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INDUCTION HEATING
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Mr. Vinai Chatwiang
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Abstract

This thesis explain about how induction heating work. The induction heating give
effective heating to material. It works about 52 kH, . And consists of control stage, gate driver
and power IGBT(Insulated Gate Bipolar Transister) for making more current. The circuit is full
bridge converter and output is occurred at resonant frequency which maximum output current and

efficiency
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2.1.1 UHAITIENAINY

Qﬂﬂﬁﬂfﬁiﬂi’fﬁ‘luuwfhiiwwé’wma‘fuagiﬁummﬁm%’qm Wy finnud 50Hz sz
donldmdoulaslimnsauuazdodlddufviszyiteuditsenoufds  (Power Factor)
&10 dmsuanuaiigan 10 kHz szdesdonsiiavesvaniamileniliminzaunazezdes

asnsunasnu 1dne 300 kw

EY

o i { & o = A
ABUBSIADT (Converter) 9zgminnldNnaud 10-200 kHz Fuduanudnldluam
o ar { 1 4‘ = {
waowazawlany dmiuanuduinndt 200 kHz Aulyd v ldgandannud lnldnaenqey
=] 1o [ = = g E A & ]
anmauninassiendeau fnnudgelegldluanugeunsoguuidelane
s L4 4 o o Yy 9 = g A
Tuilagiugdassiarsfednh ldidundunuimunnluaunanfininiiessain
ma TuTadmswanvgshldausonanginsaiadnd el luauussiuuaznszuagalduag

Ed
TurlSyanfinusiee 19 16BT WugUnseiaiad

Frequency used in induction and dielectric heating

Frequency ( Hz ) | Source of power Used

60-960 Rotating generator or converter | Mass induction hating forging

Forming extrusion

960-10,000 | Motor generator Induction heating for meltring

Heat treating

10,000 - 60,000 Convertor Inductons heating for small

scale melting and sintering

200,000 - 550,000 Vaccuum — tube Oscillators Suface induction heating for
brazingsoldering and strip and

wire heating

2,000,000 - 90,000,000 Vaccuum — tube Oscillators Dielectric heating

A131902.1 T 1aaenIn NN 19 luaumileninnudeunazdnyaz st T 14
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p = AANuAUMUSUNIzYDs Tane ( Resistivity of metal )
= AIANUFUAY FUWNT ( Relative permeability )

f = anud ( frequency )
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H, = anudiesmuimanfiusnafivearaTans
(Strength of magnetic files at surface of meal cylinder)
L = A1U81U99Nd lane (Length of metal cylinder [cm])
A= ﬁuﬁwﬁﬁmmuﬁﬂam (Cross section area) [crn2]
Q= fimqﬁ‘{'fuﬁ’uﬁwm 20/ Q (Function determined by 20t/ Q)
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3.5 39951400 ( Load Circuit )
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Annealing colours Tempperature

Dark Brown 550 ¢
Brownish Red 630 ¢
Dark Red 680 ¢

Dark Cherry Red 740 ¢
Cherry Red 780 ¢

Light Cherry Red 810 ¢
Light Red 850 ¢

Very Light Red 900 c
Yellowish Red 950 ¢
Light Yellowish Red 1000 ¢
Yellow 1100 ¢

Light Yellow 1200 ¢
Yellow White 1300 ¢

! e a a g
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@ REOQTOROLA

Pulse Widith Modulation
Control Circuit

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

%  Fundlions included in this IC are a temperature compensated voltage
reference, sawtooth oscillator, error amplifier, pulse width modulator, pulse
metering and steering logic, and twa 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
itch for single pulse metering. All digital control ports are TTL and B—series
CMOS compatible. Active fow logic design allows easy wired—OR
connections for maximum flexibility. The versatility of this device enables
mplementation in single—ended or push—pull switching regulators that are
ransformeress or transformer coupled. The SG3526 is specified over a
unction temperature range of 0° to +125°C.

+ 8.0V to 35V Operation

* 5.0 V1% Timmed 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

¢ Programmable Soft-Start

v Wide Current Limit Common Mode Range
* Guarantsed 6 Unit Synchronization

Representative Block Diagram

Vel Ll PR DY
Under-~
17 | Relerence
YeC O Reguaer e
15
Grownd O—j 5 Tolntemal
= =17 = Circuitry

Qrder thls document by SG3526/D

SG3526

PULSE WIDTH MODULATION’
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 707

PIN CONNECTIONS

+Emor{ 1 Evre{
—Emer| 2 El Vee
Compensalion E 16 | Output B
Csoft-Stad E 15 { Ground
Reset [ 6 | 14 |ve
cs|s | 13 | Outpit A
scs[ 7] 12 | Sync

Shutdovm | 8 11 | Rpeadiime

ws]

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
SG3526N Ty=0°10+125°C Piastic DIP
© Molorola, Inc. 1936 Rav 2



SG3526
MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Supply Voltage Vece +40 Vdc
Caollector Supply Voltage Ve +40 Vde
Logic Inpuls -0.310+5.5 v
Analog Inputs -031o Ve v
Oulput Current, Source or Sink o +200 mA
Reference Load Current (Vo = 40 V, Note 2) lret 50 . mA
Logic Sink Current 15 mA
Power Dissipation Pp mwW
Ta =+25°C (Note 3) 1000
Tg =+25°C (Note 4) 3000
Thermal Resistance Junction—to—Air RaJA 100 “CIW ;
Thermal Resistance Junction-to—Case ReJc 42 "CIW
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —6510 +150 9]
Lead Temperature (Soldering, 10 Seconds) Tsolder £300 -, °C
NOTES: 1. Values beyond which damagae may occur.
2. Maximum junction temperature must te observed.
3. Derale at 10 m\W/C for ambient temperatures above +50°C.
4. Derato at 24 mW/C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS
- Characteristics Symbol Kin Max Unit
Supply Voltage Vce 8.0 35 Vde
Collector Supply Voltage Vg 45 35 Vde
Output Sink/Source Current (Each Output) o 0 +100 mA
Reference Load Current lref 0 20 mA
Osdillator Frequency Range fose 0.001 400 kHz
Osdillator Timing Resistor Rt 2.0 150 kQ
Osdcillator Timing Capacitor Ct 0.001 20 puF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operatling Junction Temperature Range i N 0 +125 °C

MOTOROLA ANALOG IC DEVICE DATA




SG3526
ELECTRICAL CHARACTERISTICS (continued)

[ Characteristics | symbol [ wia | Typ | Max [ Gnit
PWHK COMPARATOR SECTION (Note 7)
Minimum Duly Cycle DCrin = = 0 %
(VCompensation = +0.4 V)
. Maximum Duty Cydle : DCrmax 45 49 - %
(VCompensation = +3.6 V)
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Cutput Vollage v
(High Logic Level) (Isource = 40 1tA) VOH 24 4.0 -
(Low Logic Level) (lgink = 3.6 mA) VoL - 0.2 0.4’
Input Current — High Logic Level HA
(High Loglc Level) (Vi = +2.4 V) liH - -125 | -200
(Low Logic Level) (Vi = +0.4 V) L B -225 -360
CURRENT LIMIT COMPARATOR SECTION (Note g)
Sense Voltage (Rg s 50 Q) Vgense 80 100 120 mA
laput Bias Current s . s — -3.0 ~10 LA
SOFT-START SECTION
Eror Clamp Vottage (Reset = +0.4 V) - 0.1 0.4 v
Csott-Start Charging Current (Reset = +2.4 V) Ics 50 100 150
OUTPUT DRIVERS (Eaéh Output, Vo = +15 Vde, unless olherwise noled.)
Output High Level VoH %
Isource =20 mA 125 13.5 -
Isource = 100 mA 12 13 -
Output Low Level _ VoL v
lsink=20 mA - 02 0.3
lgink = 100 mA - 1.2 2.0
Colleclor Leakage, Vg = +40 V IC(leak) - 50 180 HA
Rise Time (G = 1000 pF) 1r - 0.3 0.6 us
Fall Time (C¢_= 1000 pF) 1f —- 0.1 0.2 ns
Supply Current Icc - 18 30 mA
(Shutdown = +0.4 V, Voo = 35V, Ry = 4.12 kQ)

NOTES: 7.fgsc = 40 kHz (R = 4.12kQ £ 1%, O = 0.01 pF £ 1%, Ry = 0 Q)
B.OVIVoi<+52V
.OVIVGy <412V

4 ; . MOTOROLA ANALOG IC DEVICE DATA
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Flgure 7. V¢ Satutation Voltage as a
Function of Sink Current
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Figure 9. Error Amplifier
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Figure 10. Undervoltage Lockout
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Figure 11. Pulse Processing Logic

Memory

FiF
S\{M——I——QS
- S -

R QF—»

PWM —D
O

Metering
FfF

Ciock

PN

The meterng Flip-Flop Is an asynchronous data latch
which suppresses high Irequency ascillations by allowing
only one PWM pulse per oscitiator cycle.

The memory Flip-Flop prevents double puking ina
push—pul configuration by remembering which output
produced the last pulse.
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APPLICATIONS INFORMATION

Figure 12. Extending Reference

Output Current Capabllity
YL il
] O] oy
27 17| Reference |18
Vee VA Regulator Vret
15 A2

T 10pF
Gnd ‘

* Kay be required with some types of transistors

Flgure 14. Osclllater Connectlons

L $G3526 L ) PES
Rp 9 10
RT /-~ C1
Flgure 16. Soft-Start Circuity
Vref
Ramp— ~
a2

Vret

Flgure 13. Error Amplifler Connections

Ry
—-«.Ei,—-l> ! +
Positive
Oulput

Voltage Gnd
"
R1+R2 R])
Yout = Vref ( R2 } Vout = Vref \RZ,'
/ \ '
e
Ra=
3 \Rg+Ry |

Figure 15. Foldback Current Limlting

Output Filter 4———";{\/\/——0 +
S
('8
3]
% Ry Voul
L 7
Gnd = o-
Vout Ry
] <°W+m+m/ )
ey Rg s = . Rg /

Flgure 17. Driving VI4OS Power FETs

+12V O
14 ;
Vo 4113 =1
$G3526
8 i6 I
Gnd ‘

The tolem pole oulpid drive rs of the SG3526 are idealfy
suitedfor driving the lnput capacitance of power FETs at
high speeds.
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Figure 19. Flyback Converter with

Flgure 18. Halt—Brldge Configuration Current Limiting
+V o
+V o X SUfJ:nLy é l__l
Supply A1 : £ o LT
paly =62 oy
Ri 3
== 141 fid “
14 = o g LI -21 ] 5
VG L1138 - — o
A A Qf
5| - 18 D2 %
T2 bt
SG3526 1 R B bt
16 Q2 T C2 SG3526
B 8 7
__Gnd | S +CS
15 ™ §
el -CS ] "
o Cs Gnd
= T c 15 % 8
O e
Ia the above eircuil, current limiling is accomptished by uging the
curient limit comparator oulpul to reset Lhe soll-stzd capacitor.
Figure 20. Single—Ended Configuration Figure 21. Push—=Pull Configuration -
+V Supply Qi To +V Supply ©
R1 Outou!
[:: ;: E Fiter R1
Ci
R2 ) —‘ T1
T2 [ 3
14 ‘ —3 i
Vo 3 c2 — !E
A=A —i l
SG2526 R3 , )
B 16 i AnA—— 02
Gnd =
15
(o0
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUEC
MOTES:
1. POSITIONAL TOLERANCE OF LEADS (D).
ANAEANAEAR AR N b ] SHALL BE WITHIN 0.25 (0.010) AT MAXS L
15 T I MATERIAL CONDITION, B AELATION TO
. SEATIHG PLANE AND EACH OTHER,
B 2. DMENSION LTO GENTER O LEADS WHEN
O4 9 ¥ FORUED PARALLEL
U U oo 3. DMENSION B DOES NOT INCLUOE MOLD
l FLASH,
A —] WILLIMETERS CHES
| o8| WM | MAX | Wi | wax
= L= Al 222 | Z324 | 0075 | 0915
) B | €10 | 66 020 |o02e0
{ l c 356 457 | 0140 | 0160
l | D | 03 | 0561 001 | ooz
: Fi 127 ] 135 055 | oo
Il G 251 BSC 0163 BSC
. H1 10 152 [o0ew [ oo
‘JLEM ==<-J J ] 020 | 02 oy [ o002
K| 20 | 243 ] 015 {0135
L 7.2 BSC 031X A8C
u 0°] {59 oc] 15¢
H] ost | 102 ]| oo | 0040

wOTOROLA ANALOG IC DEVICE DATA



MC14049B
@ FAOTOROLA _ MC14050B

r HEX BUFFER -

The MC14049B Hex Inverter:Buter and MC140508 Noninverling
Hex Buffer are constructed with MOS P-Channel and N-Channel
enhancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power dis-
sipation and/or high noise immunity is desired. These devices provide
logic level conversion using only one supply voltage, Vpp.

Theinput-signal high level (ViH) can exceed the Vpp supply vollage
for iogic level conversions. Two TTL/OTL loads can be driven when
the devices are used as a CMOS-tc-TTLDTL converter (VoD = 5.0
V. VoL = 04V, IgL = 3.2 mA).

Note that pins 13 and 16 are not connected internally on these
devices; consequently connections 1o these lerminals will not alfect
circuil operation,
® High Source and Sink Currents
* High-to-Low Level Converter P SUFFIX
* Supply Voitage Range = 5.0 V1o 18 V 1 PLASTIC
* V|N can exceed Vpp CASE 648
* Meets JEDEC B Specilications
* Improved ESD Prolection On All Inputs

L SUFFIX
i CERAMIC
CASE 620

MAXIMUM RATINGST (Voltages referenced to Vss) %
Py + s, v
Characteristic | Symbol Value Unit 154\ ) D SUFFIX
OC Supply Voltage Vop -0510 +18 Vdc s sS0IC
| Input Voltage (OC or Transient) Vin -0.510 +18 Vdc CASE 7518
! Quiput Voltage (DC or Transient) Vout =051 Vpp + 0.5] Vde
{_tnput Current (DC or Transient), per pin lin =10 mA
{_Output Current (DC or Transient), per pin kot +45 mA
; Pewer Dissipation, per Package2 Po mw ORDERING INFORMATION
(Plastic.Ceramic) 825 MC14XXX5CL  Ceramic
(0IC) 740 MC14XXX5CP Plastic
Storage Temperature Tsig -6510 +150 it MC14XXXED SOIC
Lead Temperature (8-Second Soldering) TN 260 uE
TMaximum Ratings are Ihoze valucs beyond which camage 10 the gevice may occur. . - "
2Temperature Dnegrarmg: See Figure 3. Ta = =55°C to - 125C for all packages
MC140438 LOGIC DIAGRAM MC120508

PIN ASSIGNMENT

?
s

£ 5
]G ETEETE]

n 12 n 12
E Quig Ing “
14 15 1 5 E Ing Cup| 16
NC = Pin 13,18 NC = Pin 13,16 8 v I
S nD
.-¥55 = Pin8 Vg = P8 C s

Vop = Pin ) Vpp = Pinl _J




MC140498B e MC140508B

Oulput Voltage
Vin = Vpg

Input Voltage “0” Levet
(VO = 4.5 vdq)
(Vo = 9.0 Vdc)
(Vo = 13.5 Vde)

= 0.5 Vdc)
= 1.0 Vdc)
= 1.5 Vdc)
Output Drive Current
{VoH = 25 Vde) Source
(Von = 95 Vdc)

{VOH = 13.5 vdq)

(VoL = 0.4 Vde) Sink
= 0.5 Vdc)
= 1.5 Vdc)

Quiescent Current

{Per Package)

5.0 IT = (1.8 uAKHZ) | - 190
10 IT = (3.5 uAKHz) 1 + lop
15 IT = (5.3 uAkHz)  + lop

Total Supply Current 2,3
{Dynamic plus Quiescent,
per package)
(CL = 50 pF on ail outputs, an
butfers swilchi
! Daia labeled "Typ™ is not 10 be used 1or Cesign purposes bul is intended as an wa«caton of the IC's patential pedormance.
2 Tne formulas given are lor the typical charactenstics only a1 - 25°'C
3 T caktuaie total SUpPly cuzrent at loacs other than 50 pF:
HCy) = (50 pF) + (CL ~ S0) v
Where: s in pA (por Fackage], CL NpFV = {Vpp - Vss) in volts, t in kHz 5 npyt Irequency and k = 0.002.

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields refer-
enced to the Vgg pin only. Exira precautions must be laken
lo avoid applications of any voltage higher than the maximum
rated voltages to this high im¢ 2dance cirzuit, For proper oper-
ation, the ranges VSs = Vi = 18 V and Vss = Vot <
VDD are recommended.

Unused inputs must always be tied to an appropriate logic
voltage level (e.g.. either Vss or Vpp). Unused outputs must
be lett open.




MC14049B e MC14050B

AC SWITCHING CHARACTERISTICS] (G| = 50pF. Tp = -25C)

Voo

Characteristic Symbol | Vdc Min Typ2 Max Unit

Qutput Rise Time TLH ns
tTiH = (0.7 ns/pF) C + 65 ns 5.0 — 100 160
ITLH = (0.25ns/pF) C + 37.5ns 10 —_ 50 8C
tT1H = (0.2 ns/pF) C{ + 30 ns 15 — 40 €0

Qutput Fall Time ITHL ns
tTHL = (0.2 ns/pF) C_ + 30 ns 5.0 — 40 60
ITHL = (0.06 ns/pF) C + 17 ns 10 — 20 40
tTHL = (0.04 ns/pF) Cy + 13 ns 15 — 15 30

Propagation Delay Time PLH . ns
lpLH = (0.33 ns/pF) C + 63.5ns 5.0 — 80 140
tpLH = (0.19 ns/pFf) C + 30.5 ns 10 — 40 80
Pl = (0.06 ns/ipF) G+ 27 ns 15 — 30 60

Propagation Delay Time 1PHL ns
tpHL = (0.2 ns/pF} CL + 30 ns 5.0 — 40 g0
tPHL = (0.1 ns/pF) CL + 15ns 10 —_ 20 40
1P = (0.05 ns/pF) Cy + 125 ns 6 = 15 30

1 The lormulas given are lor tha typca! cnaraciansics only al 25'C
2 Data 1abeted Typ™ is noi 10 te used lor Ces-3a purposes bul is intenced as an ind.caton of the IC s potenual perdormance

MC1:0498 £0323508 MC1206298 MC140503

0 E | 180
3 L7 e Vgs = 15 Vi __|
Ves = 50V« 7
E -10 ol =20 WY // 2 [
£ o
Z /// = s L~
&2
2-% = - &
g g &% ,4 |_Vgs = 10Vde
2 e 3 AL AT
5 —7"] 2 4 Maximum Current Level
= = m»——_-yf S =]
= (=]
o _an =
_5' VGSI = 15Vee Maximum Current Level = Vgs = 5.0Vde
I - [T 1 AT 1]
=10 —-80 -50 -4 -0 1] 0 20 40 60 8O 10
Vps. DAAIN-TO-SOUACE VCLTAGE (Vecl Vps. DRAIN-TO-SOURCE VOLTAGE (Vec)

FIGURE 1 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 2 — TYPICAL OUTPUT SINK CHARACTERISTICS
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MC14049B e MC14050B
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FIGURE 3 — AMBIENT TEMPERATURE POWER DERATING
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[ . 9 - T Vou
Output — 50%
Vi Voul MC1¢433 104 Yo
N I“*‘THL ——-I <—mH
v =
S‘T 33 I L oy p— PHL ”
| Ty By R
= = Qutput 0 4 x
#Invert on MC140498 only MC1£0508 *—5':‘
— 10%
Yo
IMH e— —— THL

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS



MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by TIP31A/D

NPN
TIP31A

Complementary Silicon Plastic TIP31B*

Power Transistors
TIP31C*

... designed for use in general purpose amplifier and switching applications.
« Collector-Emitter Saturation Voltage — PNP
VCE(sat) = 1.2 Vdc (Max) @ Ic = 3.0 Adc TIP32A
« Collector—Emitter Sustaining Voltage —
VCEOQ(sus) = 60 Vdc (Min) — TIP31A, TIP32A TIP32 B*

= 80 Vdc (Min) — TIP318, TIP32B
=100 Vdc (Min) — TIP31C, TIP32C o
« High Current Gain — Bandwidth Product
fr = 3.0 MHz (Min) @ Ic = 500 mAdc TIP32C
« Compact TO-220 AB Package

“Motorola Preferred Device

3 AMPERE
*MAXIMUM RATINGS POWER TRANSISTORS
COMPLEMENTARY
TIP31A | TIP318 | TIP31C SILICON
Rating Symbol | TIP32A | TIP32B | TIP32C | Unit 60-80—-100 VOLTS
Collector-Emitter Voltage VcEO 60 80 100 Vdc 40 WATTS
Collector-Base Voliage Vee 60 80 100 Vdc
Emitter—Base Voitage VEB 5.0 Vdc
Collector Current — Continuous e 3.0 Adc
Peak 5.0

Base Current g 1.0 Adc
Total Power Dissipation Pp

@Tc=25°C 40 Watts

Derate above 25°C 0.32 WreC
Total Power Dissipation PD

@Tp=25°C 2.0 Watts

Derate above 25 C 0.016 WG CASE 221A-06

TO-220AB

Unclampad Inductive E 32 mJ

Load Energy (1)
Operating and Storage Junction TJ. Tstg —-65 to +150 o

Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambent RyJa 62.5 ‘CIw
Thermal Resistance, Junction to Case RaJc 3.125 *CIW

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

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

REV 1 i
~

{ ‘EJ MOTOROLA

@ Motorola, Inc. 1995 -




TIP31A TIP31B TIP31C TIP32A TIP32B TIP32C
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

| Characteristic Symbol Min Max | unit |
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic = 30 mAdc, Ig = 0) TIP31A, TIP32A 60 _
TIP31B, TIP32B 80 =
TIP31C, TIP32C 100 _
‘Collector Cutoff Current (Vg = 30 Vdc, 1g = 0) TIP31A, TIP32A IceEO — 0.3 mAdc
(VCE = 60 Vdc, Ig = 0) TIP31B, TIP31C — 0.3
TIP32B, TIP32C s 0.3
Collector Cutoff Current ICES nAdc
(VCE = 60 Vdc, VER = 0) TIP31A, TIP32A e 200
(VCE = 80 Vdc, VEg = 0) TIP31B, TIP32B _ 200
(Ve = 100 Vde, VEg = 0) TIP31C, TIP32C _ 200
Emitter Cutoff Current (Vgg = 5.0 Vdc. Ic = 0) lego —_ 1.0 mAdc
ON CHARACTERISTICS (1)
DC Current Gain (I = 1.0 Ade, Vg = 4.0 Vdc) hrFg 25 — —_
(Ic = 3.0 Adc, Vg = 4.0 Vdc) 10 50
Collector—Emitter Saturation Voltage (I = 3.0 Adc, Ig = 375 mAdc) VCE(sat) = 1.2 Vdc
Base-Emitter On Voitage {Ic = 3.0 Acc, Vg = 4.0 Vdc) VBE(on) - 1.8 Vde
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product (I = 500 mAdc, Vgg = 10 Vdc, frgst = 1.0 MHz) &7 3.0 — MHz
Small-Signal Current Gain (Ic = 0.5 Ade, Vog = 10 Vdc, f= 1.0 kHz) hfe 20 — —
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
Tc Ta
40 4.0 '\
I,
2
g 30 30
5
o N
=
£ 5 5 N
@ 20 AN
v
=] ™ N
o
$ TaA LS \
9 10 10 o \
! \ =
n o0 \
0 20 40 60 80 100 120 140 160
T, TEMPERATURE (°C)
Figure 1. Power Derating
TURN-ON PULSE
Ve o———AM—
APPROX @ Re &0 T
+H1V Icflg=10 |
| ——o = Ty=25°C =
SCOPE ™
Ui f——— Yiro—4 o 1, @vec=30V
VEB(O’ﬂ | B 05 T~
o b—u T 03 L@v, q:ﬁl“— -
—-Il;}L— Cig << Ceb w it ce
APPROX == = LT
1V | ty<7.0ns -40V ar - ML
l I |100<12<500ps ) ~= o
Vp—L—— L <isns 0.07 L 4@ Vep(o =20V —]
| 11 0.05 2
| | 0.03 T
= ta DUTY CYCLE = 2.0% 0'02
= 003 005007 0.1 03 05 07 10 30

TURN-OFF PULSE

Rg and Rc; VARIED TO OBTAIN DESIRED CURRENT LEVELS.

Figure 2. Switching Time Equivalent Circuit

Ic, COLLECTOR CURRENT (AMP)
Figure 3. Turn-On Time
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TIP31A TIP31B TIP31C TIP32A TIP32B TIP32C

ey
S|
2 10 — T ] H
Z o7 o ! H— =
g2 05 + —=
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o 03 =
= .2 L ———1TTTT] LT
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Figure 4. Thermal Response
10
There are two limitations on the power handling ability ofa
& 50 -] C transistor: average junction temperature and second break-
:3 b 100 s T down. Safe operating area curves indicate I — VCE limits of
= e 50":5 | the transistor that must be observed for reliable operation;
w20 F i.e., the transistor must not be subjected to greater dissipa-
| B 9 p
S e Homsy tion than the curves indicate
S 40l SECONDARY BREAKDOWN ™ AR G h = . _
x OF LMITED @ T < 150-C ma o The data of Figure 5 is based on Tj(pk) = 150°C; TC is
g 05 [ ——— THERMAL LMIT @ T¢ = 25°C =R \{ariabfe depet:nding on conditions. Second brea.kdown pulse
= L {SINGLE PULSE) NN limits are valid for duty cycles to 10% provided T j(pk)
2 | — - — BONDING WIRE LIMIT AN = 150°C. Ty(pk) may be calculated from the data in Fig-
© 02} CURVES APPLY TIP31A, TIP32A AN R ure 4. At high case temperatures, thermal limitations will re-
| BELOW RATED Vo TiP318, TIP328 = duce the power that can be handied to values less than the
gyl 1 vy ! TIP31C, TIP32C limitations imposed by second breakdown.
5.0 10 20 50 100

Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 5. Active Region Safe Operating Area
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Figure 6. Turn-Off Time Figure 7. Capacitance
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TIP31A TIP31B TIP31C TIP32A TIP32B TIP32C
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Figure 12. Collector Cut—Off Region
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TIP31A TIP31B TIP31C TIP32A TIP32B TIP32C

PACKAGE DIMENSIONS

T R
B | F —»! C fe—
I 2 S
el =
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Lo Les] v
H TRt
F |«
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p— L
v — W
G' o

CASE 221A-06
TO-220AB
ISSUEY

NOT!

1.

2
3

ES:
DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1962.

. CONTROLLING DIMENSION: INCH.

DIMENSION Z DEFINES A ZONE WHERE ALL
BODY AND LEAD IRREGULARITIES ARE
ALLOWED.

INCHES MILLIMETERS
| DIM| MIN MAX MIN | MAX
A | 0570 | 0620 | 14.48 | 1575
B | 0.380 | 0405 9.66 | 10.28
C | 0.160 | 0.1%0 4.07 482
D | 0025 | 0035 0. 0EB
F_| 0142 | 0.147 361 373
G | 0035 | 0.105 242 2.86
H | 0110 | 0.155 280 393
J | 0018 | 0025 0.46 064
K_| 0500 | 0562 | 12.70 | 1427
L | 0045 | 0.060 1.15 152
N | 0190 | 0210 483 533
Q | 0100 | 0120 2.54 304
R | 0080 | 0.110 2.04 279
S | 0045 | 0.055 1.15 139
T | 0235 | 0255 597 547
U | 0000 | 0050 000 127
vV | 0045 —- 115
Z — | 0080 e 204
STYLE 1
PIN 1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR

Motorola Bipolar Power Transistor Device Data
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i B g TS e
FAIRCHILD
SEMICONDUCTOR
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 T¢=25°C unless otherwise noted
Symbol Parameter Value Units
Veso Collector-Base Voltage @ TIP32 -40° v
: TIP32A - 60 v
: TIP32B - 80 v
: TIP32C - 100 \Y
Vceo Collector-Emitter Voltage : TIP32 -40 A
: TIP32A -60 v
: TIP32B -80 \
1 TIP32C -100 Y
Veso Emitter-Base Voltage -5 \
le Collector Current (DC) -3 A
lep Collector Current (Pulse) -5 A
Ig Base Current -3 A
Pc Collector Dissipation (T¢=25°C) 40 W
Pe Collector Dissipation (T,=25°C) 2 W
T, Junction Temperature 150 °C
Tsto Storage Temperature -65~150 °C
Electrical Characteristics T¢=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Vegolsus) = Collector-Emitter Sustaining Voltage
OTIR32 le =-30mA, Ig =0- -40 \
1 TIP32A -60 "
1 TIP32B -80 v
TIP32C -100 v
lceo Collector Cut-off Current
- TIP32/32A Veg=-30V,1g=0 -03 | mA
: TIP32B/32C Veg=-60V, Ig=0 -0.3 | mA
lces Collector Cut-off Current
- TIP32 Vg =- 40V, Vgg =0 -200 | uHA
- TIP32A Ve =- 60V, Vg =0 -200 | pA
:TIP32B Veg =- 80V, Vgg=0 -200 | WA
: TIP32C Veg =- 100V, Ve =0 -200 | pA
lego Emitter Cut-off Current Veg=-5V. Ic=0 -1 mA
hee * DC Current Gain Veg=-4V, lg=-1A 25
Veg=-4V, Ic=-3A 10 50
Veglsat) * Collector-Emitter Saturation Voltage Ic = - 3A, lg = - 375mA -1.2 Vv
Vge(sat) * Base-Emitter Saturation Voltage Veg =-4V, lg=-3A -1.8 A
fr Current Gain Bandwidth Product Vg =- 10V, I = - 500mA 3.0 MHz
“Pulse Test: PW<300ps, Duty Cycles2%

(Dze/azevee/zedlL)seues gedlL

©2000 Fairchild Semiconducior Intematonal

Rev. A, Fubruary 2000



Typical Characteristics

DC CURRENT GAIN BASE-EMITTER SATURATION VOLTAGE
COLLECTOR-EMITTER SATURATION VOLTAGE
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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. 3
ACEx™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ ‘POP™ ' UuHC™
E2CMOS™ PowerTrench™ VCX™
FACT™ QFET™
FACT Quiet Series™ QS™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTo™ SuperSOT™-6
HiSeC™ SuperSOT™-8

DISCLAIMER

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

LIFE SUPPORT POLICY

INTERNATIONAL.
As used herein:

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

1. Life support devices or systems are devices or systems 2. A critical componen{ is any component of a life support

which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, or (c) whose failure to perform reasonably expected to cause the faifure of the life support
when properly used in accordance with instructions for use device or system, or to affectits safety or effectiveness.

provided in the labeling, can be reasonably expected to
resull in significant injury to the user.

Definition of Terms

PRODUCT STATUS DEFINITIONS

Datasheet Identificauon Product Status . Definition
Advance Information Formative or In This datasheet contains the design specifications for
Design product development. Specifications may change in

any manner without notice.

Preliminary

First Production This datasheet contains preliminary data, and
supplementary dala will be published at a later date.
Eairchild Semiconductor reserves the right to make
changes at any time without nolice in order to improve
design.

No Identification Needed

Full Production This datasheet contains final 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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