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HIGH CURRENT SWITCHING POWER SUPPLY
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Assoc.Prof. Somsak Cheesirikul Advisor
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Abstract

This paper presents the design and test for a high current switching power supply.
The rectifier and filter circuit change the alternating current 220 Volts 50 Hz line to
Direct current to direct current 311 Volts. The direct current will change to high Frequency
pulses (about 30 KHz) by IGBT which inside are half-bridge converter circuit and control
switching characteristic by SG 3526. It can very frequency and pulse width. Finally, high

current switching power supply has output 24 Volts and 50 Amps.
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R, .4 V., i P, A\ | P_. Eff

Q) ™ A) W) \%) A) W) (%)

2.12 310 0.90 279.00 24.2 114 275.88 98.88
2.00 310 1.00 310.00 24.2 12.1 292.82 94 .46
1.89 310 1.05 325.50 24.2 12.8 309.76 95.16
1.77 310 1.15 356.50 24.2 13.7 331.54 92.99
1.64 309 1.25 386.25 24.2 14.8 358.16 92.73
1.48 308 1.40 431.20 242 16.3 394.46 91.48
1.35 307 1.55 475.85 24.2 17.9 433.18 91.03
1.23 304 1.75 532.00 24.1 19.6 472.36 88.79
1.08 300 169 585.00 24.0 959 532.80 91.08
0.89 292 2.45 715.40 24.0 26.9 645.60 90.24
0.86 290 2.50 725.00 24.0 27.9 669.60 92.36
0.69 281 3.00 843.00 24.0 35.0 840.00 99.64
0.60 278 3.75 1042.50 24.0 39.8 955.20 91.66
0.55 271 4.25 1177.25 24.0 43.8 1051.20 | 89.24
0.51 276 4.50 1242.00 24.0 46.8 1123.20 | 90.43
0.47 278 5.00 1390.00 24.0 50.7 1216.80 | 87.54
0.39 282 4.50 1269.00 20.0 51.5 1030.00 | 81.17
0.33 284 3.70 1050.80 17.0 50.8 863.60 82.18
0.24 286 2.75 786.50 12.0 50.8 609.60 77.51
0.18 288 2.25 648.00 9.0 50.6 455.40 70.28
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@ MOTOROLA

Pulse Width Modulation
Control Circuit

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

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

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

e 8.0V to 35V Operation

5.0 V +1% Trimmed Reference

1.0 Hz to 400 kHz Oscillator Range

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

Programmable Dead Time

Undervoltage Lockout

Single Pulse Metering

Programmablé Soft-Start

Wide Current Limit Common Mode Range

Guaranteed 6 Unit Synchronization

Representative Block Diagram

Vigf o

Under-
Voltage
Lockout

Reference
Regulator

Vee 01l

15

—

Ground To Internal
_ L1 ol
Syne 12 Circuitry

RDeadtime Ol

T oﬁ Osciltator

A i

Reset 45 Soft
Csoft-Start Stat |
A

Compensation o—av—
C

©

+Ermor o%—
-Error 0—

Metering
FiF

05 01
-C8. 00—

Shutdown

Order this document by $G3526/D

SG3526

PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 707

Shutdown | 8

PIN CONNECTIONS

+Error II
-Error ‘z

Compensation E

Csoft-Start [ 4 |
Reset | 5

—

E Vref

17 ]vee

E Output B
E Ground
ol

13 ] Output A
o

E RDeadtime

103iCT

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
SG3526N Ty=0°to+125°C Plastic DIP
© Motorola, Inc. 1996 Rev 2



MAXIMUM RATINGS (Note 1)

$G3526

Rating Symbol Value Unit
Supply Voltage Vee +40 Vdc
Collector Supply Voltage Ve +40 Vde
Logic Inputs -0.3to +5.5 \
Analog Inputs -0.3to Voo \Y
Output Current, Source or Sink o +200 mA
Reference Load Current (Vo =40V, Note 2) Iref 50 mA
Logic Sink Current 15 mA
Power Dissipation Pp mw
TA = +25°C (Note 3) 1000
T =+25°C (Note 4) 3000
Thermal Resistance Junction—to-Air RgJA 100 °CIW
Thermal Resistance Junction-to-Case ReJc 42 °C/W
Operating Junction Temperature Ty +150 °C
Storage Temperature Range - Tstg ~65 to +150 °C
Lead Temperature (Soldering, 10 Seconds) TSolder +300 °C
NOTES: 1. Values beyond which damage may occur.
2. Maximum junction temperature must be observed.
3. Derate at 10 mWi/*C for ambient temperatures above +50°C.
4. Derate at 24 mW/°C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS
Characteristics Symbol Min Max Unit
Supply Voltage Vee 8.0 35 Vdc
Collector Supply Voltage Ve 4.5 35 Vdc
Output Sink/Source Current (Each Output) o 0 +100 mA
Reference Load Current Iref 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor Rt 2.0 150 kQ
Oscillator Timing Capacitor Ct 0.001 20 uF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junction Temperature Range Ty 0 +125 °C

MOTOROLA ANALOG IC DEVICE DATA



ELECTRICAL CHARACTERISTICS (Vg = +15 Vdc, T = Tiow to Thigh [Note 5], unless otherwise noted.)

SG3526

r Characteristics I Symbol I Min | Typ | Max l UnitJ
REFERENCE SECTION (Note 6)
Reference Output Voltage (T, = +25°C} Vref 4.90 5.00 5.10 \
Line Regulation (+8.0 V<Vgc <+35V) Regline - 10 30 my
Load Regulation (0 mA <l <20 mA) Regjoad - 10 50 mvV
Temperature Stability AVief/AT - 10 - mvV
Total Reference Output Voltage Variation AVref 4.85 5.00 5.15 v
(+8.0V< Ve £+35V, 0 mA <1 <20 mA)
Short Circuit Current (Vref = 0 V) (Note 2) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Output Voltage (Vyef = +3.8 V) - 0.2 0.4 Vv
Reset Output Voltage (Vyef = 4.8 V) 24 4.8 - \
OSCILLATOR SECTION (Note 7)
Initial Accuracy (T = +25°C) - +3.0 +8.0 %
Frequency Stability over Power Supply Range Afosc - 0.5 1.0 %
(+8.0V< Voo s+35V) Avee
Frequency Stability over Temperature Afosc - 2.0 - %
(aTy = Tiow o Thigh) ATy
Minimum Frequency fmin - 0.5 - Hz
(RT =150 kQ, CT =20 uF)
Maximum Frequency fmax 400 - - kHz
(RT=2.0kQ, C7=0.001 pF)
Sawtooth Peak Voltage (Vo = +35V) Vosc(P) - 3.0 3.5 \%
Sawtooth Valley Voltage (Voc = +8.0 V) VoscV) 0.45 0.8 - \%
ERROR AMPLIFIER SECTION (Note 8)
Input Offset Voltage (Rg £ 2.0 kQ) Vio - 2.0 10 mv
Input Bias Current B = -350 | -2000 nA
Input Offset Current llo - 35 200 nA
DC Open Loop Gain (R = 10 MQ) AvoL 60 72 - dB
High Output Voltage VoH 36 42 - \Y
(VPin 1=Vpin 2 2 +150 mV, Isource = 100 pA)
Low Output Voltage VoL - 0.2 0.4 \"
(VPin 2-VPin 12 +150 mV, Isink = 100 pA)
Common Mode Rejection Ratio (Rg < 2.0 kQ) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12V< Voo <+18V) PSRR 66 80 - dB
NOTES: 2. Maximum junction temperature must be observed.
5. Tiow = 0°C Thigh = +125°C
6.1 =0 mA unless otherwise noted.
7.fosc = 40 kHz (RT=4.12 kQ + 1%, Cy=0.01 yF £ 1%,Rp =00Q)
8.0V<Vom<+5.2V.
3

MOTOROLA ANALOG IC DEVICE DATA



S$G3526
ELECTRICAL CHARACTERISTICS (continued)

r Characteristics

‘ Symbol l Min I Typ | Max l Unit4|

PWM COMPARATOR SECTION (Note 7)

Minimum Duty Cycle DCmin - - 0 %
(VCompensation = +0-4 V)
Maximum Duty Cycle DCrmax 45 49 - %
{(VCompensation = +3.6 V)
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage \
(High Logic Level) (Isource = 40 pA) VOoH 24 4.0 -
(Low Logic Level) (sink = 3.6 mA) VoL - 0.2 0.4
Input Current— High Logic Level uA
(High Logic Level) (VIH = +2.4 V) K - -125 -200
(Low Logic Level) (V)= +0.4 V) ItH - -225 —360
CURRENT LIMIT COMPARATOR SECTION (Note 9)
Sense Voltage (Rg < 50 Q) Vsense 80 100 120 mA
Input Bias Current B — -3.0 -10 pA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 0.4 \%
Csoft-Start Charging Current (Reset = +2.4 V) Ics 50 100 150 pA
OUTPUT DRIVERS (Each Output, V¢ = +15 Vdg, unless otherwise noted.)
Output High Level VOH \
Isource = 20 MA 12.5 135 -
Isource = 100 mA 12 13 3
Output Low Level VoL \
Isink = 20 mA - 0.2 0.3
lsink = 100 mA - 1.2 20
Collector Leakage, Vg =+40V IC(leak) = 50 150 pA
Rise Time (C|_ = 1000 pF) tr - 0.3 0.6 us
Fall Time (C_= 1000 pF) tf - 0.1 0.2 us
Supply Current Icc - 18 30 mA
(Shutdown = +0.4 V, Vo = 35 V, RT = 4.12 kQ)

NOTES: 7.foge = 40 kHz (RT = 4.12kQ 1%, CT = 0.01 pF £ 1%, Rp =0 Q)
8.0Vsvgpms+b.2V
9.0VsVgopms+i2Vv

MOTOROLA ANALOG IC DEVICE DATA



S$G3526

Figure 1. Reference Stability over Temperature
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Figure 3. Error Amplifier Open Loop
Frequency Response
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Figure 5. Undervoitage Lockout Characteristic
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Figure 2. Reference Voltage as a
Function Supply Voltage
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Figure 4. Current Limit Comparator Threshold
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Figure 6. Output Driver Saturation Voltage as a
Function of Sink Current
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Figure 7. V¢ Saturation Voltage as a
Function of Sink Current

S$G3526

Figure 8. Oscillator Period

25 200
T Il I
s 100 |-F2n AL LA L]
[§8] 20 a il s 4 f 5
¢ S . FHE o
5 vd o TS AL /S of St < H
L S H-S /S T « « H
S 15 ~ 5 [ ,37;§§-A.§'§'§ L AL LD
) o @ 20 ol / i SASLA L%
[ 1 o /
£ 10 ] o M 7 i
= L+ S s g i SRt aria i z
%3 = t 4 ]
=05 =50 X i i
=4 24 1
2 L’ iarar, / Hﬂ____
0 2.0 {14 / |/ Vi / / L
20 5.0 10 20 50 100 200 ggégé;gggzgegggggg
Ic. SINK CURRENT (mA) - OSCILLATOR PERIOD (ms)
Figure 9. Error Amplifier Figure 10. Undervoltage Lockout
vee Vief
To Reset
V
ref § R1
To Driver A
¥ To Driver B
1.2V ==}
Bandgap i
50pA 50pA Reference
Q12 R2 1
¢ ¢100pA __L =
100 14uA 3 Compensation 1l
HA Q10 ¢ 100pA =
Q9
Q2
1.0k % 500
e 1 '-_L
- Error + Error
Figure 11. Pulse Processing Logic
Memory
FIF The metering Flip—Flop is an asynchronous data latch
Syne s which suppresses high frequency oscillations by allowing
yne only one PWM pulse per oscillator cycle.
S o—r a}—> Ciock
PWM —D |
Qf————> PWM The memory Flip-Flop prevents double pulsing in a
push—pull configuration by remembering which output
Metering produced the last pulse.
FIF
6 MOTOROLA ANALOG IC DEVICE DATA



Figure 12. Extending Reference
Output Current Capability

S$G3526

APPLICATIONS INFORMATION

Figure 13. Error Amplifier Connections

_L Negative
Output
C: Ri Voltage
=T R 13 R 13
. Vief Vret
17| Reference |18 2 2| _
Vee NS Regulator Vref A - 4
+ Rq Positive
15 — 10pF Output
Gnd Voﬂage Gnd
Gnd
- Vo Vit | o2 Vour=Veet | o
* May be required with some types of transistors out = Vref R2 out = Vref | "Ry
RiRy
"7\ RieRe
Figure 14. Oscillator Connections Figure 15. Foldback Current Limiting
Output Filter <———'\§w——o +
S
i $G3526 L= =
8
R \Y
Rp 9 10 7 § ; o
RIS Gnd <— O -
iR‘[ Pan) CT 5
Vout R >
L | (0'1\”' RI+R2 <01 )
- e F — Y Isc=\ B
(max) Rg SC S
Figure 16. Soft-Start Circui Figure 17. Driving VMOS Power FETs
9 9
+H2V o
Vref
'___
1 1}10/(\) D weNe - vc1 ’ 13 |
+ P
+ Error Eror > A % H
—Error 2 - Amp =
S$G3526
— 5 Q2
Reset Q1 s |18 I
Gnd
To
Q3 Undervoltage
Lockout

1: Csoft-Start

The totem pole output drivers of the SG3526 are ideally

suited for driving the input capacitance of power FETs at
high speeds.

MOTOROLA ANALOG IC DEVICE DATA




Figure 18. Half-Bridge Configuration

+ o—
Supply

|

Rt
Ct
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SG3526
16 C2
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Figure 20. Single-Ended Configuration

+V Supply Q1 I)ot t
utpul
i+ Filter
R2
14
Ve
A 13
$G3526
5 16
Gnd
15
O-

S$G3526

Figure 19. Flyback Converter with
Current Limiting

WV o
Supply
R1 c2 T
£l
14 R4
D1
Vg A 13 >
Q1
— 18 D2
5 R B > NW
S$G3526 7
S +CS
R3
‘ ‘ g
l Cs Gnd €S
15

TC1 R2
o—o=

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

Figure 21. Push—Pull Configuration

+V Supply
R1
C1
14
V R2
C A 13 al _\ ’T
Cc2 L
S$G3526 y
16 R3
Gnd B @
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S$G3526
OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE C
NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D),
ANANANNNNN SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
B ) MATERIAL CONDITION, IN RELATION TO
SEATING PLANE AND EACH OTHER.
p B 2. DIMENSION L TO CENTER OF LEADS WHEN
Oy 9 ¥ FORMED PARALLEL.
IV EVAVEERYRYEY, 3. E'L'XEL‘.,S'“ B DOES NOT INCLUDE MOLD
A MILLIMETERS | INCHES
piM[ MIN_ | MAX | WMIN | MAX
L A | 2222 | 2324 | 0875 | 0915
B | 610 | 660 | 0240 | 0260
C | 356 | 457 [ 0140 | 0180
D | 035 | 056 | 0014 | 0022
F | 127 | 178 [ 0050 | 0.070
G | 25a8SC 0.100 BSC
W[ 102 | 152 | 0.040 | 0.060 |
Mo J]_020 | 030 | 0.008 | 001
K | 292 | 343 | 0.15 | 0.3
L [ 762B5C 0.300BSC
M 0o ] 150 0o 15°
N | 051 | 1.02 | 0020 | 0040

MOTOROLA ANALOG IC DEVICE DATA
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no wamranty, 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
specifically disclaims any and all liabiiity, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applicationsintended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended orunauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
arisingout of, directly orindirectly, any claim of personalinjury or death associated with such unintended orunauthorized use, evenif such claim altegesthatMotorola
was negligent regarding the design or manufacture of the part. Motorola and @ registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE /Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Seibu-Butsuryu—Center,
P.0. Box 20912; Phoenix, Arizona 85036. {—800-441—-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAXO0@email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping industrial Park,
INTERNET: http://Design—NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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Dual Low Power
Operational Amplifiers

Utilizing the circuit designs perfected for recently introduced Quad
Operational Amplifiers, these dual operational amplifiers feature 1) low
power drain, 2) a common mode input voltage range extending to
ground/VEE, 3) single supply or split supply operation and 4) pinouts
compatible with the popular MC1558 dual operational amplifier. The LM158
series is equivalent to one—half of an LM124.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They can operate at
supply voltages as low as 3.0 V or as high as 32 V, with quiescent currents
about one—fifth of those associated with the MC1741 (on a per amplifier
basis). The common mode input range includes the negative supply, thereby
eliminating the necessity for external biasing components in many
applications. The output voltage range also includes the negative power
supply voltage.

Short Circuit Protected Outputs

True Differential Input Stage

Single Supply Operation: 3.0 Vto 32V

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Negative Supply
Single and Split Supply Operation

Similar Performance to the Popular MC1558

ESD Clamps on the Inputs Increase Ruggedness of the Device without
Affecting Operation

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

Order this document by LM358/D

LM358, LM258,
LM2904, LM2904V

DUAL DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

8
1

N SUFFIX
PLASTIC PACKAGE
CASE 626

8
1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

LM258 LM2904
Rating Symbol LM358 LM29S04V | Unit
Power Supply Voltages Vde
Single Supply Vce 32 26
Split Supplies Vece. VEE +16 +13
Input Differential Voltage VIDR +32 126 Vdc (Top View)
Range (Note 1)
Input Common Mode Voltage VICR -03t032 | -0.3t026 | Vdc
Range (Note 2
g (Note ) ORDERING INFORMATION
Output Short Circuit Duration tsc Continuous -
Operating
Junction Temperature Ty 150 °C Device | Temperature Range Package
Storage Temperature Range Tstg -55to +125 °C LM2904D SO-8
Tp =—40° to +105°C
Operating Ambient Temperature TA °C LM2904N Plastic DIP
Range
SO-8
LM258 ~25to +85 - LM2904VD TA =-40° to +125°C
LM358 0to+70 - LM2904VN Plastic DIP
LM2904 - —40to +105
LM258D SO-8
LM2904V - —40to +125 Tp =—25° to +85°C
LM258N Plastic DIP
NOTES: 1. Split Power Supplies.
2. For Supply Voltages less than 32 V for the LM258/358 and 26 V for the LM2904, the LM358D SO-8
absolute maximum input voltage is equal to the supply voltage. Ta = 0°to +70°C
LM358N Plastic DIP
© Motorola, Inc. 1996 Rev 2




LM358, LM258, LM2904, LM2904V
ELECTRICAL CHARACTERISTICS (Vcc =5.0V, VEE = Gnd, T = 25°C, unless otherwise noted.)

LM258 LM358 LM2904 LM2904V
Characteristic Symbol [ Min | Typ | Max { Min | Typ | Max | Min | Typ { Max | Min | Typ | Max Unit

Input Offset Voltage Vio myv
Ve =5.0V1030V (26 V for
LM2904,V),V|c=0Vto Vg -1.7V,
Vo =14V,Rg=00Q

TA =25°C - 20 | 50 - 20 | 70 - 20 [ 70 - - -
Ta= Thigh (Note 1) - - 7.0 - - 9.0 - - 10 - - 13
TA = Tiow (Note 1) - - 2.0 - - 9.0 - - 10 - - 10

Average Temperature Coefficient of Input | AV|Q/AT | - 7.0 - - 7.0 - - 7.0 - - 7.0 - uviC
Offset Voltage
Ta= Thigh to Tjow (Note 1)

Input Offset Current o - | 30| 30 - 50 | 50 - 50 | 50 - | 50| s0 nA
TA = Thigh 10 Tjow (Note 1) - - t100 | - - 150 | - 45 | 200 | - 45 | 200

Input Bias Current B8 - 45 jas0] - |45 |-250| - | 45 |-250| - | 45 |-250
TA = Thigh to Tiow (Note 1) - {-50|-300| - |[-s0 |-s00} - | -50 j-500| - | -50 {-500

Average Temperature Coefficient of Input Aho/AT = 10 - - 10 B - 10 - - 10 - pArC
Offset Current
TA = Thigh 16 Tigw (Note 1)

In'put Common Mode Voltage Range VICR v
(Note 2),Vce =30V (26 V for LM2904, V) 0 - 28.3 0 - 283 24.3 243

Veg =30V (26 V for LM2904, V), 0 - 28 0 - 28 0 - 24 0 - 24
TA = Thigh % Tiow

[=]
|
o
!

Differential Input Voltage Range VDR - - Vee - - Vee - - Vee - - Vee v

Large Signal Open Loop Voltage Gain AyoL VimV
RL=2.0kQ, Vo =15V, ForLarge Vo 50 100 - 25 100 - 25 100 - 25 100 -
Swing,

TA = Thigh t© Tiow {Note 1) 25 - - 15 - - 15 - - 15 - -

Channel Separation (o] - -120 - - -120 - - -120 - - -120 - dB
1.0 kHz < f £ 20 kHz, Input Referenced

Common Mode Rejection CMR 70 85 - 65 70 - 50 70 - 50 70 - dB
Rg<10kQ

Power Supply Rejection PSR 685 100 - 65 100 - 50 100 - 50 100 - dB

Output Voltage—High Limit (Ta = Thjgp to VoH \
Tiow) (Note 1)
Voo =50V, R =2.0kQ, Tp =25°C 33 [ 35 < 33 | 35 5 33 | 35 5 33 | 35 -
Vg =30V (26 V for LM2904, V), 26 - = 26 1 < 22 ¥ - 22 = -
R =2.0kQ
Ve =30V (26 V for LM2904, V), 27 28 i3 27 28 - 23 24 - 23 24 -
R =10kQ

Output Voltage—Low Limit VoL ~ 5.0 20 - 5.0 20 = 5.0 20 - 5.0 20 myV
Vee =50V, R =10kQ, Ta = Thigh to
Tiow (Note 1)

Qutput Source Current lo+ 20 40 - 20 40 - 20 40 - 20 40 - mA
Vip=+1.0V,Vcc =15V

Output Sink Current lo-
Vip=-10V,Vgc =15V 10 20 - 10 20 - 10 20 - 10 20 - mA
Vip =-1.0V, Vg =200 mV 12 50 - 12 50 - = - - - - - pA

Output Short Circuit to Ground (Note 3) Isc - 40 60 - 40 60 - 40 60 - 40 60 mA

Power Supply Current (Ta = Thigh to Tiow) lce mA
(Note 1)
Ve =30V (26 V for LM2904, V), - 1.5 | 3.0 - 15 | 3.0 - 15 | 3.0 - 15 | 3.0
Vo=0V,R =
Vee=5V,Vp=0V,R == - 0

3

1.2 - 0.7 1.2 - 0.7 1.2 - 0.7 1.2

NOTES: 1.Tjgy = —40°C for LM2904 Thigh

= +105°C for LM2904
= —40°C for LM2904V

+125°C for LM2904V
—25°C for LM258 +85°C for LM258
= 0°C for LM358 +70°C for LM358
2. 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 Vg —1.7 V.
3. Short circuits from the output to Vg can cause excessive heating and eventual destruction. Destructive dissipation can result from simultaneous shorts
on all amplifiers.

2 MOTOROLA ANALOG IC DEVICE DATA



LM358, LM258, LM2904, LM2904V

Single Supply Split Supplies
Sove Vcc(m—uu——j Vee Vee
Z . g: o = 1.5V1oVee(max)
o ] Lo
‘] B 7] = 1.gV to VEE(max)
L —= e T
= Veg/Gnd Vee

Representative Schematic Diagram
(One-Half of Circuit Shown) Bias Circuilry
Common to Both

Output Amplifiers

o ais ) % !
Q16 Q14
ST o

40k

Q19

5.0pF Q12

Q20

Q9

J,\f)s—" Q6 | Q7 ki

SIS

CIRCUIT DESCRIPTION

The LM258 series is made using two internally
compensated, two-stage operational amplifiers. The first .
stage of each consists of differential input devices Q20 and Large Signal Voltage
Q18 with input buffer transistors Q21 and Q17 and the Follower Response

o VEg/Gnd

differential to single ended converter Q3 and Q4. The first I ' 15 Ve

Ve =15 Vi

stage performs not only the first stage gain function but also I RL=20kQ

performs the level shifting and transconductance reduction 1 TA=25°C
functions. By reducing the transconductance, a smaller I

compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is

+

1.0VIDIV

accomplished by splitting the collectors of Q20 and Q18.

T

Another feature of this input stage is that the input common

mode range can include the negative supply or ground, in
single supply operation, without saturating either the input I

devices or the differential to single—ended converter. The \ 1 y
second stage consists of a standard current source load

amplifier stage.

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.

5.0 psiDV

MOTOROLA ANALOG IC DEVICE DATA



V|, INPUT VOLTAGE (V}

VoR. OUTPUT VOLTAGE RANGE (Vpp)

lcc, POWER SUPPLY CURRENT (mA)

LM358, LM258, LM2904, LM2904V

Figure 1. Input Voltage Range

20
18
16
14 &
2 psid
10 ///
80 Negaive |~ ¥~
6.0 ) /// Positive
40 i
ol A~
0
0 20 40 60 80 10 12 14 16 18 20
Veo/Veg, POWER SUPPLY VOLTAGES (V)
Figure 3. Large-Signal Frequency Response
14
SRR
12 \ | AU
\ Vec=15V
10 VEE = Gnd
N Gain=-100
\ R|=1.0kQ
80 \ R =100kQ
6.0 \
40 N
N
2.0 J
n
0 [~
1.0 10 100 1000
f, FREQUENCY (kHz)
Figure 5. Power Supply Current versus
Power Supply Voltage
24 I
2.1 Ta= 24°c
R = o
18
1.5
.—-———’—'—-
12 ]
09
06
0.3
0

0 50 10 15 20 25 30 35
Ve, POWER SUPPLY VOLTAGE (V)

Figure 2. Large-Signal Open Loop Voltage Gain
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Figure 4. Small Signal Voltage Follower
Pulse Response (Noninverting)
55
\ Vcc=‘30V
= 500 VEE =Gnd
E Input Ta=25°C
o 450 CL=50pF
2
5400 JAN
g OUtplﬁ I A~
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0
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Figure 6. Input Bias Current versus
Supply Voltage
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Figure 7. Voltage Reference Figure 8. Wien Bridge Oscillator

50k
R4 AN~
V H
Vee R2 ce 50k
$ " Vot 10k ~SVvce
= —o V ref VY
LM358 0 12 oo
MC1403 N Lms358 Vo
T 25V b foz —1
L 1 = 07 2rRC
- Vet =3 Vec F f1t 1.0KH
! or fo=1.0kHz
Vo = 25V{+R1) — R=16kQ
R2 ¢ C=001 pF

Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis

Hysteresis
VOH .
Vo S -
& :
VoL
VinLl VinH
R1
Vinl = Ry + o (VOL = Vref)* Vref Vref
_ _Ri
VinH = Ry + o VOH = Vref) + Vref
ep=C(1+a+b){ex~-e R1
0=C(1+a+b)(ez-e1) R iR

Figure 11. Bi-Quad Filter
4

3 fo=2RC
—_—AANA————— R1= QR 1
Y R2 Rt Vef=3 Vee
—{(——w— R2= Tgp
100k R3=TNR2
c1=10C
Viref 1 Ig i‘1| i)OkHz
b J Bandpass N
—e =
Vref Output R ¥BP - 1
R %m N =
c1
WA— *
g 0 e NotchOutput R =160kQ
o C =0.001pF
R1 =16 MQ
Vref Where: Tgp = Center Frequency Gain gg : 12 mg

TN = Passband Notch Gain
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Figure 12. Function Generator

Figure 13. Multiple Feedback Bandpass Filter

1 .
Vref =7 V, Triangle Wave
ref =3 ¥CC Output ¢ 4’\"3’2\ﬁ
300k c
Vref 0 R3 v R c
O——- "\ —4 0 in
. 5k oo L——I e vo
R1 100k , Square R2 co
s I Wave C0=10C
¢ Vref Output
AN L Vref 4
R Vief=3 Vee
_Ri+Rg _ R2R1
) CRfR1 j “R2+R1 Given: fo = center frequency
Alfo) = gain at center frequency
Choose value fo, C
. . Q
Then: R3= n:—fo ¢
R3
R1= S Al
R1R3
R2= —5——
4Q2R1-R3
For less than 10% error from operational amplifier. %"—vf\;’ <0.1
Where f and BW are expressed in Hz.
If source impedance varies, filter may be preceded with voltage
follower buffer to stabilize filter parameters.
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 626-05
ISSUE K
NOTES:
[[1 r“~| lﬂ. rll 1. DIMENSION L TO CENTER OF LEAD WHEN
. i FORMED PARALLEL
s 5 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
SQUARE CORNERS}.
3. DIMENSIONING AND TOLERANCING PER ANS!
[-B-] Y14.5M, 1982,

MILLIMETERS INCHES
MN | MAX | MIN } MAX

bed
=
==

A |_940 | 1016 | 0370 | 0.400
B | 6.0 | 660 | 0240 | 0260
C | 394 | 445 | 0155 | 0175
—— D | 038 | 051 | 0015 | 0020
NOTE 2 A F | 102 | 478 | 0040 | 0070
“—— L—> G | 254850 0.100B5C
H | 076 | 127 | 0030 | 0050
v ¥ [ \ 3 [ 020 030 [ 0008 | 0012
202 | 343 | 0115 | 0.1%
c L | 7.6285C 0.300 BSC
: - : Ml — ] 10°] — ] 10°
N —JAH- J N | 076 | 101 | 0030 [ 06040
SEATING N
PLANE — >
~{lp LK .

H

G
[@]o 013005 @] T[A @[ D]

D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SO-8)
ISSUER

NOTES:
D — ‘h_ib~ c 1. DIMENSIONING AND TOLERANCING PER ASME
27 Y14.5M, 1994.

. DIMENSIONS ARE IN MILLIMETERS.

. DIMENSION D AND E DO NOT INCLUDE MOLD
PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

. DIMENSION 8 DOES NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL

"
&
B
e
‘\/\

CONDITION.
B] 9\).]\4/ MILLIMETERS
—’I@H— DiM[_MN_ | MAX
Al 135 | 115
. YN At 010 | 02
B | 035 | 04
— Y SEATING C [ 048] 02
| | o | 1 L E | 380 | 400
E e 1.2785C
\ H | 580 | 620
A1 B h [ 025 | 050
L [ 040 125
B o 70

[$|o.25®|c|8©|A@
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(M) mororoLa

Quad Single Supply
Comparators

These comparators are designed for use in level detection, low-level
sensing and memory applications in consumer automotive and industrial
electronic applications.

Single or Split Supply Operation

Low Input Bias Current: 25 nA (Typ)

Low Input Offset Current: £5.0 nA (Typ)

Low Input Offset Voltage: 1.0 mV (Typ) LM139A Series
Input Common Mode Voltage Range to Gnd

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

ESD Clamps on the Inputs Increase Reliability without Affecting Device
Operation

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vece Vdc
LM239, AILM339A/LM2901, V +36 or £18
MC3302 +30 or +15
Input Differential Voltage Range VIDR Vde
LM239, A/ILM339A/LM2901, V 36
MC3302 30
Input Common Mode Voltage Range VICMR -0.3to Ve Vde
Output Short Circuit to Ground (Note 1) Isc Continuous
Power Dissipation @ Ta = 25°C Pp
Plastic Package 1.0 w
Derate above 25°C 8.0 mW/rC
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA °C
LM238, A —25 to +85
MC3302 —40 to +85
LM2901 —40 to +105
LM2901V —40to +125
LM339, A Oto +70
Storage Temperature Range Tstg —65 to +150 °C

NOTE: 1. The maximum output current may be as high as 20 mA, independent of the magnitude of V.
Output short circuits to Vo can cause excessive heating and eventual destruction.

Figure 1. Circuit Schematic
Vee o o +Input — Input ? Output

%

P

VAN

&
]

e

CT) Gnd
NOTE: Diagram shown is for 1 comparator.

Order this document by LM339/D

LM339, LM339A,

LM239, LM239A,

LM2901, M2901V,
MC3302

N
¥
14

1

N, P SUFFIX
PLASTIC PACKAGE
CASE 646

R

1

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO—14)

PIN CONNECTIONS

N
Output2 [ 1] 4] output 3
Output 1 [ 2] 3] Output 4
vee [2] 2 ] Gnd
—Input 1 E E +lnput 4
+input 1 5 4 fio ] - Input 4
- Input 2 E z‘ +Input 3
+Input 2 Eb’ ‘@:E ~Input 3
(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range | Package
tmgggﬁiﬁﬁ TA=2510485°C | piogic Oip
LMasoN, Al USTEEE O e
IMagorn | TA= 407 to+105°C Piasic DIP
Mooy | TA=—40°to +125°C Plastc DIP

MC3302P Tp =—40°1to +85°C | Plastic DIP

© Motorola, inc. 1996

Rev 2



LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302
ELECTRICAL CHARACTERISTICS (Vgg = +5.0 Vdc, Ta = +25°C, unless otherwise noted)

LM239A/339A LM239/339 LM2901/2901V MC3302
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ Max | Unit
Input Offset Voltage (Note 4) Vio — |+10 220 - }220|s50] - |x20|+70| - |£3.0|+£20 | mVdc
Input Bias Current (Notes 4, 5) s - 25 1250 | - 25 (250 | - 25 250 | - 25 | 500 | nA
(Output in Analog Range)
Input Offset Current (Note 4) o _ |+50l50 | - [+501+50 ] - |+5.0 450 | — |%3.0|£100| nA
Input Common Mode Voltage Range | VICMR 0 - |vec!l O - (Ve © - IVee] O - Ve \
-15 -1.5 -15 -1.5
Supply Current Icc mA
Ry = e (For All Comparators) - 08 | 20 - 0.8 } 20 - 0.8 | 20 - 0.8 | 20
RL =, Vg =30Vde - 10|25 | - 10|25 - |[t0}25}| - [10]25
Voltage Gain AvoL 50 1200 | - 50 |2001 - | 25 | 100 | — 25 {100 | - [VimV
RL215kQ, Ve =15 Vde
Large Signal Response Time - - (3004 - - [300] - - | 300 ]| - - ]300} - ns
V)| = TTL Logic Swing,
Vref= 1.4 Vdc, VR = 5.0 Vdc,
Ry =5.1kQ
Response Time (Note 6) - - 13 - - 1.3 - - 1.3 - - 1.3 - us
VRL = 5.0 Vdc, R =5.1kQ
Output Sink Current 1Sink 6.0 | 16 - |60 | 16 ~ |60 | 16 - {60 | 16 - mA
V) () 2 +1.0 Vdc, V|(+) =0,
Vo <1.5Vde
Saturation Voltage Vsat — |130 t400 ] - [130 400 | - ! 130 [400 | - 130 {500 | mV
V(=) 2+1.0 Vdc, V|(+) =0,
lsink 4.0 mA
Output Leakage Current oL - | 01 S - 101 -~ - |01 ~ - |01 - nA
V|(+) =2 +1.0 Vdc, V|(~) =0,
Vo =+5.0Vdc
PERFORMANCE CHARACTERISTICS (Vcg = +5.0 Vdc, TA = Tigw o Thigh [Note 3])
LM239A/339A LM239/339 LM2901/2901V MC3302
Characteristic symbol [ Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Unit
Input Offset Voltage (Note 4) Vio - - |20} - - |80 - - [z15 ) - - | +40 | mvdc
Input Bias Current (Notes 4, 5) B - - | 400 | - - |400 | - - 1500 | - — |1000| nA
(Output in Analog Range)
Input Offset Current (Note 4) o - - 11501 — - |x1501 - - |£200} - — [£300| nA
Input Common Mode Voltage Range | VICMR 0 - |Vec| O - |Vce| O - |Vecl O - [Vee Vv
2.0 -2.0 -2.0 -2.0
Saturation Voltage Vsat - - [700 | - - | 700 ) - - 700 - - | 700 | mV
V(=) 2 +1.0 Vdc, V|(+) = 0,
'sink <4.0 mA
Output Leakage Current loL = - |10 ] - - (10 ] - - |10 ]| - - |10 pA
Vi(+) 2 +1.0 Vdc, Vi(-) = 0,
Vo =30Vdc
Differential Input Voltage ViD - - ivee !l - - |Vee | - - |Vec | - - |Vee | Vde
AllV| 20 Vde

NOTES: 3. (LM239/239A) Tiqy = -25°C, Thjgh = +85°
(LM339/339A) Tioy = 0°C, Thigh = +70°C
(MC3302) Tigy =—40°C, Thigh = +85°C
(LM2901) Tjoy =—40°C, Thigh = +105°
(LM2901V) Ty = —40°C, Thigh = +125°C
4. At the output switch point, Vo = 1.4 Vdc, Rg < 100 © 5.0 Vdc < V¢ < 30 Vdc, with the inputs over the full common mode range
(0 Vdc to Ve ~1.5 Vde).
5. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.
6. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 2. Inverting Comparator Figure 3. Noninverting Comparator
P 9
with Hystersis with Hysteresis
+Vee +Vee
R3
Vip o —] 10k Ret
" Rref o Vo Vref 10k
+ Voo 0—WA +
cC R1
R2 = R2 —t1 Vo
erf —VW——— Vln O—"VWA—¢
R 1.0M Vee R 10k =
10k§ Vref = ce R3 _ VecR1
Rref +R1 L amA— Vief = ~—2—
= 10M Rref + R1

R3 = R1//Rygf/ IR2
R2 = R1//Rref

R1/IR,
V= B Vo(max) = Vo(min)! Amount of Hysteresis VY
R1//Reef + R2 -
R2 > Rref//R1 VH= "2+ Ra [VO(max) ~ VO(min)

Typical Characteristics
(Vce = 15 Vdc, Ta = +25°C (each comparator) unless otherwise noted.)

NORMALIZED OFFSET VOLTAGE

Figure 4. Normalized Input Offset Voltage Figure 5. Input Bias Current
1.40 48
42 —
2 s —
1.20 /// E’ 36 TA =_55°C (/./ -
P £ 3 —
8 | "] - L
1.00 o 2 el Ta= +125°C
< L
] @ =
= — 18
] o
0.80 = Z 12
o
- 60
060 0 :
-50 -25 0 25 50 75 100 125 0 40 8.0 12 6 - 20 24 28 32
Ta, AMBIENT TEMPERATURE (°C) Ve, POWER SUPPLY VOLTAGE (Vdc)

Figure 6. Output Sink Current versus
Output Saturation Voltage

80
g0 T = 425°C
= 60 w:wc /| /
o
z 50 4 Ta = +125°C
2 40 /
= 4 4
E 1 /|
o} - V
< /|
o 20 // V4

10 ///

V4

0 100 200 300 400 500

Vgat, OUTPUT SATURATION VOLTAGE {mV)
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 7. Driving Logic

Rg = Source Resistance
R1=Rg

Vce | Ru
Logic Device V) kQ

CMOS |1/4 MC14001| +15 100
TTL  |1/4MC7400 | +5.0 10

Figure 8. Squarewave Oscillator
Vecz40V

10k

100k

L

vee
Wl
T
T1=T2=069RC
) faat
" C(uF)
R2=R3=R4

R1 = R2/IR3//R4

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscillation
tendencies if the outputs are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests itself
during output transitions (VoL to VoH). To alleviate this
situation input resistors < 10 kQ should be used. The addition

Figure 9. Zero Crossing Detector
(Single Supply)

+15V

i

D1 prevents input from going negative by more than 0.6 V.

R1+R2=R3

R3< —T—g for small error in zero crossing

of positive feedback (< 10 mV) is also recommended. it is
good design practice to ground ali unused input pins.

Differential input voltages may be larger than supply
voltages without damaging the comparator’s inputs. Voltages
more negative than —~300 mV should not be used.

Figure 10. Zero Crossing Detector
(Split Supplies)

Vin(min) = 0.4 V peak for 1% phase distortion (A©).

V.
Vin in(min)
vee L — )
5 o
Y
Vin O veer—
|
= Vo T—= [®]
Ve He s0
VEE L
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OUTLINE DIMENSIONS

AMANNAANR
14

8

O

ATATATATATATAY
A

|t ) —>

—» F fe—

N, P SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE L

NOTES:
1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.
2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL
. DIMENSION B DOES NOT INCLUDE MOLD

©

FLASH.
. ROUNDED CORNERS OPTIONAL.

INCHES MILLIMETERS
MIN MAX MN_| MAX
0.745 | 0770 | 18.16 | 19.56
0.240 | 0.260 | 610 | 6.60
0.145 | 0185 | 369 [ 469

~

9
=

0015 | 0.021 | 038 | 053
0.040 | 0070 | 102 | 178
0.100BSC 54 BSC
0052 [ 0095 | 132 | 241
0.008 | 005 | 020 | 038
0.115 | 0.135 | 292 | 343
0.300BSC 762B5C
o[ _10°| ©0°] 10°

0015 | 0.039 [ 039 [ 1.0

‘sl’A‘-IO'ﬂUOW?’l

M

A=

AAAA

o«

!

[B=] p7rL

D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
(SO-14)
ISSUE F

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982
CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR

wN

o

PROTRUSION. ALLOWABLE DAMBAR

(0] I 7
—{6 | .
| — -l
@Eﬁw&i i
SEATING ——“-— D14pPL K

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

_J L_ MILLIMETERS INCHES
F MN_| MAX | MIN | MAX
855 | 875 | 0.337 | 0.344
380 | 400 | 0150 | 0.457
135 | 175 | 0054 | 0.068
035 | 049 | 0.014 | 0.019
040 | 1.25 | 0.016 | 0.043
1.27BSC 0.050 BSC

l [&]0250010@[B® | PROTRUSION SHALL BE 0127 (0.005) TOTAL

b=4
=

Rx4se

==
A !

J

[$]0250010/®][T[B O[AC]

0.19 0.25 | 0.008 | 0.009
0.10 025 | 0.004 | 0.009

0° 5] 0° 70
5.80 620 | 0228 | 0.244
0.25 050 | 6.010 | 0.019

;v'ug‘an'nUom>l
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TIP31, TIP31A, TIP31B, TIP31C,

(NPN), TIP32, TIP32A, TIP32B,
TIP32C, (PNP)

Complementary Silicon
Plastic Power Transistors

Designed for use in general purpose amplifier and switching
applications.

ON Semiconductor®

http://onsemi.com

¢ Collector-Emitter Saturation Voltage - 3 AMPERE
VeE(an = 1.2 Vde (Max) @ Ic = 3.0 Ade POWER TRANSISTORS
e Collector-Emitter Sustaining Voltage - COMPLEMENTARY
VeEO(sus) = 40 Vdc (Min) = TIP31, TIP32 SILICON
= 60 Vde (Min) - TIP31A, TIP32A 40-60-80-100 VOLTS
= 80 Vdc (Min) - TIP31B, TIP32B 40 WATTS
=100 Vdc (Min) - TIP31C, TIP32C
e High Current Gain - Band‘w1dth Product MARKING
fr = 3.0 MHz (Min) @ Ic = 500 mAdc DIAGRAM
o Compact TO-220 AB Package O
MAXIMUM RATINGS AYWW
Rating Symbol Value Unit TIPxxx
Collector-Emitter Voltage TIP31, TIP32 VcEo 40 Vdc " a
TIP31A, TIP32A 60 " COLLECTOR
TIP31B, TIP32B 80 . EMITTER
TIP31C, TIP32C 100 EOLLECTOR
Collector-Base Voltage  TIP31, TIP32 Ves 40 Vdc TO-220AB
TIP31A, TIP32A 60 CASE 221A-09
TIP31B, TIP32B 80 STYLE 1
TIP31C, TIP32C 100
- xxx = Specific Device Code:
Emitter-Base Voltage Ves 5.0 Vdc 31, 31A, 31B, 31C, 32, 32A, 32B, 32C
Collector Current Continuous I 3.0 Adc A =Assembly Location
Peak 5.0 Y = Year
WW. = Work Week
Base Current Ig 1.0 Adc
Total Power Dissipation Pp
@Tc=25°C 40 Watts ORDERING INFORMATION
Derate above 25°C 0.32 WG See detailed ordering and shipping information in the package
. dimensions section on page 6 of this data sheet.
Total Power Dissipation Pp
@Ta=25°C 2.0 Watts
Derate above 25°C 0.016 WG
Unclamped Inductive E 32 mJ
Load Energy (Note 1)
Operating and Storage Junction Ty, Tstg -65to °C
Temperature Range +150

1. Ic=1.8A, L=20mH, PRF. =10 Hz, Vcc = 10 V, Rge = 100 Q.

© Semiconductor Components Industries, LLC, 2003 4
January, 2003 - Rev. 8

Publication Order Number:
TIP31A/D



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

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient Rasa 62.5 °C/W
Thermal Resistance, Junction to Case Reyc 3.125 °C/W
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)
1] Characteristic Symbol Min Max Unit |
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (Note 2) TIP31, TIP32 | VcEO(sus) 40 - Vdc
(Ic =30 mAdc, Ig = 0) TIP31A, TIP32A 60 -
TIP31B, TiP32B 80 -
TIP31C, TIP32C 100 -
Collector Cutoff Current (Veg = 30 Vdc, Ig = 0) TIP31, TIP32, TIP31A, TIP32A lceo - 0.3 mAdc
(Vce =60 Vdc, Ig=0) TIP31B, TIP31C, TIP32B, TIP32C - 0.3
Collector Cutoff Current Ices nAde
(Vce =40 Vdc, Veg = 0) TIP31, TIP32 - 200
(Vge =60 Vde, Veg = 0) TIP31A, TIP32A b 200
(Vce =80 Vde, VEg = 0) TIP31B, TIP32B 8 200
(Vge = 100 Vdc, Veg = 0) TIP31C, TIP32C R 200
Emitter Cutoff Current (Vge = 5.0 Vdc, I¢ = 0) leso - 1.0 mAdc
ON CHARACTERISTICS (Note 2)
DC Current Gain (I = 1.0 Adc, Vg = 4.0 Vdc) heg 25 - -
(Ic = 3.0 Adc, Ve = 4.0 Vdc) 10 50
Collector-Emitter Saturation Voltage (¢ = 3.0 Adc, 1g = 375 mAdc) VCE(sat) . 1.2 Vdc
Base-Emitter On Voltage (I = 3.0 Adc, Vcg = 4.0 Vdc) VBE(on) - 1.8 Vdc
DYNAMIC CHARACTERISTICS
Current-Gain - Bandwidth Product (I = 500 mAdc, Vgg = 10 Vdc, fiest = 1.0 MH2) fr 3.0 - MHz
Small-Signal Current Gain (Ig = 0.5 Adg, Ve = 10 Vdc, f=1.0 kHz) hte 20 - -

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

http://onsemi.com
2



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

Tc Ta
40 40
‘E N
g
S 30 30 Tc
-
=}
= N
= N\
& 20 20
7] N N
o N
14
o T
2 10 1.0 A e \
3
& \ \
£ RN
o 0
0 20 40 60 80 100 120 140 160
T. TEMPERATURE (°C)
Figure 1. Power Derating
TURN-ON PULSE . o A - _
APPROX Re ol =10
v s T, =25°C
| b—0 1.0 P J= -
Va0 JE— o\ Moo soore. 07 1@ Veo=s0v
v | B8 - ! ——
B by 2 03 § —
gl Cja << Cep w A Y@ Vec =10V
APPROX L g el
+11V l t4<7.0ns -4.0V : 0.1 \\‘\
F100 <t <500 pus : - —]
Vip — __ t3<15ns 0.07 t4 @ VeB(om = 2.0V
n .,
0.05 =
0.03 e =
—~ b DUTY CYCLE ~ 2.0% Ao
TURN-OFF PULSE APPROX -9.0V 003 005 0.1 03 05 10 3.0

Rg and R¢ VARIED TO OBTAIN DESIRED CURRENT LEVELS.

Figure 2. Switching Time Equivalent Circuit

lc, COLLECTOR CURRENT (AMP)

Figure 3. Turn-On Time
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Ic, COLLECTOR CURRENT (AMP) t(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED)

1, TIME (us)

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

Ic, COLLECTOR CURRENT (AMP)

Figure 6. Turn-Off Time
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Figure 4. Thermal Response
10 There are two limitations on the power handling ability of
a transistor: average junction temperature and second
50 A N N SN A breakdown. Safe operating area curves indicate I¢ - VcE
- 5.0ms 4 ’ limits of the transistor that must be observed for reliable
20 I i \‘ operation; i.e., the transistor must not be subjected to greater
S NN dissipation than the curves indicate.

10F E‘:ﬂclgggﬁ\@“}fﬁ“fsf‘\)'jgow“ =i The data of Figure 5 is based on Tj(pk) = 150°C; Tc is
05 — — — THERMALLIMIT @ T = 25°C SN v.an.able depeqdmg on conditions. Second break.down pulse
_ (SINGLE PULSE) N limits are valid for duty cycles to 10% provided Tj(pk)
L — - — BONDING WIRE LIMIT NN < 150°C. Tj(pk) may be calculated from the data in
0.2} CURVES APPLY TIP31A, TIP32A N Figure 4. At high case temperatures, thermal limitations will
- BELOW RATED Vo 11P51D,§Pge0 reduce the power that can be handled to values less than the

oL L1 1l : TIPS1C, HFS20 limitations imposed by second breakdown

5.0 10 20 50 100 '

Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 5. Active Region Safe Operating Area
3.0 T — 300
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Vg, REVERSE VOLTAGE (VOLTS)

Figure 7. Capacitance
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hgg, DC CURRENT GAIN

V, VOLTAGE (VOLTS)

Ic, COLLECTOR CURRENT (pA)

TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)
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Figure 8. DC Current Gain
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Figure 12. Collector Cut-Off Region

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

0y, TEMPERATURE COEFFICIENTS (mV/°C)

Rpg: EXTERNAL BASE-EMITTER RESISTANCE (OHMS)
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Figure 9. Collector Saturation Region
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Figure 11. Temperature Coefficients
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Figure 13. Effects of Base-Emitter Resistance
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TIP31, TIP31A, TIP31B, TIP31C, (NPN), TIP32, TIP32A, TIP32B, TIP32C, (PNP)

ORDERING INFORMATION
Device Package Shipping
TIP31 TO-220AB 50 Units/Rail
TIP31A TO-220AB 50 Units/Rail
TIP31B TO-220AB 50 Units/Rail
TIP31C TO-220AB 50 Units/Rail
TIP32 TO-220AB 50 Units/Rail
TIP32A . TO-220AB 50 Units/Rail
TIP32B TO-220AB 50 Units/Rail
TIP32C TO-220AB 50 Units/Rail
PACKAGE DIMENSIONS
TO-220AB
CASE 221A-09
ISSUE AA
NOTES:
T ) SEAne 1. DIMENSIONING AND TOLERANCING PER ANS!
VS 082
= 2. CONTROLLING DiM : INCH,
v F T— L 9, 3. DIMENSION Z DEFINES A ZONE WHERE ALL
S ol BODY AND LEAD IRREGULARITIES ARE
ALLOWED.
T P INCHES | MILLIMETERS
A | om [ WN_T mAX [ MIN | mAX
T A [ 0570 | 0620 | 1448 | 1575
l U B | 0380 | 0405 | 966 | 1028
C_J 0160 | 0.190 | 407 | 482
f D [ 0025 [ 0035 | 064 | 088
F [ 0142 [ 0147 | 361 | 373
K G | 0095 | 0105 | 242 | 266
H | 0110 | 0155 | 280 | 393
i J | 0018 | 0025 | 046 | 064
K | 0500 | 0562 | 12.70 | 1427
R : ‘ L [ 0045 [ 0080 | 1.15 | 152
S N | 0.190 | 0.210 | 483 | 533
J Q {0100 | 0120 | 254 | 308
0.080 | 0.110 | 204 [ 279
0045 [ 0055 | 1.15 | 139
"y STYLE1: 0235 | 0255 | 597 | 647
D PINT. BASE U | 0000 | 0050 | 000 | 127
— "; gﬁ:—‘ngo“ v o045 | - | 115 | —
4. COLLECTOR 2] — om0 ] —1 20

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

PUBLICATION ORDERING INFORMATION

Literature Fulfiliment: JAPAN: ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051
P.0. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5773-3850
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada . . .

Email: ONlit@hibbertco.com ON Semiconductor Website: http://fonsemi.com

For additional information, please contact your local

N. American Technical Support: 800-282-9855 Toll Free USA/Canada Sales Representative.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by 1N5817/D

Axial Lead Rectifiers

... employing the Schottky Barrier principle in a large area metal-to—silicon
power diode. State—of-the—art geometry features chrome barrier metal,
epitaxial construction with oxide passivation and metal overlap contact. Ideally
suited for use as rectifiers in low—voltage, high~frequency inverters, free
wheeling diodes, and polarity protection diodes.

e Extremely Low vf ,

e Low Stored Charge, Majority Carrier Conduction

o Low Power Loss/High Efficiency

Mechanical Characteristics
e Case: Epoxy, Molded
+ Weight: 0.4 gram (approximately)

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

o Lead and Mounting Surface Temperature for Soldering Purposes: 220°C
Max. for 10 Seconds, 1/16” from case

« Shipped in plastic bags, 1000 per bag.
 Available Tape and Reeled, 5000 per reel, by adding a “RL" suffix to the
part number

¢ Polarity: Cathode Indicated by Polarity Band
o Marking: 1N5817, 1N5818, 1N5819

MAXIMUM RATINGS

1N5817
1N5818
1N5819

1N5817 and 1N5819 are
Motorola Preferred Devices

SCHOTTKY BARRIER
RECTIFIERS
1 AMPERE
20, 30 and 40 VOLTS

CASE 59-04

Rating Symbol | 1N5817 | 1N5818 | 1N5819 | Unit
Peak Repetitive Reverse Voltage VRRM 20 30 40 \
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 \
RMS Reverse Voltage VR(RMS) 14 21 28 \
Average Rectified Forward Current (2) lo 1.0 A
(VR(equiv) < 0.2 VR(dc), T = 90°C,
RgJA = 80°C/W, P.C. Board Mounting, see Note 2, Ta = 55°C)
Ambient Temperature (Rated VR(dc), PF(av) = 0, Rgja = 80°C/W) TA 85 I 80 l 75 °C
Non-Repetitive Peak Surge Current IESM 25 (for one cycle) A
(Surge applied at rated load conditions, half-wave, single phase 60 Hz,
T =70°C)
Operating and Storage Junction Temperature Range (Reverse Voltage applied) TJ. Tstg —65to +125 °C
Peak Operating Junction Temperature (Forward Current applied) TJ(pk) 150 °C
THERMAL CHARACTERISTICS (2)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RgJA 80 °C/W
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) (2)
Characteristic Symbol | 1N5817 | 1N5818 | 1N5819 | Unit
Maximum Instantaneous Forward Voltage (1) (iF=0.1A) VF 0.32 0.33 0.34 \
(iF=1.0A) 0.45 0.55 0.6
(iF=3.0A) 0.75 0.875 0.9
Maximum Instantaneous Reverse Current @ Rated dc Voltage (1) (T =25°C) IR 1.0 1.0 1.0 mA
(T =100°C) 10 10 10

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.
(2) Lead Temperature reference is cathode lead 1/32” from case.

Preferred devices are Motorola recommended choices for future use and best overall value.

Rev 3

© Motorola, Inc. 1996

@ MOTOROLA



1N5817 1N5818 1N5819

NOTE 1 — DETERMINING MAXIMUM RATINGS

125 =

\\:\\\ 4/30 3[0 123

Reverse power dissipation and the possibility of thermal runaway S \\\\QS\:\ /|
must be considered when operating this rectifier at reverse voltages it 15 ~ SN F =
above 0.1 VRyyM. Proper derating may be accomplished by use of 4 \\ '~\\ AN <
equation (1). 5 105 \ NN

TA(max) = Ty(max) — ReJAPF(AV) ~ ReJAPR(AV) M u NIAN N
where TA(max) = Maximum allowable ambient temperature = R oC/W) = 110 N
= Mai N ] 9JA (°CIW) = / N \ N
TJ(max) = Maximum allowable junction temperature F oo . < N
(125°C or the temperature at which thermal ) 80 i \ \\
runaway occurs, whichever is lowest) w 607
PF(AV) = Average forward power dissipation = 8
PR(AV) = Average reverse power dissipation # \
RgJA = Junction—to—ambient thermal resistance = ~N

Figures 1, 2, and 3 permit easier use of equation (1) by taking re- 75
verse power dissipation and thermal runaway into consideration. The 20 30 40 50 7.0 10 15 20
figures solve for a reference temperature as determined by equation VR, DC REVERSE VOLTAGE (VOLTS)

2. _ Figure 1. Maximum Reference Temperature
TR = Tymax) ~ ReJAPR(AV) 2 1N5817
Substituting equation (2) into equation (1) yields:
TA(max) = TR — ReJAPF(AV) ©) ¥ |
- [

Inspection of equations (2) and (3) reveals that TR is the ambient W\ :\\ = \\ D (30 [ 23
temperature at which thermal runaway occurs or where Tj = 125°C, ol 15 [~ \\: Y V »
when forward power is zero. The transition from one boundary condi- w ~J1 T~ \NM %
tion to the other is evident on the curves of Figures 1, 2, and 3 as a 2 \\ A \\
difference in the rate of change of the slope in the vicinity of 116°C. The E 105 AN AN
dataof Figures 1, 2, and 3isbased upon dc conditions. Foruseincom- o RgJa (°C/W) =110 \&)\\
mon rectifier circuits, Table 1 indicates suggested factors for an equiv- ] o )\ N \
alent dc voltage to use for conservative design, that is: W g 602 N

VR(equiv) = Vin(PK) X F /3 N
The factor F is derived by considering the properties of the various rec- i 85 \
tifier circuits and the reverse characteristics of Schottky diodes. 3:{ ‘\

EXAMPLE: Find TA(max) for 1IN5818operatedina 12-voltdc supply 1= N
usingabridge circuitwith capacitive filter suchthatipc = 0.4 A(IF (av) = 75 %\ o 70 m 5 2 30
0.5A),1 /l =10, Input Voltage = 10 V| , RgyA = 80°C/W. - : g i

(FMYHAY) DG VR, DC REVERSE VOLTAGE (VOLTS)
Step 1. Find V) iv)- Read F = 0.65 Table 1 > !
ep 1N ...R\S%q(glquiv) =a(1,41)(10)((;r_ Z?) =a§_§ v Figure 2. Maximum Reference Temperature
Step 2. Find TR from Figure 2. Read TR = 109°C 1N5818
@ VR =9.2Vand RgJa = 80°C/W.
Step 3. Find Pr(av) from Figure 4. **Read PF(av) = 0.5 W 125
| ———uan 40
@J'(%\\I/'I)) =10and Ifay) = 0.5 A. o \Q§:\\& | 30
TS ~ 5 23
w
~
Step 4. Find TA(max) from equation (3). E O > Qi'(\
TA(man) = 109 - (80) (0.5)= 69°C. 2 DN NN
a RgJa (°CCW) =110 L~ NN N
**Values given are for the 1N5818. Power is slightly lower for the = 0JA . \\ \\\
1N5817 because of its lower forward voltage, and higher for the " o5 8,0 2 \; NN N \
1N5819. 2 60 NTNONCY
2 ANNNN
s A NN
W85 NV
E BN
754.0 5.0 7.0 10 15 20 30 40
VR, DC REVERSE VOLTAGE (VOLTS)
Figure 3. Maximum Reference Temperature
1N5819
Table 1. Values for Factor F
Circuit Half Wave Full Wave, Bridge Full Wave, Center Tapped*t
Load Resistive Capacitive* Resistive Capacitive Resistive Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 13
Square Wave 0.75 1.5 0.75 0.75 1.5 15

*Note that VR(pK) =20 Vin(PK)»

T Use line to center tap voltage for Vin-

Rectifier Device Data



1N5817 1N5818 1N5819

%’g % Z s0

o I I l E L Sine Wave ————1 7/

= 80 BOTH LEADS TO HEATSINK, A = 30} Ypm= 7 (Resistive Load) s -
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Figure 4. Steady—State Thermal Resistance Figure 5. Forward Power Dissipation
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<§( 0.07 l‘_t _’| TIME equivalent square power pulse. ]

4 A ]

it 0.05 - ATy = pk-RJJL(mu-D)-r(t1+tp)+r(tp)—r(t1)1 s

= — where

= 0.03 ATJL=theincreaseinjunction p above the lead temp T

E 0.02 = ized value of transient thermal resistance at time, t, from Figure 6, Le.:

@ 1{tq + tp) = normalized value of transient thermal resistance attime, ty + t.

=z

= 001 WA Z TN ) o~ Y,
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Figure 6. Thermal Response

NOTE 2 — MOUNTING DATA
Data shown for thermal resistance junction—to—ambient (Rg JA) for
the mountings shown is to be used as typical guideline values for pre-
liminary engineering, or in case the tie point temperature cannot be
measured.

TYPICAL VALUES FOR RgJA IN STILL AIR

Mounting Lead Length, L (in)
Method 1/8 114 112 34 RoJa
1 52 65 72 85 *C/W
2 67 80 87 100 “CW
3 50 *CIW

Mounting Method 3

P.C. Board with
1-1/2" x 1-1/2"

Mounting Method 1

P.C. Board with
=12 x 1-1/2"

copper surface. copper surface.
L=3/8"
‘ L L 3 “
BOARD GROUND
Mounting Method 2 PLANE

VECTOR PIN MOUNTING

Rectifier Device Data



1N5817 1N5818 1N5819

NOTE 3 — THERMAL CIRCUIT MODEL
(For heat conduction through the leads)

Tw  Tew T

Use of the above model permits junction to lead thermal resistance
for any mounting configuration to be found. For a given total lead
length, lowest values occur when one side of the rectifier is brought
as close as possible to the heatsink. Terms in the model signify:

Tp = Ambient Temperature T = Case Temperature
T\ = Lead Temperature Ty = Junction Temperature
Rgs = Thermal Resistance, Heatsink to Ambient

RgL = Thermal Resistance, Lead to Heatsink

RgJ = Thermal Resistance, Junction to Case

Pp = Power Dissipation

(Subscripts A and K refer to anode and cathode sides, respectively.)
Values for thermal resistance components are:

RgL = 100°C/Wiin typically and 120°C/MWfin maximum

Rgy = 36°C/W typically and 46°C/W maximum.

125 1 1 111
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% %:/// 25°C 75 1 1 ) [ |
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Egé 10 [// NUMBER OF CYCLES
§ 07 III Figure 8. Maximum Non-Repetitive Surge Current
2 05 [
2 [+ 0 M7 I50
S 03 [ 1] 20 |- 1% — — e
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Figure 7. Typical Forward Voltage

VR, REVERSE VOLTAGE (VOLTS)

Figure 9. Typical Reverse Current
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1N5817 1N5818 1N5819
NOTE 4 — HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result of majority carri- 200
er conduction, itis not subject to junction diode forward and reverse re- -
covery transients due to minority carrier injection and stored charge. \\ 1 N
Satisfactory circuit analysis work may be performed by using a model 100 h P
consisting of an ideal diode in parallel with a variable capacitance. (See
Figure 10.) 70 INo817

Rectification efficiency measurements show that operation will be 1N5818 ™
satisfactory up to several megahertz. For example, relative waveform ;N581I9 -
rectification efficiency is approximately 70 percentat 2.0 MHz, e.g., the | \
ratio of dc power to RMS power in the load is 0.28 at this frequency, 30 T 25| c

4 =25°
20 f=1.0MHz N

50

C, CAPACITANCE (pF)

whereas perfect rectification would yield 0.406 for sine wave inputs.
However, in contrast to ordinary junction diodes, the loss in waveform
efficiency is not indicative of power loss: itis simply a result of reverse
current flow through the diode capacitance, which lowers the dc output

Itage. 10
vorege 04 06 0810 20 40 6.08010 20 40
VR, REVERSE VOLTAGE (VOLTS)

Figure 10. Typical Capacitance

Rectifier Device Data
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PACKAGE DIMENSIONS

.

NOTES:

1. ALLRULES AND NOTES ASSOCIATED WITH
JEDEC DO-41 QUTLINE SHALL APPLY.

2. POLARITY DENOTED BY CATHODE BAND.

K 3. LEAD DIAMETER NOT CONTROLLED WITHIN F

l DIMENSION.

MILLIMETERS INCHES
MIN | MAX | MIN [ MAX
597 | 660 | 0235 | 0.260
279 | 306 | 0110 j 0120
076 § 0.86 | 0.030 | 0.034
27.94 — | 1.100 —

>
J
o
=

ZUW!’!

CASE 59-04
ISSUEM

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
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Data Sheet

600V, SMPS Series N-Channel IGBT

The HGTG40N60A4 is a MOS gated high voltage switching
device combining the best features of a MOSFET and a
bipolar transistor. This device has the high input impedance
of a MOSFET and the low on-state conduction loss of a
bipolar transistor. The much lower on-state voltage drop
varies only moderately between 25°C and 150°C. This IGBT
is ideal for many high voltage switching applications
operating at high frequencies where low conduction losses
are essential. This device has been optimized for high
frequency switch mode power supplies.

Formerly Developmental Type TA49347.

Ordering Information

PART NUMBER PACKAGE BRAND
HGTG40N60A4 TO-247

40N60A4

NOTE: When ordering, use the entire part number.

Symbol

HGTG40N60A4

December 2001

Features

+ 100kHz Operation At 390V, 40A

* 200kHz Operation At 390V, 20A

» 600V Switching SOA Capability

» Typical Fall Time. . ...covvvnnvnnenns 55ns at Ty = 125°

* L ow Conduction Loss

Packaging

JEDEC STYLETO-247

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931
4,598,461 4,605,948 4,620,211 4,631,564
4,682,195 4,684,413 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4,532,534 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,783,690 4,794,432 4,801,986
4,823,176 4,837,606 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

©2001 Fairchild Semiconductor Corporation

HGTG40NB0A4 Rev. B



HGTG40N60A4

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

HGTGA40N60A4
600

75

63

300

+20

+30
200A at 600V

UNITS

<< P PP

Collector to EmMitter VORAGE « « v« v v vvveiieiiee i cis i enar s cesenes BVGcEs
Collector Current Continuous

AT =2500 L.ttt ia s i e lcos

ALTE=11000 L ittt e a e Ic110
Collector Current Pulsed (Note 1) ... oo vttt e Icm
Gate to Emitter Voltage CONtiNUOUS. . ... v cvvnin i iiain i canasss e VaES
Gate to EmitterVoltage Pulsed .. ... ... oottt VGEM
Switching Safe Operating Area atT, = 150°C, FigUre 2 . ..o vvvvieceannnnaees SSOA
Power Dissipation Total at Tg =25%C .. ..o .veieeriian it raannareceans Pp
Power Dissipation Derating Te > 25%C .. oo iuvinneeven e aaeene
Operating and Storage Junction Temperature Range ..............cooevinnes Ty TsTG
Maximum Lead Temperature forSoldering . .....c..vviiiiiinne et T

625
5

-55 to 150

device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. Pulse width limited by maximum junction temperature.

260

w
wree
°c
°c

Electrical Specifications

Ty = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVcEs Ic = 250pA, Vg = 0V 600 - - \
Emitter to Collector Breakdown Voltage BVEcs Ig = 10mA, Vgg = OV 20 - -
Collector to Emitter Leakage Current Ices Vce = BVcEs Ty=25°C - - 250 HA
T, =125°C - - 3.0 mA
Collector to Emitter Saturation Voltage VCE(sAT) g = 40A, Ty =25°C - 1.7 2.7 \'
Vge = 15V
T,=125°C - 1.5 2.0 v
Gate to Emitter Threshold Voltage VGE(TH) Ic = 250pA, Voe = VGE 4.5 5.6 7 \'
Gate to Emitter Leakage Current lcES Vgg =20V - - +250 nA
Switching SOA SSOA T, =150°C, Rg = 2.2Q,Vgg = 15V 200 - - A
L = 100pH, V¢ = 600V
Gate to Emitter Plateau Voltage VGEP Ic = 40A, Vcg = 0.5 BVGES - 8.5 - \
On-State Gate Charge QqoN) Ic = 40A, Vgg = 15V & 350 405 nC
Vge = 0.5 BV,
CE CES lvge=20v : 450 | 520 nC
Current Turn-On Delay Time taoNyl IGBT and Diode at T = 256°C - 25 - ns
o Icg = 40A
Current Rise Time tn VoE = 0.65 BVGES - 18 - ns
) Vgg = 15V
Current Turn-Off Delay Time 1 GE - 145 - ns
y d(OFF)I Rg = 2.2Q
Current Fall Time i L =200puH - 35 - ns
Test Circuit (Figure 20)
Tum-On Energy (Note 3) Eont - 400 - uJ
Tum-On Energy (Note 3) Eong - 850 - uJ
Turn-Off Energy {Note 2) EoFr - 370 - N}

©2001 Fairchild Semiconductor Corporation

HGTG40N60A4 Rev. B

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the




HGTG40N60A4

Electrical Specifications T, = 25°C, Unless Otherwise Specified (Continued)
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Current Turn-On Delay Time taonyl 1GBT and Diode at Ty = 125°C - 27 - ns
i N Icg = 40A
Current Rise Time ty VoE = 0.65 BVces - 20 - ns
! Vgg = 15V
Current Tumn-Off Delay Time ! GE - 185 225 ns
y d(OFF)} Rg = 2.20
Current Fall Time ty L = 200pH - 55 95 ns
Test Circuit (Figure 20)
Tum-On Energy (Note 3) Eon1 - 400 - IN}
Turn-On Energy (Note 3) Eonz - 1220 1400 ud
Turn-Off Energy (Note 2) EorF - 700 800 wd
Thermal Resistance Junction To Case ReJc - - 0.2 o°cw
NOTES:

2. Turn-Off Energy Loss (Eopf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A). All devices were tested per JEDEC Standard No. 24-1 Method for Measurement
of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.

3. Values for two Turn-On loss conditions are shown for the convenience of the circuit designer. Eon1 is the turn-on loss of the IGBT only. Eonz is
the turn-on loss when a typical diode is used in the test circuit and the diode is at the same T as the IGBT. The diode type is specified in Figure 20.

Typical Performance Curves unless Otherwise Specified

80 I < 225 = . . ]
Vge =15V s Ty=150°C, Rg = 2.2Q, Vgg = 15V, L = 100uH
< 50— ! "N Z 200
= PACKAGE LIMITED u
=
W 50 g 175
c w150
3 50 it
< \ E 125
2 40 - &
2 \ o 100
3 30 =
6' o 75
o 20 o
2 \ Ial 50
8o g 25
@
0 o o
25 50 7 100 125 150 (] 100 200 300 400 500 600 700
Tc, CASE TEMPERATURE (°C) Vg, COLLECTOR TO EMITTER VOLTAGE (V)
FIGURE 1. DC COLLECTOR CURRENT vs CASE FIGURE 2. MINIMUM SWITCHING SAFE OPERATING AREA

TEMPERATURE

©2001 Fairchild Semiconductor Corporation HGTG40N60A4 Rev. B



HGTG40N60A4

Typical Performance Curves uniess Otherwise Specified (Continued)

300 T
Tc  Vee
200
\\75°c 15V
100 \\

[ fmax1 = 0.05/ (td(OFF)l + ta(oN)l)

| tmaxz = (Pp - Pc)/ (Eonz + EOFF) A

Pc = CONDUCTION DISSIPATION
(DUTY FACTOR = 50%)

| Rgyc = 0.2°C/W, SEE NOTES

Rg =2.2Q, L =200uH, Vg = 390V

fmax, OPERATING FREQUENCY (kHz)

10
3 10 40 70

Icg, COLLECTOR TO EMITTER CURRENT (A)

FIGURE 3. OPERATING FREQUENCY vs COLLECTORTO
EMITTER CURRENT

< 80 T T T T T

2 DUTY CYCLE < 0.5%, Vg = 12V 4
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6‘ 10 | ] A 7

Q L’

i

L0

0
¢ 02 04 056 08 10 12 14 16 18 20
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FIGURE 5. COLLECTOR TO EMITTER ON-STATE VOLTAGE
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@ 4500 V4
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FIGURE 7. TURN-ON ENERGY LOSS vs COLLECTORTO
EMITTER CURRENT

Icg; COLLECTORTO EMITTER CURRENT (A) tgc, SHORT CIRCUIT WITHSTAND TIME (ps)

Eofg; TURN-OFF ENERGY LOSS (ud)
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FIGURE 4. SHORT CIRCUIT WITHSTAND TIME
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FIGURE 6. COLLECTOR TO EMITTER ON-STATE VOLTAGE
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FIGURE 8. TURN-OFF ENERGY LOSS vs COLLECTORTO
EMITTER CURRENT
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HGTG40N60A4

Typical Performance CUrves unless Otherwise Specified (Continued)

a2 - g
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FIGURE 9. TURN-ON DELAY TIME vs COLLECTORTO
EMITTER CURRENT
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FIGURE 11. TURN-OFF DELAY TIME vs COLLECTORTO
EMITTER CURRENT
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FIGURE 13. TRANSFER CHARACTERISTIC
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FIGURE 14. GATE CHARGE WAVEFORMS
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HGTG40N60A4

Typical Performance Curves unless Otherwise Specified (Continued)
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o 24

= \ DUTY CYCLE < 0.5%, Vgg = 15V

‘g"‘ \ PULSE DURATION = 250ps, Ty = 25°C
g 2.3 \

>

E 2.2 \ \ \\

E035 (Y YL |

= Y Icg = 80A

o 21 ‘ SN

= . T

w \ Ice = 40A

g N

8 20 e !

g [— Ice = 20A

2 I

W19

RS 8 9 10 1 12 13 14 15 16

VgE, GATETO EMITTER VOLTAGE (V)

FIGURE 18. COLLECTORTO EMITTER ON-STATE VOLTAGE vs

VOLTAGE GATE TO EMITTER VOLTAGE

w
o
Z
® o0
e 10 p— .
g 0.50.
3 =
E 0.20 L~ + ]
I /' —_
= 0.10 | chustoto Pp
2 107 2
R s b 1p |
5 0.02 DUTY FACTOR,D =t1 /2
5 .o‘ PEAKT, =(Pp X Zgyc X Reuc) +Tc
=
o SINGLE PULSE
':l_"p 102 / ) 'I.EI ?l |L|

105 104 1073 1072 107! 100 10!

ty, RECTANGULAR PULSE DURATION (s)
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HGTG40N60A4

Test Circuit and Waveforms

HGT1Y40N60A4D

L = 200uH

+

= vpp =390V

FIGURE 20. INDUCTIVE SWITCHING TEST CIRCUIT

Handling Precautions for IGBTs

insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler's body capacitance is not discharged through the
device. With proper handling and application procedures,
however, IGBTSs are currently being extensively used in
production by numerous equipment manufacturers in
military, industrial and consumer applications, with virtually
no damage problems due to electrostatic discharge. IGBTs
can be handled safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, ali leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “ECCOSORBD™ LD26” or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vgem. Exceeding the rated Vgg can result in

permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can result in turn-on of the device due to voltage buildup

on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internal
monolithic Zener diode from gate to emitter. If gate

protection is required an external Zener is recommended.

/\_—.‘\_ 90% /\—-—\
VeE — 10%

- -l
— | EON2 |—

—»| EoFp |w—

Vce
90%
19
Ice 10% -
t4(OFF) —* <J[— ol la—1ty
H—»| |

- < t4(ON)

FIGURE 21. SWITCHING TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device

(Figure 3) is presented as a guide for estimating device
performance for a specific application. Other typical
frequency vs collector current (Icg) plots are possible using
the information shown for a typical unit in Figures 6, 7, 8, 9
and 11. The operating frequency plot (Figure 3) of a typical
device shows fiqax OF fmaxe: whichever is smaller at each
point. The information is based on measurements ofa
typical device and is bounded by the maximum rated
junction temperature.

fmax1 is defined by fyax1 = 0.05/(ta(oFF)I+ td(ON)-
Deadtime (the denominator) has been arbitrarily held to 10%
of the on-state time for a 50% duty factor. Other definitions
are possible. ty.opF); and tgon)i are defined in Figure 21.
Device turn-off delay can establish an additional frequency
limiting condition for an application other than Tyy. ta(OFF)I
is important when controfling output ripple under a lightly
loaded condition.

fmaxe is defined by fyaxz = (Pp - Pc)(EoFF + Eong)- The
allowable dissipation (Pp) is defined by Pp = (Tym - Tc)Reuc-
The sum of device switching and conduction losses must not
exceed Pp. A 50% duty factor was used (Figure 3) and the
conduction losses (P¢) are approximated by P¢ = (Vcg X IcEN2.

Eong and Eogp are defined in the switching waveforms
shown in Figure 21. Egpga is the integral of the instantaneous
power loss {Icg x Vcg) during turn-on and Eqrr is the
integral of the instantaneous power loss (Ice x Vog) during
turn-off. All tail losses are included in the calculation for
EofF; i-e., the collector current equals zero (Icg = 0).

©2001 Fairchild Semiconductor Corporation
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST ® OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMANT™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTo™ Power247 ™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™ TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UltraFET®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME 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 IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

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

PRODUCT STATUS DEFINITIONS

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

Definition of Terms

Datasheet Identification 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 notice in order to improve

design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.
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Order this document

SEMICONDUCTOR TECHNICAL DATA by MUR1520/D
SWITCHMODE™ Power Rectifiers MUR1520
. . . designed for use in switching power supplies, inverters and as MUR1 540
free wheeling diodes, these state—of-the-art devices have the MUR" 560

following features:

Ultrafast 35 and 60 Nanosecond Recovery Time
175°C Operating Junction Temperature

Popular TO-220 Package

High Voltage Capability to 600 Volts

Low Forward Drop

Low Leakage Specified @ 150°C Case Temperature

Current Derating Specified @ Both Case and Ambient
Temperatures

Mechanical Characteristics:

Case: Epoxy, Molded
Weight: 1.9 grams (approximately)

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

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

Shipped 50 units per plastic tube

Motorola Preferred Devices

ULTRAFAST

RECTIFIERS

15 AMPERES
200-400-600 VOLTS

3
&

. —P— CASE 221B-03
¢ Marking: U1520, U1540, U1560 TO-220AC
PLASTIC
MAXIMUM RATINGS
MUR
Rating Symbol 1520 1540 1560 Unit
Peak Repetitive Reverse Voltage VRRM 200 400 600 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current IF(AV) 15 15 Amps
(Rated VR) @ Tc =150°C @ Tg=145C
Peak Rectified Forward Current IFRM 30 30 Amps
(Rated VR, Square Wave, 20 kHz) @ T¢ = 150°C @ Tg = 145°C
Nonrepetitive Peak Surge Current (Surge applied at rated IFsm 200 150 Amps
load conditions halfwave, single phase, 60 Hz)
Operating Junction Temperature and Storage Temperature T4, Tstg —65to +175 °C
THERMAL CHARACTERISTICS
Maximum Thermal Resistance, Junction to Case [ RgJc [ 1.5 l °C/W J
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) VF Volts
(ig = 156 Amps, Tg = 150°C) 0.85 1.12 1.20
(if = 15 Amps, T = 25°C) 1.05 1.25 1.50
Maximum Instantaneous Reverse Current (1) iR HA
(Rated dc Voltage, T¢ = 150°C) 500 500 1000
(Rated dc Voltage, T = 25°C) 10 10 10
Maximum Reverse Recovery Time ter 35 60 ns
(IF = 1.0 Amp, di/dt = 50 Amps/ps)

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle <2.0%.

SWITCHMODE is a trademark of Motorola, Inc.

Preferred devices are Motorola recommended choices for future use and best overall value.

Rev 1

© Motorola, Inc. 1996
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MUR1520 MUR1540 MUR1560
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MUR1520 MUR1540 MUR1560
PACKAGE DIMENSIONS

NOTES:
ht— 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
S 2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS
| MIN_j MAX MIN | MAX
.595 | 0.620 | 15.41 | 1575

.380 | 0.405 .65 | 1029
160 | 0190 | 4.06 482
02! .035 | 064 088
0.14 147 | 3. 373
0180 | 0210 | 4 533
0.110 | 0.130 ¢ 278 330
0018 | 0.025 | 046 | 084
0.500 | 0.562 | 12.70 | 1427
0.045 | 0.060 14 1.52
0.100_| 0.120 .54 304
0.080 | 0.110 .04 279
1045 | 0.055 .14 139
.235 | 0.285 .97 6.48
.000 | 0.050 ; 0.000 1.27

S

T r— —>|D<—

X —erea— > ——>
[

t:—nn;uon-'XL'rn-nuom>|

L "Z‘H-D R~l‘|<—

CASE 221B-03
(TO-220AC)
ISSUE B

Motorola reserves the right to make changes without further notice to 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
specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. Alloperating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applicationsintended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, In¢. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.
How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.: SPD, Strategic Planning Office, 4-32-1,
P.O. Box 5405, Denver, Colorado 80217. 1-303-675-2140 or 1-800-441-2447  Nishi-Gotanda, Shinagawa—ku, Tokyo 141, Japan. 81-3-5487-8488

Customer Focus Center: 1-800-521-6274

Mfax™: RMFAX0@email.sps.mot.com ~ TOUCHTONE 1-602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
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SEMICONDUCTOR TECHNICAL DATA by MUR3020WT/D
SWITCHMODE™ Power Rectifiers MUR3020WT

... designed for use in switching power supplies, inverters and as free MUR3040WT
wheeling diodes, these state-of—the—art devices have the following features:
o Ultrafast 35 and 60 Nanosecond Recovery Time MU R3060WT
e 175°C Operating Junction Temperature Motorola Preferred Devices
o Popular TO-247 Package
¢ High Voltage Capability to 600 Volts
¢ Low Forward Drop ULTRAFAST RECTIFIERS
s Low Leakage Specified @ 150°C Case Temperature 30 AMPERES

o Current Derating Specified @ Both Case and Ambient
Temperatures

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

Mechanical Characteristics
o Case: Epoxy, Molded
« Weight: 4.3 grams (approximately)

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

200-400-600 VOLTS

o Lead Temperature for Soldering Purposes: 260°C Max. for 10 CASE 340K-01
Seconds TO-247AE
¢ Shipped 30 units per plastic tube
« Marking: U3020, U3040, U3060
MAXIMUM RATINGS, PER LEG
Rating Symbol MUR3020WT | MUR3040WT | MUR3060WT | Unit
Peak Repetitive Reverse Voltage VRRM 200 400 600 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current @ 145°C IF(AV) 15 Amps
Total Device 30
Peak Repetitive Surge Current IEM 30 Amps
(Rated VR, Square Wave, 20 kHz, T¢ = 145°C) :
Nonrepetitive Peak Surge Current IFsm 200 150 Amps
(Surge applied at rated load conditions,
halfwave, single phase, 60 Hz)
Operating Junction and Storage Temperature Ty, Tstg -65t0+175 °C
THERMAL CHARACTERISTICS, PERLEG
Maximum Thermal Resistance — Junction to Case ReJc 15 °C/W
— Junction to Ambient RoJA 40
ELECTRICAL CHARACTERISTICS, PER LEG
Maximum Instantaneous Forward Voltage (1) VE Volts
(If = 15 Amp, T¢ = 150°C) 0.85 1.12 14
(Ig = 15 Amp, Tg = 25°C) 1.05 1.25 1.7
Maximum Instantaneous Reverse Current (1) iR HA
(Rated DC Voltage, T = 150°C) 500 1000
(Rated DC Voitage, T = 25°C) 10 10
Maximum Reverse Recovery Time ter 35 60 ns
(iF = 1.0 A, di/dt = 50 Amps/us}

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

SWITCHMODE is a trademark of Motorola, Inc.

Preferred devices are Motorola recommended choices for future use and best overali value.

Rev 2

© Motorola, Inc. 1996
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MUR3020WT MUR3040WT MUR3060WT
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Figure 2. Typical Reverse Current (Per Leg)*

& 16
s
= \\
Faa
& \\ de
e 12
o \\
]
(&) 10 N,
g2 N\
= SQUARE WAVF:\ Y
Z 3 <
o
e N\
wl
8 \
® 4
= RATED VOLTAGE APPLIED \\
A
Z
£

140 150 160 170 180

Tc, CASE TEMPERATURE (°C)
Figure 3. Current Derating, Case (Per Leg)
& 16 . . : :
E (RESISTIVE LOAD) 1PK =
=14 lav 7
= v i /
2 1217 (cAPACITIVE LOAD) K =5 17 /’
£ o Tav \7/ A e
2 w, |V ¥V 7
QD: 8 ,/ / ///
G 20 /;<
3 . N 8
w s SQUARE WAVE
= 125°

z, v Ty=126°C
= ~
2
=% 2 4 6 8 10 12 14 16

IF(av), AVERAGE FORWARD CURRENT (AMPS)

Figure 5. Power Dissipation (Per Leg)

Rectifier Device Data



MUR3020WT MUR3040WT MUR3060WT

100 100 ; =T, = 150°C
50 f
[
5 z @ 100°C
= 10 :
100°C ~ 25°C
TE0C] | [ 25C E 5 =
30 /// // ll'lrJ 2
o
0 / 3 1 =
/ Y05 = ==
Y 4 G g2 ~
S 10 = 01 _
y y4 ©
4 , &
£ yAW A4 005
[} yAIVARW i 0.02
g 5  r i/ 0.01
a3 / / / 0 50 100 150 200 250 300 350 400 450 500
2 / / VR, REVERSE VOLTAGE (VOLTS)
5 3 y *“The curves shown are typical for the highest voltage device in the voltage grouping.
e 9 A / Typicalreverse current for lower voltage selections canbe estimated from these same
2] / / curves if VR is sufficiently below rated VR.
; / / Figure 7. Typical Reverse Current (Per Leg)*
R
=z 7
= =y & 16
172} J1 7 o
z =
" / / <y
u g N
A : NN
/ | 2 <
03 3 1 \\
[m] L \
/ 2 SQUARE WAV-\ \
02 = 8 N
Vi 2 N\
/1] 5 - \
0.1 Z N
0.2 04 0.6 0.8 1 12 1.4 16 =4 ] -
v, INSTANTANEOUS VOLTAGE (VOLTS) =3 > RATED VOLTAGE APPLIED \
=
Figure 6. Typical Forward Voltage (Per Leg) = 0
~ 140 150 160 170 180
T, CASE TEMPERATURE (°C)
Figure 8. Current Derating, Case (Per Leg)
9
B 14 I @ 16 oo 2
= dc E (RESISTIVE-INDUCTIVE LOAD) PK =m 7/
= 1 ~\ g ul- | A
3 NG Roja=15°CAWAS OBTAINED | Z | (CAPACITVE LOAD) ¥ =5/ I
Z 10 ~L N lsusiNcASMALLFINNED 1 & 2T oy /
3 N T/ HEAT SINK. —1 £ / AN
o 8 SQUARE WE \\ :;\ 2 10 /
S i N 2 20 A / SQUARE WAVE
= [ N o= g —
S 6 de AN E // / //
Y . S ™ S 6 74 //
e , ~— N w // //
2 ¥ N .
§ | SQUAREWAVE N = 4 // 7 721250
Z ] Rgya=40°CW £ \\\x\\\ 2 ) 777
S | ASOBTAINEDINFREE AR \Q =2 =
I o [\WITHNOHEAT SINK o 2,
0 20 40 60 80 100 120 140 160 180 200 a0 2 4 6 8 10 12 14 16
Th, AMBIENT TEMPERATURE (°C) IF(Av), AVERAGE FORWARD CURRENT (AMPS)
Figure 9. Current Derating, Ambient (Per Leg) Figure 10. Power Dissipation (Per Leg)
Rectifier Device Data 3



MUR3020WT MUR3040WT MUR3060WT

iF, INSTANTANEOUS FORWARD CURRENT (AMPS)

|F(Av), AVERAGE FORWARD CURRENT (AMPS)

100
50
Ty=150°C |
30 (=
L1 e
20 // 1
//// 280C |
10 /// //
/ A V
7177
717 7
5 a4 )4
/L 1/
3 V717
2 (/ /
I/ Wi
1 I ]
/
i /
05 // /l /l
/ /
)
03 / /
02
[ 1
LU
02 06 08 1 12 14 16
vF, INSTANTANEOUS VOLTAGE (VOLTS)
Figure 11. Typical Forward Voltage (Per Leg)
10 <% W AN\ Wy
9 \ 5 Rg A = 16°C/W AS OBTAINED
] |, FROMASMALLTO-220
8 \\‘ HEAT SINK. —
7| SQUARE WAVE 7
6 N
5 \\
4 dc \\\
3 — \\
| SQUAREWATE 1~ T AN S
Rgya =60°CW —
1} AS'OBTAINED INFREE AR §\\~
o |_WITH NO HEAT SINK. S
0 20 40 60 8 100 120 140 160 180 200

Ta, AMBIENT TEMPERATURE (°C)

Figure 14. Current Derating, Ambient (Per Leg)

200

1 I

100

50

Ty = 150°C

20

10

100°C

5

2

1

0.5

— 25:C

02

IR, REVERSE CURRENT ( 1 A)

0.1

0.05

0.02
1

50 200 250 300 350 400 450 500 550 600 650

VR, REVERSE VOLTAGE (VOLTS)

*The curves shown are typical for the highest voltage device in the voltage grouping.
Typicalreverse current for lower voltage selections can be estimated from these same
curves if VR is sufficiently below rated VR.

Figure 12. Typical Reverse Current (Per Leg)*
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r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED)
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PACKAGE DIMENSIONS
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* C“’I F‘ 1. DIMENSIONING AND TOLERANCING PER ANSI
4 Y14.5M, 1982.
/ 2. CONTROLLING DIMENSION: MILLIMETER.

MILLIMETERS INCHES
MIN_| MAX | MiN | MAX
19.7 | 203 | 0776 | 0.799
153 | 159 | 0.602 | 0626
47 | 53 1 0185 | 0.209
1.0 | 1.4 | 0039 | 0.055
1,27 REF 0,050 REF
20 | 24 | 0079 | 0.094
55B5C 0.216 BSC
0,087 | 0.102
04 | 08 ] 0016 | 0.031
142 | 148 | 0559 | 0.583
55 NOM 0217 NOM
37 ] 43 0146 | 0.169
355 | 365 | 0.140 | 0.144
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F 5.0 NOM 0,197 NOM
55BSC 0.217 BSC
D 3.0 34 | 0118 [ 0.134
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PIN 1. ANODE 1
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ANODE 2
CASE 340K-01 CATHODE(S)
ISSUE O

Motorola reserves the right to make changes without further notice to 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
specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in differentapplications and actual performance may vary over time. All operating parameters, including “Typicals’
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applicationsintended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorofa products forany such unintended orunauthorized application, Buyer shaliindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomney 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
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.
How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.: SPD, Strategic Planning Office, 4-32-1,
P.O. Box 5405, Denver, Colorado 80217. 303-675-2140 or 1-800-441-2447 Nishi-Gotanda, Shinagawa—ku, Tokyo 141, Japan. 81-3-5487-8488

Mfax™: RMFAXO@email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
_US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
INTERNET: http://motorola.com/sps
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