ol e
ARl P ozsec i =71
H — BN E ™ ==
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e L p
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i bt s T Tua-25°C
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‘ A — E-
; i
° Q L} 10 15 F = u E] - ud 3 13 ht} ~ E-] o » -0
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Figure 1. Supply Current vs Supply Voltage Figure 2. Input Current vs Supply Voltage
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Figure 3. Output Saturation Voltage vs sink Current Figure 4. Response Time for Various Input
Overdrive-Negative Transition
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Figure 5. Response Time for Various Input
Overdrive-Positive Transition




LM2901,LMIIS/LM3II9A,LMI302, LM239/L M239A

Mechanical Dimensions

Package

6.40 +0.20
0.252 +0.008

0.46 10.10
0.018 +0.004
1.50 10.10°

0.053 10.004

19.40 +0.20
0.764 +0.008

19.80
0.780

] I
i |
7.62 '

0,300 3251020 | H 0.20
X 0.008 MIN

0.126 0.005

| a
! 3.30 10.30

| =) 5.08 | ; AU
\ f l 0200 MAX | u J‘o.mo 30012

T 0252030
| a0 3

0.004
Pty 0.010 20:002

-




LM2901,LM3II9/LMIIVA,LM3302, LM2IHTLM239A

Mechanica Dimensions (contineq)

Package
14-SOP
= 0.05
MIN ———
. 0.002
1.55 +0.10 —
0.061 +0.004 ~ |2
2o
Cloc
#1 [T O 14 f P I
] 1]
|
(- (1] [
£l s R
L] 13 - T £q P
T E‘“‘- 25 gl 2
. A I 1 = =
] FE] += r
"t . l:[:l#s =
6.00 0.30 1.80 N 2
0.236 10.012 J B.071 MAX =
= é o
c|se
*O: ¥ 3 3.95 +0.20 g é
-] A AER i nna [=]
g‘ S 0.156 10.008 % %
[~ 2=
572 &
0225 g
0.60 +0.20 ; {

0.024 +0.008
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M-C-C- MUR3005WT

Micro Commercial Components T H R U
21201 hasca Street Chatsworth

Phoie: (818} 701-4933

CA 91311 MUR3060WT

Fax: (818) 7014939

Features , - 30 Amp
+ High Surge Capability
¢ Low Forward Violtage Drop Super FaSt Recovery
e High Current Capabiity 11
+ Super Fast Switching Speed For High Efficiency Rectlfler
- - 200 to 600 Volts
Maximum Ratings
e Operating Temperature: -55°C to +150°C TO-247
« Storage Temperature: -55°C o +150°C
Maximum Maximum DC
MCC Recurrent Maximum Blocking
Part Number Peak Reverse RMS Voltage
Voltage Voltage
MUR3005WT 50V 35V S0V
MUR3010WT 100V 70V 100V
MUR3020WT 200V 140V 200V
MUR3040WT 400V 280V 400V
MUR3ICEOWT 00V 420V 60OV
Eectrical Characteristics @ 25°C Unless Otherwise Specified
AVerage Forward lFQAV) DA Tc = 100°C
Current
Peak Forward Surge lesm 300A 8.3ms, half sine
Current PIN1. ANODE
Maximum eNz  Camiooe
Instantaneous PIN 4. CATHODE
Forward Voltage '
MUR3005WT-3020WT| Ve 1.05V lew = 15.0A;
MUR3040WT 1.30V To=25°C A 803 823 2040 20 90
MUR3060WT 1.70V T
Maximum DC 3 55 Eﬁ:r% £
Reverse Current At Ir 10pA | T =25°C e Ll
Rated DC Blocking 500pA | To = 125°C e e e = 1
Voltage b :
Maximum Reverse Ef—laa 1 -l 1 23 4 ]
Recovery Time T i
MUR3005WT-3040WT T: 50ns 1=0.5A, lk=1.0A, Y 1320 K} =%
MUR3060WT 80ns 1=0.25A .
“Puise Test: Puise Width 300usec, Duty Cycle 1%
L

———— AW W INCCSCIMI.COIN m——————
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MUR3005WT thru MUR3060WT

Figure 2

Figure 1
Typi isti =
ypical Forward Characteristics @ T, =25°C Typical Forward Characteristics @ T, = 100°C
2000
Srerrrrrrrrroad . [T T T 1T 17111
1000 MUR30OSWT-3020WT ———— | %" 1000 ) 10200 ——
MURSCIONT _— . -
600 MUR30BOWT ] 600) MUR3060 R
40 400 ;
/ / / A
200 / 200 7
2sc | | | ] / % /
Amps 100 . Amps 100 / _
Fi Fi s
T 7 7 ] 7 7
° fl Il > ]J IY //
40 40
/ / 17 /
/ Ji / 100°C
20 20
LV 1V
10 : 1 10 :
7 i i { i
5w [ i
4 4
AR L. ; ]
2 I{ I; ; I{
i 1
0.8 1.0 12 1.4 16 18 08 1.0 12 1.4 i6 18
Volis Volts
Instantaneous Forward Current - Amperes versus Instantaneous Forward Current - Amperes versus
Instartaneous Forward Voltage - Volts

Instantaneous Forward Voltage - Volts

Figure 3
Forward Derating Curve
60
50
\\
40
Y
30
ATps \
20 \\
10— \,,
Sirjgle Phage, HalfiWaye N
60Hz ersiihv or ndu:hvell.oaa
05 130 140 150 160 170 180
°C

Average Forward Reclified Cumrent Per Leg - Amperes versus
Case Temperature - °C




MUR3C0SWT thru MUR3060WT

Figure 4
Typical Reverse Characteristics

100 Figure 5
. Peak Forward Surge Current:
. &0 600(
40 . .
. 500
20 , 400 - T
T,=100°C ) :
10 7 300
6 7 Armps ™~
4 200 =
/ "'-\__
) ) 100 ~ 1]
/11 . 7 I

pAmps 1 L = 1 2 4 6 B10 20 40 60 BO100
i
6 /] Cydes
4 ;,/ Peak Forward Surge Current - Amperes versus
/ Number Of Cycies At 60Hz - Cycles
TV
T,=25°C
A
06
04
02
01
20 40 60 80 100 120 140
Volts
Instantaneous Reverse Leakage Cumrent - MicroAmperes
versus
Figure 7
Reverse Recovery Time Characteristic And Test Circuit Diagram
500 100
_..I {, e
+0.5A
R
Pulse ] /]
E— -0.25
—_ 25Vde Generator
Note 2
142 Ostilloscope 1.0 \
Nale 1 -
1cm
Set Time Base for 20/100ns/cm

Notes:

1. Rise Time = 7ns max.

Input impedance = 1 megohm, 22pF
2. Rise Time = 10ns max.

Source impedance = 50 ohms -
3. Resistors are nondinductive

ren—— W WW. T1CCS @M .CON m——————m———
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TIP31 Series(TIP31/31A/31B/31C)

Medium Power Linear Switching Applications
+ Complementary to TIP32/32A/32B/32C .

-

1. TO-220
. . " . 1.Base 2.Collector 3.Emitter
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1,=25°C unless otherwise noted
Symbol Parameter Value Units
Veeo Collector-Base Voltage - TIP3 40 v
. CTIP31A &0 v
:TIP31B 80 v
:TIP31C 100 v
Veeo Collector-Emitter Vottage : TIP31 40 v
(TIPIA 60 v
:TIP318 80 v
TIP31C 100 v
VEgO Emitter-Base Vollage 5 v
Ig Collector Current (DC) 3 A
lcp Collactor Current (Pulse) 5 A
Ig Basae Cumrent 1 A
Pe Collector Dissipation (T;=25°C) 40 W
Pe Collector Dissipation (T,=25°C) 2 W
T, Junction Temperature 180 C
Tsta Storage Temperaturg - 65~ 150 *C
Electrical Characteristics 1.=25°C unless otherwise noted g
Symbol Parameter Test Condition Min. | Max. | Units
Veeofsus) * Caollector-Emitter Sustaining Votage
: TIP3 l; = 30mA, Ig=0 40 A
1 TIP31A 60 v
:TIP318B 80 \Y
:TIP3C 100 v
\ceo Collector Cut-off Currant
cTIP3131A Ve =30V, 1g=0 02 mA
: TIP31B/31C Vep = 60V, Ig= 0 03 | mA
lces Collactor Cut-off Current
;TIP3 VCE =40V, VEB =0 200 H.A
(TIP31A Veg =60V, Vg = 0 200 rA
:TIP31B Vep= B0V, Vg =0 200 WA
(TIP31C Veg = 100V, Veg =0 200 A
lego Emitler Cut-off Cumrent Veg= 5V, Ic=0 1 mA
heg * DC Current Gain Vep =4V, I = 1A 25
Vep=4V.lc=3A 10 50
Vee(sat) * Collector-Emitter Saturation Voltage Ic = 3A, Ig = 375mA 12 '
Vge(sat) * Base-Emitter Saturation Voltage Vep=4V, o= 3A 1.8 v
fr Current Gain Bandwidth Product Veg = 10V, I = 500mA 30 MHz

*Pulsa Tast; PW<300us, Duty Cycle<2%

(DrerqaLe/vig/LEdIL)sauas LedlL
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Typical Characteristics
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TIP31 Series(TIP31/31A/31B/31C)
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TRADEMARKS

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

nat intended to be an exhaustive list of all such rademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomiess™ ISOPLANAR™ SyncFET™
~+CoOIFET™ MICROWIRE™ TinyLogic™ o

" CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VeX™
FACT™ QFET™
FACT Quiet Series™ QS™
FAST® Quiet Series™
FASTr™™ SuperSQT™.3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUICTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION CR 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 FCR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN AFPPROVAL OF FAIRCHILD SEMICUNDUCTOR

INTERNATIONAL.
As used herein;

1. Life support devices or systems are devices or systems
which, {a) are intended for surgical implant into thz body,
or (b} supporf 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
resuli 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 lifa support
device or systern, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status

Definition

Formative or In
Design

Advance Information

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 nolice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final spacifications. Fairchild
Semiconductor reserves the nght to make changes at
any time without notice in order 10 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.
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"TIP32 Series(TIP32/32A/32B/32C)

Medium Power Linear Switching Applications
+ Compiement to TIP31/31A/318/31C

) P TO-220
. 1.Base 2.Collector 3.Emitter
PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings Te=25C unless otharwise noted
Symbol Parameter Vatue Units
Veao Collector-Base Voltage : TIP32 -40 v
:TIP32A .60 v
: TIP32B - 80 v
: TiP32C - 100 v
Veeo Caliector-Emitter Voltage : TIP32 -40 v
cTIP3ZA - 860 \'
: TIP328 - B0 v
: TIP32C -100 v
Vepo Emitter-Base Voltage -5 v
ic Collector Current {(DC) -3 A
icp Collector Current (Pulse) -5 A
Ig Base Curent -3 A
Pe Collector Dissipation {To=25°C) 49 w
Pc Collector Dissipation ({Ta=25°C) 2 w
T, Junction Temperature 150 °C
Tsta Storage Temperalure -65~ 150 °C
Electrical Characteristics Tc=25°C unless otherwise nated
Symbol Parameter Tast Condition Min. | Max. | Uniis
Veeolsus) * Coltector-Emitter Sustaining Voltage
: TIF32 le= - 30mA, Ig=0 -40 v
:TIPAZA -60 v
:TIP328 -80 v
:TIP32C -100 v
lceo Collector Cut-off Current
s THPA2/32A Vee=- 30V, Ig=0 -03 | maA
: TIP328/32C Vep=-60V,Ig=0 -0.3 | mA
lces Collector Cut-off Current
1 TiP32 Veg=- 40V, Vg =0 - 200 pA
cTIP32A Veg=- 60V, Vegg=0 - 200 pA
: TIP328 Vep=-BOV, Vgg=0 - 200 WA
cTiP32C Veg=- 100V, Ve =0 - 200 pA
lepo Emitler Cut-off Cumrent Veg = -5V, Ic=0 -1 mA
hee * DC Current Gain Veg=-4V. I =- 1A 25
Vee=-4V, g =-3A 10 50
Vee(sat) * Collactor-Emitter Saturation Voltage o = - 3A, Ig= - 3756mA -1.2 A4
Vpelsat) * Base-Emitter Saturation Voltage Vep=-4V, Ip=-3A -18 \
It Current Gain Bandwidth Producl Ve = - 10V, Iz = - 500mA 3.0 MHz

* Pulte Teat: PW<300un, Duty Cycles2%

©2000 F airchild Samsconducikr nlemstianat

Rev A, February 2000
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Typical Characteristics
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Package Demensions’
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Intemational
Rectifier

PD-9.512B

. IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

* Repetitive Avalanche Rated

* |solated Ceniral Mounting Hole
® Fast Switching

* Ease of Paralteling G

* Simple Drive Requirements

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fasi switching, ruggedized device design, low

° Vpss = 500V
5 ID = 2OA

on-resistance and cost-effectiveness.

The TQ-247 package is prelared for commerciaHndustrial applicatians
where higher power levels preclude tha use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the requirements ol most safety specifications.

TO-247AC
Absolute Maximum Ratings
777 Parameter Max. Units.
Ip @ Tg=25°C Continuous Orain Current, Vs @ 10V 20
Ip @ Tc=100°C | Conlinuous Drain Curvent, Vs @ 10V 13 A
fom Pulsed Drain Current & 80
|Po @ Tc =26°C | Power Dissipation 280 w
Linear Derating Factor 22 WrC
Vs Gate-to-Source Vollage B +20 \
Eas Single Pulse Avalanche Energy @ 96C mJ
lan Avalanche Curreni © 20 A
Eag Repetitive Avalanche Energy & 28 mdJ
dv/dt Peak Diode Recovery dv/dt @ a5 Vins
Ty Operating Junction and -55 to +150
Tsra Storage Temperature Range °C
Soldering Tempearature, for 10 seconds 300 (i.6mm rom case)
Mounting Torque, 6-32 or M3 screw 10 tfsin (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rasc Junction-to-Case — — 0.45
Recs Case-t0-Sink, Flat, Greased Surface — 0.24 — T
Hain Junction-p-Ambient — — 40 |

1025




IRFP460

Electrical Cr;aracterislics @ Ty = 25°C (unless otherwise specified)

: Parameter Min. | Typ. | Max. | Units Tast Conditions
ViBR0ss Dran-lo-Source Breakdown Voltage 500 | — — V[ Vas=0V, o= 250pA
AVeRpss/AT | Breakdown Valtage Temp. Coeflicient — | 063 — | vC | Referance to 25°C, Ip= 1mA
Rpsion) Static Drain-o-Saurce On-Resistance | - — 0.27 0 [Vas=10V, Ip=12A @

Vasim) Gale Thrashold Vollage 2.0 — 40 V | Vos=Vas, to= 250pA
Gis . Forward Transconductance 13 — e S | Vps=50Y, lb=12A @
. - — 25 Vps=500V, Vas=0V
loss Drain-to-Source Leakage Current — T LA Voomd0OV. Vo0V, T=125°C
less Gate-lo-Source Forward Leakage — — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qg Total Gate Charge — — | 210 1p=20A
Qs Gate-to-Source Charge — — 20 | nC |Vog=400V
Qga Gate-to-Drain ("Miller") Charge — — 110 Vgs=10V See Fig. 6 and 13 @
Lgomy Tum-On Delay Time — 18 — Voo=250V
Ir Rise Time — 59 — s lp=20A
Laiot) Turm-Off Delay Time — 10 | — Rg=4.30
b Fall Tima — 58 — Rp=1301 See Figure 10@
Lo Intemal Drain Induclance — 5.0 — gﬁ“:f&zles?:)
P nH [ trom package o
i Ls Internat Sourca Induclance — 13 — and cener of
che contact i

*Ciss Inpui Capacitance A0 — Vas=0V
Coss Quipul Capacitance — 8|l — pPF | Vps= 25Y
Cras Reverse Transfar Capacilance — 350 | — f=1.0MHz See Figure 5

Source-Drain Ratings and Characteristics

! Parameter Min. | Typ. | Max. | Units Test Conditions
Is Conlinuous Source Current . _ 20 MGOSFET symbol o

(Body Dicde) A showing the
Ism Puised Source Cusrent _ _ 80 infegral reverse 2 ;
{Body Dipda) @ p-n junclion diode. Is
Vso Diode Forward Voltage — — 1.5 V | Ti=25°C, Is=20A, Vgs=0V @
Lt Aeverse Aecovery Time — | 570 | B60 | ns |T=25°C, l,=20A

Qe Raverse Recovery Charge — | 57 | 8.6 | pC |diid=100A/us @
ton Farward Tum-On Time Intrinsic tum-on time is neglegikle {turn-on is dominated by Ls+Lo)

Nates:

@ Aepetitive rating; pulse width limited by @ Isps20A, difdis160A/s, VOOSV(BRIDSS,

max. junction lemperature (Seé Figure 1) Tus150°C
2 Vop=50V, starting Ty=25°C, L=4.3mH @ Pulse width < 300 us; duty cycle £2%.

RG=25{1, las=20A {Sea Figure 12

1026
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i, Drain Current (Amps)

|p. Drain Current {Amps}
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Vs, Drain-to-Source Voltage (voits)

Fig 1. Typical Output Charactaristics,

Tc=25°C
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A
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Fig 3. Typical Transtar Characteristics

Rps(ony. Drain-to-Source On Resistance

Ip. Drain Current (Amps)

{Normalized)
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Fig 2. Typical Output Characteristics,
Te=150°C
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T, Junction Temperature (°C)

Fig 4. Normalized On-Resistance
Vs. Temperature
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100 Vom = OV, T = 11z 20
G5 ' . Ip = 204 T
Cyss = Cgs + Cgo Cogs SHORTED - o Vg - 400V I
\ Crss = Cga ;6 Vg = 250V *\
8600 <] Coss = Cds * Cga 3 Voo = 100V
\\ % /?>_
= E000 Cigs > 12
f: ] 8 \ ~ 3 /y
Q M ’
@ 0 = U,) B
& \ " Coss 2 ,{7
© SR 3
~L TR =
2000 C'\s 4
.‘"“\\'\ g /
1~ > FIRTTEST CTRCOT
- SEE FIGURE 13
'ic,u 10! Oy 40 a0 120 160 200
Vps. Drain-to-Source Voltage (voits) Qg. Total Gate Charge (nC}
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge V..
Drain-to-Source Vollage Gate-t0-Source Voltage
102 +52
pr P__J:;:.a'-:';'w v eiS eair Ltwomiz ——
u A A ": B 2o5iny —
y 4 . B -
E. /] — — ;[ i R
< P g P 1 L
= A =R R i il
@ < ¥ e
g /] = e e e e
o /7 g 3 i L 0.
< fi £ - LN LN
& 150°¢ // ‘2 2 i 9% .-\.‘"\ N \\,
2 ‘@ A1 . W N o
g /ife 5 T
T 1 - \\ 7
o Te-230c L
& 2[;5-ta00c 1t <
o ¥es = OV SINGLE PULSE l . o
Y& o8 1o 1 14 16 (8 20 L R
Vsp. Source-to-Drain Voltage (volts) Vps. Drain-to-Source Voltage (voits)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
Forward Voltage
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Iy, Drain Currant {Amps)
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Fig 10a. Switching Time Test Circuit
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Fig 9. Maximum Drain Current Vs, Fig 10b. Switching Time Waveforms
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Vary {3 10 obtaln ,VDS> ik
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Fig 12a. Unclamped Inductive Test Circuit 3
o
¥(BR|DSS ‘% a0 [ \‘Q
@ M
Yoo :‘f’ 400 P \\
T— Ry
Vps o [oo - 5
25 £ 15 ico 125 t50¢
Starting T, Junction Temperature{°C)
| — _ . ,
AS — - - Fig 12c. Maximum Avalanche Energy
F.3 12b. Unciamped Inductive Waveforms Vs. Drain Current
Current Reguiator
f"‘i&ﬁﬁi&?ﬂi“"ﬁ
! *—19?
59K |
sz‘[_i 2uF :!1— !
l I ApF :
e 1
ovib——% ———— o =mse——wer J s
ouT T
* Qs — G0 ’—39
‘ Vas |-H-|—
Vo amaf [
— e ¥ b
Chemge Currgn1 Sampling Resmiors
Fig 13a. Basic Gate Chargs Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendlx C: Pan Marking information — See page 1517 Intemati onal
| Rectifier
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Pulse Width Modulation
Control Circuit

The 5G3.26 is a high perforf.nance pulse width modulator integrated
circuit intended for fixed fsequency switching regulators and other power
conirol applicat ns. - .

Functions included in this IC are a temperature compensated voltage
reference, sawtooth oscillator, error amplifier, pulse width modulator, pulse
melering 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 digitat 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 regulalors that are
transformerless or transformer coupled. The SG3526 is specified over a
junction temperature range of 0° to +125°C.
® 8.0V to 35V Operation
¢ 50V 1% Trimmed Reference
® 1.0 Hz to 400 kHz Oscillator Range
® Dual SourcefSink Current Outputs: +100 mA
Digital Current Linuting
Programmable Dead Time
Undervoltage Lockout
Singie Pulse Metering
Programmable Soft-Start
* Wide Current Limit Common Mode Range

® Guaranieed 6 Unit Synchronization

Representative Block Diagram

Vil o8

v 17| Reference| || 5:,?:;
cc Reguiator Lockout
1
Ground H » T Intemal
.12 = Circuslry 14
o o Vg
Rpeadtime ool
Ry o4 Oscillalor _2
& Outpul
A
R 5
Csoft-Start Stan [
3 £ |
Compensation O————¢
16
Qutput
B

AR T L T L

oL L R LR

Order this document by 5G1526/D

S$G3526

PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGC
CASE 707

PIN CONNECTIONS

+Ervor IIWE Vref

—Error E E Voo
Compensation E E Qutput B
CSoft-Stari E E Ground
s [
-C§ E EI Qutput A
m E II Rpeadiime
Rr[ 9] 0]y

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
SG3526N T =0°%to +125°C Plastic DIP
© Moltaroia, Inc, 1996 Rev 2



MAXIMUM RATINGS (Note 1)

§$G3526

Rating Symbol Value Unit -
Supply Voltage vee +40  vdc
Collectar Supply Voltage Vo +40 Vdc
Logic Inputs N310+55 v
Analog Inputs 0310 Ve v
—Oulpul Current, Source or Sink 0 1200 mA
Reference Load Current (V¢ =40 V, Note 2) lref 50 - mA - !
Logic Sink Current 15 mA -
Power'Dissipaﬁon Pp mvw
Ta = +25°C (Note 3) 1000
T = +25°C {Note 4) 3000
Thermal Resisiance Junction-to-Air Roda 100 ‘CIW
Thermal Resistance Junction-te—Case RaJc 42 “CIW
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —85to +150 °C
Lead Temperature (Soldering, 10 Seconds) Tsolder 1300 °C
NOTES: 1. Values beyond which damage may oocur. )
2. Maximurn junction temperature must be observed
3. Derate at 10 mWFC for ambient temperatures abave +50°C.
4. Derate at 24 mW/C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS
Characteristics K Eymbe Min Max Unit
Supply Voltage Voo 8.0 35 vde
Collector Supply Voltage Ve 45 35 Vde
Output Sink/Source Current (Each Cutput} f'e} 0 +100 mA
Reference Load Current Iref 0 20 mA
Oscillatar Frequency Range fasc 0.001 400 kHz
Cscillator Timing Resistor RT 20 150 KL
Osciltator Timing Capacitar CT G.001 20 uF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junclion Temperature Range Ty o] +125 *C

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vo = +15 Vde, T = Tigw to Thigh {Note 5). unless otherwise noted.}

L Characteristics I Symbol ] Min ] Typ [ Max J Unit l
REFERENCE SECTION (Note 6)
Reference Qutput Voltage (T = +25°C) Vref 4.90 500 5.10 v
Line Regulatior: (+8.0 V £ Vo <435 V) Regjine - 10 30 my
Load Regulation {0 mA < <20 mA} Reg|pad - 10 50 my
Temperature Stability AVreflAT - 10 - my
Total Reference Quipul Voltage Variation - M AVpef 4.85 5.00 515 v
(+BOV <V 435 V.OmA <1 <28 mA)
Shaort Circuit Current (Veg = 0 V) {Note 2) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Qutput Vuitage (Vief = +38 V) - 0.2 0.4
Reset Qutput Vollage (Vg = +4.8 V) 24 4.8 -
OSCILLATOR SECTION {Note 7)
Initial Aceuracy (T j = +25°C} - 3.0 8.0 %
Frequency Stability over Power Supply Range AMose - 05 1.0 Yo
(+8.0V < Ve £ +35V) A Vee
Frequency Stability over Temperature Mosc - 2.0 - %
(AT = Tiow to Thigh) ATy
Minimum Frequency frin - 0.5 - Hz
(RT = 150 ki1, C1 = 20 uF)
Maximum Frequency fmax 400 - - kHz
(R = 2.0k}, C7 =000t uF)
Sawtoath Peak Voltage (Vo = +35 V) Vosc(P} - 30 3.5 v
Sawleath Valley Voltage (Voo = +B.0 V) VosalV) 0.45 0.8 -
ERROR AMPLIFIER SECTION {Note 8)
Input Ofiset Voltage (Rg < 2.0 k{2) Vio - 249 10 mvy
Input Bias Current g - -350 -2000 nA
input Ofiset Current o - 35 200 nA
DC Open Loop Gain (R 2 10 M) AvoL 60 72 - dB
High Output Vollage VOH 3.6 4.2 - v
{VPin 1-Vpin 2 2 +150 mV. lspurce = 100 uA)
tow Qutput Voltage Voo - 02 0.4 v
{VPin 2-VPin 1 2 +150 MV, igink = 100 pA}
Common Mode Rejection Ratio (Rg < 2.0 k(}) CMRR 70 94 - .dB
Power Supply Rejection Ratic (+12V s Voo < +18 V) PSRR 66 80 - dB
NOTES: 2 Maximum junction temperature must be observed.
5 Tigw = 0°C Thigh = +125°C
6.1 = 0 mA unless otherwise noted.
7. fo5c =40 kHz (RT =412 ki £ 1%, CT = 0.01 pF + 1%, Rp = 0 )
B.OVSVopy<+52V
3
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ELECTRICAL CHARACTERISTICS (continued)

Characteristics . Symbol ] Mir I Typ l Max ] Unit I
PWM COMPARATOR SECTION (Note 7)
Minimum Duly Cycle DCemin - - 0 %
\YCompensation = +0.4 V)
Maximum Duty Cycle DCmax 45 49 - %
{(MCompensation = +3.6 V) ’
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Vottage v
{High Logic Level) (Isource = 40 pA) Vo 24 | a0 -
{Low Lagic Level) (Igjnk = 3.6 mA) VoL - - 0.2 0.4
tnput Current — High Logic Levél A
(High Logic Level) (V)4 = +2.4 V) hH - -125 -200
{Low Logic Level) (V) = +0.4 V} L - —225 -360
CURRENT LIMIT COMPARATOR SECTION (Note 9)
Sense Valtage (Rg < 50 {3} Vsense 80 100 120 mA
Input Bias Current g — -3.0 —10 pA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 0.4 vV
Csoft—start Charging Cumrent {Reset = +2.4 V) Ics 50 100 150 pA
QUTPUT DRIVERS (Each Output, Vo = +15 Vdc, unless otherwise noled. )
Output High Level - VOH v
lsourca = 20 MA 125 13.5 -
Isource = 100 mA 12 13 -
Cutput Low Level VoL v
Isink = 20 mA - 02 0.3
lsink = 100 mA - 1.2 20
Colleclor Leakage, Vg = +40 V IC(leak) - 50 150 HA
Rise Time {C_ = 1000 pF) i - 0.3 0.6 ps
Fall Time {C_ = 1000 pF) tf - 0.1 0.2 HS
Supply Curtrent Ice - 18 30 mA
{Shutdown = +0.4V, Voo =+35 V. RT = 1.12 k()
NOTES: 7 fog. = 40 kHz (R = 4.12 k(2 £ 1%, Cy = 0.01 pF £ 1%, R =0 )
BOVSVops+52V
9O0VsVops+izyv
-_
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Figure 2. Reference Voltage as a

Figure 1. Reference Stability over Temperature Function Supply Voltage
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Figure 3. Error Amplifier Open Loop
Frequency Response
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Figure 4, Current Limit Comparator Threshold
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Figure 5. Undervoltage Lockout Characteristic = Function of Sink Current
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Figure 7. V¢ Saturation Voltage as a

Function of Sink Current Figure 8. Oscillator Period
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Figure 9. Error Amplifier Figure 10. Undervoltage Lockout
vee Vief
To Reset
§ R
To Driver A
I + To Driver B
12v ling
Bandgap -
Reference
12 R2 L
‘Lmow\ H L
3 Compensation )
Q10 * 10014 =
500

Figure 11. Pulse Processing Logic

Memory
FIF The metering Flip-Fiop is an asynchronous data fatch
which suppresses high frequency osdllations by allowing

Syne g8 onty one PWM pulse per osciflalor cyde.

O———————= PwWM  The memory Flip-Fiop prevents doutle putsing in a
push—pull configuration by remembering which output

produced the last pulse.
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APPLICATIONS INFORMATION

Figure 12. Extending Refcrence

Output Current Capability Figure 13. Error Amplifier Connections
c' L
i) Ry 1
E— Vpgf —WWA—* Vref
~ 7| Referenge |18 2| _
Voo _~fegulator Vief Ry e -
: ¢ Ry  "Positive
15 i—\ 10uF " —AAA—3 Qutput
Gnd Vollage  Gnd
Gnd
- ey [ TR
* May be required with some types of transistors out = Vref Re
RqR2
R3 - (R1 + Rz)
Figure 14. Oscillator Connections Figure 15. Foldback Current Limiting
Output Filler €——4—AA—4—0 +
Rg
1 S63526 12 Syme
| — . Vour
Rp 9 10
) —0
RT Cr
Vour R4 )
1 (01v+ roome
= = fmay)= —— = s = 01v
Rs Rg
Figure 16. Soft—Start Circuity Figure 17. Driving VMOS Power FETs
+HVo
Vret
100 | Ramp — - 1
: [\ HA %g vo |13
e AN . . PWM A H
- Emor - =
§G3526
— & Q2
Reset B 16
Gnd

~ CSofl-Star

The totem pale culput drivers of the SG3526 are ideally
suited for griving the input capacitance of power FETs at
high speeds.
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Figure 18, Half-Bridge Configuration

+Y o
Supply
R1 l
C1
14
Ve A
561526 l 2
Gnd &
15
O

Figure 20. Single—Ended Configuration

+V Supoly © 2} To
LN R
Filter
R2
14
Ve
A 13
561526
1
g 6
Gnd

15

Figure 19. Flyback Converter with
Current Limiting

+ o
Supply
R1 C2 |T1
14 Rd |
D1
v 13
Coa »-
Q1
5]= g D2
R BF——W-
of SC3% |
158 +C§ -
4 _csi8 %RS
CS Gng |

J:_; 15
| "

In the above circuit, currend limiting is accomplished by using Lhe
cument imit comparator oulpiA to reset the soft—star capacitor.

Figure 21. Push—Pull Configuration

+V Supply o
R1
C1
14 16—
Vi R2 |) T1
R
c2 1
5G3526 — ¢ =
16 R3
Gnd B e F\iz
15 1
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE C
NOTES
1. POSITIONAL TOLERANCE OF LEADS (D).
AN AR ARARAN &N aNb ’ SHALL BE WITHIN 0 25 (0.010) AT MAXIMUM
18 1 } MATERLAL CONDITION, IN RELATION TC
SEATING PLANE AND EACH OTHER,
p B 2. DIMENSION L TO CEN™ "3 OF,* EADS WHEN
Oy s i FORMED PARALLEL,
PRV RV RYRFEVRYRTRY] 3 ?£:§'ONBMES NOT INCLUDE MOLD
A WILLIMETERS IRChcS
o DiM| WiN | MAx | MIN | MAX
A | 2222 [ 2324 | akrs | 0915
8 | 610 { 660 | 0.240 | 0.260
C | 356 | 457 | 00 | 0.180 ¢
D] o3 [ o6 ] 06140022
Fi o120 ] i76 | goso | opro
[ 2.54 BSC 0.100 8SC
Hl 100 | 152 ¢ 0040 | 0.060
J| o020 o3 | o008 | 0012
K 282 ] 343 0115 ] 0135 |
L 7.62 BSC 0.300 85C
] 0° ] 5= 0°f 15¢
# [ 051 | 102 ] 0.020 [ 0040
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Molorola reserves the right 1o make changes without further notice ta any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
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data sheets and/or specifications can and do vary in different applicatians and actual performance may vary over fime. Alloperating parameters, including “Typicats”
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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

ey mirmnad <

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 thosc

ON Semiconductor

http:/fonsemi.com .

PDIP-14

associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the A N SUFFIX
necessity for external biasing components in many applications. The CASE 646
output voltage range also includes the negative power supply voltage. 14
¢ Short Circuited Protected Outputs 1
¢ True Differential Input Stage SO-14
¢ Single Supply Operation: 3.0 V to 32 V {LM224, LM324, LM324A) 14 @ D SUFFIX
¢ Low Input Bias Currents: 100 nA Maximum (LM324A) 3 CASE 751A
® Four Amplifiers Per Package
* Internally Compensated
¢ Common Mode Range Extends to Negative Supply “ TSSOP-14
# Industry Standard Pinouts DTB SUFFIX
& [iSD Clamps on the Inputs Increase Ruggedness without Affecting CASE 948G
~ Device Operation 1 N
MAXIMUM RATINGS (T, = +25°C, unless otherwise noted.) — —_—
LM224
Lm3z4, LM2902, PIN CONNECTIONS
Rating Symbol LM324A LM2902V Unit
N
Power Supply Voltages Vdc Out1 E E Out 4
Singie Supply Vee 32 26
Spiit Supplies Voo Vee | 216 +13 guts 1 {E 4 3] ] aputs
Input Differential Voltage ViDr +32 26 Vdc E E
Range {Note 1} veg [4] [11] Vg, Gind
Input Common Mode Vicr 031032 | -03t026 | Vdc [£] f1o]
Voltage Range Inputs 2 {E% "@:E ] Inpuls 3
Qutput Short Circuit tse Continuous
Duration 0u12|z zl Out3
Junction Termperature T, 150 °C (Top View)
Storage Temperature Tsig —55 to +150 °C
Range ORDERING INFORMATION
Operating Ambient Ta o S_ee det_aiied ordgring and shigp‘;%jg(ud'rr:lbr:\ intthe package
Temperature Range dimensions section on page is data sheat.
LM224 —2510 +85
LM324, 324A 010 +70 DEVICE MARKING INFORMATION
LM2902 —40 to +105 See general marking information in the device marking
L M2902V, NCV2902 —40 1o +125 section an page 10 of this data sheet.
1. Split Power Supplies.
© Semiconductor Componants indusines, LLTC, 2002 1 Publication Order Number:

May, 2002 — Rev. 8
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Voc =50V, Vg = Gnd, T = 25°C, untess otherwise noled )
LM224 LM3Z24A LmM324 LM2902 LM2902V/NCV2902

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

Input Offset Voliage Vio
Vee 250V I0 30V
{26 V for LM2502 V),
Vicr=0Vto
Ve 1.7V,
Vp=14V,Rg=00N .
Ta = 25°C - 2.0 50 -
Ta = Thigh (Note 2) - - 70 -
Ta = Vigw (Note 2) - - yo | -
Average Temperature AV|glaT - T.0 - - 7.0 30 - 70 - - 7.0 - - 7.0 - pvrec
Coefficierd of Input
Oftsat Voltage
Ta = Thigh 10 Tipw
{Notes 2 and 4}

80 - 2.0 7.0 - 20 7.0 - 2.0 7.0

o

| . "f"'.' by

8.0 - - 90 - - 10 - - 10

o - 3.0 30 - 5.0 30 - 50 50 - 50 50 - 50 50 nA

tnput Ofiset Current
100 - - 75 - - 150 - - 200 - - 200

TA = Thigh 10 Tipw
{Note 2)

Average Temperature Alig/aT - 10 - - 10 300 - 10 - - 10 - - 10 - pASSC
Coefficient of tnput
Orffset Current

Ta = Trigh 10 Tigw
{Ncies 2 and 4}

input Bias Current fia - -90 | -150 | - -45 {100 | - -90 | -250 | - -90 | -250 | - -60 | -250 | nA

Ta = Trigh 10 T - - |-3o0| - ~ J-200] - - |-s00| - - |-s00 | - ~ {-s00

{Note 2)

Input Common Mode Vicr
Vollage Range
(Note 3)

Ve =30V
(26 V for L M2902, V)

Tp = +25°C 0 - 28.3 ] - 28.3 a - 28.3 0 - 24.3 0 - 243

TA = Tw, te wa
[Nole: 2)

Differential Input Mor - - Vee - - Vee - - Vee - . Vee -
Vollage Range

Large Signal Open AvoL Vimv

Loop Voltage Gain
R, = 2.0 k], 50 100 - 25

Voo =15V,

for Large Vo Swirg
Ta = Thigh 10 Tiow 25 -

[Note 2)

100 - 25 100 - 25 100 - 25 100 -

Channel Separation cs - | —120 - - -120 - - ~120 - - | -120 - - | -120 - dB

10 kHz <f < 20 kHz,
Input Referenced

Common Mode CMR ] 85 - 65 70 - 65 70 - 50 70 - %0 70 - dB

Rejection,
Rg < 10 k2

Power Supply PSR 65 100 - &5 100 - €5 100 - 50 100 - 50 100
Rejaction

2. LM224: Tioy, = —25°C, Thigh = +85°C
LM3I24/LM324A: Ty, = 0°C, Thign = +70°C
LM2802: Ty, = —40°C, Thigh = +105°C
L M2902V & NCV2902; Tigy = —40°C, Thign = +125°C
NCV2902 is qualified for automotive use.
3. The input common mode voltage ar either input signal valtage should not be aflowed 10 go negative by mare than 0.3 V. The upper end af
the comman moade voltage range is Voo -1.7 V. :
4. Guaranteed by design.

http:/lonsemi.com
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LM324, LM324A, L M224, LM2902, LM2302V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Vgp = Gnd, Tp = 25°C, uniess otherwise noted )

Lm224 LM324A LM324 LM2902 LM2902VINCY2502

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

Output Voltage— Vo
High Limit
(Ta = Thigh to Tiaw)
(Note 5) i
Ve =50V.R. = a3 3.5 - 33 35 - a3 35 - a3 35 - 33 35 -
2D kEL Ty = 25°C
Vee =30V 28 - - 12 - - 26
(26 V far LM2902, V),
R, = 2.0 ki
Vee =30V 27 | 28 - lar | 28 - 27 | 28 - a3} za - |2z ]| 24 -
(26 V for LM2902, V), :
Ry =10 k2

Qutput Vollage — Var - 50 20 - 5.0 20 - 50 20 - 5.0 100 - 5.0 100 my

Low Limit,

Voo =5.0V,

R, = 10k,

TA = Thigh 1o Tw
(Note 5)

Quiput Source Current o«
{Vip=+1.0V,

Voo =15V)
Ta =25°C 20 40 - 20 40 - 20 40 - 20 40 - 20 40 -

Ta = Trgn 10 Tipw 10 20 - 10 20 - 10 20 - 10 20 - 10 20 -

{Note 5)

Cutpt Sink Current lo-

(Vip =-1.0V, 10
Ve =10 V)
Ta = 25°C

Ta = Tw., o Ty,
{Note 5)

vp=-10V, t2 | 50 - 12 | 50 - 12 50 - - - - - - - HA
Vg = 200 mV,
Ta = 25°C)

Qutput Short Cirguit Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA

to Ground
(Note )

Power Supply Current Icc

(Ta = Thigh 10 Tiow)
(Nate 5)

Ve =30V - - 3.0 - 14 30
{26 V for LM2502, V),
Vog=0V,R ==

Vee = 5.0V, - - 12 - Q7
VD =0V, RL =

5. LM224: Ty, = —25°C, Thigh = +85°C
LM324/LM324A: Ty, = O°C, Thigh = +70°C
LM2902" Tigw = 40°C, Tign = +105°C
LM2902V & NCV2802: Ty, = —40°C, Tpgh = +125°C
NCV2902 is qualified for automolive use.
6. The input common mode voltage or either input signal voltage sheuld not be allowed to go negative by more than 0.3 V. The upper end of

the common mode veltage range is Vec —1.7 V.

http://onsemi.com
3



LM324, LM324A, LM224, LM2902, L M2302V, NCV2902

Bias Circuitry

Cammon ta Four

Output Amplifiers

0
- as 0 T l[_OVcc
0161\_; % 014 : Qz22 |
Q13 | |
40k [ |
Q19 [ !
y
1 | i
50 pF -
. S el
- 25§ 0z

: il
Q18 Q20 J | |
[ |
Inpuls l\?” | |
Q9 | :]__ |
- an7 Q21 | i
r,—«[\ﬁel o7 om )

mj— 05 T\1 o [~ 2k §
N Q8 IENJ { ) !
03 Q4 [ 026 f j 20k | |

S U N S o . : L veetona

Figure 1. Representative Circuit Diagram

{One-Fourth of Circuit Shown})
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two—stage operational amplifiers. The first
stage of cach conststs of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
difterential 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. Thc transconductance reduction 15
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
singie supply eperation, without saturating either the input
devices or the differential to single—ended converter. The
second stage eonsists of a standard current source load
amplifier stage.

JoVie Vcc[ma,]

Single Supply

E_ Vcc=15VdC
T RL =20k
I Ta=25°C
> I
Z T
5 S S
2 \| 3 //
T /
- /
+
5.0 ps/DIv

~ 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.

= 1.5VI0Veomay

Lo
Lo
Lo
Lo

179299¢2°99

b = 15V VEE(G\EH
VEE ‘?__._T

Split Supplies

Figure 3.

http:/fonsemi.com
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1V, , INPUT VOLTAGE (v

Vor, OUTPUT VOLTAGE RANGE Vpp!

I - POWER SUPPLY CURRENT (ma)

LM324, LM324A, LM224, LM2302, LM2902V, NCV2902

20 120
" _ T
g Vop=15V
16 2= % T~ VEe = Gnd
P z =z B ™ Ta=25°C
14 / v g 1)
oW
i2 /f // w 2 N
10 e g g % M
Negalive e 5% N
8.0 A a a 40
/V Positive =9 e
B.D /// Z 2
40 e i | N
20 - RN
0 - -20
0 20 40 60 80 10 12 14 16 18 20 1.0 10 100 10k 10k 100 k 1.0M
+ Voo/VEe, POWER SUPPLY VOLTAGES (V) i, FREQUENCY (Hz}
Figure 4. input Voitage Range Figure 5. Open Loop Frequency
14
| A 550
R, =20k0 500
12 Vec=1aV¥ ‘-—E;- (nout
h VEE = Gnd - 450 P
10 i Gain = -100 8 &
= < Qutput ™
N R = LOKQ = 400 %
a0} Re = 100 k2 o ~ /
5 350 /
6.0 o \ A
o300 = 4
s A 3 v |
: N O 250 W} Voo =30V
\,‘ VEE = Gnd
20 R 200 Tp = 25°C
\-._ U:f CL=50¢pF
1.0 10 100 1000 [ 1.0 24 340 40 5.0 6.0 7.0 8.0
f, FREQUENCY (kHz) t, TIME (us)
Figure 6. Large-Signal Frequency Response Figure 7. Small-Signal Voltage Follower
g
Pulse Response (Noninverting)
24 T T ]
X Ta=25°C
RL =W g 90
14 £ _
E -
15 § \x\
S
12 S5 S o
2
0.8 & W
S
08 =
03 e
0 70
[} 50 10 15 20 25 30 35 0 20 40 60 8¢ 0 12 14 16 18 20

Vg, POWER SUPPLY VOLTAGE (V)

Figure 8. Power Supply Current versus
Power Supply Voltage

Vg, POWER SUPPLY VOLTAGE (V)

Figure 9. Input Bias Current versus
Power Supply Voltage

http:/fonsemi.com
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1

- For: 1, = 1.0kHz
= R=16k
B Ri C=001pF
Vg = 25V (1+ H2)
Figure 10. Voltage Reference Figure 11. Wien Bridge Oscillator
R2
R Hysleresis
VY
Vou < |
A1 v |
Vgt 0 0 l
O—4—8 9 V,n O VG v !
oL
Vil i Vit
A1 v v
Vi = A1+ R2 (Vor - Viet) + Veat rel
At
Vinn = R1+R2 Vor - Vred) * Viar
H - ,L N - V L]
e,=C{t+as+b}les-ey) " Ri+R2 YOHT YO
Figure 12 High Impedance Differential Amplifier Figure 13. Comparator with Hysteresis
1
= 2 xRC
Ri =« QR
Viel= 5 ¥
R A
Tep
R3=Typ2
Cl=10C
i, = 1.0kHz
a-=10
Tgp =1
Ty =1
Ct
o-4———F——® Notch Cutpit R =160k
o C =0001pF
Al =1.6M
v . - ; RZ = 1.6MQ
et Where: Tpp = Center Frequency Gain 3 < 16MQ

Ty = Passband Nolch Gain

Figure 14, Bi—Quad Filter

http:/fonsemi.com
7



Vrel =

VfEl

2

LM324, LM324A, LM224, LM2802, L M2902V, NCV2302

Veg Triangte Wave B2
Cutput
)
0
o ' —o
Square V.e-
1.—| H.__. Wave n
c Output
A
Ry
1 eRg R2 A1
- +
f=o T Ry
4 CR R Rz « R1

Figure 15. Function Generator

C
R1 C
—] Co
—{{—e v,

1
o Veer = 3 Vo

Figure 16. Multiple Feedback Bandpass Filter

Given: [, = cenler frequency

Aff,) = qgain at center frequency

Choosa value I, C

) __Q
Then: R3= 740
R3
R1R3
R2=—
402R1 - R3
. " QD fﬂ
For less than 10% error from operational amplifier, W <01

where {5 and BW are expressed in Hz.

If source |if|pedance varies, fitter may be preceded with
voltage follower butler 10 stabitize fiter parameters.

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

ORDERING INFORMATION

Device Package Operating Temperature Range Shipping
LM2240 S0-14 55 Unils/Rail
LM224DR2 SO-14 2500 Tape & Reel
LM224DTB TSSOP—14 -25° 10 +85°C 96 Units/Rail
LM224DTBR2 TSSOP-14 2500 Tape & Reel
LM224N PDIP-14 25 Units/Rait
LM324D 50-14 55 Units/Rail
LM324DR2 $0-14 2500 Tape & Reel
LM324DTB TSSOP-14 96 Units/Rail
LM324DTBR2 TSSOP-14 : 2500 Tape & Reel
LM324N PDIP—14 : 25 Units/Rail
LM324AD SO-14 0%to +70°C . 55 Units/Rail
LM324ADR2 S0-14 ' " 2500 Tape & Resl
LM324ADTB TSSOP-14 96 Units/Rail
LM324ADTBR2 TSSOP-14 2500 Tape & Reel
LM324AN PDIP-14 25 Units/Rail
LM2302D S0O-14 55 Units/Rail
LM2902DR2 S0-14 B 2500 Tape & Reel
LM2902DT8 TSS0P-14 —40° to +105°C 96 Units/Rail
LM29020TBR2 TSSOP-14 2500 Tape & Reel
LM2902N PDIP-14 25 Units/Rail
LM2502vD S0-14 55 Units/Rail
LM2902VDR2 S0-14 2500 Tape & Reel
LM2902VDT8 TSSOP—14 | 86 Units/Rail
~40° to +125°C
LM2902VDTBR2 TS50P-14 2500 Tape & Reel
LM2302VN PDIP-14 25 Units/Rail
NCV2902DR2 S0-14 2500 Tape & Reel

http:/fonsemi.com
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LM324, LM324A, LM224, LM23902, LM2902V, NCV23902

MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 646
14 14 14 14
RARAMNA
LM324AN LMx24N LM2902N - LM2902VN
O AWLYYWW O AWLYYWW O AWLYYWW O AWLYYWW o
A4

1

1 1 1
80-14
D SUFFIX
CASE 751A
14 14 14 14
ARAREK AAAARRE AARABAR ARAAAAAEH
*
LM324AD LMx240 LM29020 LM2902vD
o AWLYWW AWLYWW o AWLYWW o AWLYWW

BEUUHEE BEHTHHE HUHEHHE CER-EEEL
1 1 1 1

TSSOP-14
DTB SUFFIX
CASE 943G

14 14 14 14
ANAAAA ARAAAAS RAAARAR RARAAAN

x24 324A 2902 2902
v
AWYW AWYW o AWYW o AWYW

thBHHH FRLLLL EELLLL LLEELL
1 1 1 1

X = 2or3

A = Assembly Location
WL = Wafer Lot

YY,Y = Year

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

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

PACKAGE DIMENSIONS

PDIP-14
N SUFFIX
CASE 646-06
ISSLUEM
NOTES:
L. 1. DIMENSIONING AND TOLERANCING PER ANSI
¥14.5M, 1962,
" : 2. CONTROLLING DAMENSION: INCH,
1. DIMENSION { TO CENTER OF LEADS WHEN
B r FORMED PARALLEL

@] - 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
' 1 - 5. ROUNDED CORNERS OPTIONAL

IKCHES MILLIMETERS
M| MK MAX WIN | WAX

»
1=}

A 0715 [ 070 |86 | 880

—wlF L g | 024 ] 0260 | 610 | 680

€ 1 otas } 0aes | 568 | 4em

I ) " { D § pots | 0021 | 936§ 08

| F 0.040 Qo7¢ 1.02 1.78

N ¥ c G | o1wesc 250 BSC

—_ |3 H 0052 | 0095 1.32 24

- 1 0008 |00t | ox | 6w

¥ K 1 ons [ oass [ 202 | 343

Alna L oz0 [oan0 | 197 | 77
i
N

[ T = T
0015 | 0039 | 038 | 101 |

—={ H GLv *“*D“PL_K J‘.ﬁ“ M

6]t 0w@)

S0-14
D SUFFIX
CASE 751A03
ISSUE F

MNOTES:
1. DIMENSIOMING AND TOLERANCING PER ANS

e A - Y14.5M, 1982
—————— ——T S SSATNOH& 3 24 6 DONOT MOLUIOE
H H H H H H ﬂ N E&ED gnomumou

" : 4. MAXIMUM KOLD PROTRUSION 0.5 {0.005)
PER SIDE.
P7PL /‘r\ 5. DIMENSION D DOES NOT INCLUDE DAMCAR
PROTRUSION. ALLOWABLE DAMBAR
JQ} l 0.25{0.010) @l 8 @J PROTRUSION SHALL BE 0.127 (0.005) TOTAL
D ! 1M XCESS OF THE D DIMENSION AT
H m m H H H H MAXIMUM WATERIAL CONDITION,
______ _J L_ WILLIMETERS | MCHES
—'l G l‘— F WIN | MAX | WIN | Max

8B5S 875 | 0.337 | 0.344
380 | 400 [ 0150 0157 |
135 1.75 | 0.054 | 0.068
035 049 | 0.014 | 0.019
0.40 125 | 0.016 | 0049
127BSG 1.050 BSC
0.18 025 | 6068 | 6.009
010 | 05 | 000 | 0009 |
P L 3
$.80 620 | 0228 | 0244

0.26 050 | 0010 1 0018

R xa5°.
. e e

m—ﬁlﬂﬁlﬂﬁﬁﬁﬁ_ﬂL ,fcM Juf

SEATIHG DiapL

PLANE [@]o2spo@|T]8 ® (48]

:n:zaamanub]i

http:ffonsemi.com
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- LM324, L M324A, LM224, LM2902, LM2902V, NCV2902

PACKAGE DIMENSIONS

TSSOP-14
D78 SUFFIX
CASE 948G-01
ISSUE O
14X K REF N DIENSIONING AND TOLERACING PER ANSI
4—|r—{$[o.1u(u.004)®|T|u OvE] e, 1982,
2, CONTROLLING DIMENSION: WILLMETER,
i [alms (0.006][ Tl u ®1 3 DML SION A DOES NOT INCLUDE WOLD FLASH,
DR PADTRUSIONS OR GATE BURRS. MOLDFLASH

t O IARARE el

N 0.25{0.010) 0.006) PER SIOE. i
" 4. DIMENSIC 8 DOES NOT INCLUDE INTERLEAD
FLASH OR PAOTRUSION. INTERLEAD FLASH OA
M PROTRUSION SHALL NOT EXCEED
0.25 0.010) PER SIDE.
_ | B . DAMENSION K DOES NOT INGLUDE DAMBAR
U N PAOTRUSION. ALLOWABLE DAMBAR
F l PROTRUSION SHALL BE 0.08 {0.003} TOTALIN

e

EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.

o

TERMINAL NUMBERS ARE SHOWN FOR
DETAWLE REFERENCE OMLY.
DIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PLANE -W-.

-
™~

!C‘-IUJE'(UUDB)IT U ®| A “'i K |" MILLIMETERS | WCHES
Y K1 | O] #N | BAX | N | mAX
l ! ! Al 4| sie|ow oz
AN B | 430 | 450 | 0169 | 0177
J N M €l T 2] oo
1 ~of D1 006 | 015 | coo7 | nooe
F| 050] 075 ) aowo | poao
T_ SECTION N-N [ 065 BSG 0,025 B5C
W] 050 ] 060 ] 0gw | 00
J | oo ] 020 | o004 [ oo0e
1\ —~ d1 [ oost 016 ] 0004 | 0006 |
c 1 ﬂ k[ otel 030 poo7 | 0012
l ST ki | ote | 025 [ poor { comw
/
- (L1 ewBC 0.252 BSC

o e.10 0.004) J TJ $| /v\ I eamsc | asgese
~T~] SEATING o GLf H DETAILE —

PLANE

ON Semiconductor and ® are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves Lhe right to make
changes without further notice to any products herein. SCILLC makes no warranty, represantation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liabifity arising out of the application or use of any product or circuit, and s pecifically 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 apgplications and actual performance may vary over time. All operating paramedters, including "Typicals® must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nar ihe rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systerns intended for surgical implar into the body, or other applications
intended to suppornt or sustain life, or for any other application in which the failure of the SCILLC produd 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 hald SCILLC
and ils officers, employees, subsidiaries, afliliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attormey lees
ansing out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such daim alleges that
SCILLC was negligent regarding the design or manufacture of the parl. SCILLC is an Equal OpportunityfAffirmative Aclion Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfillment:
Literature Distribution Center for ON Semiconductor

JAPAN: ON Semicanductor, Japan Customer Focus Center
4-32-1 Nishi-Golanda, Shinagawa—ku, Tokyo, Japan 1410031

F£.0. Box 5163, Denver, Colorado BO217 USA - Phone: 81-3-5740-2700
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LM2901,LM339/LM339A,LM3302,
LM239/LM239A

Quad Comparator

-

Features

Single or dual supply operation

Wide range of supply voltage
LM2901,LM339/LM339A LM23%/LM239A : 2 ~ 36V
(ar £1 ~ £18V)

LM3302 ;2 ~ 28V (or 1 ~ £14V)

Low supply current drain 800uA Typ.

Open collector outputs for wired and connectors

Low input bias current 25nA Typ.

Low laput offset current £2.3nA Typ.

i.ow input offset voltage I1.4mV Typ.

Common mode input voltage range inciudes ground.
Low output saturation voltage

Output compatible with TTL. DTL and MOS logic system

internal Block Diagram

Description

The LM2901, LM33%/LM339A \LM239/LM239A, LM3302
consist of four independemt voltage comparators designed
to operale from single power supply over a wide voltage
range.

14-DIP

14-SOP

14| 0UTY

Eoun

N4 [ +)

10 IN4 (=)

blﬂuﬂ

I’lm-l

Rev. 1.0.1

©2001 Fairchild Semiconducior Corporation



LM2901,L M339/LM3I39A,LM3IJ02, LM235/L M23ISA

et ke Y P sl b LR A e T R

Schematic Diagram

N
-tl\/]:)ll
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WE
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o8
s
o
R
De
GNU O
Absolute Maximum Ratings
Parameter Symbol Value Unit
Supply Voltage Veg +18 or 36 vV
Supply Voltage only LM3302 vco +14 or 28 \
Differential Input Voltage VI(DIFF) 36 v
Differential input Voltage onty LM3302 VI(DIFF) 28 v
input Voltage Vi -0.310+36 v
Input Voltage only LM3302 Vi -0.3to +28 v
Output Short Circuit to GND - Continuous -
Power Dissipation Pn 570 mw
Operating Temperature
LM339/LM339A ToPr 0~+70 *C
LM2901/1.M3302 -40 ~ + 85
LM239/LM239A -25 ~ + 85
Storage Temperature Ts1G -65~+ 150 °C




LM2901 LM339/LM339A LM3302, LM239/LM235A

Electrical Characteristics
{(Vce = 8V, Ta = 25°C, unless otherwise specified)

. LM239A/LM339A LM239/LM339
Parameter Symbol Conditions v T " i T M Unit
in VP ax in| Typ ax
Input Offset v Vo(py =1.4V, Rg =0Q - 1 12 - |14 15 my
10 ¢.-
Voltage e - J Note 1 - 14.0 -] - | 190
inp @ Ofiset | - +2.3 +50 - |+£2.3] +5h0 nA
Current 0 [Note 1 - +150 | - | - | +150
Input Bias Current IBIAS - 57 250 - 57 | 250 nA
1A

| Note 1 - - 400 - - | 400
Input Common 0 - Vee-1.5|( 0O - (Vee-1.5
Mode Voltage VI(R) . Vv
Range Noie 1 0 - vee2 | O - | Vee-2
Supply Current lcc | VCC=5VRL=w -] 1 2.0 - 111 20 | mA
V It i = g A

oltage Gain Gy | e =15V, RL 215K 50 200 - |50 f200{ - [vmv
(for large swing)
Large Signal V1= TTL Logic Swing
Response Time TLRES | VREF = 1.4V, VRL = 5V, - 350 - - | 35G - ns
RL = 5.1KQ
Response Time TRES | VRL=5V, RL=5.1KQ - 14 - - 1.4 - [VE
Dutput £ 1k Vi) 2 1V, Vig+y = 0V, -
Current ISiNK Vo) € 1.5V 6 18 - 6 | 18 - mA
Output Saturation v Vigy 2 1V, Vij+) = OV - 140 400 - | 140 400 v
m

Voltage SAT | gin = 4mA | Note 1 - 700 - 700
Output Leakage | Vi = 0V Vo(p) = 5V - 01 - - |01 - nA
Current ALKG) | v+ = 1V Vor) = 30v| - N 1.0 N N 10 WA
Differential Voltage | ViDIFF) Note 1 - - 36 - - 36 v

Note 1.
LM339/LM339A : 0 < TA < +70°C

LM2901/LM3302 : 40 < TA < +85°C
LM239/LM239A 1 -25 < Ta £ +85°C




LM2301,LMI3FLM3I3Z9A,LM3302, LM:’39!LM239A

Electrical Characteristics (Continued)
(Vce = 5V, Ta = 25°C, unless otherwise specified})

LM2901 LM3302 .
Parameter Symbaol Conditions Py T Y Min | Typ | Max Unit
in ¥pP ax. i Y .
Voipy =1.4V, Rg =0Q2 - 2 7 - 2 20
Input Offset Voltage | VIO o) J Note T 9 5 0 myv
ote - - -
- 23| 50 - 3 100
input Ofiset Current o I o 7 % 300 300 nA
e ote - . .
, ! . - 97 | 250 - 57 | 250 | nA
Input Bias Current IBIAS I Note 1 N 200 | 500 - - 1000
vVece vce
{nput Common 0 T 15 0 - 15
Mode Voltage VI(R) v v \
Range Note 1 ol - [T o | - |
RL =0, VCC=5V - 11 | 20 - 1.1 | 2.0
Supply Current Icc RL == VOC=30V| - 16 | 25 R - . mA
. Vce =18V, RL 2 15KQ i . A
Vollage Gain Gy (for large swing) 25 | 100 2 a0 my
Large Signal TLRES | VI =TTL Logic Swing i i T Y e
Response Time VREF =1.4V, VRL =5V, RL =5.1KQ
Response Time Tres | VRL =5V, RL = 51KQ - 14 - - 1.4 - us
Output Sink Current | ISINK | VI 2 TV, Vi(+) =0V, Vop) €15V | & 18 - 6 18 - mA
Ou[pu[ Saturation VSAT Vl(-) 2 1V, V|(+) =0V - 140 400 - 140 400 mv
Voltage ISINK =4rmA Note 1 - - 700 | - - | 700
Output Leakage || | Vi) =0V Vo(p) = 8V - 01y - - o) - |nA
Current { ) Vig#) =1V Vo(P) = 30V - - 1.0 - - 1.0 | pA
Differential Voltaye |VI(DIFF) Note 1 - - 36 - - 36 A
Note 1.
LM339/LM339A: 0= TA < +70°C
LM2901/LM3302 : -40 < Ta < +85°C
LM239/LM239A ; -25 « TA < +85°C
-




LM2901,LM339/LM3394 L M3I302, LM2I9/LM239A

Typical Performance Characteristics
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LM2301,LM339/LM339A,LM3302, LM239/LM239A

Mechanical Dimensions

Package
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LM2501, LM3I9/LMI39A, LM3302, LM239/LM233A

Mechanica Dimensions (contnued)

Package
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Micro Commercial Components
21201 ltasca Street Chatsworth
CA 91311

Phone: (818) 7014933

Fax: (818) 701-4839

MUR3005WT
THRU
MUR3060WT

Features 30 Amp
s High Surge Capability
» Low Forward Voltage Drop Super FaSt Recovery
« High Current Capability Rectifier
s Super Fast Switching Speed For High Efficiency
. - 200 to 600 Volts
Maximum Ratings
» Operating Temperature: -65°C to +150°C TO-247
s Storage Temperature: -55°C to +150°C
Maximum Maximum DC 5 c E :_
MCC Recurrent Maximum Blocking 4’] vy _'j
Part Number | Peak Reverse RMS Voltage N 4
Voltage Voltage | b il %o L !L ’/_
MUR3005WT 50V 35V 50V 1 "'i}
MUR3D10WT 100V 70V 100V r
MUR2020WT 200V 140V 200V | R—
MUR3040WT 400V 280V 400V _Y
MUR3I060WT | 600V 420V 600V ,.$
Electrical Characteristics @ 25°C Unless Otherwise Specified .
Average Forward Trav 30A | T.=100°C J jL_
Current
Peak Forward Surge lrsm 300A | B.3ms, half sine
Current ANODE
Maximum e
Instantaneous CATHODE
Forward Voltage ¥ e
MUR3005W T-3020WT] Ve 1.05V | 15y = 15.04;
MUR3040WT 1.30V TC =25°C 'y BO3 821 20 40 20 90
MUR3060WT 1.70V R 0 G T 3 £
Maximum DC E igga Tj‘g}h :Eaf 7 E
Reverse Current At ! 10 T = 25°C =  LLET 525 "BSC
Rated DC Blocking " muﬁ To = 125°C e L
Voltage T T 7
Maximum Reverse —12 R 11 =
Recovery Time A L A
MUR3005WT-3040WT Te 50ns 1.=0.5A, k=1.04, v i T 295 T 30
MUR3060WT 80ns 1.=0.25A .
*Pulse Test; Pulse Width 300usec, Duty Cycle 1%
L ]

——— W W MCCSCIMI.COIN mm——




R A R E RIS

.M.c.c.

MUR3005WT thru MUR3060WT

Figure 1
Typical Forward Characteristics @ T, =25°C
2000 F 11 re b1 b
1000 MUR3005WT-3020WT  ~—m8— |
" MUR3D4OWT —_— =
600 MURG0BOWT ]
40
200 i/
25C / /
Amps 100 1 7
Fi i
f 7 7
60 Il 7 7/
40
/ / /

20 / /

10 7 7
O
4
I ]
1
0.8 1.0 1.2 14 16 1.8
Volts

Instanlaneaus Forward Current - Amperes versus
Instantaneous Forward Voltage - Volts

Figure 3
Forward Derating Curve
60
50 N
40
\\
30 \
Amps
20 \
10— \
Single Phage, Halffwaye
60Hz esi?tivﬁor ndu:h'vel [ogd
0 0 130 140 150 160 170 180
°C

Average Forward Rectified Current Per Leg - Amperes versus
Case Temperalure - °C

Figure 2

Typical Forwar” Characteristics @ T, = 100°C
T T-F 17
* MURSISWT-3020WT ——— |
1000 MUR3040 — =
600 MUR3060 —
40( /
200 / / //
Amgs 100 ] /
I
7 i 7
" If II //
40
[r /
{ / 100°C
20 7 /
10 :
6 } ]
4 f l!
2 If
1
08 10 1.2 14 1.6 18
Volls

Instanlaneous Forward Current - Amperes versus
Instantaneous Forward Voltage - Volts

Jmccsemi.com




MUR3005WT thru MUR3060WT

Figure 4
Typical Reverse Characteristics

100 . Figure 5
. - Peak Forward Surge Current
60 i 600
40 500
2¢ 400
T,=100°C
10 7
7 300
6 Jr '\
7 Amps I
) 200 =~
4 / ™.
P
2 A I 100 T
/ 0
pamps 1 =] 7 1 2 4 6 810 20 40 60 BO100
L
6 Cycles
i
A y Peak Forward Surge Current - Amperes versus
Number Of Cycies At 60Hz - Cycles
2
- T,=25°C
g
.06
.04
.02
.01
20 40 60 80 100 120 140
Volts
Instantaneous Reverse Leakage Cument - MicroAmperes
versus
Figure 7
Reverse Recovery Time Characteristic And Test Circuit Diagram
500 100
ANV AN |
— 4
+J.54
AV Y
o
- Pulse -0.25 4
p— 25vde Generator
Nole 2 \
10 Oscilloscope . \
Note 1 |
1cm
Sel Time Base for 20/100ns/cm

Noles:

1. Rise Time = 7ns max.

InpLd impedance = 1 megohm, 22pF
2. Rise Time = 10ns max.

Source impedance = 50 ohms -
3. Resistors are non-inductive

— AW W.IMCCSemi.com
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SEMICONDUCTOR m
TIP31 Series(TiP31/31A/31B/31C)
T .
Medium Power Linear Switching Applications _, - "
+ Complementary to TIP32/324/32B/32C . =
1. TO-220
NPN Epitaxial Silicon Transistor ase A Golector S Emilr
Absolute Maximum Ratings 1.=25°C unless otherwise noted
Symbal Parameter h Value Units
Veeo Collector-Base Voltage : TIP31 40 v
. : TIP31A 60 v
: TIP318 80 v
: TIP31C 100 v
Veeo Collector-Emitter Voltage : TIP31 40 v
: TIP31A 60 v
: TIP31B 80 )
:TIP31C 100 v
VeRo Emitter-Base Voltage 5 v
le Collector Current (DC} 3 A
lep Collector Cumrent (Pulse) 5 A
lg Basa Curent 1 A
Pc Coliector Dissipation (T;=25°C) 40 W
Pec Collector Qissipation (T;=25°C) 2 w
Ty Junction Temperature 150 °C
Tsyg Storage Temperature -85~ 150 °C
Electrical Characteristics 1.-25°C unless atherwise noted b
Symboaol Parameter Test Condition Min. | Max. | Units
Veeolsus) * Collector-Emitter Sustaining Voltage
(TIP3t I;=30mA, =0 40 v
'TIPMA 60 v
:TIP318 B8O \4
(TIP31C 100 v
lcen Collector Cut-off Current
CTIP3U31A Vep= 30V, jg=0 0.3 mA
: TiP31B/31C Vep =60V, Ig=0 0.3 mA
Ices Collector Cut-off Current
TIP3 Veg = 40V, Veg= 0 200 wh
TIP31A VCE = BOV. VEB =0 200 I,IA
:TIP31B Voe =80V, Vgg=0 200 pA
:TIP31C Ve = 100V, Vg =0 200 pA
Iepo Emittar Cut-off Cument Veg=5V. 1 =0 1 mA
hep * DC Current Gain Vep =4V, I = 1A 25
Vep =4V, [ =3A 10 50
Vee(sat) * Colleclor-Emitter Saturation Voltage ic = 3A, lg= 375mA 12 v
Vag(sat) * Base-Emitter Saturation Vollage Vep=4V, I = 3A 18 \4
fr Current Gain Bandwidth Product Veg = 10V, Ig = 500mA 3.0 MHz
* Puias Test: PW<300us, Duty Cycle<2%

(Dre/gre/vie/Ledil)sanas LedlL
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Typical Characteristics
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Figure 1. DC current Gain
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<=3 1 TIPHA Veea MAX, .
B TIPI1B Vopo MAX.
: m}'::nc Voo MAX,
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Vee[V], COLLECTOR-EMITTER VOLTAGE

Figure 3. Safa Operating Area
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Figure 2. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage
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TIP31 Series(TIP31/31A/318/31C)
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
nat intended to be an exhaustive list of all such tfrademarks.

ACEx™ HiSeC™ SupersOT™-§
Bottomless™ _ ISOPLANAR™ SyncFET™

e COOIFET™ - MICROWIRE ™ TinyLogic™

T CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VCXT™
FACT™ QFET™
FACT Quiet Serigs™ QS™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT ™-6
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY

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 N LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

INTERNATIONAL.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into tha body,
or (b} suppart 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 10
result in significant injury to the user.

2. A critical component is any component of a life support
device ar 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 ldentification Product Status

Definition

Formative or In
Design

Advance Information

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

Preliminary First Preduction

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 resaerves the right to make changes at
any time without natice in arder 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 onfy.

©2000 Fairchid Sarmiconducicr intermsl nnal
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FAIRCHILD
I

SEMICONDUCTOR ™

" TIP32 Series(TIP32/32A/32B/32C)

Medium Power Linear Switching Applications
+ Complement to TIP31/31A/31B/31C .

) ' (. To-220
1.Base 2.Collector 3.Emitter

PNP Epitaxial Silicon Transistor

Absolute Maximum Ratings 1,=25°C unless atherwise noted

Symbol Parameter VYalue Units
Veso Collector-Base Valtage  : TIP22 - 40 v
: TIP32A - 60 v
: TIPA2R - 80 v
- TIP32C -100 v
Veeo Collector-Emitter Voltage : TiP32 - 40 v
s TIP32A -60 v
1 TIP32B - 80 v
- TiP32C -100 A
Vego Emitter-Base Voltage o5 v
I Coltector Cument (DC} -3 A
lep Collectar Current {Pulse) -5 A
Ig Base Current -3 A
Pe Collector Dissipation (To=258°C) 40 w
Pe Collector Dissipation {T,=25°C) 2 w
T Junction Temperature 150 *C
Tste Storage Temperature -65~ 150 °C
Electrical Characteristics 7:=25°C unless otherwise nated
Symbol Parameter Test Condition Min. | Max. | Units
Veeplsus) * Collector-Emitter Sustaining Voltage
: TIF32 lc=-30mA, Ig=0 -40 v
s TIP32A, -£0 v
1 TIP32B -80 v
:TIP32C -100 v
lceg - Collector Cut-off Current
T TIP32/32A Vep=-30V. 1g=0 -0.3 mA
- TIP32BI32C Vop=-60V,1g=0 -0.3 mA
lces Callector Cut-off Current
1 TIP32 Vge =- 40V, Vgg =0 -200 | pa
: TIP32A Veg=- 60V, Vg =0 -200 [ pA
. TIP32B Vep=-80V, Vgg=0 2200 | pA
: TIP32C Vgp=- 100V, Vge=0 -200 | pA
Epo Emitter Cut-off Current Vgp=-5V. =0 -1 mA
hee * DC Current Gain Veg=-4V,Ic=- 1A 25
Veg=-4V.lg=-3A 10 50
Vep(sat) * Collector-Emitter Saturation Voltage lp = - 3A, lg=- 375mA -1.2 \'4
Vge(sat) * Base-Emitter Saturation Voltage Vep=-4V g =+ 3A -1.8 v
fy Cument Gain Bandwidth Product Vee = - 10V, lg = - 500mA 3.0 MH2z

“Fulse Teal. PWS300ys, Duty CyclesZ%

© 000 F s chuld Sami cpndunlor ntermasd ional
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Typical Characteristics
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Figure 3. Safe Operating Area
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Figure 2. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage
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TIP32 Series(TIP32/32A/32B/32C)
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