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Introduction

 The techniques covered in this topic are intended to
dissipate the power generated by semiconductor
devices during operation.

* They are based on the use of heat-dissipation
components provided or specified by manufacturers.

* The thermal system must be designed to ensure that
the semiconductor junction temperature remains
within safe operating limits.
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Thermal Protection — Basic Thermal
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Thermal Protection — Key Concets

T.: Maximum Junction Temperature. Above this temperature,
the semiconductor device may be permanently damaged. This
value is specified by the manufacturer in the datasheet.

Rihjc: Junction-to-Case Thermal Resistance. This value is
specified by the manufacturer in the datasheet.

Rihg: Case-to-Heat-Sink Thermal Resistance. Thermal
resistance introduced by the interface between the device
case and the heat sink. It may be obtained from tabulated

data or provided by the manufacturer of the thermal interface
material.

Rihga Heat-Sink-to-Ambient Thermal Resistance. Thermal
resistance of the heat sink, specified by the heat-sink
manufacturer.

T,: Ambient Temperature. Temperature of the environment
surrounding the application.
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Thermal Protection — Thermal

Ohm’s Law
Electrical quantities Thermal quantities
|: Electric Current (A) P: Power (W)

R: Electrical Resistance (QQ) | R: Thermal Resistance (2C/W)

V: Voltage (V) T: temperature (2C 6 K)

Ohm’s law: V=IxR thermal Ohm’s law : T=PxR

Relationship: P=1xV (Joule’s law)




Power Dissipation Calculation
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e Conduction Losses:

P=Vy-Im+rd-I2
P=R

.12
sat ef

For diodes, SCRs, GTOs y MCTs
For BJTs, MOSs and IGBTs

* Switching Losses:

V- |

P=f. +Ton

Total losses can be
conservatively estimated as
twice the turn-on switching
losses.
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Example: at line frequency (50 Hz), switching losses
can generally be neglected. At higher frequencies,
they become increasingly significant.
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Thermal Protection — Heat-Sink &
Calculation (l)

e Starting from the power dissipated by the semiconductor
device, the required thermal resistance of the heat sink is
calculated as follows:

T, -T

T. =T, = P(Ryje + Rir + Riva )= Riya = ——=—R

thjc ther thjc
F)

R

ther

 The calculated value is then used to select a heat sink from a
manufacturer’s catalog whose thermal resistance is lower than the
calculated maximum value. Components and extruded profiles are
also available for designing and manufacturing custom heat sinks.

* |In some cases, a heat sink may not be required:

I -T,=P-R,, =R, = j; —-2R,,., (manufacturer)
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Thermal Protection — Heat-Sink ©
Calculation (1)

Design a heat sink for a BD137 transistor dissipating 5 W at an
ambient temperature of 20 °C, ensuring that its junction
temperature does not exceed 120 °C. Use the online tool

available at:

https://www.giangrandi.ch/electronics/thcalc/thcalc.shtml

To perform the calculation, obtain the required thermal
parameters and package type from the transistor datasheet.


https://www.giangrandi.ch/electronics/thcalc/thcalc.shtml
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Thermal Protection Exercise

* SCR conducting for 90°

On-State Current: 30 Sin(wt) (amperios)
Blocking-State Voltage: 200 Sin(wt) (voltios)
Blocking-State Current: O

On-State Voltage: 1.3V

Dynamic Resistance: rd =0,1Q

Turn-On Time: t_,=1us

Frequency = 50 Hz.

Rinje = 1 °C/W

Rine = 0.1 °C/W

T,=220C

Tjnay = 85 °C

e Calculate the required heat-sink thermal resistance.
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Electrical Calculations

0 T/4 /T

1-Cos(3Z¢
lef = _f i2(t)dt = J T/290051n2 —t) dt = 9oofTT//42 o:(T )dt _

900 [T T 900 | [ Sen(2m) Sen(m)\| _ @_@ 30 _
e

21 T/2 2T
1 . 1 (2 30 —Cos—t _30 30
Im = —f i(t)dt = 7 f 30Sin| —t)dt =—| —5—— ( Cosm + Cos 7T/Z) = =4.774A

2
Conduction Losses: P = Vy xIm +rd * I,; =13 4774 + 0.1 % 10.606% = 17.456W
22221076 = 01w

VD*IT

Switching Losses: P = f ton = 50
Total Losses = 17.556W

Thermal Calculations

Power to Be Dissipated: 17,556 W

T._T —_ o
Heat-Sink Thermal Resistance: Rynrq = = — Renje — Rener = 1oeee — 1 — 0.1 < 2.488°C/y,
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Example Using a Real Thyristor

Tiristor SKT 40/06D.
Rin-c) cont. 0.6 K/W
Rirgc) sin. 180 0,66 K/W
Ringc) rec. 120 0,7 K/W
Rin(c-s) Capsule — heat sink 0,2 K/W
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Case B 3 (IEC 601

91-2: A38MA, A14U; JEDEC: TO-208AC (TO-65))
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Example Using a Real Thyristo

Total Power Dissipation: 6,035W.

. . Ti-T, 85-22
Heat-Sink Thermal Resistance: Ryjrq = % — Renjc = Rener = — 552 —0.75-02 <
9.489°C/,,
e - "
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». \\ Fig. 1L Power dissipation vs. on-state current Fig. 1R Power dissipation vs. ambient temperature

KS Ryngea) = 5-2 K/W, Rypea) = 5 K/W
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