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(a)

(b)

A switch-mode power supply (SMPS) is required to form a -15 V supply
(Vo) from an original source of 5V (V). Two possible solutions are
examined in this question. The circuit is required to supply output currents
between 0.1 A and 2.0 A. The switching frequency chosen is 25 kHz and
the output voltage ripple must be less than 100 mV (peak to peak)

For a flyback SMPS
(1) Draw a circuit diagram of the SMPS

(ii)  Give the expression for the ratio of output voltage to input voltage
for continuous operation

(iii) Choose an inductor value to ensure the circuit remains in
continuous operation.

(iv)  Specify the effective series resistance of the capacitor

For a Cuk SMPS
(1) Draw a circuit diagram of the SMPS

(ii)  Give the expression for the ratio of output voltage to input voltage
for continuous operation

(iii)  Choose inductor values to ensure the circuit remains in continuous
operation.

(iv)  Specify the effective series resistance of the capacitor
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2.

(a) Figure Q2a shows the drain-source voltage and drain current of the
transistor in figure Q2b. The parameters marked in the figure have the
following values:

T =20 ps

ton =16 us

Ve =550V

VDS(On) = 25 V

I =25A

ti =150 ns

73 =30ns

tr =30ns

tfi =200 ns

T
Ve T o \ Vo
I, T i
Iyl
S
E D.
VDS(OnEL ]
) [n, — — tﬁ e
t ——tfv-— —-ter-
(@) (b)
Figure Q2
Calculate the power loss in the transistor.
(b) A turn-off snubber is be added to the circuit of Figure Q2b to reduce the

power loss in the transistor. The capacitor is to be chosen so that the
voltage across it rises in exactly the fall time of the drain current (5).

(1) Sketch the circuit to be used

(i) Sketch the waveforms of the current in the collector and voltage
across the snubber capacitor

(iii)  Calculate the value of capacitor required
(iv)  Choose a suitable discharge resistor

v) Calculate the turn-off power loss in the transistor and the loss in
the reset resistor
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(a)

(b)

(c)

For a single-phase DC to AC converter (inverter):

®
(1)
(111)
@iv)

Sketch the circuit diagram of the circuit

Describe its operation and in particular describe how the signals to
control the switches are obtained

Sketch the AC voltage waveform in the time domain

Sketch the frequency spectrum of the AC voltage and describe its
features

For a single-phase rectifier (AC to DC converter) using a diode bridge and
a large valued smoothing capacitor:

@)
(i1)
(111)
(iv)

Sketch the circuit diagram of the circuit

Describe its operation and in particular what determines the shape
of the current waveform

Sketch the AC current waveform in the time domain

Sketch the frequency spectrum of the AC current and describe its
features

For a single-phase AC to DC converter using a boost switch-mode circuit:

(1)
(i)
(111)
(iv)

Sketch the circuit diagram of the circuit

Describe its operation and in particular describe how the signals to
control the switch is obtained

Sketch the AC current waveform in the time domain

Sketch the frequency spectrum of the AC current and describe its
features
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(a)

(b)

(c)

(d)

Sketch a circuit diagram of a DC to DC converter suitable for running a
DC machine in all 4 quadrants of the torque-speed plane.

Derive an equation relating the torque produced by a DC machine to its
speed

Figure Q4 shows the typical limits of operation of a DC machine in terms
of torque and speed. Explain why the limits have this shape

A particular machine has the following properties:
Maximum DC input voltage 100 V
Armature resistance 0.5
Field flux at maximum field current 18 mWb
Armature constant 12.5 V.s.rad” . Wb™ (or N.m.A . wb?)
Rated armature current 8 A

(1) Calculate the difference in speed between the no load speed and
the speed when the maximum armature current is being drawn at
maximum field current.

(i)  Calculate the maximum speed the machine can achieve under full
load with maximum field current.

(iii) Calculate the maximum speed the machine can achieve under full
load with field current at half of its maximum value

(iv)  Compare the torque and power available under the conditions
under parts (ii) and (iii)

Torque

Maximum
Torque

» Speed

Figure Q4
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5. Figure Q5 shows a Zero-voltage switched (ZVS) quasi resonant converter.
The operation of the circuit occurs in four stages:

1 MOSFET on
1I MOSFET off; Cg pre-charging
1 Cg and Ly in resonance; MOSFET not conducting
v MOSFET on; Lg discharging
(a) Sketch the shape of the waveforms of irz and vcr (6]

(b) Describe the conditions under which the MOSFET is turned on and turn off
in terms of the drain current and drain-source voltage that exists during the
switching action and explain why this leads to low power loss during
switching. (6]

(©) Resonant action is governed by the equations:
i,.= I,cos(wgt)

Lo gin(w,)

VCR = V’ +
Wy Cr
For a conversion of 12V to 5 V with an output current of 5 A; choose

values of Lg and Cg such that the circuit as a whole operates with a period
of 2 ps. (8]
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Figure Q5
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(a)

(b)

()

Uninterruptable power supplies, UPS are installed by electricity
consumers to overcome power quality problems. Discuss the range of
problems that a UPS can solve and state any limitations that the design of
the UPS may place on its effectiveness.

Explain why a double diffused vertical structure is used for high voltage,
high current MOSFETs in place of the lateral structure adopted for general
purpose MOSFETs. Sketch the structure of both devices.

Describe how and why the double diffused MOSFET structure is modified
to form an IGBT (Insulated-gate bipolar transistor)
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