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Observe that the questions are not arranged in any kind of order. 
 
On the last pages there are some formulas that can be used in the examination. Always assume steady-state 
conditions in all tasks unless otherwise stated. 
 
Please, read through the exam before you start. 
_____________________________________________________________________________________ 

 
1) For the circuit below with 𝑻𝑻 = 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 and 𝑫𝑫 = 𝟑𝟑.𝟔𝟔, sketch the resulting voltage and calculate the 

inductance needed if the voltage applied over the inductor during 𝟑𝟑 < 𝒕𝒕 < 𝑫𝑫𝑻𝑻 is 𝟏𝟏𝟏𝟏𝟏𝟏. (3p) 
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The constant inductor voltage during DT<t<T is given. The resulting current through the inductor can be calculated as: 

 



 
 
Which means that the current derivative will be positive when the applied voltage is positive.  
 

𝐿𝐿 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

∆𝑖𝑖𝐿𝐿
=

0.6 ∙ 30𝜇𝜇𝑉𝑉 ∙ 12𝑉𝑉
4𝐴𝐴

= 54𝜇𝜇𝜇𝜇 

 
2) For the buck/boost converter below, derive an expression for the ratio between the input and 

output voltage if the converter is operating in CCM. (3p) 
 

C
+

-

vo

Rload

+

-

Vd

S

D

io

id

L

+

-

vsw

+

-

vL

iL

iD

iC

 
 

For CCM we know that  LL Ii 2≤∆  
 

s

d
L

L
L Lf

DV
i

dt
diLv =∆⇒=

 
 
For finding the input output voltage relation in CCM we calculate the average voltage over the inductor, which we know 
is zero in steady-state 
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3) The buck/boost converter in (2) is used with the circuit parameters and operating conditions 

below. Draw the resulting capacitor current (iC), apply Simpsons formula and calculate the 
maximum power dissipation in the output capacitor if 𝑹𝑹𝑬𝑬𝑬𝑬𝑹𝑹 = 𝟏𝟏𝟑𝟑𝟑𝟑𝟐𝟐𝛀𝛀. (5p)  
 
𝟏𝟏𝒅𝒅 = 𝟏𝟏𝟑𝟑𝟏𝟏      𝟏𝟏𝒐𝒐 = 𝟑𝟑𝟑𝟑𝟏𝟏        𝑳𝑳 = 𝟒𝟒𝟑𝟑𝟑𝟑𝟒𝟒       𝒇𝒇𝟑𝟑 = 𝟖𝟖𝟑𝟑𝟖𝟖𝟒𝟒𝟖𝟖       𝑪𝑪𝒐𝒐 = 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑      𝑰𝑰𝒐𝒐 = 𝟏𝟏𝟏𝟏 𝒕𝒕𝒐𝒐 𝟕𝟕𝟏𝟏 
 
The input voltage can vary which gives a duty-cycle that also varies.  
 

𝐷𝐷 =
𝑉𝑉𝑜𝑜

𝑉𝑉𝑜𝑜 + 𝑉𝑉𝑑𝑑
   →              𝐷𝐷 =

30𝑉𝑉
30𝑉𝑉 + 20𝑉𝑉

= 0.60 

To find LI we calculate the average output current 
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𝐼𝐼𝐿𝐿 =
𝐼𝐼𝑜𝑜

1 − 𝐷𝐷
=

7𝐴𝐴
1 − 0.6

= 17.5𝐴𝐴 
 

𝑖𝑖𝐿𝐿 = 𝑖𝑖𝐿𝐿(𝑉𝑉1) +
1
𝐿𝐿
�𝑣𝑣𝐿𝐿𝑉𝑉𝑉𝑉 



 𝑣𝑣𝐿𝐿 = 𝐿𝐿
𝑉𝑉𝑖𝑖𝐿𝐿
𝑉𝑉𝑉𝑉

= 𝐿𝐿
∆𝑖𝑖𝐿𝐿
∆𝑉𝑉

         →         ∆𝑖𝑖𝐿𝐿 =
𝑉𝑉𝑑𝑑𝐷𝐷𝑇𝑇𝑠𝑠
𝐿𝐿

=
20𝑉𝑉 ∙ 0.6

40𝜇𝜇𝜇𝜇 ∙ 80𝑘𝑘𝜇𝜇𝑘𝑘
= 3.75𝐴𝐴 
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To calculate the power loss in the capacitor, only the equivalent series resistance (RESR) is accounted for. This gives a 
need to calculate the RMS-current through the capacitor. The definition of Simpsons rule is: 
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The RMS current can now be calculated as: 
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((12.38𝐴𝐴)2 + 4(10.5𝐴𝐴)2 + (8.63𝐴𝐴)2) = 8.60𝐴𝐴 

 
The resulting power dissipation in the capacitor can now be calculated as:  
 
𝑃𝑃𝐶𝐶 = 8.60𝐴𝐴2 ∙ 45𝑚𝑚Ω = 3.33W 
 

4) For the buck/boost converter in (2), calculate the lowest value of the inductance (L) required to 
keep the converter operation in continuous conduction mode (CCM) for the entire operating 
region. (4p) 
 
Start by calculating the border between CCM and DCM to find out which mode the converter is operating in. We start by 
drawing the inductor voltage and the inductor current at the border between CCM and DCM. 
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For finding the input output voltage relation in CCM we calculate the average voltage over the inductor, which we know 
is zero in steady-state 
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To find LI we calculate the average output current 
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For CCM we know 
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From this we can see that the lowest output current gives the smallest inductance that will give CCM operation in the 
whole operating region. We also remembers that D=0.6 in CCM 
 

𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑉𝑉𝑜𝑜
𝐼𝐼𝑜𝑜

(1 − 𝐷𝐷)2

2𝑓𝑓𝑠𝑠
=

30𝑉𝑉
1𝐴𝐴

(1 − 0.6)2

2 ∙ 80𝑘𝑘𝜇𝜇𝑘𝑘
= 30𝜇𝜇𝜇𝜇 

 
5) The single-phase diode rectifier shown below is connected to an AC-voltage of 230V, 50Hz with 

a negligible inductance (source inductance). A DC-side inductance (L) is connected between the 
rectifier output and the filter capacitor (C). The DC-side inductance can not be considered 
infinite (L=10mH) but the filter capacitor can be assumed to be very large. Calculate the output 
voltage for a continuous inductor current (iL). (3p)  
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Assume steady-state operation and a constant DC-voltage since C is large. We start by drawing the voltage waveforms, 
since Li  is continuous, rv  will be equal to the rectified AC-voltage 
 
𝑣𝑣𝑟𝑟(𝑉𝑉) = �√2 ∙ 230𝑉𝑉 ∙ sin(𝜔𝜔𝑉𝑉)� 
 

 
 
The average voltage across the inductor (L) must be zero in steady-state. This gives that the output voltage must be equal 
to the average of the rectified voltage. The average value of the capacitor voltage can then be computed as: 
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6) For the diode rectifier in (5), the current that flows through the DC-side inductance (iL) will 

consist of a DC-component and a superimposed AC-component. Draw the waveforms of vr(t), 
vo(t) and iL(t) at the limit which iL(t) becomes discontinuous. No calculations are needed, just 
typical waveforms. (3p)  
 
The current should increase when or Vv >  and decrease when or Vv < . The current should be zero when the rectified 
voltage increases and reach the output voltage and it should have its peak value when the rectified voltage decreases and 
reaches the output voltage.  



 
 

7) For the diode rectifier in (5), the current that flows through the DC-side inductance (iL) will 
consist of a DC-component and a superimposed AC-component. As the load resistance decreases 
or increases, the current can be either continuous or discontinuous. Calculate the load resistance 
value (Rload) at the limit below which iL(t) becomes discontinuous. (5p) 
 
Since the output voltage (Vo) is constant, the load resistance is simply obtained from Ohms law and by using the average 
inductor current. The average inductor current can be calculated as follows: 
 

( ) ( )

.
))cos(1(21)0(

')'sin(21)0(')'(1)0()(

,

0
,

0











−

−
+=

−+=−+= ∫∫

tV
tV

L
i

dtVtV
L

idtVtv
L

iti

o
rmss

L

t

ormssL

t

oRLL

ω
ω

ω

 

 
At 1tt = , we have 

ms. 2.2
502

2302
207arcsin2

arcsin

)sin(2 ,
11, ≈

⋅









⋅=












=⇒=
πω

ω rnss

o

ormss

V
V

tVtV  

 
At 1tt = , we also have 
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Now, the average inductor current can be calculated as 
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Hence, the resistance is now found as 
 
𝑅𝑅𝑙𝑙𝑜𝑜𝑙𝑙𝑑𝑑 = 𝑉𝑉𝑜𝑜

𝐼𝐼𝑜𝑜� = 207𝑉𝑉
21.8𝐴𝐴� = 9.5Ω 

 
8) Consider the three phase inverter below.  

 

         
The inverter is operated in square wave mode and the fundamental frequency component of the 
AC-side voltage is 50Hz. Plot the phase potentials of each leg (𝒗𝒗𝟏𝟏𝑨𝑨, 𝒗𝒗𝑩𝑩𝑨𝑨, 𝒗𝒗𝑪𝑪𝑨𝑨), the phase voltage 
over the load (𝒗𝒗𝟏𝟏𝑨𝑨) and the resulting line to line voltage (𝒗𝒗𝟏𝟏𝑩𝑩). (4p)  
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9) The three-phase inverter in (8) is loaded with a purely resistive load (𝑹𝑹𝟏𝟏 = 𝑹𝑹𝟏𝟏 = 𝑹𝑹𝟏𝟏 = 𝟓𝟓𝛀𝛀) and 
with 𝟏𝟏𝒅𝒅 = 𝟑𝟑𝟒𝟒𝟑𝟑𝟏𝟏. Determine the RMS-value of the fundamental component of the phase current 
(iA). (4p)  
 
In square-wave operating mode, the output phase current will be a quasi-square wave shaped waveform. The fundamental 
component of the current (odd and half-wave) is calculated as:  
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10) The load is replaced with an inductance and a voltage source (back-EMF) instead. The voltage 

from the back-EMF is sinusoidal shaped and in phase with the fundamental frequency output 
voltage which gives a resulting current as depicted below. For one leg and one period, sketch the 
phase voltage (𝒗𝒗𝟏𝟏𝑨𝑨) and the back-EMF. Also, draw the current through phase leg A and the 
current through each diode (𝑫𝑫𝟏𝟏𝟏𝟏,𝑫𝑫𝟏𝟏𝟏𝟏) and each valve (𝑻𝑻𝟏𝟏𝟏𝟏,𝑻𝑻𝟏𝟏𝟏𝟏) (5p)  
 

 
 
The example presented in the demonstrations calculates the ripple current when the converter is 
operating in square wave mode. It should therefore be able to draw the conclusion that the inverter is 
operating in square wave operating mode by looking at the give figure of the output phase current.  
 

 

𝑖𝑖𝑇𝑇𝐴𝐴1 + 𝑖𝑖𝐷𝐷𝐴𝐴1 
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𝑖𝑖𝐴𝐴 

𝑣𝑣𝑏𝑏𝑙𝑙𝑏𝑏𝑏𝑏𝑏𝑏𝑅𝑅𝑏𝑏  



 
11) You replace the standard 2-level inverter in (8) with a 3-level neutral point diode clamped (NPC) 

inverter instead, see phase leg below. Draw the resulting mid-point voltages 
(𝒗𝒗𝟏𝟏𝑨𝑨𝑨𝑨𝑫𝑫,𝒗𝒗𝑩𝑩𝑨𝑨𝑨𝑨𝑫𝑫,𝒗𝒗𝑪𝑪𝑨𝑨𝑨𝑨𝑫𝑫) and the resulting voltage (𝒗𝒗𝟏𝟏𝑨𝑨) that is applied over a y-connected load 
(phase voltage) for the 3-level inverter. Assume that upper and lower part of the phase leg  
(𝑇𝑇1,𝑇𝑇2 or 𝑇𝑇3,𝑇𝑇4) is turned on for 150° and that the midpoint switches (𝑇𝑇2,𝑇𝑇3) are turned on for 
30°. What is the benefit of using a multi-level inverter? (4p) 

                                          
The resulting voltage for the NPC-inverter can be drawn as follows:  

 
 
As seen from the graphs, the multi-level inverter gives a phase voltage with more steps, hence will the resulting harmonic 
content be lower.  
 

12) For the component below, calculate the resulting chip temperature if the component is mounted 
on a heat sink with 𝑹𝑹𝚯𝚯𝑬𝑬𝟏𝟏 = 𝟏𝟏𝟏𝟏.𝟑𝟑𝟑𝟑/𝑾𝑾, the power dissipation is 3.4W and the ambient 
temperature is 𝑻𝑻𝟏𝟏 = 𝟏𝟏𝟓𝟓°𝑪𝑪. If the component is used in an environment where it is exposed to 
many thermal cycles it will eventually break down. Due to which mechanism will it break down? 
(3p)  
 

𝑇𝑇1 

 

𝑇𝑇2 

 

𝑇𝑇3 

 

𝑇𝑇4 



 
 
𝑇𝑇𝑗𝑗 = �𝑅𝑅𝛩𝛩𝛩𝛩𝐶𝐶 + 𝑅𝑅𝛩𝛩𝐶𝐶𝑅𝑅 + 𝑅𝑅𝛩𝛩𝑅𝑅𝐴𝐴� ∙ 3.4𝑊𝑊 + 𝑇𝑇𝐴𝐴 = (1.0𝐾𝐾/𝑊𝑊 + 0.5𝐾𝐾/𝑊𝑊 + 12.3𝐾𝐾/𝑊𝑊) ∙ 3.4𝑊𝑊 + 25°𝐶𝐶 = 72°C 
 
If the component is exposed to many thermal cycles it will eventually break down due to mechanical stress on the 
packaging (e.g. bond wires and die attachment).  
 

13) In the diagram below, state which component that is typically used in each power range. Why 
can’t high power components be used with a high switching frequency? (4p)  
 

 
 
Component 1 – Thyristor 
Component 2 – GTO 
Component 3 – IGBT 
Component 4 – MOSFET 
 
High power components are typically optimized to have low conduction losses. As a consequence of this optimization 
and the high current/voltage levels, the switching losses will be high if used with a high switching frequency.  

  

Component 2 

Component 3 

Component 4 

Component 1 



 
Formulas for Examination in Power Electronic Converters (ENM060) 
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ψ
dt
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𝑁𝑁𝐼𝐼 = 𝑅𝑅𝑅𝑅 = 𝑚𝑚𝑚𝑚𝑓𝑓          𝑁𝑁𝑅𝑅 = 𝐿𝐿𝐼𝐼          𝐿𝐿 = 𝐴𝐴𝐿𝐿𝑁𝑁2

  
Simpson’s rule 
Let )(xf  be a polynomial of maximum third degree, this means 
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For this function the integral can be calculated as 
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Definition of RMS-value: 

𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅 = �
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Definition of RMS-value with Fourier-series: 
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