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Question 1 

The power absorbed by an IRF41 04 MOSFET is the pulsed-power wavefonn like that of Figure 
below (Not to scale) 
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Figure Q.l (i) 

Thenna1 impedance characteristics of the IRF4104 MOSFET. 
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Figure Q.l (ii) 

Page 2 0/9 



a) 	 Detennine the peak temperature difference between the junction and the case, using the 
transient thermal impedance from the curves Assume that the case temperature is a constant 
7SoC. [IS] 

b) The thennal resistance ROJC for this MOSFET is 1.0soC/W. Compare the result in (a) with 
a calculation based on the average MOSFET and ROJC [S] 

c) A MOSFET with no heat sink absorbs a thennal power of2.0 W. The thennal resistance 
from junction to ambient is 40 °C/W, ifthe ambient temperature is 30°C. 

1. Determine the junction temperature. 	 [3] 

11. 	 If the maximum junction temperature is 1S0°C, how much power can be 
absorbed without requiring a heat sink? [2] 

Question 2 

(a) Define the following terms 

(i) Frequency modulation ratio,M f 	 [2] 

(ii) Amplitude modulation ratio,Ma 	 [2] 

(iii) Total Hannonic Distortion (THD) 	 [2] 

(b) The full-bridge inverter is used to produce a SO-Hz voltage across a series RL load using 

bipolar PWM. The dc input to the bridge is 100 V, the amplitude modulation ratio Ma is 

0.8, and the frequency modulation ratio ,M f is 21. The load has a resistance of R = 10 and 

series inductance L 20 mHo 

Detennine 

(i) 	 Frequency of the carrier signal. [2] 

(ii) The amplitude of the 50-Hz component of the output voltage and load current, [4] 

(iii)The power absorbed by the load resistor, [11] 

(iv) The THD of the load current. 	 [2] 
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Question 3 

a) 
1. Draw the circuit diagram of a dc to dc buck converter. 	 [4] 

11. 	 Sketch the waveforms for VL and h of the circuit in (i) assuming that C is very 
large. [3] 

111. 	 Show that the output voltage circuit in (i) depends on the source voltage and the 
duty ratio. [3] 

b) Assume the following data for the converter in (a) 
Vs = 80 V D = 0.6 L = 450 IlH C = 100 IlF f = 100 kHz R = 50 n 

Calculate the following 
1. The output voltage 	 [2] 
ii. Output ripple amplitude 	 [2] 
111. Verify if the inverter is operating in CCM. 	 [6] 

c) 	 A boost converter is required to supply 24 V from a 15 V source for a load resistance of 
5 n. Determine 
l. The required duty ration 	 [3] 
11. The average current drawn from the power supply. 	 [2] 
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Question 4 

a) 	 The MOSFET-driven step-down converter circuit shown below produces the tum-on 
wavefonns which are shown with the circuit diagram. 
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1. What is the threshold voltage V GSth of the MOSFET explain you're answer? [2] 
11. 	 What is the MOSFET transconductance g~? [2] 

111. 	 What is the on-state resistance rDS(on) [2] 
IV. 	 Given that tri = tfi and trv = tfv find the device power dissipation if the switching 

frequency is 15 kHz. [11] 
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b) The circuit below shows a controlled half wave rectifier using a thyristor. 

+ vSCR ­

v s = V;1l sin(rot) '\... 
Control 

Figure Q.4 

(i) 	 Draw the waveforms of the source voltage Vs, the source controlled reactor voltage 

VSCR and output voltage voltage Vo for two cycles. [3] 

(ii) 	 Find the delay angle to give and output voltage Vo = 20 V , if the RMS voltage of the 
source VS_RMS = 155.56 V. [5] 

Page 6 0/9 



Question 5 

(a) 	Refer to the diagrams in figure Q.5(i) and Figure Q.5(ii). Draw the PWM signals for two cycles 
of the three voltages. Show only for 51,54,53155 [5] 

Assume that: 

Sl is on when Va < Vtri 

S4 is on when Va > Vtri 

S3 is on when Vb < Vtri 

S6 is on when Vb > Vtri 

S5 is on when Vc < Vtri 

S2 is on when Vc > Vtri 

Figure Q.5 (i) 

Figure Q.5 (ii) 

(b) Design a converter to produce an output voltage of 40 V from a 4 V source. The output 
current is 500 rnA. Design for an output ripple voltage of 5 percent. Include ESR when 
choosing a capacitor. Assume for this problem that the ESR is related to the capacitor 
value by rc = 10-5 Ie [20] 
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Answer Question 5 (a) in this page and submit it with your answer sheet 
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Useful Information 

Normalized Fourier Coefficients ~ for Bipolar PWM 
Vdc 

n=l 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 
n=11l/ 0.60 0.71 0.82 0.92 1.0 I 1.08 1.15 1.20 1.24 1.27 
n=mf-j:2 0.32 0.27 0.22 0.17 0.13 0.09 0.06 0.03 0.02 0.00 
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