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INDUCTION HEATING
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Abstract

This report describes a design and construction of induction heating. The circuit used in this
consist of six main parts which are a rectifier circuit , a PWM circuit , a gate driver circuit , a full
bridge inverter , a snubber eircuit and coil. Induction heating is a non-contact heating process. It
uses high frequency electricity to heat materials that are electrically conductive. Sinee it is non-
contact, the heating process does not contaminate the material being heated. It is also very

efficient since the heat is actually generated inside the workpiece.
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HAanNITNaaay
VIN{Vac) W ie YUEL AL HUAULN AW,

b4 mmipomm Jo7 mmlp B mm p 10mm | Unit

lin (no load) 2.4 2.4 2.4 2.4 2.4 A

lin gfull load) 213 2 2150 238 27] A
50 v VL (no load) 80 80 BD 80 sl Vep
VL (full foad) 60 B0 56 72 g0]  vop

Time 33 40 B5 80 130]  sec

fin (no load) 4.35 4.35 4,35 4.35 4.35 A

fin (full foad) 3.66 3.5 35 4 4.6 A

100 v VL (no load) 150 150 150 150 150)  Vpp
VL (full foad) 125 120 125 120 160]  Vop

Time 13 17 22 25 J2]  sec

fin (no load ) 8,65 5.65 5.65 5.65 5.65 A

lin (full load) 5.2 5 56 5.3 5.8 A

150Y VL (no load) 225 225 225 225 22501 Vpp
VL (full load) 180 180 185 165 240] Vep

Time 7 9 13 16 23] sec

fin (no load ) B 8 B G| 8] A

lin {full load} 6.6 7.1 B 7.2 92 A

226V YL (no load) 325 325 325 325 325 Vpp
WL (full load) 280 250 2808 270 3501 Vpp

Time 4 7 10] 11 13]  sec

ATHA 4.1 HANITNADDI
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T/D= 2us

CHI OUTPUT A V/D= 5§ V CH2 OUTPUTB V/D= 5 V

31111 4.4 dyn % PLUSE WIDTH MODULATOR fiowidn IGBT
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71/l 4.5 d PLUSE WIDTH MODULATOR a4 IGBT (power off)
CHl output A VD= 5V  CH2outputB VD=5 V
T/D=2us

12 mm 9mm 7 mm(2 84 ) 5 mm

711 4.6 viAYsIFUOURIINARDY
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@ MOTOROLA

Puise Width
Modulator Control Circuits

The $G3525A, SG3527A pulse width modulator control circuits offer
improved performance and lower external parts count when implemented for
controlling all types of swiiching power supplies. The on—chip +5.1 V
reference is trimmed to 1% and the error amplifier has an input
common--mode voltage range ihat includes the reference voltage, thus
eliminating the need for exiernal divider resistors. A sync input to the
oscillator enables multiple units to be slaved or a single unit fo be
synchronized to an external system clock. A wide range of deadtime c¢an be
programmed by a single resistor connected between the Ct and Discharge
pins. These devices also feature built-in soft-start circuitry, reguiring only an
external timing capacitor. A shutdown pin controls both the soft—start circuitry
and the output stages, providing instantaneous turn off through the PWM
latch with pulsed shutdown, as weli as soft-start recycle with longer
shutdown commands. The under voltage lockout inhibits the outputs and the
changing of the soft—start capacitor when Ve ¢ is below nominal. The output
stages are totem—pole design capable of sinking and sourcing in excess of
200 mA. The output stage of the SG3525A features NOR logic resulting in a
low autput for an off-state while the 5G3527A utilized OR logic which gives a
high output when off.
® 8.0V to 35V Operation
5.1V £ 1.0% Trimmed Reference
100 Hz to 400 kHz Oscillator Range
Separate Oscillator Sync Pin
Adjustable Deadtime Control
Input Undervoltage Lockout
Latching PWM lo Prevent Multiple Pulses
Pulse~-by--Pulse Shutdown

Dual Source/Sink Qutputs: 3400 mA Peak

Representative Block Diagram

16 vC
Vel O Ta }nlmal l 11
v E‘H Releranca Chrcuitry Under- )
co Regulator Vollage  —— Quiput A
12 Lackaut W |
Ground p Ino
056 Output G
—_ 3 =
Syne 9% i FiF S
RT O Osciliawr a 0 "
PR
cT O? Output B
Discharge 0*““——; i R =
g s $G3525A Outpul Stage
ion O
1

C¢

INV. inpul O

Noriny. lnpul

Coaf-Stan

Shutdwn 0_’V\""_’i F 5.0k

5GI52TA
Output Stage

Order this document by SG3525A/D

SG3525A
SG3527A

PULSE WIDTH MODULATOR
CONTROL CIRCUITS

SEMICONDUCTOR
TECHNICAL DATA

¥ N SUFFIX
PLASTIC PACKAGE
18 CASE 648

DW SUFFIX
PLASTIC PACKAGE
CASE 7518
(SO-16L)

=

PIN CONNECTIONS

EI Vref
E Ve
[ 14] Outout
[13]ve
T_z_] Ground

lnv. Input | 4

RT[ 6 11 | Oulput A
Discharge E 10 | Shutdown
Soft-&tar E E Compensation

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
SG3525AN Plastic DIP
SGI52EADW | Ta =07t +70°C S0O-16L
SGIS2TAN Plastic DiP

© Maotorola, Inc. 1996
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SG3525A SG3527A

MAXIMUM RATINGS (Note 1}

Rating Symbaol Value Unit

Supply Voltage vee +40 Vde
Caliector Supply Vollage Vo +40 Vdc
Logic Inputs -0.310+5.5 Vv
Analog Inputs -0.3toVeg v
Qutput Current, Source or Sink 's) 1500 mA
Reference Output Current Iref 50 mA
Oscillator Charging Current 50 mA
Power Dissipation (Plastic & Ceramic Package) Pp mww

Ta = +25°C (Note 2) 1000

Tg = +25°C (Note 3) 2000
Thermal Resistance Junction—to-Air RgJa 100 SCIwW
Thermal Resistance Junction—{o-Case RoJc 60 G
Operating Junction Temperature T) +150 °C
Storage Temperature Range Tstg -55to +125 °C
Lead Temperature (Soldering, 10 seconds) TSolder +300 °C

NOTES: 1. Values beyond which damage may occur.
2. Derate at 10 mW/°C for ambient tamperatures above +50°C.
3. Derate at 16 mW/*C for case temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbel Min Max Unit
Supply Voltage Voo 8.0 35 Vdc
Collector Supply Voltage Ve 45 35 Vde
Output Sink/Source Current o mA
(Steady Stale) 0 +100
(Peak) 0 400
Reference Load Current Iref 0 20 mA
Oscillator Frequency Range fosc 0.1 400 kHz
Oscillator Timing Resistor RY 20 150 k(2
QOscillator Timing Capacitor CT 0.001 0.2 WF
Deadtime Resistor Range Rp 0 500 Q
Qperating Ambient Temperature Range TA 0 +70 °C

APPLICATION INFORMATION

Shutdown Options (See Block diagram, front page)

Since both the cempensation and soft-start terminals
(Pins 9 and 8) have current source pull-ups, either can
readily accept a pull-down signal which only has to sink a
maximum of 100 pA fo turn off the outputs. This is subject to
the added requirement of discharging whatever external
capacitance may be attached to these pins.

An alternate approach is the use of the shutdown circuitry
of Pin 1C which has been improved to enhance the available
shuldown options. Activating this circuit by applying a
positive signal on Pin 10 performs two functions: the PWM

fatch is immediately set providing the fastest turn—off signal to
the outpuis; and a 150 pA current sink begins to discharge
the external soft-start capacitor. If the shutdown command is
short, the PWM signal is terminated without significant
discharge of the sofl~start capacitor, thus, allowing, for
example, a convenient implementation of pulse—by-pulse
current limiting. Holding Pin 10 high for a longer duration,
however, will ultimately discharge this external capacitor,
recycling slow turn—on upon release.

Pin 1C should not be left floating as noise pickup could
conceivably interrupt normal cperation.

MOTOROLA ANALQOG IC DEVICE DATA



SG3525A SG3527A

ELECTRICAL CHARACTERISTICS (Vo = +20 Vdc, Ta = Tigw 10 Thigh [Note 4], unless otherwise noted.}

Characteristics | Symbol | Min | Typ l Max | Unit
REFERENCE SECTION
Reference Output Voltage (T | = +25°C) Vief 5.00 5.10 5.20 Vdc
Line Regulation (+B.0V £ Voo £ +35 V) Regline - 10 20 my
Load Regulation {0 mA < I_ < 20 mA) Regioad - 20 50 my
Temperature Stabhility AVraf/AT - 20 - my
Total Qutput Variation AVyef 4.95 - 525 Vde
Includes Line and Load Regulation over Temperature
Short Circuit Current Isc - 8o 100 mA
(Vref =0V, T = +25°C)
Qutput Noise Voltage (10 Hz < f <10 kHz, T = +25°C) Vn - 40 200 HVrms
Long Term Stability (T = +125°C) (Note 5) ] - 20 50 mvi/khr
OSCILLATOR SECTION (Note 6, unless otherwise noted.)
Initial Accuracy (T = +25°C) - +2.0 +6.0 %
Frequency Stability with Voltage Afose - +1.0 2.0 %o
(#+8.0V Ve 2+35V) Dvee
Frequency Stability with Temperature Aasc ~ 0.3 - %
T
Minimum Frequency (Rt = 150 k£, C1=10.2 uF) fmin - 50 - Hz
Maximum Frequency (R = 2.0 k€2, C1 = 1.0 nF) fmax 400 - - kHz
Current Mirror {IRT = 2.0 mA) 1.7 2.0 2.2 mA
Clock Amplitude 3.0 35 - \Y
Clock Width (T y = +25°C) 0.3 0.5 1.0 us
Sync Threshold 1.2 2.0 28 Ay
Sync Input Current {(Sync Voltage = +3.5 V) - 1.0 25 mA
ERROR AMPLIFIER SECTION (Vcp = +5.1 V)
Input Offset Vollage Vio - 2.0 10 mv
Input Bias Current I8 - 1.0 10 PA
Input Cffset Current o - - 1.0 HA
DC Cpen Loop Gain {R|_ = 10 M) AvoL 60 75 - as
Low Level Output Valtage VoL - 0.2 05
High Level Output Valtage VOH 38 56 -
Common Mode Rejection Ratio (+1.5V < Vo € +5.2 V) CMRR 60 75 - dB
Power Supply Rejection Ratio (+8.0 V<V 435 V) PSRR 50 60 - dB
PWM COMPARATOR SECTION
Minimum Duty Cycle DCmin - - 0 %
Maximum Duty Cycle BCmax 45 49 - %
input Threshold, Zero Duty Cycle (Note 6) Vih 06 0.9 - \
Input Threshold, Maximum Duty Cycle (Nate 6) Vi - 33 36 v
Input Bias Current [I7=3 - 0.05 10 A

NOTES: 4. Tigy = 0° for 3GA525A. 3527A Thigh = +70°C for SG3525A, 3527A

5. Since long term stability cannol be measured on each device before shipment, this specification is an engineering estimate of average stability

from lot to ot.
B. Tesled at fygc = 40 kHz (R = 3.6 k£, C7 = 0.01 pF, Rp = 0Q).

MOTOROLA ANALOG IC DEVICE DATA



SG3525A SG3527A
ELECTRICAL CHARACTERISTICS (Continued)

Characteristics [ symbot | Min | Typ | Max [ unit |
SOFT-START SECTION
Sofi-Start Current (Vshutdown =0 V) 25 S0 80 pA
Sofi-Start Vaoltage (Vghutdown = 2.0 ¥) - 0.4 06 A4
Shuldown Input Current (Vshytdown = 2.5 V) - 0.4 1.0 mA
OUTPUT ORIVERS {Each Qutput, Voo = +20 V)
Qutput Low Level Valr vV
(lsink = 20 mA) - 0.2 0.4
(igink = 100 MA) - 1.0 2.0
Gutput High Level VoH \
(lsource = 20 mA) 18 19 -
(Isource = 100 mA) 17 8 -
Under Voltage Lockout (V8 and V3 = High) VuL 6.0 7.0 8.0 v
Coliector Leakage, Vi = +35 V (Note 7) Ic{ieak) - - 200 KA
Rise Time (C|_ = 1.0nF, T3 = 25°C) tr - 100 600 ns
Fall Time (C|_ = 1.0 nF, Tj = 26°C) ir - 50 300 ns
Shutdown Delay (Vpg = +3.0V, Cg =0, Ty = +25°C) tds - 0.2 0.5 HS
Supply Current (Vo = +356 V} lce - 14 20 mA

NOTE: 7. Appliesto SG3525A only, due to polarity of output pulses.

Lab Test Fixture

........................ )
@ Vref 16 [ | E 15
T ¢ | Reference Regulator I a‘;—l—O Veo
Clock T 0.1 I 0.1
@ S A Fir —32 Ve
"2k T syme 01
] R
P @ ! Y9
AR, :
= RT
1.0k ; ¢
1 6 é i
[
Deadlime i I
1.5k 0 ; a
0.009 Ramp W "
1
———o Q | e st ?
o 1 o
0.1 T 0.001
G

Vi Meter i Vref
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SG3525A SG3527A

R, TIMING RESISTOR (kG2

Ay, VOLTAGE GAIN (dB)

Figure 1. Oscillator Charge Time versus Ry Figure 2. Osgcillator Discharge Time versus Rp
200 500
y ) 2 r / / [
AL A S z /
100 ¥ S 40 & %L
e} s I3
80 Il E [ty -3 ,r?.g/H
4 o 300 N /—~
” « E } [ o
_\Q =
>/ S £ /1/
. 200
A 5 /1 /
10 2 P ] /
PRSI o ae
50 v o 100 7 / /
! 7 7 e / " / / W
4 / y v H
2oL A LA yd 0 rid\vs prait
20 50 10 20 50 100 200 500 1000 2000 5000 10000 0.2 05 10 20 50 10 20 50 100 200
CHARGE TIME (us) DISCHARGE TIME {us}
Figure 3. Error Amplifier Open Loop Figure 4. Output Saturation
Frequency Response Characteristics (SG3525A)
T T
> )
z ] = Veg=+20V
Ce w40 TR vasec
100 Rz — 2 35 7
= =
o] Vi
80 Cp g a0 7
& AN Rz=20k g2 %
B = =
" 0, Z7 % 20 i /,/
E 1.5 ]
0 < - Source Sat, (Vg-VoH)
B3 N %10 |
0 \o R y. Sink Sat, {¥oL )
. A
-20 I 0 =
1.0 10 00 10k 10k 100k 10M 10M 0.01 0.02 003 005007 0.1 02 03 05 07 10
f, FREQUENCY {Hz) I, OUTPUT SCURCE CR SINK CURRENT {A)
Figure 5. Oscillator Schematic (S§G3525A) Figure 6. Error Amplifier Schematic (SG3525A)
Vra[ © 15
ref 16
Q1 Q5 Q8
7.4k
Q3
Ry 2 _
Cro——— 06 '
; 2.0k 14k§ o Inverting 4 S
: To P Input
Qi af 25 - 1
Fa g VA Blanking Noninverting To PWM
) Q14 | 16 Outpul Input Comparator
20—
200;;\@ 1ooqu> SBVS 30
a2 Q13
%1.0!: FLHSOk 250 90 Compensation

‘* L

DSC Dutput

1|{
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SG3525A SG3527A

Figure 7. SG3525A Output Circuit
(1/2 Circuit Shown)

—3- Vee Ve

Q8 Omitted
in SG3527A

10k

Clock FiF PWh

Figure B. Single—Ended Supply Figure 9. Push-Pull Configuration
a1 w Oty
+Vsuppfy To Qutput Filier supply

R1

R2 13

c1
1 .
: Ve A a T
13 S H
Yo N SG3525A 2 =
$G3525A 14
B‘OM —=1 Gnd 5 2
Gnd Rd 1
12 =
Tu
O .

For single-ended suppiies, the driver outpuls are grounded. Inconventional push—pull bipolar designs, forward base drive is
The V¢ terminal is switched 10 grourd by Lhe totem—pole controlled by R1-R3. Rapid tum—off limes for the power
source transistors on altemale oscillator cycles. gevices are achieved with speed-up capacitors C1 and C2.

Figure 11. Driving Transformers in a
Figure 10. Driving Power FETS Half-Bridge Configuration

o

o
+V,
R supply

ai *J J
T G
1
B, Rt |
Vo A
SG35254 Q@
14 il
Gnd B H c2
R2
L |

+Vsupply

13

]
T
Ve A
2
g @

8G35254

AT

Gnd B
12 T 12
O
L
The low source impedance of lhe outpul drivers provides Low power transformers can be driven directly by the SG3525A.
rapid charging of power FET inpul capacilance while Aulomatic reset oceurs during deadtime, when bolh ends of the
minimizing extemal compoenents. primary winding are switched lo ground.

MOTOROLA ANALOG IC DEVICE DATA



5G3525A SG3527A
OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 648-08
ISSUE R NOTES:
- (=A-} > 1. DIMENSIONING AND TOLERANGING PEA ANSI
Y14.5M, 1982
Oannmtmd 2. CONTROLLING DIMENSION; INCH,
1% ] f 1. DIMENSION L TO GENTER GF LEADS WHEN
FORMED PARALLEL.
8 4. DIMENSION 8 DOES NOT INCLUDE MOLD FLASH
' 5 ROUNDED CORNERS GPTIGNAL,
INCHES | MILLIWETERS
| DIM[ WIN | MAX | MIH | WAX
—c L —; A | 0740 | 0770 | 188D | 1955
i B | 075 [ ozr0 | 635 | ebs
1 € lows[0175 [ 365 | 444
0 [ 0015 | po2i | 039 | 05
SEATING Floso]| oro | tm ]| »77
PLANE ‘ [¢] 0.100 BSC 254 BSC
L _K N H i __o0osopsc 127BSC
. - b ) | Doee 0075 | o021 ] ode
H:cj-:— Jrb il K [ ot o1 | 280 [ 530
R b L 0205 [ 0305 | 750 | 74
16 PL " I I i BT
[$I 025 (0‘010)®|T|A ®| $ [ 0020 1 o040 { as I 101
DW SUFFIX
PLASTIC PACKAGE
CASE 7518-06
{SO-16L)
ISSUE J
NOTES:

HARAAR il

.

PerL

G b

K

. _i [$]o250010®]EE)]
ﬁ’_lg_uj_mw‘_l

1

— i |

D spL

Pt

[$[025 @[T

®[a®]

gy
=5

=l

o L
¢

R x4s5°

1. DIMENSICNING AND TOLERANGING PER
ANSIY14.5M, 1982

2. CONTROLLING DIMENSION: MILLIMETER

3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLO PROTRUSION 0.15 (0.008)
PER S|DE

5. DIMENS!ON D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWASLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION,

WILLIMETERS | INCHES
| DM WIN | MAX | MIN | MAK
A ] 080 [ 1000 [ 0386 | 0303
B | 380 | 400 [ 0150 | p.as7
C [ 135 | 175 | 0.054 | 0.068
b | 0357 049 |00 [ 0o1p
F] caw T 1257 agte [ 004s

6| 127BsC 0.050 BSC
J | 619 ] p26 | Do0a | 0oos
K010 | B25 1 poos | 0.000
M| o] 7o 8°] q°
P 580 | B0 | 0.229 | 0244
R 0251 o5 [0 | 0019

MOTOROLA ANALOG IC DEVICE DATA




SG3525A SG3527A

Motoroia reserves the right to make changes withaut further notice to any products herein. Motorola makes no warranly, representation or guarantee regarding

the sultability of its products for any particular purpose, nor does Mctorola assum
specifically disclaims any and all lizbility, including without limitation consequentia!
data shesets and/or specifications can and dovary indifferentapplications and actu
must be validated for each cuslomer application by customer's technical expert
others. Motorola products are nat designed, intended, or authorized for use ag companents

e any liability arising out of the application or use of any product or circuit, and
orincidental damages. “Typical® parameters which may be providedin Motorola
al performance may vary overtime. Alloperating parameters, including "Typicals”
s. Motorola does not convey any license under its patent rights ner the rights of

in systems intended for surgical implant into the body, or other

applications intended to support or sustain Iife, or for any other application in which the failure of the Motorala product could create a situation where parsonal injury
ordeath may oceur. Should Buyer purchase or use Molorola products forany suchunintended orunauthorized application, Buyer shallindemnify and hald Motorola
and its officers, employees, subsidiaries, affiiates, and distributors harmiess against all claims, costs, damages, and expenses, and reasonable attorney fees
arising outof, directly or indirectly, any ciaim of personal injury ordeathassociated with such unintended orunauthorized use, evenif such ciaim alleges that Motorola

was negligent regarding the design or manufacture of the parl. Motorola and

Opportunity/Aflirmative Action Employer.

@p registered trademarks of Motorola, Inc. Moterola, Inc. is an Equal

How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literaiure Distribution;
P.O. Box 20912; Phoenix, Arizona 85036 1-800-441-2447 or 602—-303-5454

MFAX: RMFAXO@email.sps.mot.com - TOUCHTONE B02-244-6609
INTERNET. hitp:/Design-NET.com

JAPAN: Nippon Motorola Lid ; Talsumi~SPD-JLDC. 6F Seibu-Butsuryu—Center,
3-14-2 Tatsumi Kato-Ku, Tokyo 135, Japan. 03-B1-3521-8315

ASIA/PACIFIC: Motorola Semiconduciors KK, Ltd.; BB Tai Ping Industrial Park,
51 Ting Kok Road, Tai Po, N.T, Hong Kong. 852-26629294
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Crder this document
by 2N4036/D

General Purpose Transistors

PNP Silicon

MAXIMUM RATINGS

COLLECTOR

3

BASE

1
EMITTER

2N4036
2N4037

Rating Symbal | 2M4036 | 2N4037 Unit
Collector-Emitter Voltage VCEO —-65 -40 Vdc 3,
1
Collector- Base Voltage Vi -90 -60 Vde
: : 8O CASE 79-04, STYLE1
Emitter —Base Voltage VERD ~7.0 -70 Vdo TO-39 (TO-205AD)
Base Current 2 -0.5 Adc
Callector Current — Gontinuous Ic -1.0 Adc
Continuous Power Dissipation Pp
at or Below T = 25°C 5.0 50 Watts
Linear Derating Factor 286 2B.% mwieC
Continuous Power Dissipation Pp
al or Below Ta = 25°C . 1.0 1.0 Waltts
Linear Derating Factor 5.72 572 mW/°GC
Operaling and Storage Junction TJ. Tstg —65 to +200 °C
Temperature Range
Lead Temperature T 230 °C
116" from Case far 10 Secands
THERMAL CHARACTERISTICS
Characteristic Symbal | 2N4036 | 2M4037 Unit
Tnermal Resistance, Junction to Case ReJc 35 35 *Civw
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic J Symbol [ Min | Max [ Unit |
OFF CHARACTERISTICS
Collector- Emitter Sustaining Voltaga(1) VCEO{sus) vde
{lg =—100 mAdg, Ig = 0) 2N4036 -B5 —
2N4037 ~40 —
Ccollector- Base Breakdown Voltage V(BR)CBO —-60 —_ vdo
({c = —0.1 mAdc) 2N4037
Collector Cutoff Current lcEx mAdc
{VCE =—-B5 Vdc, VER = — 1.5 vdc) 2N4036 — -0.1
{VCE = -30 Vdc, VEg = - 1.5 Vde, Tg = 150°C) 2N4037 — -100
Collector Cutoff Current Icpo uAde
(Veg=-90Vde, Ig=0) 2N4036 — -1.0
(Vcp = -60 Vde, Ig = Q) 2N4037 — -0.25
Emitter Cutoffl Current lERD pAdc
(VEg =—-7.0 Vdg, I = Q) 2N4038 —_ -10
(VER =—5.0 Vdc, I = 0) 2N4037 - -1.0

1. Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.

© Molorgha, tnc. 1997
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2N4036 2N4037

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless oiherwise noled) (Continued)

[ Characteristic l Symbol Min I Max | UnitJ
ON CHARACTERISTICS
DC Current Gain heg —
(ic = -0.1 made, Vo = —10 Vdc) 2N4036 20 —
{Ic = -1.0 mAds, VCE =10 Vec) 24037 15 —
(ig = -150 mAde, Vg = -10 vdeill) 2N4036 40 140
2NA03T 70 250
(I =-150 mAde, VoE =-2.0 vde)1) 2N4036 20 200
(I = - 500 mAdc, Vo =10 vde)l1) 2N4036 20 —
Coliettor - Emitter Saturation Vo\tagem 2N4036 VGE(sat) — -0.65 Vdc
(Ig = 150 mAde, Ig = —15 mAdc) 2N4037 — ~1.4
Base—Emitter Saluration Voltage() YBE{sal) — —14 Vde
(I = =150 mAdc, Ip = - 15 mAdc) 2N4036
Basa- Emitter On Voltage() VBE({on) — -1.5 vde
{lc = - 150 mAde, Vg =10 Vce) 2N4037
SMALL-SIGNAL CHARACTERISTICS
Collector—Base Capacitance Ceb - 30 pF
(Vop =—10 vdg, f= 1.0 MHz) 2N4037
Current Gain — High Freguency 2N4036 |hfe! 3.0 — —
(Il =—50 mAdc, VCE = —10 vdc, = 20 MHz) 2N4037 30 10
SWITCHING CHARACTERISTICS
Rise Time I — 70 ns
(tg1 = - 15 mAdc) 2N4036
Storage Time ig — 600 ns
(izz = —15 mAdc) 2N4036
Fail Time tf — 100 ns
{Igz = —15 mAdc} 2N4Q3E
Turn—0n Time ton _ 110 ns
{Igg=Ig2) 2N4036
Turn-0Off Time Lol — 700 ns
(g1 = g2} 2N4036

1. Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.

Motorola Small-Signal Transistors, FETs and Diodes Device Data



2N4036 2N4037

10 I i T

hrg, SMALL-SIGNAL FORWARD

i £ (TAT T ]
o ail £
3 uil Voe=-10V 17 E 50
) AMBIENT TEMPERATURE (T} = 25°C| [] 2
2 10 bl & A
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s g 10 g ]
o1 ﬁ._ a '--_""'--..
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Figure 1. Current Gain Characteristics versus Figure 2. Dissipation Derating Curve
Collector-Emitter Voltage
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2N4036 2N4037

PACKAGE DIMENSIONS

HNOTES
. OIMENSIONING ANMD TOLERANCING PER ANS
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2N/PN 3053
2N/PN4037

COMPLEMENTARY
SILICON
TRANSISTORS
“IN/PN3053(NPN) & 2N/PN4G37(PNP) are complementafy TO-92A
silicon planar epitaxial transistors for use in AF
medium power drivers and outputs, as well as for
switching applications.
2N3053 PN3053
2N4037 PN4037
ABSOLUTE MAXIMUM RATINGS :“o_rfn-o&&n.ﬁ:bﬁé&-mrhu-&-’wﬁﬂ 2N/PN3053 ;12,N£PN4U'374/‘
Collector-Base Voltage Vceo 50V &0V
Collector-Emitter Voltage VCEO 40V 40
Emitter-Base Voltoge VEBO 5V 7y
Collector Current ac 0.7A 1A
Total Power Dissipation @ Ta425°C tot W Ezmosa/m-ma?; :
- ‘ L 0.625W (PN3053/PN4037 E
Operating Junction & Storage Temperature Ty, Tstg =65 to +200%C 22N3053[2N' 373‘
%; -55 to +150°C (PN3053)PN3037) .
|
ELECTRICAL CHARACTERISTICS (Ta=25°C)
PARAMETER SYMBOL MIN  MAX 2?]%1\7 MAX ONIT | TEST CONDITISES

Cellector-Base Breakdown Voltage BYCERO 60 60 Ig~0.1mA IO

I10=100mA RBE~1002

v
Collector-Emitter Breakdown Voliage | LVoER + 50 v
- 60 v Ip=100mA RBE=200n
v :
v

Tc=100mA VEB=1.5Y|
I=100mpA In=0

Ccllector-Emitter Breakdown Voltage | LVopy « "] 60
Collector-Smitter Breskdown Voltage | LVCEQ + 40 40

™pitter~Base Breakdown Voltage BVERO 5 T v Ig=0.1mA I¢=0
natlector Cutoff Current Icey 0.25 PA vcg;@ov Vm-l.ﬁv :
cellector Cuioff Current IcBO ' 0.25| pA Vep=60V 1gs0
follector Cutoff Current Iceo 5 |p4a | VeE=30V IB=0
Eritter Cutoff Current IEBO 0.25 : pA | VEp=4V 1C=0
1 {pA VEE=5V IC=0
Collector-Emitter Saturation Voltage| VeE(sat)* 1.4 - 1.4 |V Ic=150h1A IB=1='§mA
Base-Fmitter Saturation Voltage VBE(sat )* 1.7 v Ic=150mA Ip=15mA
M D.C. Current Gain HFE * : 15 Ic=1mA YCE'quT
5o 250 | 50 250 1¢=150mA VCE=10V
25 Ic=150mA VoE=2.59]
A

MICRO ELECTRONICS LTD. 2 ¥R RT]
38 Hung To Aoad, Kwun Tong, Kowlgpn, Hong Kong, Cable: Microtron, Hong Kang. Telex: 543510 Micro HX.
P.0. Bo%9477, Kwun Tong. Tet: 34301816 - N FAX: 3-410321



- - — Continued - - -

E%PNSOB& 2N/PN4O3T

PARAMETER SYMBOL P30S MIé 4037 oNIT | TEST CONDITIONS

rent Gain-Bandwidth Product fr 100 60 MHz Ig=50ma VCE=102?&3

lector-Base Capacitance Cob 15 30| pF Vop=10vV TE=O j/
f=1MH=z

tter-Base Capacitance Cib 80 90 3 VER=0.5V Ig=0
f=1MHz

Pulse Test : Pulse Width=0,3mS, Duty Cycle=1%

TYPIGAL CHARACTERISTICS

5 Ptot vs TA - HPFE (NORMALIZED) ve IC
' Ml Ta=250
Pulse Test
~ 1.6 Vopel0V
6 4 a T
Um S
NG 3 1.2
Piot a g . i
4 -
e o ot Bl
(W) Px E 0.8lerT ‘
8, N
N 1N
N g3 > _
? = 0.4 SN
“NO-_HEQ,L si‘n—}g
0 T -0
0 50 100 150 200 1 10 100 .. 1000
I
Ta (%) g (mA)
) Jeg(sat) & VBE(gat) & VBE vs IC 250 fp ve_Ic
M ]
A VeER=] 0%
~ A 200 I
0.8 (33“4) BB et
Vg T Bt .
0.6 =TT ok T 150
* BE TS Pulse Test z .
=107
YOLT & You ' (HHZ)loo \
0.4 f’ Ji
y
0- 50
° B VCE(sat)
o e OTE LT | 0 )
1 10 100 1000 1 10 100 1000
= I¢ (mA) - Ic (ma)
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TOSHIBA

6N135,6N136

TOSHIBA PHOTOCOUPLER GaA€As IRED & PHOTO IC

6N135, 6N136

DIGITAL LOGIC ISOLATION.

Unit in mm

LINE RECEIVER.
POWER SUPPLY CONTROL

a 7 6B &5
SWITCHING POWER SUPPLY AL T "*’E
TRANSISTOR INVERTER 4
T

1 2 3 4

The TOSHIBA 6N135 and 6N136 consists of a high emitting diode 26
and a one chip photo diede-transistor.

R
026 2
)
]
@

Each unit is 8-lead DIP package. 1.240,15)
06101
o Isolation Voltage : 2500V g (Min.) 2Razl

e High Speed : tpHL, tpLH=0.54s (Typ.) (R=1.9%{})
s TTL Compatible

76210.25

=0
Q.

0.25

.25

111004

e If Base Pin is Open, Output Signal will be Noisy by TOSHIBA 11-10C4

Environmental Condition. For This Base, TLP550 is Suitable Weight : 0.54g

® UL Recognized : UL1577, File No, E67349

PIN CONFIGURATIONS

1
20
30

18

7 17
¥ [ ke

41

15

g0 ~1 h Ut i LD B =

IF I
- B
2 aamdll Vg
VF‘Z % 1o
26
3
5

: N.C.

: ANODE

: CATHODE

: N.C.

: EMITTER

. COLLECTOR

: BASE, ANODE
: CATHODE

I
cC B Veo

Vo
GND

96100 1EBC2

malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsiailit
TOSHIBA products, to observe standards of safety, and o avoid situations in which a malfunction or failure of a 7O

TOSHIRA Semiconductar Reliability Handbook.

@ TOSHIBA is continually working to imgrove the guality and the reliability of its products. Nevertheless, semiconductor devices in general can

of human Iife, bodily injury or damage to property. In develaping your designs, please ensure that TOSHIBA products are used within specitied
oparating ranges as set forth in the moest recent products specifications. Also, please keep In ‘mind the precautions and tonditions set forth in the

of the buyer, when utilizing
HiBA product tould cause loss

1998-02-27 1/7



TOSHIBA 6N135,6N136

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING | UNIT
Forward Current {Note 1) Ip 25 mA
A |Pulse Forward Current (Note 2) Irp 50 mA
i |Taotal Pulse Forward Current  (Note 3) IgppT 1
= [Reverse Voltage VR 5 v
Diode Power Dissipation {Note 4) Pp 45 mW
" Output Current Ip 8 mA
o |Peak Output Current Iop 16 mA
& | Emitter-Base Reverse Voltage (Pin 5-7) VEB 5 v
: Supply Voltage veo —0.5~16 v
= | Cutput Voltage Vo —0.5~1%5 v
2 Base Current (Pin7) Ip 5 ma
Qutput Power Dissipation (Note 5) Py 100 mW
Operating Temperature Range Topr -55~100 °C
Storage Temperature Range Tstg —55~125 °C
Lead Solder Temperature (10s) (Note 6) Tsol 260 *C
Isolation Voltage (Note 7) BVg 2500 Vyms

(Note 1) Derate 0.8mA above 70°C.
(Note 2) 50% duty cycle, 1ms pulse width.
Derate 1.6mA /°C above 70°C,
(Note 3) Pulse width 1.s, 300pps.
(Note 4) Derate 0.9mW /°C above T0°C.
(Note 5) Derate 2mW/°C above 70°C.
(Note 8) Soldering portion of lead : up to 2mm from the body of the device.
(Note 7} R.H.Z£60%, AC/1lmin.

961001EBCY

@ Galium arsenide {Gaks) is a substance used in the products described in this document. Gahs dust and fumes are toxic. Do not break, cut or

pulverize the product, or use chemicals ta dissolve them, When disposing of the products, follow the appropriate regulations. Do nat dispose of the
Erodu:ts with other industrial waste or with domestic garbage.

z he products described in this document are subject to foreign exchange and foreign trade control laws.
The infarmation contained herain is presented anly as a quide for the aprlicatinns of our products. No responsipility & assumed by TOSHIBA
CORPORATION for any infringements of intellectual praperty or other rights of the third parties which may result from its use. No license is granted
by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.

| T{ue intormation contained herein is subjEct to change without notke.

1998-02-27 2/7



TOSHIBA 6N135,6N136

ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED TEMPERATURE (Ta =0°C~70°C unless otherwise noted)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. [**TYP|MAX.| UNIT
8N135 OTR Ip=16mA, V=04V 7 18 | - %
Current Transfer 6N136 Veo=4.5V, Ta=25°C (Note a8 19 24 —_— %
Ratio 6N135 CTR Ip=16mA, V=05V 5 13 | — %
6N136 Vop=4.5V (Note 1| 15 21 | — %
Ip=16mA, Ig=1.1mA
N —_ 1 .
Logic Low Output 6N135 VoL Veo=45V 0 0.4 v
Voltage Ip=16mA4, Ig=2.4mA
6N136 Vog=45V —_ 01 04 v
Ig=0mA, Vg=V0=5.5V
: o = 95°C — 3 ] 500 nA
Logic High Output Current OH Ip=0mA, Vo=Vor=15V _ o1 1 A
Ta=25°C #
ToH Ip=0mA, Vo=Voc =156V — — 50 | wA
. Ig=16mA, Vo=0pen
Logic Low Supply Current IccL Voo=15V — 40 — #A

Ip=0mA, Vg=0pen
IcCH | yoo=15V, Ta=25°C
Ip=0mA, Vo=0pen

—_ 0.01 1 LA

Logic High Supply Current

- —_ A
IcCH | yoo=15v 2| o~
Input Forward Voltage VF Ip=16mA, Ta=25"C — 1.65 1.7 v
Temperature Coefficient of
= —_ - .9 —_— -'ro
Forward Voltage AVE/4Ta | Ip=16mA 1 mV/°C
Input Reverse Breakdown _ —opa
Voltage BVgR Ig=10uA, Ta=25°C 5 —_ -— v
Input Capacitance CIN f=1MHz, Vp=0 — 60 | — pF
. VI.0=500V (Note 8) 12

Resistance {(Input-QOutput) Rio R < 60% — 10 — Q
Capacitance (Input-Output) Cr.o f=1MHz {Note 9) | — 06 | — pF
Transistor DO Current Gain | hyg V=5V, Ig=3mA — 80 | — —

(**) All typicals at Ta=25°C

1998-02-27 377



TOSHIBA

6N135,6N136

SWITCHING SPECIFICATIONS
{Unless otherwise specified. Ta=25C, V=5V, If= 16mA}

CHARACTERISTIC SYMBOL E?E?EUIT TEST CONDITION | MIN, | TYP. |[MAX.|UNIT
Propagation Delay 6N135 Ry, =4.1k() _ 0.2 15 s
Time to Logic Low tpHL 1
at Qutput 6N136 B =1.9k{} — 02) 08 | ps
Propagation Delay EN135 Ry =4.1k{) —_ 10] 15 J7;:)
at Output 6N136 Rp, =19k} — | 05| 08 | us

iIF=0mA
Common Mode 6N135 Ve =10Vpp — | 1000 | — |V/ps
Transient Immunity Rp.=4.1k(
at Logic High Level CMH 2 Tp=0mA
Qutput {MNote 107} 61136 VoM =10vpp — 11000} — V/ius
R1,=1.9k{
Vem=10Vpp
Common Mode 6NN135 R1= 4.1k} — |=1000 — Vf;zs
Transient Immunity oMy, 0 Ip=16mA
at Logic Low Level VeM=10Vyp
Qutput (Note 10) [6N136 Ry, =19k} — 1000t — |V/pus
Ip=16mA
Bandwidth {Note 11) { BW — Ry, =100 — 2 — | MHz
(Note 8) DC CURRENT TRANSFER RATIO is defined as the ratio of output collector

current, In,
Device considered a two-terminal

(Note 9)

Pins5, 6, 7 and 8 shorted together.

(Note 10) Common mode transient immunity in Logic High 1

to the forward LED input current, If, times 100%.
device : Pins 1, 2, 3, and 4 shorted together and

evel is the maximum tolerable

(positive) dvep /dt on the leading edge of the common mode pulse, VoM, to assure

that the output will remain in a Logic High state (i.e., VO=>2.0V).

Common mode transient immunity in Logic Low level is the maximum tolerable
(negative) dvcp / dt on the trailing edge of the common mode pulse signal, VoM, t©
assure that the output will remain in a Logic Low state (i.e., VO <0.8V).

(Note 11) The frequency at which the AC output voltage is 3dB below the low frequency
asymptote.

1998-02-27 4/7



TOSHIBA

6N135,6N136

TEST CIRCUIT 1.

TEST CIRCUIT 2.

10V

Vo

PULSE GEN.
Zy =500}
ty=5ns

10% DUTY
CYCLE

L)

Iy

MONITOR &

10

B_&

pleigiz

e
o)

(*) Cy, is approximately 15pF which includes probe and stray

wiring capacitance.

| —
by, tf=8ns 111 [1] 8] © 5V
veMm 90% e _E Y 7] 3 2
10% 90% }‘/
1 | b (T g
il 4 5
[ 5V =
SWITCH AT A : Ip= T
: Ip=0mA VFF 4 Vfc-l\:[
OL
PULSE GEN.

Vo

SWITCH AT B : Ip=16mA
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TOSHIBA

6N135,6N136

HIGH LEVEL QUTPUT CURRENT FORWARD CU T
o CURRENT Ip (mA)

(%}

CURRENT THANSFER RATIO
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100 = —
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& | ]

]

‘ . r 2 —_—}
5— J.r'

3 1 71
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TOSHIBA 6N135,6N136

D - Vo Vo - If
r K ]
ot b Lsomal vegesv % oy Veomor
< Fi 5 o
25mA | Ta=26°C z
g i ; 4 l\ RL
(=]
£ o 20mA = ; Vg
= | R 3 3
(&)
z 6 15mA & \ \ ”lT
) L 4] 3 \ Ta=25C
= -
g . LomA E 2 \ \R_'L_:em
=] | b 390
-e - E A
= 2 Ip=5mA 2 1 108}
] L ’— o
% 1 2 3 4 5 6 7 % 4 8 12 16 20 24
QUTPUT VOLTAGE Vg (V) FORWARD CURRENT Ip (mA)
. tpHL, tpLH — RL
5 Ip=16mA
w
E Veo=6Y LpLH -
F v
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93
] 1 T
53
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=Jd 035 v
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g
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1 PR 10 90 &0 100
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International

PD- 91880

ISR Rectifier SMPS MOSFET IRFP460A

Applications

¢ Switch Mode Power Supply { SMPS )
» Uninterruptable Power Supply

« High speed power switching

Benefits

¢ Low Gate Charge Qg resuits in Simple
Drive Reguirement

¢ Improved Gate, Avalanche and dynamic
dv/dt Ruggedness

s Fully Characterized Capacitance and
Avalanche Voltage and Current

o Effective Coss specified ( See AN1001)

Absolute Maximum Ratings

HEXFET® Power MOSFET

Vpss | Rds{on)max | Ip

500V 0.27Q 20A

To-2478c G DS

Parameter Max. Units
lp @ T =25°C Continuous Drain Current, Vgg @ 10V 20
Ip @ T = 100°C | Continuous Drain Current, Vgs @ 10V 13 A
lowm Pulsed Drain Current ® 80
Pp @Tc = 25°C Power Dissipation 280 w
Linear Derating Factor 2.2 Wi°C
Vas Gate-to-Source Voltage + 30 v
dv/dt Peak Diode Recovery dv/dt @ KN:) vins
T, Ogperating Junction and -65 to + 150
Ts16 Storage Temperature Range °C
Soldering Temperature, for 10 secands 300 (1.6mm from case )
Mounting torge, 6-32 or M3 screw 10 Ibfsin (1. 1N+-m}

Typical SMPS Topologies:

s Full Bridge
¢ PFC Boost

Notes @ through & are on page 8
www.irf.com

1
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IRFP460A

Static @ T, = 25°C (unless otherwise specified)

International
TuR Rectitier

Parameter Min. | Typ. | Max. |Units Conditiens
ViBriDSS Drain-to-Source Breakdown Voltage 50 | — | — V| Vs =0V, Ip = 250pA
AViprinss/aTs | Breakdawn Voltage Temp. Coefficient [ —  |0.61 | — V"G Reference lo 25°C, Ip = TmA
Rpsion Stalic Drain-to-Source On-Resistance | — | — | 0.27 Q| Vegs=10V, Ip=12A @
Vs Gate Threshold Voltage 20 — | 4.0 v Vos = Vas, Ip = 250pA
loss Drain-to-Source Leakage Curent — | % pA Vos = 500V, Vs = 0V
w— | — | 250 Vps = 400V, Vgg = OV, Ty = 125°C
I Gate-to-Source Forward Leakage - | — | 100 A Vas = 30V
658 Gate-to-Source Reverse Leakage — | —1-100 n Vg = -30V
Dynamic @ T, = 25°C {(unless otherwise specified)
Parameter Min.| Typ.| Max. | Units Conditions
Ore Forward Transconductance 11 | — [ — 1 5 [ vos=50v,Ip=12A
Qg Total Gate Charge — | ~—— 105 Ip = 20A
Qgs Gate-to-Source Charge w—— | — | 26 | NC | Vps=400V
Qqa Gate-lo-Drain {"Miller") Charge _— —| 42 Vs = 10V, See Fig. 6 and 13 @
tagan) Turn-On Delay Time — | 8 | — Voo = 250V
ke Rise Time — | 5 | — ns Ip = 20A
td(er Turn-Off Delay Time — | 45 [ — Rg=4.30
1 Fall Time | 39 | — Rp = 13Q,See Fig. 10 @
Cies Input Capacitance — 3100 —- Ves =0V
Coss QOuiput Capacitance — | 480 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 18 | — | pF | f=1.0MHz, See Fig. 5
Coss Qutput Capacitance — 3 4430 — Vgg = 0V, Vps = 1.0V, f=1.0MHz
Coss Qutput Capacitance -— | 130 | — Vae = 0V, Vpg =400V, f=1.0MHz
Coss eff. Effective Qutput Capacitance — | 40| — Vs =0V, Vos = OV 1o 400V &
Avalanche Characteristics
Parameter Typ. Max. Units
Eas Single Pulse Avalanche Energy@ —_ 860 mJ
lar Avalanche Current® —_ 20 A
Ear Repelitive Avalanche Energy® _— 28 m.J
Thermal Resistance
Parameter Typ. Max. Units
Rase Junction-to-Case —_ (.45
Rycs Case-lo-Sink, Flat, Greased Surface 0.24 —_— “CIw
Ruia Junction-to-Ambient —_ 40
Diode Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current N Y MOSFET symbol — °
(Body Diode) A showing the m:_ |
Igm Pulsed Source Current ol —1 o integral reverse G"< f_L :
(Body Diode) @ p-n junction dicde. T s
Vso Diode Forward Voltage _— —=1 1.8 v | Ty=25°C, I =20A,Vgs =0V @
Ler Reverse Recovery Time — | 480 710 ns | T;=25°C, I = 20A
Qi Reverse RecoveryCharge — 1 8580} 7.8 pc | difdt = 100A/ps @
ton Forward Turmn-On Time Intrinsic tlum-on time is negligible (tum-on is dominated by Lg+Lp)
2 www.irf.com



International IRFP460A

TUR Rectifier

100 o TR - 100 oS
ToR sV ; TOP 15V
10V 10V
— 80V a.0v
55 Tov E 1.0V
oy ooy " = 5.0V
[= -— 5.5V
I 50V 5 5.0V
E BOTTOM4 5V = BOTTOM 4.8v
Q 10 et 1] .«3
g 3
5 5
o
(.? (% 10
‘? 4"' .é
£ d S
g ! B
O O 4.5
. =t .5V -
L 7 T =
N Ll
L 20ps PULSE WIDTH 20ps PULSE WIDTH
o1 4 Ty=25°C . Ty=150°C
oA 1 10 100 1 10 100
Vpg . Drain-to-Source Voltage (V) Vpg, Drain-te-Seurce Voltage (V)
Fig 1. Typical Qutput Characteristics Fig 2. Typical Output Characteristics
100 reve r
— = 30 Ro T oA
: : ;
S [Cu=tsoc 2 g p
g A g
3 10 Ve ./ T, /]
Q £ - “ Y
@ r 4 QT
& r 17 o @
= F 4 N o N
g TJ= 25°C S®
15
v Sk
[o] .9
< / 582 A
= v =
—_ 1 - [ 1
T 7 £ 1.0 "
o fa
- ’7
- ~
£ T 65
£
Vps= 50V @
o1 20ps PULSE WIDTH & o0 Vog =10V
40 5.0 6.0 7.0 8.0 9.0 .60 40 -20 0 20 40 60 8D 100 120 140 160
Vgg . Gate-ta-Source Valtage (V) T, Junction Temperature (o))
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
www.irf.com 3



IRFP460A

100600
=V g = 0V, f= 1MHz
Ciss = Cgs + Cya - Cys SHORTED
Cirss =Cyq
10000 Ff’ff: Cas + Coy
o +5 i_.i
= Py Liss *
@ !
o 1000 ==
L= . T
ly) ~
= w055
g L1 T
a “-‘_
g 1w X a2 |
- 1
(&) h 1
1 ICrss5u
1
1 10 100 1000
Vps . Drain-to-Scurce Voltage (V)
Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
100 e —p—y -1
¥ =
< A
= BRIV, 4
J
£ 10 ‘//
> -
¢ 7
c
5 A7
a
o £
% / T;=25°C
L4
Z
1} T ¥
T ¥
Q i
2 ]
/ Vgg =0V
o1 GS
02 04 0B OB 10 12 14 16

Vgp.Source-to-Drain Vollage (V)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Vgs . Gate-to-Source Voltage (V)

20

1000

Ig, Drain Current (A}

100

10

International
IGR Rectifier

D= 204 | |
VDS = 4004
Ypog = 250
VDS = 100\?‘-_,____
//'
/
FOR TEST CIRCIHT
SEE FIGURE 13
0 20 40 60 B8O 100
Qq, Tetal Gate Charge (nC)
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
——JOPERATION IN THIS AREA LIMITEDEAH
— .~ BY Rpgeon) ]
!
11
]
E b bt o e
< 5. b 5 10us
L/Y Y ¥
n M M H
‘\ I ‘l i
e 100us
‘\ ‘\ 1
SFPms
, s Ll
Tg=25°C ST
T, =130°C M10ms
Single Pulse HI
10 100 1000 10000

Vps. Drain-to-Source Voltage (V)

Fig 8. Maximum Safe Operating Area
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international IRFP460A

IR Rectifier

Rp
Sl [ Vos AP
\\ % D.UT.
15 .
z ™~ T -Voo
I=
g 11 1ov
S 10 \ Pulse width € | ps
c \ Culy Facter < 0.1 %
e N , N -
& \ Fig 10a. Swiltching Time Test Circuit
T 5
Vbs
[oToL A W A
0
25 50 75 100 125 150
T, Case Temperature (°C)
10% _ -
Vs —ﬂb [ S

Fig 9. Maximum Drain Current Vs. tagon) & lajotty
Case Temperature

Fig 10b. Switching Time Waveforms

1 e s —
Q LD = 0.50. |}
£ Learmat==="
fpamone]

L\I—’ a1 _0-9{: —

g }

< '1r|\ RSy

a. .05 =t et

@ N N ey -

=

e B P e Ao Pou ]
9 haq 0.01 SINGLE PLLSE

E (THERMAL RESPONSE) ':11.1 J
Q

s tg—
'_

Notes:

¢ F 1.DutyfaclorD = 11/1 3
; 2.Peak T =P pmx Zinic +Tc

0.001 [
{.00001 0.0001 0.001 0.0 0.1 1

t1. Rectangular Pulse Duration (sec)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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IRFP460A

Fig 12a. Unclamped Inductive Test Circuit

JT V(BR)DSS
h—— ip

o

Charge ——

Fig 13a. Basic Gate Charge Waveform

Currani Regiator
Sama Type as D.U.T

2y

e T g
Cutiear Sampling Resmsiors

Fig 13b. Gate Charge Test Circuit
6

international
TGR Rectifier

2400 Y
5 i | ip
3 i TQP 8.9A
2000 | 13A
o | | sorTOM  20a
0 \
w \
@ 1600
5 ]
c%1200 AN il
z N
o N
(%]
2 N, \\L
s [ \\ A
£ 400 P \S
" o~
(4]
S L
25 50 75 100 125 150
Starting T, , Junction Temperature (°C)
Fig 12¢c. Maximum Avalanche Enargy
Vs. Drain Current
620 } T ]
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> \I |
i 1
540 | I

4 8 12 15 20
;. - Avalanche Current [A)

Fig 12d. Typical Drain-to-Source Voltage

Vs, Avalanche Current
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Internationa!

IRFP460A

TR Rectifier
Peak Diode Recovery dv/dt Test Circuit
DUT —<- Circuit Layout Considerations
= — « Low Stray lnductance
¢ ® » Ground Plane
« Low Leakage Inductance
Currgnt Transformer
—
A
® |
@
| Lol
Yk AAN—
@ | 1)
F Y
Rg « dv/dt cantrolied by Rg K
» Driver same type as D.U.T. T Voo
« lgp confrolied by Duty Factor *D*
» D.UT. - Device Under Test
T Oriver Gate Drive
Period - D= PW.
PW Period
o}
Vgg=1ov *
@ |o.w.T. Igp Waveform
Reverss
Recovery | Body Diode Forward
Currant Current

@

D.U.T. Vg Waveform

Re-Apglied 4— "
Vollage
@

Inductor Curent

s

Body Diode

Ripple € 5%

difdt /
Diode Recovery
dv/dt \

Ferward Drop

— =

1

lsp

* Vgg = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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IRFP460A Internationcl

) TR Rectifier
Package Outline

TO-247AC Qutline
Dimensions are shown in millimeters (inches)

3.65 (.143) -0
15.90 (626 K7 355 (.140) E?gﬁgg:
15300602 &1 025 (010) @[ 0B & S
el “——J—B_ SO 2.50 {.088)
\ - 150 1.059)

hedomm HL
Ny B
2030 {.800} ;
19.70 1,775} o @ 82 ; HOTES:
450 (477} ) 1 DIMENSIONING & TOLERANCING
. PER ANSIY14 5M, 1982
! 2 CONTROLLMNG DIMENSION 1 INGH
3 CONFORMS TO JEDEC QUTLINE
. TO.247-AC
14.80 (583 430 (170
14.30 {559) 3770((‘145}
2.40(.084) 1.40 {.056) 0.80 (.031) LEAD ASSIGNMENTS
2.00 (;1791 - X 1.nu§uss] "‘] X 0.40(.016) 1B
- 025 (010 @ [C]~6) SR EL h.souece
220 (08T} 4-DRAN
3.40(.133)
2K 200 [118)
Part Marking Information
TO-247TAC
EXAMPLE : THIS IS AN IRFPE3C
WITH ASSEMBLY PART NUMBER
LOT GODE 3A10 INTERNATIONAL O /
RECTIFIER {RFPE30
LoGo ISR
AT 9302
ASSEMBLY e '™ DATE cODE
L0T CODE (YYWW)
YY = YEAR
WW WEEK
Notes:
@ Repetitive rating; pulse width limited by @ Pulse width < 300ps; duty cycle < 2%.

max. junction temperature. { See fig. 11)

@ Starting Ty= 25°C, L = 4.3mH
Rg = 25Q, lug = 20A. {See Figure 12)

@ lgp s 204, difdt < 125A/us, Vpo = V(BQ)DSS,

LSt International
TSR Rectifier

WORLD HEADQUARTERS: 233 Kansas §t., El Segunda, California 90245, Tel: {310) 322 3331

IR GREAT BRITAIN: Hurst Green, Oxted, Surrey RHS 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 15 Lincoln Court, Brampton, Ontaro L 6T3Z2, Tel: {905) 463 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 496172 96590

IR ITALY: Via Liguria 48, 10071 Borgaro, Toring Tel ++ 39 11 451 0111

IR FAR £AST: K&H Bldg., 2F, 30-4 Mishi-lkebukura 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel 81 3 3983 0088
IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World Gity West Tower, 13-11, Singapore 237594 Tel. ++ 65 B3B8 4630
IR TAIWAN:16 FI. Suite D. 207, Sec. 2, Tun Haw South Road, Taipei, 10673, Tatwan Tel: 886-2-2377-9936
http-itwww.irf.com/! Data and specifications subject to change without notice. 6/99

B www.irf.com

® Cggs efi. is a fixed capacitance that gives the same charging time
as Cogs while Vpsis fising from 0 0 80% Vpss
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b\ evcsomr. woresony 3 DIOTEC

Semiconductor

Silicon-Bridge Rectifiers Silizium-Briickengleichrichter
Type “FM”/“FP" Nominal current 50 A
535" geou Nennstrom
Alternating input voltage 35...1000V
) 2 Emgangswechselspannung
k1
& i - Metal case (Index “M™) or
L ; ' Plastic case with alu-bottom (Index “P”)
t Metallgehsuse (Index “M™) oder
r oy __I Kunststoffgehiuse mit Alu-Boden (Index “pP)
T Dimensions 28.6x28.6x 7.3 {mm]
= ] Ab
1 EH ¥ messungen
3 "
® @ ?f,- o Weight approx. — Gewicht ca. 23g
- @ 529! - n
= it L Compound has classification UL94V-0
" Vergufmasse UL94V-0 klassifiziert
143%% |e
Standard packaging: bulk see page 22
Dimensions / MaBe in mm Standard Lieferform: lose im Karton  s. Seite 22
Maximum ratings Grenzwerte
Type max. alternating input voltage Repetitive peak reverse voltage
Typ max. Eingangswechselspannung Periodische Spitzensperrspannung
VVRMS [V] VR.'RM [V] l)
KBPC 5000 F 35 50
KBPC 5001 F 70 100
KBPC 5002 F 140 200
KBPC 5004 ¥ 280 400
KBPC 5006 F 420 600
KBPC 5008 ¥ 560 800
KBPC 5010 F 700 1000
KRBPC 5012 F 800 1200
Repetitive peak forward current f>15Hz | 90 A Y
Penodischer Spitzenstrom
Peak forward surge current, 60 Hz half sine-wave T,=25C Trspa 450 A
Stofistrom fiir eine 60 Hz Sinus-Halbwelle
Rating for fusing — Grenzlastintegral, t < 10 ms T,=25C it 800 A’s

!y valid for one branch — Gl fiir cinen Brickenzweig
2 & . . .
Y Valid, if the temperature of the case is kept to 120°C — Gilltig, wenn die Gehiusetemp. auf 120 C pehalten wird

08.10.2003 l



KBPC 5000 F ... KBPC 5012 F

Operating junction temperature — Sperrschichttemperatur T,

Storage temperature — Lagenngstemperatur

—50..+150°C
T, -50..+150°C

Characteristics Kennwerte
Max, current with cooling fin 300 cm? T,=50°C  R-lead Lepy 50.0A
Dauergrenzstrom mit Kithlblech 300 cm’ C-load Lisy 46.0 A
Forward voltage — Durchlallspannung T,=25°C =25A Ve <1.1V?H
Leakage current — Sperrstrom T, = Vi = Virm ™ <25 BA
Isolation voltage terminals to case Viso >2500V

Isolationsspannung Anschltisse zum Gehiuse

Thermal resistance junction to case
Warmewiderstand Spertschicht — Gehause

R,  <l2K/W

Admissible torque for mounting 10-32 UNF 18 + 10% 1b.in
Zulassiges Anzugsdrehmoment MS 2+ 10% Nm
100 = 120
(A ] [%}
= 100
10 - \
r 4 —— 80 \ —
/ ] |
1 [ 60
/ 40 \
0,1
i 20
i i \
/ T =25"C 1] FAY \
0.01 . — 0
0,6 v, 08 09 1 11 Y 1.3 0 Ta 50 100 180 ['C]

Forward cheracteristic (typical values) ')
inie (typische Werte) ')

%) Valid for one branch — Gtiltig fiir einen Briickenzweig

2

Reted forwerd currcnt ve. ambicnt teruperature
Zul Richistrom in Abh. v.d Umgebungstemp.

08.10.2003
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L7900
SERIES

NEGATIVE VOLTAGE REGULATORS

QUTPUT CURRENTUP TO 1.5 A

OUTPUT VOLTAGES OF -5;-5.2;-6;-8, -9,
-12;-15;-18; -20; -22;-24V

« THERMAL OVERLOAD PROTECTION

» SHORT CIRCUIT PROTECTION

« QUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7900 series of three-terminal negative
regulators is available in TO-220, ISOWATT220
TO-3 and D°PAK packages and several fixed
output voltages, making it useful in a wide range
of applications. These regufators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation;
furthermore, having the same voltage option as
the L7800 positive standard series, they are
particularly suited for split power supplies. In
addition, the -5.2V is also available for ECL
system. If adequate heat sinking is provided,
they can defiver over 1.5A output current.
Although designed primarily as fixed voltage
regulators, these devices can be used with
external components to obtain adjustable
voltages and currents.

SCHEMATIC DIAGRAM

&

1" |

*

2
TO-3 D’PAK
@@
&
f\
3
2
1
T0-220 ISOWATT220

November 1999

113




L7900

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value unit
Vi DC Input Voltage (for Vo = 5to 18V) -35 v
(forVo = 20,24V) 40 v
lo Qutput Current Internally limited
Pio | Power Bissipation Internally limited
Top |Operating Junction Temperature Range 0 1o 150 °c
Taig | Storage Temperature Range - 65 {o 150 °C
THERMAL DATA
Symbol Parameter D’PAK TO-220 |[ISOWATT220 TO-3 Unit
Rinj-case | Thermal Resistance Junctioncase  Max 3 3 4 4 ‘ciw
Ripj-amb [ Thermal Resistance Junclion-ambient  Max 62.5 50 B0 35 °crw
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)
| o/ QUTPUT
Y —1.11) 50
1 {3 ouTPUT
-@ by I e 1T INPUT 1 INPUT
;ﬂ GND
1 GND
‘: £ re11470 GND
Yab connecled W pin 3 R 5-5034
TO-220 & ISOWATT 220 D?PAK TO-3
Type TO-220 D?PAK (%) ISOWATT220 TO-3 Output Voltage
L7905C L7908CV L7905CD2T L7905CP L7905CT BAY
L7952C L7952CV L7952CD2T L7952CT -5.2V
L7906C L7906CV L7906CD2T L7806CP L7906CT -BV
L7908C LT908CV L7808C02T L7908CP L7908CT -BV
L7912C L7912CV L7912CD2T L7912CP L7912CT -12Vv
L7915C L7915CV L7915CD2T L7915CP L79156CT -15v
L7918C L7918CV L7g18CD2T L7918CP L7918CT -18Vv
L7920C L.7920CV L7920CD2T L7920CP L7920CT -20V
L7922C L7922CV L7922CD2T L7922CT -22V
L7924C L7924CV L7924CD2T L7924CP L7924CT -24V
{*Y AVAILABLE IN TAPE AND REEL WITH "-TR" SUFFIX
APPLICATION CIRCUIT
i |
2.2 pF 1pF
i Co
@] I@
- 3 2
Y L'?QXXG) Vo
5-50361

213

g




L7900

ELECTRICAL CHARACTERISTICS FOR L7905C {refer {o the test circuits, T, = 0 to 150 °c,
Vi =-10V, |, = 500 mA, C; = 2.2 pF, Co = 1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo  |OutputVollage T=25°C -4.8 -5 -5.2 v
Vo |OutputVoitage lo=-5mAto-1A Po<i8W 4.75 -5 -5.25 Y

Vi=Bto20V
AVg* |Line Regulation Vi=-Tlo-25V T,=25°C 100 mV
Vi=-Bto-12V Tj=25°C 50 my
AVo*  |Load Regulation lb=5101500mA T;=25°C 100 my
lg=25010750mA T;=25°C 50 my
la  |Quiescent Curent Tj=25°C 3 mA
Alg  |Quiescent Curent Change lp =5 to 1000 mA 0.5 mA
Alg | Quiescen! Current Change Vi=-Blo-25V 1.3 mA
AV, |OutputVoltage Drift lp =5 MA -0.4 mvi°C
AT
en |OutputNoise Volage B = 10Hzto t00KHz Tj=25°C 100 Y
SVR | Suppy Voltage Rejection AVi=10V  f=120Hz 54 80 4B
V4 |Dropout Voltage lo=1A Tj=25° 1.4 v
AVp = 100 mV
lse  [Short Circuit Current 2.1 A
lsep | Short Circuit Peak Current Tj=25°C 2.5 A
ELECTRICAL CHARACTERISTICS FOR L7952C (refer to the test circuits, T = 0 to 150 °C,
Vi =-10V, o = 500 mA, Ci = 2.2 uF, Co = 1 uF uniess otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
V, |Output Voltage T;=25°C -5.0 -5.2 -5.4 Y
Vg Output Voltage lo=-5mAto-1A Pa<15W -4.95 -5,2 -5.45 vV

Vi=9to-21V
AVp"  |Line Regulation Vi=-Bto-25V Tj=25°C 105 mvV
Vi=-9to-12V Tj=25°C 52 my
AVo" | Load Regulation lo=51t01500mA T;=25°C 105 mYy
0=250t0 750mA  T;j=25°C 52 mv
g |Quiescent Current Ti=25°C 3 mA
Alg  |Quiescent Cumrent Change lo =5 to 1000 mA 0.5 mA
Alg  |Quiescent Curent Change Vi=-9to-26V 1.3 mA
AV, |OvutputVoltage Orift lo=5mA -0.5 mV{°C
aT
en Output Noise Voltage B =10Hz1io 100KHz T;=25 iC 125 Y
SVR [Supply Voltage Reiection AV, =10V f=120Hz 54 60 dB
Vs  |Dropout Voltage la=1A Tj=25°C 1.4 v
AVo =100 mV
lsc Shert Circuit Current 2 A
lscp | Short Gircuit Peak Current Tj=25°C 25 A

* Load and line regulation are specified at constant junction lemperature. Cranges in Ve due to heating effects must be taken into account
separately. Pulce testing with low duty cycle is used.

73
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L7900

ELECTRICAL CHARACTERISTICS FOR L7906C (refer to the test circuits, Ty = 0 10 150 °C,
Vi =-11V, I = 500 mA, Cj = 2.2 uF, Co = 1 UF unless otherwise specified)

Symboi Parameter Test Conditions Min. Typ. Max. Unit
Vo  |OutputVollage T;=25°C 5,75 -8 -6.25 v
Vo Qutput Voltage lo=-5mAto-1A Pog15W -5.7 -6 -8.3 v

Vi=-2510-215V
AVe* |Line Regulation Vi=-851t0-25V T;j=25°C 120 my
Vi=-0to-15V T;=25°C 60 my
AVy*  |Load Regulation lo=5101500mA  Tj=25°C 120 mv
la=250t0750mA T;=25°C 80 mVv
1a Quiescent Current Ty=25°C 3 mA
Alg  |Quiescent Current Change la = 510 1000 mA 0.5 mA
Alg Quiescent Current Change Vj=-951t0-25V 1.3 mA
AV, |CutputVollage Drift la=5mA -0.6 mv/°C
AT
en  |Oulpul Noise Voltage B = 10Hzto 100KHz T;=25°C 144 Y
SVR |Supply Voltage Rejection AV =10V f=120Hz 54 60 dB
Vg  |Dropout Vattage b=1A  T;=25°C 1.4 v
AVg =100 mV
Ise Short Circuit Current 2 A
lscp | Short Circuit Peak Current T,=25° 2.5 A
ELECTRICAL CHARACTERISTICS FOR L7908C (refer to the test circuits, Tj=010 150 °C,
Vi = -14V, | = 500 mA, C; = 2.2 uF, Co = 1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
V, |OulputVoitage T;=25°C -7.7 -B -8.3 v
Vg Output Voltage lo=-5mAto-1A P,<16W -7.6 -8 -8.4 V'

Vi=-115t0-23V
AVg* |Line Regutation Vi=-1056t0-25V Tj=25°C 160 mV
Vi=-1110-17 V Tj=25°C 80 mv
AVy" [Load Regulation lo=51t01500 mA  T;=25°C 160 mv
lo=250t0 750 mA  Tj=25°C 80 mv
14 Quiescant Curent T;=25°C 3 mA
Alg  |Quiescent Current Change le = 510 1000 mA 0.5 mA
Alg Quiescent Current Change Vi=-115t0-25V 1.3 mA
AV, 1OutputVaoltage Drift fe = 5MA -0.6 mV/°C
AT
en Output Noise Voltage B = 10Hz 10 100KHz T;=25°C 175 N
SVR |Supply Veltage Rejection AVi=10V  f=120Hz 54 60 dB
Vg |Dropout Vollage lb=1A Tj=25° 1.1 v
AVe =100 mv
fse Short Circuit Current 1.5 A
lscp | Short Circuit Peak Gurment Ti=25°C 25 A

* Load and kne reguiation are specified at constant junctio

separately. Pulce iesting with low duty cycle is used.

4113

 temperaure. Changes in Vo due to heating effects must be 1aken into account
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L7900

ELECTRICAL CHARACTERISTICS FOR L7912C (refer to the test circuits, Tj=0to 150 °C,
Vi=-18V, |, = 500 mA, C; = 2.2 pF, C, = 1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo {OutputVoltage Ty=25°C -11.5 -12 -12.5 v
Vo |Output Vollage lo=-5mAtlo-1A Pa<15W 114 | 12§ 1256 Y

Vi=-165t0-27 V
AVe™  |Line Regulation Vi=-145t0-30V T;=25°C 240 my
Vi=-16t0-22V T;j=25°C 120 mv
AVe®  |Load Regulation lo=5101500mA Tj=25°C 240 mv
lo=25010750mA T;=25°C 120 mvV
la  |Quiescent Cument Ti=25°C 3 mA
Alg Quiescent Cumrent Change lo =5t0 1000 mA 0.5 mA
Alg  |Quiescent Current Change Vi=-1510-30 V 1 mA
AV, |Oulput Voltage Driff a=5mA -0.8 mV/°C
ar
ey Output Noise Voltage B =10Hzt0100KHz T;=25°C 200 Y
SVR | Supply Voltage Rejection AVi=10V  f=120Hz 54 60 dB
Va Dropout Voltage lo=1A Ti=25°C 1.1 Vv
AVo =100 mVv
Isc Shorl Circuit Current 1.5 A
lscg | Short Circuit Peak Cument Tj=25°C 2.5 A
ELECTRICAL CHARACTERISTICS FOR L7915C {refer to the test circuits, T,=0tc 150 °C,
Vi=-23V, ls =500 mA, Ci = 2.2 uF, Co = 1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo {OutputVoltage Ti=25°C -14.4 -15 -15.6 v
Va Output Voltage lo=-5mAto-1A Py<15W -14.3 -5 -15.7 vV

Vi=-18510-30 V
AVo*  [Line Regultion Vi=-17510-30V Tj=25°C 300 mv
Vi=-20t0-26 V T;j=25°C 150 mV
AV,"  |Load Reguation lo=5101500mA T;j=25°C 300 mv
lb=2500750mA T;=25°C 150 my
lg |Quiescent Current Ti=25°C 3 mA
aly Quiescent Current Change lg = 510 1000 mA 0.5 mA
Alg Quiescent Current Change Vi=-1851t0-30V 1 mA
AV, |Output Voltage Drift o =5 mA -0.9 mv/°C
AT
en Qutput Noise Voltage B =10Hz10 100KHz T;=25°C 250 uv
SVR |Supply Voltage Rejection AVi=10V  f=120Hz 54 60 dB
Vg  iDropout Vollage lo=1A Tj=25°C 1.1 v
AVe =100 mV
lsc Shor Cireuit Current 1.3 A
lscp | Short Circuit Peak Current Tj=25°C 2.2 A

* Lead and line regulation are specified at constant junction temperaure. Changes in V, due to heating eflects mus! be taken into account
separately. Pulce testing with low duty cycle is used.
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L7900

ELECTRICAL CHARACTERISTICS FOR L7918C (refer to the test circuits, Tj = 0 to 150 °C,
Vi=-27V, 1 = 500 mA, Ci = 2.2 uF, C, = 1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs  |OutputVollage T;=25°C -17.3 -18 -18.7 v
Vo  |OutputVollage lb=-5mAto-1A Py<15W -17.1 -18 -18.9 v

Vi=-2210-33 V
AV,™ | Line Regubation Vi=-2110-33V T;=25°C 360 mVv
Vi=-24t0-30V T,=25°C 180 mv
AVy*  |Load Regulation lb=5t01500mA Tj=25°C 360 mv
lb=250t0750mA T;=25°C 180 mV
la  |Quiescent Current Tj=25°C 3 mA
Alg Quiescent Cumrent Change lo = 510 1000 mA 0.5 mA
Alg Quiescent Cumrent Change V,=-2210-33 V 1 mA
AV;  |Output Voltage Drift lo = 5 mA -1 mv/°C
AT
eN Cutput Noise Voltage B =10Hz10 100KHz Tj=25°C 300 nv
SVR |Suppy Voltage Rejection AVi=10V  f=120Hz 54 60 dB
Vy |Dropout Vollage lb=1A Tj=25° 1.1 v
AVo =100 my
Ise Short Circuit Current 1.1 A
lscp | Shorl Gircuit Peak Current Ti=25°C 2,2 A
ELECTRICAL CHARACTERISTICS FOR L7920C (refer to the test circuits, Tj = 0 to 150 °c,
Vi =-29V, lo = 500 mA, Cj = 2.2 uF, Co = 1 UF unless otherwise specified)

Symbal Parameter Test Conditions Min. Typ. Max, Unit
Vo  |OutputVoltage Tj=25°C -18.2 -20 -20.8 \Y
Vo Output Vollage lp=-5mAtfo-1A Pgo<1b6W -19 -20 -21 vV

Vi=-24t0-35V
AVo*  |LineRegulation Vi=-23to-35V Tj=25°C 400 mv
Vi=-26t0-32V T;j=25 °C 200 mv
AVe*  |Load Reguation lo=5t01500mA T;=25°C 400 mv
I,=250t0750mA T;=25°C 200 my
lg  |Quiescent Curent Ti=25°C 3 mA
Alg Quiescent Current Change lo = 510 1000 mA 0.5 mA
Alg Quiescent Curent Change Vi=-241t0-35V 1 mA
AV, |Output Vollage Drift lo =5 mA -1.1 mV/°C
AT
ey Qutput Noise Voltage B =10Hzto 100KHz T;=25°C 350 pv
SVR [Supply Voltage Rejection AVi=10V  f=120Hz 54 60 dB
Vg |Dropout Voltage b=1A T=25°C 1.1 Y
AVe =100 mV
lse Short Circuit Current 0.9 A
lszp  [Short Circuit Peak Current Tj=25°C 2.5 A

* Load and line ragulaticn are specified at constant junction temperaure. Changes in V. due to heating effects must be taken intn account
separately. Puice lesting with low duty cycle is used.

6/13

57




L7900

ELECTRICAL CHARACTERISTICS FOR L7922C (refer to the test circuits, T, = 0 to 150 °C,
Vi=-31V, o =500mA, C; = 2.2 uF, C, = 1 iuF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ve |OutputVoltage Tj=25°C -21.1 =22 -22.9 vV
Vo  |OutputVoltage lo=-5mAto-1A Po<15W 209 | -22 | -23.1 v

Vi =-26t0-37V
AVy™  |Line Regubtion Vi=-2510-37 V. Tj=25°C 440 my
V= -2810-3V Ti=25°% 220 mv
AVe*  |Load Regulation lo=5101500mA T, =25°C 440 my
1,=250t0750mA T;j=25°C 220 mv
ls  |Quiescent Current Tj=25°C 3 mA
Alg  [Quiescent Current Change la =510 1000 mA 0.5 mA
Alg  |Quiescent Current Change Vi=-26t0-37 V 1 mA
AV, |OutputVoltage Drift lo =5 mA -1.1 mv/°C
AT
en  §Oulput Noise Voltage B = 10Hz1o 100KHz T;=25° 375 Y
SVR |Suppy Voltage Rejection AVi=10V f=120Hz 54 860 dB
V4  |Dropout Vottage le=1A Tj=25°C 1.1 v
AV =100 mV
lse Short Circuit Current 1.1 A
lscp  |Shor Circuit Peak Curmrent Ti=25°C 2.2 A

ELECTRICAL CHARACTERISTICS FOR L7924C (refer to the test circuits, T; = 0 to 150 °C,

Vi=-33V, la =500 mA, Ci = 2.2 pF, Co = 1 UF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo | Output Voltage T;j=25°C -23 -24 -25 Vv
Vo Output Voltage lo=-5mAtlo-1A Pyo<15W -22.8 -24 -25.2 v

Vi=-2710-38 V
AVg*  |Line Regulation Vi=-27t0-38V Tj=25°C 480 mV
Vi=-30to-38V Tj=25° 240 mv
AVa*  |Load Regulation lo=5t01500mA Tj=25°C 480 mV
lo=250t0750mA T;=25° 240 mv
la  [Quiescent Curmrent Tj=25°C 3 mA
Alg Quiescent Cument Change by =5 to 1000 mA 0.5 mA
Aly  [Quiescent Cument Change Vi=-27to-38 V 1 mA
AV, |OutputValtage Drifl fo = 5mA -1 mv/°C
AT
ey Output Noise Voltage B =10Hzto 100KHz T;=25°C 400 uv
SVR [Suppy Voltage Rejection AVi=10V  f=120Hz 54 60 d8
Vs  |Dropout Vollage Lb=1A  T;=25°% 1.1 v
AVo =100 mV
lse Shert Circuit Current 1.9 A
lscp | Shert Circuit Peak Current Tj=25°C 2.2 A

* Load and line regulation are specified at conslani juncticn temperaure. Changes in V. due to heating effects must be 1aken inio account
separately. Pulce testing with low duty cycle is used.
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L7800
SERIES

POSITIVE VOLTAGE REGULATORS

QUTPUT CURRENT TOC 1.5A

QUTPUT VOLTAGES OF 5; 5.2; 6; 8; 8.5; 9,
10: 12; 15; 18, 24V

THERMAL CVERLOAD PROTECTION
SHORT CIRCUIT PROTECTION

OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is available in TO-220, TQ-220FP,
TO-220FM, TO-3 and D°PAK packages and
several fixed output voltages, making it useful in a
wide range of applications. These regulators can
provide local on-card regulation, eliminating the
distribution problems associated with single point
regulation. Each type employs intemal current
limiting, thermal shut-down and safe area
protection, making it essentially indestructible. If
adequate heat sinking is provided, they can
deliver over 1A output current. Although designed

TO-220FP
TO-220FM

o

. ) - 2 i}
primarily as fixed voltage regulators, these DPAK T0-3
devices can be used with external components to
obtain adjustable voltage and currents.
Figure 1: Schematic Diagram
INPUT SERIES QUTPUT
10 PASS H
ELEMENT
CURRENT R SDA
GENERATOR PROTECTION
STARTING REFERENCE ERROR
CIRCUIT YOLTAGE AMPLIFIER
THERMAL
PROTECTION
l GND
—— * O3
S- 1504
Rev. 12

November 2004
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L7800 SERIES

Table 1: Absolute Maximum Ratings

Symbol Parameter Value Unit
y DC Input Voltage for Vo= 5 to 18V a5 y
! for Vo= 20, 24V 40
o Cutput Current tnternally Limited
Piot Power Dissipation Internally Limited
Tatg Storage Temperature Range -65 to 150 °C
T Operating Junction Temperature |for L7800 -55 to 150 °c
op Range for L7800C 0to 150

Absolute Maximum Ratings are thase values beyand which damage to the device may occur. Functional operation under these congition is

not implied.

Table 2: Thermal Data

Symbol Parameter D2PAK TO-220 |TO-220FP | TO-220FM TO-3 Unit
Rinj-cage [ Thermal Resistance Junction-case Max 3 5 5 5 4 “CIwW
Rinj.amb Lr;irmal Resistance Junction-ambient 625 50 60 60 35 AW
Figure 2: Schematic Diagram
L ¢ . —Q 1IN
[jﬂ"o R18
L Q12
Q17
R12
RS RN
QO0oUuUT
R
6 #R 20
Ao | |r?
R19
S <958 e

2/34
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L7800 SERIES

Figure 3: Connection Diagram (top view)

O

GND

3 ouTPUT
[T GROUND
I ——— XTI

CS05710

TO-220 {Any Type)

Ny

£

]

/1 OUTPUT

[ 1 INPUT

PC11920

[y qUTRUT
| GROUND
T3 INPUT

CSD5700

TO-220FP/TO-220FM

D2PAK (Any Type) TO-3
Table 3: Order Codes
TO-220 | TO-220 | TO-220 2 D?PAK

TYPE | A type) | (C Type) | (€ Type) (ADTyl;ﬁ;;((*) ((CT 2’,:5) TO-220FP | TO-220FM T0-3
L7805 L7805T
L7805C | L7805CV | L7805C-V | L7805CV1 [L7805CD2T | L7805C-D2TR| L7805CP | L7805CF | L7805CT
L7852C | L7852CV L7852CD2T L7852CP | L7852CF | L7852CT
L7806 L7806T
L7806C | L7806CV | L7806C-V L7806CD2T L7806CP | L7806CF | L7806CT
L7808 L7808T
L7808C | L7808CV | L7808C-V L7808CD2T L7808CP | L7808CF | L7808CT
L7885C | L7885CV L7885CD2T L7885CP | L7885CF | L7885CT
L7809C | L7809CV | L7809C-V L7809CD2T L7809CP | L7809CF | L7809CT
L7810C | L7810CV L7810CD2T L7810CP

L7812 L7812T
L7812C | L7812CV | L7812C-V L7812CD2T L7812CP | L7812CF | L7812CT
L7815 L7815T
L7815C | L7815CV | L7815C-V L7815CD2T L7815CP | L7815CF | L7815CT
L7818 L7818T
L7818C | L7818CV L7818CD2T L7818CP | L781BCF | L7818CT
L7820 L7820T
L7820C | L7820CV L7820CD2T L7820CP | L7820CF | L7820CT
L7824 L7824T
L7824C | L7824CV L7824CD2T L7824CP | L7824CF | L7824CT

(") Available in Tape & Reel with the suffix "-TR".

3
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L7800 SERIES

Figure 4: Application Circuits

2

Oo— -L H  L7sxx TO
Vi Cj 3 Co Vo
-F.33pF 04 pFl-

5$-2709/2

TEST CIRCUITS

Figure 5: DC Parameter

O- l U Lsxx P _L O
Vi Ci 3 Co Vo
TO-.33pF ' o.uuFr

5-2709/2
Figure 6: Load Regulation
1

o—e—H L7exx P O

3 VO
Vi # —
0.33uF 2N6121 —ov

OR EQ. 1000 30us
l 5—2710!10

3
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L7800 SERIES

Figure 7: Ripple Rejection

510
4 sxx P
Vi | 3 RL v,
T.33pF
O + @)
470uF S-2711
120Hz _I [}d

Table 4: Electrical Characteristics Of L7805 (refer to the test circuits, T; = -55 to 150°C, V| = 10V,
lo =500 mA, C, = 0.33 pF, Cp = 0.1 pF unless ctherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo o |Output Voltage T,=25C 4.8 5 52 v
Vo  {Output Voltage lp=5mAto1A Po < 15W 4.65 5 5.35 v

Vi=8to20V
AVo(*) |Line Regulation V = 71025V T, =25°C 3 50 | mv
Vi=8to12V T,=25C 1 25
AVg(*)} [Load Regulation lo=5mAto1.5A Ty=25C 100 mV
lg = 250 to 750 mA T,=25°C 25
Iq Quiescent Current T,=25°C 5] mA
Alg Quiescent Current Change |l =5mAto1A 0.5 mA
Vi=81o25V 08

AV/AT {Qutput Voltage Drift lo = 5 mA 0.6 mV/*C

eN Qutput Noise Voltage B =10Hz to 100KHz T,=25"C 40 LV o
SVR |Supply Voltage Rejection Vi=8to18V f=120Hz 68 dB
Vy Dropout Voltage lo=1A T =25C 2 25 Y
Rp  |Qutput Resistance f=1KHz 17 mgl
lsz | Short Circuit Current V=35V T,=25°C 0.75 1.2 A
lscp | Short Circuit Peak Current | T, =25°C 1.3 2.2 3.3 A

(") Load and line reguiation are specified at constant junction temperature. Changes in Vg due 1o heating effects must be taken inta account
separately. Pulse testing with low duty cycle is used.

g
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Highly Flexible Voltage
Comparators

The ability to operate from a single power supply of 5.0 Vo 30 Vor 15V
split supplies, as commonly used with operational amplifiers, makes the
LM211/LM311 a truly versatile comparator. Moreover, the inputs of the
device can be isolated from system ground while the output can drive loads
referenced either to ground, the V¢ or the VEE supply. This flexibility makes
it possible to drive DTL, RTL, TTL, or MOS logic. The output can also switch
voltages to 50 V at currents to 50 mA. Thus the LM211/LM311 can be used to
drive relays, lamps or solenoids,

Typical Comparator Design Configurations

Split Power Supply with Offset Balance

Single Supply

Outpul

Output

Ground-Referred Load

vee

Inputs 5

Qutput Cutpul

Input polanty is reversed when
Gnd pin is used as an output.

Input polarily is reversed when
Grd pin is used as an outpul.

Load Referred to Positive Supply Strobe Capability

Order this document by LM311/D

LM311
LM211

SEMICONDUCTOR
TECHNICAL DATA

HIGH PERFORMANCE
VOLTAGE COMPARATORS

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0-8)

PIN CONNECTIONS

S
Gne [+ 7] Veo
1
Inputs E :l Cutput
[ 6] Balance/Strobs
VEe [ 5] Balance
(Top View)

Qutput
ORDERING INFORMATION
Operating

TiL Sirobe Device Temperature Range Package
LM211D Ta = 25° to +85°C S0-8
LM311D . " 50-8
LM311N TA=0%10470°C | o e 0P

& Motorela, Inc. 1996 Rev 5



LM311 LM211

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

Rating Symbol LM211 LM311 Unit
Total Supply Voitage vee + Vel 36 36 Ve
Qutput to Negative Supply Voltage Vo -VEE 50 40 Vdc
Ground to Negative Supply Voltage VEE 30 30 Vdc
nput Differential Voltage VD +30 30 Vdc
[nput Voflage (Note 2) Vin 15 +15 Vdc
Voltage at Strobe Pin - Vog toVee-5 | VegtoVee-5 Vdc
Power Dissipation and Thermal Characteristics
Plastic DIP Pp 625 mw
Derate Above Tp = +25°C 1704, 50 mw/rC
Operating Ambient Temperature Range Ta, -25to +85 Oto+70 °C
Operating Junction Temperature TJ{max) +150 +150 °C
Slorage Temperature Range Tstg -65to +150 ~65to +150 “C

ELECTRICAL CHARACTERISTICS (Voo =+15V, Vgg=-15V, Ta = 25°C, unless atherwise noted [Note 1].}

LM211 LM311
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Vottage (Note 3) Vio my
Rg < 50 kQ, Tp = +25°C - 07 a0 - 20 75
Rg < 50 kQ, Tigw<sTa < Thigh" - - 4.0 - - 10
Input Offset Current (Note 3) Ta, = +25°C o - 1.7 10 - 1.7 50 nA
Tiow < TA < Thigh* - - 20 - - 70
Input Bias Current Tp = +25°C B - 45 100 - 45 250 nA
Tiow=Ta = Thigh" - - 150 - - 300
Voltage Gain Ay 40 200 ~- 40 200 - Vimv
Response Time (Note 4) - 200 - - 200 - ns
Saturation Voltage VoL v
ViD<-5.0mV, Ig =50 mA, Ta = 25°C - 0.75 15 - - -
Vip £-10mV, Ig = 50 mA, T =25°C - - - - 0.75 1.5
Vo 245V VEE=0, Tigw < Ta < Thigh'
VID Z<8.0 mV, lgjnk < 8.0 mA - 0.23 04 - - -
Vip £<10 mV, Igink < B.0 mA - - - - 0.23 0.4
Strobe "On” Current (Note 5) Ig - 3.0 - - 30 - mA
Output Leakage Current
VD 25.0 mV, Vo= 35V, T = 25°C, Igtrobe= 3.0 mA - 0.2 10 - - - nA
VID 2 10 mV, VO= 35 V, Ta = 25°C, lgtrpbe= 3.0 mA - - - -~ 0.2 50 nA
VID 2 5.0 mv, YO= 35V, Tjow £ TA = Thigh* - 0.1 0.5 - - - HA
tnput Voltage Range (Tiow < Ta < Thigh”) VICR -145 [-1a7to | +13.0 ~145 |-147t0 | +13.0 v
13.8 t3.8
Pasitive Supply Current lce - +2.4 +6.0 - +2.4 .5 mA
Negative Supply Current lEE - -1.3 -5.0 - -1.3 -5.0 mA

=-25"C for LM2114
= 0°C far LM311

*Tiow

NOTES: 1. Cffset voltage, offset current ang bias current specifications apply for a supply vcltage range from a single 5.0 V supply up 1o £15 V supplies.

Thigh = +B5°C for LM211
= +70°C for LM311

2. This rating applies for £15 V supplies. The positive input valtage limit is 30 V above the negative supply. The negalive input voltage limit is equal to the
negative supply voltage or 30 V below the positive supply, whichever is less.

3. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0 mA lead. Thus,
these parameters define an error band and take into account the "worst case” efects of vollage gain and input impedance.

4. The response time specified is for a 100 mV Input step with 5.0 mV overdrive.

5. 0o not short the strobe pin to ground; it should be current driven at 3.0 mA to 5.0 mA.

MOTOROLA ANALOG IC DEVICE DATA




Balance
Balance/Sirobe

LM311 LM211

Figure 1. Circuit Schematic

Figure 2. Input Bias Current
versus Temperature
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Figure 4. Input Bias Current versus
Differential Input Voltage
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Figure 3. Input Offset Current
versus Temperature
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Figure 6. Response Time for

LM311 LM211

Figure 7. Response Time for

= Various Input Qverdrives Various Input Overdrives
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Figure 12. Qutput Leakage Current
versus Temperature
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Figure 13. Power Supply Current
versus Supply Voltage
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APPLICATIONS INFORMATION

Figure 15. Improved Method of Adding
Hysteresis Without Applying Positive
Feedback to the Inputs
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Figure 16. Conventional Technique
for Adding Hysteresis
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LM311 LM211
TECHNIQUES FOR AVOIDING OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high speed comparator such as the LM211 is used
with high speed input signals and low source impedances,
the output response will normally be fast and stable,
providing the power supplies have been bypassed (with 0.1 pF
disc capacitors), and that the output signal is routed well
away from the inputs (Pins 2 and 3) and also away from Pins
5and 6.

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high (1.0 k€2
to 100 k), the comparator may burst into oscitlation near the
crossing-point. This is due to the high gain and wide
bandwidth of comparators like the LM211 series. To avoid
oscillation or instability in such a usage, several precautions
are recommended, as shown in Figure 15.

The trim pins (Pins 5 and 6) act as unwanted auxiliary
inputs. If these pins are not connected to a trim—pot, they
should be shorted together. If they are connected to a
trim-pot, a 0.01 uF capacitor {C1) batween Pins 5 and 6 will
minimize the susceptibility to AC coupling. A smaller
capacitor is used if Pin 5 is used for positive feedback as in
Figure 15. For the fastest response time, tie both balance
pins to V.

Certain sources will produce a cleaner comparator output
waveform if a 100 pF to 1000 pF capacitor {C2) is connected
directly across the input pins. When the signal source is
applied through a resistive network, R1, it is usually
advantageous to choose R2 of the same value, both for DC
and for dynamic (AC) considerations. Carbon, tin-oxide, and
metal-fiim resistors have all been used with good resulls in
comparator input circuitry, but inductive wirewound resistors
shouid be avoided.

When comparator circuits use input resistors (e.g.,
summing resistors), their value and placement are
particularly important. in all cases the body of the resistor
should be close to the device or socket. in other words, there
should be a very short lead length or printed—circuit foil run
between comparator and resistor to radiate or pick up
signals. The same applies to capacitors, pots, etc. For
exampte, if R1 = 10 k€, as little as 5 inches of lead between

the resistors and the input pins can result in oscillations that
are very hard to dampen. Twisting these input leads tightly is

the best alternative to placing resistors close to the
comparator.

Figure 17. Zero—Crossing Detector
Driving CMOS Logic
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Balance
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10k
Balance

Output
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Since feedback to almost any pin of a comparator can
resutt in oscillation, the printed—circuit layout should be
engineered thoughtfullty. Preferably there should be a
groundplane under the LM211 circuitry (e.g., one side of a
double layer printed circuit board}. Ground, positive supply or
negative supply foil shculd extend between the output and
the inputs to act as a guard. The foil connections for the
inputs should be as small and compact as possible, and
should be essentially surrcunded by ground foil on all sides {o
guard against capacitive coupling from any fast high—tevel
signals (such as the output). If Pins 5 and 6 are not used, they
should be shorted together. If they are connected to a
trim—pot, the trim—pot should be located no more than a few
inches away from the LM211, and a 0.01 uF capacitor should
be installed across Pins 5 and 6. If this capacitor cannot be
used, a shielding printed—circuit foill may be advisable
between Fins 6 and 7. The power supply bypass capacitors
should be located within a couple inches of the LM211,

A standard procedure is to add hysteresis to a comparator
to prevent oscillation, and o avoid excessive noise on the
output. In the circuit of Figure 16, the feedback resistor of
510 k{2 from the output to the positive input will cause about
3.0 mV of hysteresis. However, if R2 is larger than 100 (1,
such as 50 k&2, it would not be practical to simply increase the
value of the positive feedback resistor proportionally above
510 kQ to maintain the same amount of hysteresis.

When both inputs of the LM211 are connected to active
signals, or if a high—impedance signal is driving the positive
input of the LM211 so that positive feedback would be
disruptive, the circuit of Figure 15 is ideal. The positive
feedback is applied to Pin 5 (one of the offset adjustment
pins}. This will be sufficient to cause 1.0 mV {o 2.0 mV
hysteresis and sharp transitions with input triangle waves
from a few Hz to hundreds of kHz. The positive-~feedback
signal across the B2 (1 resistor swings 240 mV below the
positive supply. This signal is centered around the nominal
voltage at Pin 5, so this feedback does not add to the offset
voltage of the comparator. As much as B.0 mV of offset
voltage can be frimmed out, using the 5.0 k(2 pot and 3.0 kQ2
resistor as shown.

Figure 18. Relay Driver with Strobe Capability
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SEMICONDUCTCR TECHNICAL DATA by MUR3020P T/D

SWITCHMODE™ Power Rectifiers MUR3020PT
... designed for use in switching power supplies, inverters and as free MUR304°PT*

wheeling diodes, these state—of-the—art devices have the following features: MURSOSOPT*

« Ultrafast 35 and 60 Nanosecond Recovery Time
+« 175°C Qperating Junction Temperature
« High Voltage Capabitity 1o 600 Volls

"Motorola Prefarred Davices

= Low Forward Drop ULTRAFAST RECTIFIERS
+ Low Leakage Specified @ 150°C Case Temperature 30 AMPERES
» Current Derating Specified @ Both Case and Ambignt Temperatures 200-400-600 VOLTS

¢ Epoxy Meets UL94, Vo @ 1/8”
» High Temperature Glass Passivated Junction

Mechanical Characteristics:
¢ (Case: Epoxy, Molded
* Weight: 4.3 grams (approximately)

¢ Finish: All External Surfaces Corrosion Resistant and
Terminal Leads are Readily Solderable 1

» Lead Temperature for Scldering Purposes: 260°C Max.

2,4
for 10 Seconds
+ Shipped 30 units per plastic tube 3
» Marking: U3020, U3040Q, U3060
CASE 340D-02, Style 2
TO-21BAC
MAXIMUM RATINGS, PER LEG
Rating . Symbeol MUR3020PT | MUR3040PT | MUR3060PT Unit
Peak Repetitive Reverse Voltage VRRM 200 400 600 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voliage VR
Average Rectified Forward Current {Rated VR) 'F(AV) Amps
Per Leg 15@ T =150°C 15@Tg=
Per Device V@Te=150C 30 145°C
Peak Redlified Forward Current, Per Leg IFRM 30 30 Amps
(Rated VR, Square Wave, 20 kHz, T = 150°C) @ T = 150°C @ T =145°C
Nenrepetitive Peak Surge Current IFSM 200 150 Amps
(Surge applied at rated load conditions,
halfwave, single phase, 60 Hz) Per Leg
Operating Junction and Storage Temperature TJ. Vstg -B51t0+175 °C
THERMAL CHARACTERISTICS PER DIODE LEG
Maximum Thermal Resistance — Junclion to Caso RpJc 1.5 ‘Chw
. -— Junction to Ambient RaJa 40
ELECTRICAL CHARACTERISTICS PER DIODE LEG
Maximum Instantaneous Forward Voltage (1) VE Volts
(IF = 15 Amp, Te = 150°C) 0.85 1.12 1.2
(IF =15 Amp, T = 25°C) 1.05 1.25 15
Maximum Instantaneous Reverse Cumrent (1) iR pA
(Rated DC Voltage, T = 150°C) 500 1000
(Rated DC Voltage, Tj = 25°C) 10 10
Maximum Reverse Recovery Time ter 35 60 ns
(iF = 1.0 Amp, di/dt = 60 Amps/us)

{1} Pulse Tesi: Pulse Width = 300 ps, Duty Cycle < 2.0%.

SWITCHMODE is a trademark of Motorola, Inc.
Preferred davices are Motorola recormmended choices for future use and best overall value.

Rov 4
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MUR3020PT MUR3040PT MUR3060PT
OUTLINE DIMENSIONS

o c b —
4 NOTES
B Q E ——I - 1. DIMENSIONING AND TOLERANCING PER ANSI
¥14.5M, 1982,
‘ 2. CONTROLLING DIMENSION: MILLIMETER.
+
1 u 4 j MILUMETERS | INCHES
_@_ A | DiM | _MIN MAX BN MAX
s L Al — |03 [ — ["g801
| B | 1470 | 1520 | 0579 | 0598
l l o) € | 470 | 490 | 0185 ] p1m
K il o] 110 | 130 ] 0043 | 051
E | 197 | 137 | 0046 | 0.05
G | 540 | 555 | 023 | 0219
M| 200 | 300 | 0079 | c.d18
J | 0501 078 | 0030 | ooyt
K ] B1LO0GREF 1.220 REF
Yy t | —Teze | — [vem |
! 400 | 440§ 0156 | 0,187
_.J 5 [ 1760 | 1220 0001 [ oni7
i D J I~ 1 4.00 REF 0.157 REF
H P ¥ | 175ReF 0.069
V—ﬂ
G STYLE2:
PIN 1. ANODE 1
2. CATHODE(S)
3. ANQDE ?

4. CATHCDE(S)
CASE 340D-02
ISSUEB
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