
 

 

 

UEE30920 Certificate III in Electronics and Communications 

UEEEC0028  

FAULT FIND AND REPAIR COMPLEX POWER SUPPLIES 

Heatsinks 
  



Heat sinks are common thermal management systems used in electronics to transport heat energy 

from the circuit to the ambient and away from electronic devices (eg. BJTs, MOSFETs, linear 

regulators, etc.) using heat transfer methods such as conduction, convection, radiation, or a 

combination of them. 

 

Heat Transfer 

Radiation: 

as the name suggests, means that the heat is simply radiated away from the object, through 

electromagnetic radiation. How well an object can radiate heat depends on the material and 

the colour (black is best).  

 

Conduction: 

is the exchange of kinetic energy between molecules. Since direct contact is required, a 

heatsink (surrounded by air) cannot get rid of heat using conduction. However, conduction 

is the effect that's responsible for the heat transfer from the CPU to the heatsink. 

 

Convection: 

is heat transfer by movement of a heated substance. If the gas or liquid around the object is 

forced into movement (e.g. by a fan blowing air across a heatsink), then we're dealing with 

forced convection. 

 

 
 

The general theory behind a heat sink is to increase the surface area of the heat-producing 

device, enabling a more efficient transfer of heat into the ambient environment. This 

improved thermal pathway reduces the temperature rise in the junction of the electronic device.  

 

The maximum allowable junction temperature (TJMAX) is one of the key factors that limit the power 

dissipation capability of a device. TJMAX is defined by the manufacturer and usually depends on the 

reliability of the die used in the manufacturing process. 

The power dissipated inside the semiconductor junction creates heat which flows from the hottest 

part of the transistor (the junction) through a lower part (the casing) and then to the lowest part 

(the ambient air). 

 

 

 

Without a Heatsink 



Without a heatsink, this heat energy must pass through a couple of layers. 

1. the junction to case 

2. the case to air 

 

These layers will restrict the heat flow and so they are called “thermal resistance”. 

• The thermal resistance inside the device package, between the junction and its outside case, 

called θ(JC). 

• The thermal resistance between the case and the ambient is called θ(CA). 

 

 
 

Thermal Analysis 

Fortunately, we can analyse these thermal circuits with an equivalent of Ohm’s Law. 

• power dissipation is analogous to current 

• θ is analogous to electrical resistance 

• voltage is analogous to temperature. 

 

Electrical Domain symbol unit  Thermal Domain symbol unit 
Voltage V V  Temperature T OC 

Current I A  Heat flow (Watts) P W 
Resistance R Ω  Thermal Resistance θxy OC/W 

 

 

 

 

 

Without heatsink 

Electrical analogy 



 

 
 

 

Example.  

A L7805C voltage regulator has Vin = 8V and Vout = 5V and 

supplying 0.6 Amp to a load at an ambient temperature of 25 
OC. Junction to air thermal resistance = θJA = 50 OC/W & θJC 

= 5 OC/W. 

Calculate:  

1. the junction temperature 

2. the case temperature 

3. maximum power allowed 

 

 
 

Answer: 

The power dissipated in the regulator = V I = (8-5) x 0.6 = 1.8W. 

 

1. Junction Temperature: 

 

 

 

PD =
(TJ−TA)

θJA
 »   TJ = PDθJA + TA = (1.8 x 50) + 25 = 115 OC which is just less than T(JMAX) of 125 OC. 

Thermal analogy 

• Without heatsink 



2. Case Temperature: (θCA =  θJA − θJC) 

 

 

 

 

 

3. Maximum power allowed. 

PD(max) =
(TJ(max)−TA)

θJA
=  

(125−25)

50
= 2 W which is higher than 1.8W required here.  

 

 

 

If the junction temperature became too hot, there are 4 things that can be done: 

1) Use a larger rated regulator. 

2) Derate the existing regulator. 

3) Add a fan 

4) Add a heatsink. 

 

1) Use a larger rated regulator. 

The L7805 in a TO-3 package will make the junction temperature cooler. 

 
 

 

 

 

 

2) Derate the regulator. 

 

If the power output is lowered, then the junction temperature will be cooler. 

This will, of course, have repercussions on the circuit design and load. 

PD =
(TJ−TC)

θJC
 »   TC = TJ − PDθJC = 115 − (1.8 x 5) = 106 OC     OR 

PD =
(TC−TA)

θCA
 »   TC = PDθJC + TA = (1.8 x 45) + 25 = 106 OC  



 
3) Add a fan. 

If heat can be taken from the case, then the temperature of the case would go down. This 

increased convection will cool the device more than natural air flow. This is usually reserved 

for larger output wattages bolted to heatsinks, but the theory still applies. 

Here are some rough guidelines: 

 

a) Open air natural convection develops about 40 LFM which is about just enough to blow out 

a match. 

b) 1 m/s or 200 LFM you can feel the flow but not hear it. 

c) 2.5 m/s or 500 LFM is a good flow that will blow out a whole bunch of candles and you can 

begin to hear the noise, especially in a quiet environment. 

d) 5 m/s or 1000 LFM is going to be noisy. Not to be used in any noise-sensitive environment. 

 
https://www.macro.sk/katalog/datasheets/Aavidselectionguide.pdf   

https://www.macro.sk/katalog/datasheets/Aavidselectionguide.pdf


4) Add a heatsink. 

 

 
 

 

 

 

 

 

 

 

 

We have used θJA up to now as we were depending on the package for a complete thermal system 

from junction to ambient.  

Adding a heatsink achieves a system θ junction to ambient low enough to meet the system thermal 

requirements. A heatsink accomplishes this by offering a better thermal interface to air versus the 

package alone. Thus, we require the following to be met: 

 

 

 

 

 

 

With the heatsink in place, the heat now must further flow from the  

1. case to the heatsink and then  

2. from the heatsink to the air. 

 

θCS Case to Heatsink 

 

The thermal impedance required is “case-to-sink” denoted by the symbol θCS. This is a measure of 

how easily heat can be transferred from the surface (case) of the device to the surface of the heat 

sink.  

Due to irregularities in the surfaces of the case packages and heat sink base, it is generally 

recommended to use a Thermal Interface Material (TIM or “thermal compound”) between the two 

surfaces to ensure that they are fully engaged from a thermal perspective.  

With heatsink 



This greatly improves the transfer of heat from the case package to the heat sink but does have a 

thermal impedance associated with it that must be taken into account. 

 

The value of θCS depends upon the mounting method between the semiconductor device and the 

heatsink (ie: the use of thermal grease, mica insulators, flexipads etc). 

 
 

 

  

 

 

 

 

 

 

 

 

 
 

 

 

For a T0-220 package: 

If heatsink is mounted directly to the case, then θCS = 1-1.9C/W 

If mounted with heatsink compound, then θCS = 0.5-0.8 C/W 

If mounted with mica insulator and heatsink compound; θCS = 0.8-1.4 C/W 

 

 

 

ΘSA Heatsink to Air 



 

The value of θSA is the heatsink to ambient thermal resistance and is the aim of the calculation.  

The more surface area a heatsink has, the faster it can transfer heat to the air and so the lower the 

thermal resistance θSA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

             

 

 

 

 

Example#1. 



1. LM7809 regulator connected to 12V and supplying 9V to a 9Ω load @30OC. 

2. Do we need a heatsink?  

a. Only if the junction temperature is higher than the specified maximum or 

b. The power dissipated is more than the maximum power of the device 

 

 

 

Solution: 

(a) Check Max power output. 

Iout = V/R = 9 / 9 = 1A 

Pout = V x I = (12 – 9) x 1 = 3W   (so far, so good). 

 

(b) Check operating junction temperature. 

TJ = PDθJA + TA = (3 𝑥 65) + 30 =  225 𝑜C  

which is higher than the allowable 125OC so a heatsink is required. 

What size heatsink? (assuming worst case of 𝜃𝐶𝑆 = 1.5 𝐶/𝑊) 

𝜃𝑆𝐴 = [
(𝑇𝐽 − 𝑇𝐴)

𝑃𝐷
] − 𝜃𝐽𝐶 − 𝜃𝐶𝑆 

𝜃𝑆𝐴 = [
(125 − 30)

3
− 5 − 1.5 = 25.2 °𝐶/𝑊 

So the heatsink has to have 𝜃𝑆𝐴 lower than 25.2 °𝐶/𝑊. 

 

 

 

 

Example#2. 



A particular transistor has a power rating at 25oC of 200mW, and a maximum junction temperature 

of 150oC. 

(a) What is its thermal resistance? 

(b) What is its power rating when operated at an ambient temperature of 70oC? 

(c) What is its junction temperature when dissipating 100mW at an ambient temperature of 

50oC? 

 

Solution: 

 

 

Example#3. 

A power transistor is specified to have a maximum junction temperature of 130oC.  

When the device is operated at this junction temperature with a heat sink, the case temperature is 

found to be 90oC.  

The case is attached to the heat sink with a bond having a thermal resistance θCS=0.5oC/W and the 

thermal resistance of the heat sink θSA=0.1oC/W.  

If the ambient temperature is 30oC ; 

a) What is the power being dissipated in the device?  

 

 

 

 

 

b) What is the thermal resistance of the device, θJC, from junction to case? 

 

 

 

 

 

Example#4. 

𝑇𝐶 − 𝑇𝐴 = 𝑃𝐷𝜃C𝐴    𝑠𝑜    𝑇𝐶 − 𝑇𝐴 = 𝑃𝐷(𝜃𝐶𝑆 + 𝜃𝑆𝐴) 

PD =
(TS − TC)

(θCS + θSA)
=

(90 − 30)

(0.5 + 0.1)
= 100W  

θJC =
(TJ(max) − TC)

PD
=

(130 − 90)

100
= 0.4 

O
C/W 



Determine the appropriate heat sink rating for a power device rated as follows:  

TJ (max) = 150 OC, TO-220 case style, θJC = 3.0 OC/W. The device will be dissipating a maximum of 

6W in an ambient temperature of 40 OC. Assume that the heat sink will be mounted with heat sink 

grease and a 0.002 mica insulator. 

First, find θCS from the TO-220 graph. Curve 3 is used.  

The approximate (conservative) value is θCS = 1.6 OC. 

Solution: 

𝑃𝐷 =  
(𝑇𝐽 − 𝑇𝐴)

(𝜃𝐽𝐶 − 𝜃𝐶𝑆 − 𝜃𝑆𝐴)
 

𝜃𝑆𝐴 =  
(𝑇𝐽 − 𝑇𝐴)

𝑃𝐷
− 𝜃𝐽𝐶 − 𝜃𝐶𝑆 = 

𝜃𝑆𝐴 =  150 − 406 − 3 − 1.6 = 13.73°𝐶/𝑊  So the heatsink must have a thermal value lower than 

this. 

 

 

 

Example#5. 

A power transistor is specified to have a maximum junction temperature of 150°C.  

When the device is operated at this junction temperature with a heat sink, the case temperature is 

found to be 97°C.  

The case is attached to the heat sink with a bond having a thermal resistance 𝜃𝐶𝑆 = 0.5°C/W and the 

thermal resistance of the heat sink 𝜃𝑆𝐴 = 0.1°C/W.  

(a) If the ambient temperature is 25°C, what is the power being dissipated in the device?  

 

 

(b) What is the thermal resistance of the device, 𝜃𝐽𝐶 , from junction to case? 

 

Solution: 

a. P =
TC−TA

θCS+θSA
=  

97−25

0.5+0.1
= 120 𝑊 

 

b. 𝜃𝐽𝐶 =  
(𝑇𝐽−𝑇𝐶)

𝑃𝐷
=

(150−97)

120
= 0.44°C/W   

 

 

 

 

Example#6. 

 



 

A transistor and its thermal management is shown below. Its thermal resistance θJC = 4 OC/W.  

The loss of the transistor is based on the product of VCE and IE. VCE is always set at the mid-point of 

the single ended DC supply voltage of VCE = 10V. 

 

(a) With IE= 0.5A, the ambient temperature is 25 OC. Calculate the junction temperature. (If no 

heatsink is used.) Given that θCA = 26OC/W.  

(b) Following from (a), if the junction temperature is wanted to reduce to 75°C calculate the 

maximum θSA, of the heatsink needed? Given that θCS = 1OC/W.  

(c) Following from (a), what is the temperature of the case TC and heatsink TA? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



https://www.analog.com/media/en/package-pcb-resources/package/thermal-table.pdf  

 

 

https://www.analog.com/media/en/package-pcb-resources/package/thermal-table.pdf

