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1. (a) (i) Check the Capacitance:

3
AV= ZfC T 230x2x50x100n

This is a very large number, so the 100nF is not smoothing the voltage. Therefore, there will
be a deadband around 29V, when there is no current drawn for a short period.

. 1| 29 ]
S1n { = 5 9 (each side of zero).
23042 S SR
Average voltage across the 100nF capacitor:

1757
[f 130 930./2 sin wtdwt + 29> igg] 2x325%0.996/1 +1.6

180

Including 2V for diode drops: Ans: 2057V

(i1) The regulator R simply acts as a resistor and drops the large voltage. The advantages
are:

The recifier is full wave so symmetrical ac current waveform:

the current roughly follows the voltage so in phase (so the power factor is very high):

no large smoothing capacitor needed. (This is important as there are millions of such
lamps to be deployed in a fully synchronised system.)

(iii) R is the regulator but needs to have the characteristics of a resistor without the losses!
This many be achieved by a step down converter or a high frequency resonant half bridge.
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(b) (i) Triac dimming works by phase control.

Low Voltage

High Voltage :

(i1)  The instant dv/dt related to the triac firing is imposed on the ac capacitor and the
100nF capacitor in the circuit given. The combined capacitance is very small so the current
in the diodes and capacitors at this instant is small and “safe’. If the dc is “smoothed’, the
capacitor is much larger, e.g. 3.3uF and the currrent drawn will destroy the diodes.



2. (a) (i) The MOSFET is a unipolar device. Therefore the bulk material is resistive. Higher
voltages need more bulk, so become proportionately more resistive. Automotive is 12 or 24V
so well within the comfort range of MOSFETs. Mains voltages of 230V ac are getting to the
limit of cost effectiveness, as their resistance grows. Low current LED lamp drivers
sometimes use them, since by the time the current is so low the package dominates the cost!

(i1) CGS. CGD, CDS, lables per the MOSFET nodes. CGS is the main channel control.
so it’s charge determines the channel resistance. CGD is interesting, as the drain source
voltage changes during switching so the gate G must absorb or produce that dv/dt current.

(iii) The diode clamping means the voltage does not overshoot the rail voltage (ideal case).

Current
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Since voltage and current at the same time is power lost in the MOSFET (like a resistor), the
time taken to cross must be minimised to reduce the energy lost per switching event.

(b) Structure of an IGBT:

Soft Punch Through IGBT

Essentially a p layer is added at the bottom. The behaviour may be adjusted by adding an n
layer next to the p layer.

(c) The p layer injects holes into the n layer and the IGBT acts like a poor pnp BJT. so
turn on and turn off takes some time to complete, so there are extra switching losses at turn
off and turn on and these can be very significant, depending on the IGBT voltage rating.
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