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Abstract

This thesis presents a design of heat induction system. The system gives effective heating to
material using 52 KHz signal. The sysfem includes control stage, gate driver and power IGBT
( Insulated Gate Bipolar Transistor ) to supply more current. The circuit is a full bridge converter and

output is achieved at resonant frequency which maximum output current and efficiency.
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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 ampiifier, pulse width modulator, pulse
metering and steering logic, and two high current totem pole outputs ideally
suited for driving the capacitance of power FETs at high speeds.

Additional protective features include soft start and undervoltage lockout,
digital current limiting, double pulse inhibit, adjustable dead time and a data
latch for single pulse metering. All digital control ports are TTL and B-series
CMOS compatible. Active low logic dssign 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 $G3526 is specified over a
junction temperature range of 0° to +125°C.

e 8.0V to 35V Operation

e 5.0V 1% Trimmed Reference

e 1.0 Hz to 400 kHz Cscillator Range

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

e Programmable Dead Time

e Undervoltage Lockout

e Single Pulse Metering

e Programmable Soft-Start

e ‘Wide Current Limit Common Mode Range
L

Guaranteed 6 Unit Synchronization

Representative Block Diagram

Vref 0—&————1
Under—
17 | Reference
voo 2 et 5
L) {
Ground »- 10 Internal
Circuitry 14
O \g
13
L o
Output
A
i 16
Output
B

Order this document by SG3526/D

SG352%

PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 707

PIN CONNECTIONS

+Error[ 1| 118 ] Vet
~Error E E Vee
Compensation E E Output B
Csoft-Start E 15 | Ground
Reset [ 5 | 14 ]ve
—<s(s] [13] Output A
+CS E E Sync
Shutdown ‘_T_ 11 | RDeadtime

RTE ECT

— &

(Top View)

ORDERING INFGRMATION

Operating
Device Temperature Range Package
SG3526N Ty =0°to+125°C Plastic DIP

© Motorola, Inc. 1996 Rev 2



$G3526
MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Supply Voltage Vce B +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic Inputs -0.3to +5.5 \Y
Analog Inputs -0.3to Vo Vv
Output Current, Source or Sink lo +200 mA
Reference Load Current (Vo =40V, Note 2) Iref 50 mA
Logic Sink Current 15 mA
Paower Dissipation Pp mwW
Ta = +25°C (Note 3) 1000
Tg = +25°C (Note 4) 3000
Thermal Resistance Junction—to—Air RgJA 100 °CW
Thermal Resistance Junction—to-Case RpJc 42 °CW
Operating Junction Temperature Ty +150 £C,
Storage Temperature Range Tstg —65 to +150 °C
Lead Temperature (Soldering, 10 Seconds) Tsolder +300 °C
NOTES: . Values beyond which damage may occur.
2. Maximum junction temperature must be observed.
3. Derate at 10 mV\/°C for ambient temperatures above +50°C.
4. Derate al 24 mW/°C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS
Characteristics Symbol Min Max Unit
Supply Voltege Mee 8.0 35 \Vdc
Collector Supply Voltage Ve 4.5 B85 Vdc
Output Sink/Source Current (Each Qutput) o 0 +100 mA
Reference Load Current lref 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor R 20 150 kQ
Oscillator Timing Capacitor Cr 0.001 20 uF
Available Deadtime Range (40 kHz) ‘ < 3.0 50 %
_Operating Junction Temperature Range Ty J +128 °C

MOTOROLA ANALOG IC DEVICE DATA




SG3526

ELECTRICAL CHARACTERISTICS (Vog = +15 Vdc, T = Tiow to Thigh [Note 5], unless otherwise noted.)
r Characteristics 1 Symbol ! Min l Typ [ Max ! Unit J

REFERENCE SECTION (Note 6)

Reference Output Voltage (T = +25°C) Vref 4.90 5.00 5.10 \Y
Line Regulation (+8.0V <Vpg £ +35V) Regjine - 10 30 mV
Load Regulation (0 mA < !|_< 20 mA) Reglpad - 10 50 mV
Temperature Stability AVyeflAT - 10 - mV
Total Reference Output Voltage Variation AVief 4.85 5.00 5.15 \
(+B0V <Vpp £ +35V, 0 mA << 20 mA)
Short Circuit Current (Vref = 0 V) (Note 2) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT '
Reset Output Voltage (Vief = +3.8 V) - 0.2 0.4 \
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 Afose - 0.5 1.0 %
(+8.0V < VoG S+35V) Fveo
Frequency Stability over Temperature Afosc - 2.0 - %
(ATy = Tiow t0 Thigh) ATy
Minimum Frequency fmin - 0.8 - Hz
(RT = 150 kQ, CT = 20 pF)
Maximum Frequency fmax 400 - - kHz
(RT = 2.0 k, C =0.001 pF)
Sawtooth Peak Voltage (Voc = +35 V) Vosa(P) - 3.0 35 \Y
Sawtooth Valley Voltage (VGG = +8.0V) FVose) | 045 | 08 I R
ERROR AMPLIFIER SECTION (Note 8)
Input Offset Voltage (Rg < 2.0 k2) Vio - 2.0 10 mv
—Input Bias Current he — -350 —2000 nA
Input Offset Current o - 35 200 nA
DC Open Loop Gain (R = 10 MQ) AvOL 60 W2 - dB
High Output Voltage VoH 3.6 4.2 - \Y
(VPin 1-VPin 2 2 +150 MV, lsourse = 100 UA)
Low Output Voltage VoL = 0.2 04 \Y
(Vpin 2-VPin 1 2150 mV, lsink = 100 pA)
Common Mode Rejection Ratio (Rg < 2.0 kQ) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12V <V < +18 V) PSRR 66 80 - dB

NCTES: 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 (R = 4.12 kQ £ 1%, C1 = 0.01 pF £1%, Rn=0Q)
8.0V<Vppms+H2V. '

MOTOROLA ANALOG IC DEVICE DATA , i



SG3526

ELECTRICAL CHARACTERISTICS (continued)

r Characteristics l Symbol ] Min l Typ l Max l UnitJ
PWM COMPARATOR SECTION (Note 7)
Minimum Duty Cycle DCmin - - 0 %
(VCompensation = *0.4 V)
Maximum Duty Cycle DCmax 45 49 - %

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

Output Voltage | | vV
(High Logic Level) (Isource =40 nA) VOH 24 4.0 -
(Low Logic Level) (Isink = 3.6 mA) VoL - 0.2 0.4
Input Current — High Logic Level A HA
(High Logic Level) (Vi = +24 V) liH - -125 -200
(Low Logic Leve! (Vi = +0.4 V) i - 225 1 -360
CURRENT LIMIT COMPARATOR SECTION (Note 9)
Sense Voltage (Rg <50 Q) Vsense 80 100 120 mA
Input Bias Current B = -3.0 -10 LA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 0.4 \Y)
Csoft-Start Charging Current (Reset = +2.4 V) lcs 50 100 150 uA
OUTPUT DRIVERS (Each Output, V¢ = +15 Vag, unless otherwise notec.)
Output High Level VoH \%
Isource = 20 mA 12.5 13% -
Isource = 100 mA 12 13 =
Output Low Level VoL \
lsink = 20 mA - B2 0.3
Isink = 100 mA - 1.2 2.0
Collector Leakage, Vg = +40 V IC(leak) = 50 150 LA
Rise Time (Cy_= 1000 pF) iy - 0.3 0.6 us
Fall Time {C_ = 1000 pF) tf - 01 0.2 us
Supply Current Ice = 18 30 mA

(Shutdown = +0.4 V, Vg = 35 V, RT =4.12 kQ)

NOTES: 7. fpgc = 40 kHz (RT = 4,12 kQ £ 1%, C1 = 0.01 .F £ 1% Rp =0 9)
8.0V<Voy<+5.2V
9.0V <Vgoy <+12V

4 _ - MOTOROLA ANALOG IC DEVICE DATA
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Figure 1. Refercnce Stability over Temperature
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Figure 7. VG Saturation Voltage as a

Function of Sink Current Figure 8. Oscillator Period
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Figure 9. Error Amplifier Figure 10. Undervoltage Lockout
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12V | &9 4
Bandgap ‘;
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Q12 ? R2 =
¢100pA
14pA 3 Compensation ) 41
) Q10 | ¥ 1000 i
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500
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—Error + Efror

Figure 11. Pulse Frocessing Logic

Memory
FIF The metering Flip-Flop is an asynchronous data latch
il S whic: suppresses high frequency oscillations by allowing
Syne I 9 only one PWM pulse per oscillator cycle.
S o—r o> Clock
PWM —D  _| e
Q> PWM The memory Flip-Flop prevents double pulsing in a
L push—pull configuration by remembering which output
Metering produced the last pulse.
FIE
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APPLICATIONS INFORMATION
Figure 12. Extending Reference
Output Current Capability Figure 13. Error Amplifier Connections
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. _L R Qutput
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T Vigf =0 * Vref *
2 17 £ 18
Yo Rt Reference

=
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Regulator ref Ro Rs
15 1t R4 Positive
~ 10]1}: Ou‘[pu[
Gnd Voltage ~ Gnd
Gnd T
) Vout=Vief | Sr2 Vout = Vegg | -3 \
* May be required with some types of transistors out = Vref R2 out=Vref | R
" RiR
o= | e
Ri*Ry
Figure 14. Oscillator Connections Figure 15. Foldback Current Limixin
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Figure 16. Soft—Start Circuity Figure 17. Driving VMOS Power FETs
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The totem pole output drivers of the SG3526 are ideally

suited for driving the input capacitance of power FETs at
high speeds.
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Figure 18. Half-Bridge Configuration
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Figure 20. Single-Ended Configuration
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Figure 19. Flyback Converter with
Current Limiting
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SG3526 7
S +CS -
N
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l1. 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
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C2 —
SG3526 -
16 R3
Gnd B Q2
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE C
NOTES:
1. POSITIONAL TOLERANCE U LEADS (D),
AN RA AN A AN AT AT SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
m T MATERIAL SOND{TION, N RELATION TO
SEATIIG PLANE AND EACH OTHER.
D B 2. DIMENSION L TO CENTFR NF LEADS WHEN
Oy 9 ¥ FORMED PARALLEL .
I‘U T 3 DIMENSION B DOES NOT NCLUDE MOLD
FLASH.
e A [ T mwumeters | wones
: DiM| MIN [ MAX | MIN | MAX
L= A | 229 | 2324 | 0875 | 0915
B | 610 | 660 | 0.240 | 0.260
C | 356 | 457 | 0140 | 0140
D | 03] 05 | cot4 | 002
\ F 1 1271 178 | 0050 [ 0070
’ G 254BSC 0.100BSC
e d H | 102 | 152 | 0040 | 0.060
M J | 020 | 030 0008 | 0012
K | 2952 [ 343 1 0115 ] 0135
L 7628SC 0300 BSC
[ 0o ] 150 0°] 15°
N | o051 [ 102 | o020 | 0040 |
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Hex Buffer

The MC14049B Hex Inverter/Buffer and MC14050B Norinverfing Hex
Buffer are constructed with MOS P—Channel and N-Channel cnhancement
mode devices in a single monolithic structure. Tnese complementary MOS
devices find primary use where low power dissipation andfor high noise
immunity is desired. These devices orovide logic level conversion using only
one supply voltage, VpD.

The input—signal high teve: (ViH) can exceed the Vpp supply voltag= for
logic level conversions. Two TTL/DTL loads can be driven when the devicas
are used as a CMOS—to-TTL/DTL converter (Vpp = 5.0V, VoL = 04V,
loL = 3.2 mA).

Note that pins 13 and 16 are not connected internally on these devices;
consequently connections to these terminals will not affect circuit operation.

¢ High Source and Sink Currents

« High—to—Low Level Converter

e Supply Voltage Range =3.0V to 18V
e V)N can exceed VDD

¢ Meets JEDEC B Specifications

o Improved ESD Protestion On All Inputs

MAXIMUM RATINGST (Voltages Referenced ta Vs s)

MC14049B
MC14050B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
¢ SOIC
CASE 751B

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC

TaA = - 55° to 125°C for all packages.

Characteristic Symbol Vaiue Unit
DC Supply Voltage VDb =05t +18.0 Vdc
Input Voltage (DC cr Transient) VIN -U.5t0 ~18.0 Vdc
Qutput Voltage (DC or Transient) Vout -0.5t0Vpp +0.5 | Vde
input Current (DC or Transient), per Pin lin +10 mA
Output Current (DC or Transient), per Pin lout + 45 mA
Power Dissipation, per Package? P mw
(Plastic/Ceramic) 825
(SOIC) 740
Storage Temperature Tstg —65to + 150 Y
Lead Temperature (8 — Secund Soldering) Ty 260 “0

1Maximum Ratings are those values beyond which damage to the device may occur.
2Temperature Derating: See Figure 3.

MC140498 DR DOBEAM MC140508

PIN ASSIGNMENT
Vool 1e 16 I NC
ouTal} 2 15 [] OUTF
INa ] 3 14 {1 INF

outg [ 4 13 [INC
INg [} 5 12 [] OUTE

outcll 6 1 [1 INE
N[ 7 10 [J OUTp
Vves [l 8 9 Il IND

3——Do—2 3__[?)—2
5 —>o—1 5—{>—
7—>o—¢ 7—{>—¢
9 —{>o—10 g —>—10
11— >o— 12 1 —{>——12
14— So—15 14— >—15
NC=PIN 13, 16 NC=PIN 13, 16
Vss =PIN8 Vss=PIN8
REV?
1194

© Moiorola, Inc. 1995
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Yop. -55°C +25°C +125°C
Characteristic Symbol Vdc Min Max Min Typ1 Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vde
Vin = VDD 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level VOH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 10 9.95 — 9.95 10 -— 9.95 —
15 14.95 — 14.95 15 — 14.95 —
input Voltage ‘0" Level ViL Vdc
Vo = 4.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(V= 9.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“Uievel | Vg Vdc
(Vo = 0.5 Vdc) 5.0 315 — 35 2.75 — 3.5 —
(Vo = 1.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 Vdc) 15 " — 11 8.25 — 11 -
Output Drive Curmrent 10H mAdc
(Vo = 2.5 Vdc) Source 5.0 -16 — -1.25 -25 — -1.0 —
(VoH = 9.5 Vde) 10 -16 — -1.30 -26 — -1.0 —
(Von = 13.5 Vdc) 13 -47 — -3.75 -10 — -3.0 —
(VoL = 0.4 vdc) Sink loL 5.0 3.75 — 32 6.0 — 26 — mAdc
(VoL = 0.5 Vdc) 10 10 — 8.0 16 — 6.6 —
(VoL = 1.5Vdc) 15 30 — 24 40 19 —
Input Current lin 15 &= +0.1 = +0 00001 +0.1 — 1.0 pAdc
Input Capacitance (Vip = 0) Cin — - — — 10 20 - — pF
Quiescent Current (Per Package) IbD 5.0 — 1.0 — 0.002 1.0 — 30 pHAdc
10 — 20 — 0.004 2.0 — 60
i5 — 4.0 — 0.006 4.0 —-- 120
Total Supply Current 23 It 5.0 IT = (1.8 pA/kHz) £+ IpD nAdc
(Dynamic pius Quiescent, 10 It = (3.5 pA/kHZ) f + Ipp
per package) 15 IT = (6.3 uA/kHZ) f + IDpD
(Cy_ = 50 pF on all outputs, all
buffers switching

1 Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.

2 The formulas given are for the tvpical characteristics only at + 25°C

3 To calculate total supply current at loads other than 50 pF:
IT(CL) = IT(6C pF) + (CL —50) Vik
Where: IT is in pA (per Package), CLin pF, V = (Vpp — Vss) in valts, fin kHz is input frequency and k = 0.002.

MC14049B MC14050B MOTOROLA CMOS LOGIC DATA
2 .



AC SWITCHING CHARACTERISTICST (C| = 50 pF, T = + 25°C)

VDD
Characteristic Symbol vdc Min Typ2 Max Unit

Output Rise Time tTLH ns

trLH = (0.7 ns/pF) C_+ 65 ns 5.0 = 100 160

tTLH = (0.25 ns/pF) C_ + 375 ns 10 —_ 50 80

tTLH = (0.2 ns/pF) C_ + 30 ns 15 — 40 60
Output Fall Time HHL ns

tTHL = (0.2 ns/pF) C + 30 ns 5.0 — 40 60

tHr = (0.06 ns/pF) C_+ 17 ns 10 — 20 40

tHL = (0.04 ns/pF) C|_ + 13 ns 15 — 15 30
Propagation Delay Time tPLH ns

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

tpLH = /0.19 ns/pF) C_ + 30.5 ns 10 = 40 80 -

tpLw = (0.06 ns/pF) C_+ 27 ns 15 — 30 60
Propagation Delay Time tPHL ns

tpHL = (0.2 ns/pF) C_ ~ 30ns 5.0 — 40 80

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

tpHL = (0.05 ns/pF) C_ + 12.5 ns 15 — 15 30

1 The formulas given are for the typical characteristics only at 25°C.

2 Data labeled “Typ” is not to be used for design purposes but is inten

MCMQ\‘}QB

MC140508

B Vps = VoH - VDD
0 o ——
s [*Z AN &5
S 0 Vgs = 5.0 vde /////
= 4
/4
3 90 21/
L ¥ /
(&)
o P
]
2 _30l Ve =10Vde ]
5
o
% 40 ] /
£ Ves = 15 Ve MAXIMUM CURRENT LEVEL
" RN
-10 -80 60 -40 -20 0

Vps. DRAIN-TO -SOURCE VOLTAGE (Vdc)

Figure 1. Typical Dutput Source Characteristics
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ded as an indication of the IC’s potential performance.

MC140508
V
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I [
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o |
7 |
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b |
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Figure 2. Typical Output Sink Characteristics
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Pp. MAXIMUM POWER DISSIPATION (mW)
PER PACKAGE
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(L)

CERAMIC

i
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500
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00

N

NN
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25
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Figure 3. Ambient Temperature Power Derating

20 ns — ~»l le— 20 ns
INPUT 0% %& VoD
50% g
10% - — Vg3
tPHL = — PLH
AL y ——— VOH
QUTPUT Qk
FLLSE MC14049B oy
GENERATOR 10% VoL
PLH — b triL I I DS
tPHL— PHL Mg
OUTRUT %% N
MC140508 50%
#Invert on MC14049B only 10% VoL
tTLH —4 d ITHL
Figure 4. Switching Time Test Circuit and Waveforms
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OUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V
[ e Y i T e B e B s O e §
16 9
[=B-]
1 8
(ediay le— | —>

_¥ M
G : N] K I \
PLANE L /] \

2 5

J 16 PL
. [®]025 0010)®] 1] 8 ®]
[®]o25 0010)®@[ 1] G|

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSIY14.5M, 1882,

(XYY

FORMED PARALLEL.

S

. CONTROLLING DIMENSION: INCH.
. DIVENSION L TO CENTER OF LEAD WHEN

. DIMENSION F MAY NARROW TO 0.76 (0.020)

WHERE THE LEAD ENTERS THE CERAMIC

BODY.
INCHES MILLIMETERS

| D | MIN [ WAX | MIN [ MAX
A | 0750 | 0.785 | 1905 | 1963
B | 0240 | 0295 | 610 | 7.49
c| —lo20] — | 508
D | 0051|0020 039 050 ]
E | 0050BSC 1,27 BSC
F | 0055 ] 0.065| 140 | 1.65
G | 0100BSC 254 BSC
H | 0008 | 0015 | 021 038
K | 0125 | 0170 | 318 | 431
L | 0300BSC 7.62 BSC
M 0°] 15° 0°] 15°
N | 0020 | 0040 [ 0511 1.01

P SUFFIX
PLASTIC DiP PACKAGE
CASE 648-08
ISSUE R
e O, NOTES:
—A— 1. DIVENSIONING AND TOLERANCING PER ANSI
Y143, 1982,
o nar 2 CONTROLLING DIMENSION: INCH.
16 9 f 3. DIMENSION L TO CENTER OF LEADS WHEN
h B FORMED PARALLEL
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
| e Y 5, ROUNDED CORNERS OPTIONAL.
LI TG LILAL INCHES | MILIMETERS
_J L_ E | DM | MIN | MAX | MIN | MAX
=\ = A | 0740 | 0770 | 1880 | 1955
] B | 0250 | 0270 | 635 | 68
! 3 C | 0145 | 0175 | 369 | 444
\ D {0015 | 001 | 39 | 053
F | 0040 | 070 102 | 177
! PONES \ 61 ciBsc | 2siBeC
JE | S| | IS A H | 0050BSC 127 8SC
K M J 0008 | 0015 | 021 ] 038
. G JL j _’L— {2 K | 6110 | 0130 | 280 | 330
L | 0295 | 0305 | 750 | 7.74
D 16 PL m 051 16° 05| 10°
[@l 0.25 (0.010)® l Tl A ® s | 0020 [ 0040 | 051 101
MOTOROLA CMOS LOGIC DATA MC140498 MC14050B
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OUTLINE DIMENSIONS

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

(At
NOTES:

H'“H“ H—H‘ ﬂ" H_ H"H ’T ) ngsng;i‘rm AMD TOLERANCING PER ANSI
16 9 _f . CONTROLLING DIMENSION: MILLECTER

DIAENSIONS A AND B DO NOT INCLUDE
P epL

g o] | [[@]o2s 0010)/® 8 ©)] oL _
H—I:HJI-J;H i |
> G

PN

~

. W XIMUM MOLD PROTRUSION 0.15 (C.008)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 {0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUNM MATERIAL CONDITION.

w

MILLIJETERS | INCHES

MIN_| MAX | WIN | WAX
90 | 10,00 | 0386 | 0362
380 | 400 | 0150 | 0.157
137 | 175 | 0054 | 0.068
035 | 049 | 0014 | 0016
040 | 125 | 0016 | 0.049

127BSC 0.050B5C
01e | 075 | 0008 [ 0008
010 | 025 | 0.004 | 0.008

0o 7°] o0°] 7°
580 | 620 | 0209 | 0os
025 | 05 | 0010 | noie |

ol gl

r R
= Tseamwe -~ kT
PLANEJL-D"BPL _f——]r

[®]c250010@[1]8 ®[ 2 O]

P \
s, 2

x‘us:x._m-ncom)-lg

Motorolareserves the rightto 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 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. Motcrola does not convey any license under its patent
rights nor the rights of others. Motorola products are nd designed, intended, or authorized for use as components in systems intended for surgical implant
intc the body, or other applications intended to support ¢ sustain life, or for any other application in which the failure of the Motorola product could create a
situation where personal injury or death may occur. She uld Buyer purchase or use Motorola products for any such unintended or unauthorized application,
Buyer shall indemnify and hold Motorola and its officers, "mployees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out o directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorizec use, even if such claim alleges that Moior .a was negligent regarding the design or manufacture of the part. Motorola and:#4 are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal ¢ >portunity/Affirmative A<tion Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature O stribution;
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 ¢ 602-303-5454

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602- '44-6609
INTERNET: http://Design—NET.com

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Seibu—Butsuryu—Center,
3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-81-3521-8315

ASIA/PACIFIC: Motorola Semicondudors H.K. Ltd.; 83 Tai Ping Industrial Park,
51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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FAIRCHILD
SEMICONDUCTOR w

- TIP31 Series(TIP31/31A/31B/31C)

NMedium Power Linear Swiiching Applicationis
. Complementary to TIP32/32A/32B/32C

15T TO-220

1.Base 2.Collector 3.Emitter

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings T=25°C unless otherwise noted

Symbol Parameter Value Units
Veeso Collector-Base Voltage  : TIP31 40 Vv
1 TIP31A 60 \
*TIP31B 80 \%
1 7IP31C 100 \Y
Veeo | Collector-Emitter Voltage : [IP31 40 v
T TIP31A G0 \
: TIP31B 80 \
: TIP31C 100 \
Vero Emitter-Base Voltage 5 \
le Coliector Current (DC) B A
lcp Collector Cu.rent (Pulse) 5 A
Ig Base Current 1 A
Pc Collector Dissipation (T¢=25°C) 40 W
Pc Collector Dissipation (T,525°C) 2 w
T, Junction Temperature 150 °C
Tste Storage Temperature -65~150 i

Electrical Characteristics T:=25°C unless otherwise noted

Symbol Parameter Test Condition Min. | Max. | Units
Veeofsus) * Collector-Emitter Sustaining Voltage
TIP3 Ic=30mA, Ig=0 40 \Y
1 TIP31A 60 V
1 TIP31B 80 Y]
:TIP31C 100 \Y
lceo Collector Cut-off Current
:TIP31/31A Veg = 30V, 1g=0 0.3 mA
(TIP31B/312 Veg =60V, 1g=0 0.3 mA
lces Collector Cut-off Cuirent
:TIP31 Veg =40V, Vg =0 200 pA
(TIP31A Veg = 60V, Vgg=0 200 pA
:TIP31B Vee = 80V, Vgg =0 200 pA
:TIP31C Vcg = 100V, Vgg =0 200 pA
leBo Emitter Cut-off Current Veg=5V,1c=0 1 mA
hee * DC Current Gain Veg =4V, Ic=1A 25
Veg =4V, Ic=3A 10 50
Vg(sat) * Collector-Emitter Saturation Voltage ic = 3A, Ig=375mA 2 \
Vge(sat) * Base-Emitter Saturation Voltage Veg =4V, Ic=3A 1.8 \
fr Current Gain Bandwidth Product Ve = 10V, Ic = 500mA 3.0 Mtz

* Pulse Test: PW<300ps, Duty Cycle<2%

©2000 Fairchild Semiconductor Intemational Rev. A, February 2000
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Typical Characteristics
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Package Demensions

TO-220

9.90 1020
e (8.70) c
sl % ¢
E 2 #3.60 1010 | o
- I~
1 =
A
S 4
=l g <
- 3
: @ g &
N T Y
ol <
g 8§ g
< - =)
3 =
o 1.27 10.10 1521010 @
=)
‘ 0.80 +0.10
2.54TYP 2.54TYP
[2.54 020] [2.54 10.20]

L 10.00 020

4.50 10.20

-

1.30 2005

2.40 1020

20.10
0.50 pos ’
-

Dimensions in Millimeters

©2000 Fairchild Semiconductor International

Rev. A, February 2000

(ore/gre/vie/iedil)sauas Ledil



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™ HiSeC™ SuperSOT™-8
Botiomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic '
CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Q8™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT ™-6

DISCLAIMER

EAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIZHTS OF OTHERS.

LIFE SUFPORT POLICY

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

As used herein:

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

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

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status

Definition

Formative or In
Design

Advance Information

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

Preliminary First Production

This datasheet contains preliminary data, and
supplememary 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 ldentification 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.

©2000 Fairchild Semiconductor International




i AT A G
FAIRCHILD
SEMICONDUCTOR m
TIP32 Series(TIP32/32A/32B/32C)
Medium Power Linear Switching Applications
+ Complement to TIP31/31A/318/31C
1 TO-220
1.Base 2.Collector 3.Emitter
PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings Tc=25°C unless otherwise noted
Symbol Parameter Value Units
_V-CBO Collector-Rase Voltage  : TIP32 - 40 \Y
1 TIP32A -60 \
- TIP32B -80 \Y
1 TIP32C -100 \Y
Vceo Collector-Emitter Voltage : TIP32 - 40 Vv
1 TIP32A - 60 \Y
: TIP32B - 80 \Y
2 TIP32C -100 Y
Vegn Emitter-Base Voltage (3] \
—IE T Collectar Curre_m_(ﬁ)) -3 A
lep ollector Current (Pulse) -5 A
Ig Base Current +3 A
Pc Collector Dissipation (T¢=25°C) 40 w
Pc Collector Dissipation (T;=25°C) J1IN2 W
T, Junction Temperature 150 °C
Tste Storage Temperature - 65~ 150 °C
Electrical Characteristics 1.=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeofsus) * Collector-Emitter Sustaining Voltaye
:TIP32 lc=-30mA, Ig=0 -40 \
:TiP32A -60 \
1 TIP32B -80 \
1 TIP32C -100 \Y
lceo Collector Cut-off Current
: TIP32/32A Veg=-30V,15=0 -03 mA
: TIP32B/32C Ve =-60V, Ig=0 -03 mA
Ices Collector Cut-off Current J )
1 TIP32 Vcg = - 40V, Vgg=0 - 200 UA
:TIP32A Veg =- 60V, Vgg=0 - 200 UA
:TIP32B VCE =-80V, VEB =0 - 200 ],lA
:TIP32C Vg =-100" Vee=0 - 200 pA
leBo Emitter Cut-off Current Vgg=-5V,1 . =0 -1 mA
hee * DC Current Gain Veg=-4V,Ir=-1A 25
Veg=-4V,l =-3A 10 50
Vcg(sat) * Collector-Emitter Saturation Voltage Ic=-3A,lg: -375mA -1.2 \Y,
Vpge(sat) * Base-Emitter Saturation Voltage Veg=-4V, | =-3A -18 |V
fr Current Gain Bandwidth Product Vee =- 10V, ¢ =-500mA 3.0 MHz
* Pulse Test: PW<300ps, Duty Cycle<2%

©2000 Fairchild Semiconductor International
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Typical Characteristics
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Package Demensions
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g0 are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
(i be an exhaustive list of all such trademarks.

EEx™ HiSeC™ SuperSOT™-8
Sgiomless ™ ISOPLANAR™ SyncFET™
TaefFET™ MICROVVIRE™ TinyLogic™
FOSSVOLT™ POF™ UHC™
TEMOS™ PowerTrench® VCX™
QFET™
Qs™

Quiet Series™
SuperSOT™-3
SuperSOT™-6

| ESRER

_:' D SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
| =FEETS HEREIM TO IMPROVE RELIABILITY, FUNCTION OR CESIGN. FAIRCHILD DOES NOT ASSUME ANY |
| EEETE ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
| apsERDOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

| EESPPORT POLICY

| ®m@r0'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS iN LIFE SUPPORT
FEES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

HESATIONAL.

Tpeepad feredn:

weoort devices or systems are devices or systems

s are intended for surgical implant into the body,

| wmmzort or sustain life, or (¢) whose failure to perform

. assmrpeddy used in accordance with instructions for use
mwi@sd in the labeling, can be reasonably expected to

| mu¥ivagnificant injury to the user.

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

ass

device or system, or to affect its safety or effectiveness.

| ®EEUCT STATUS DEFINITIONS
HalwEon of Terms

Definition

Jatasheet Identification Product Status

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

Fomative or In

wee information
Design

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 impiove

design.

First Production

This datasheet contains final specifications. Fairchild
Semiconductor reserve: the right to make changes at
any time without notice 1 order to improve design.

%y entification Needed Full Production

This datasheet contains specifications on a product
that has been discontint 3d by Fairchild semiconductor.
The datasheet is printec for reference information only.

Obsolete Not In Production
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