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Q1 Tidal barrage scheme: 23 IIB attempts, mean 65.7%

There were many good attempts at this question. Many students answered (a) very well,
(b) (i) caused problems in the calculation of the end of the generating period and the net
head of water. (b) (ii) was well answered, but very few candidates were able to find the
peak head of water in (b) (iii). Most candidates realised that the timing of the peak power
generation would change every day but some only alluded to the generation being
‘lumpy’. Part (c) received many excellent answers, although a few misunderstandings of
the difference between MVA and MW were apparent.

Q2 Offshore wind power: 28 |IB attempts, mean 71.1%

This was a popular question and was mainly very well answered. (b) (ii) caused some
problems, with some candidates taking 24 ms™ as the rated wind speed and getting
some obviously wrong answers. Most candidates showed a good understanding of
permanent magnet generators in part (c), and parts (d) and (e) on the economics of the
scheme received many excellent answers, the main errors stemming from incorrectly
transcribing the information given in the question to their scripts.



Q3

(a)

(i)
kT NpN
Vbi = —ln( D2A>

q n;

l

ni=3.18 X 10'®at T =300 K from expression given. Np (n- doping), Na (p-doping) defined in Q and
K, q from data book or formulae and constants sheet

hence Vbi =0.832V

(ii) De and Dy, diffusion length for electrons (minority carries in the p-region) and holes (minority carriers in the n-
region) and te and t, their respective lifetimes are data given in the table. As is A the junction area and Np and

Na.
2 2
Data sheet tells us that. I, = qA [n"—De + ﬂ]
Nale ' NpLp

Where

Le,h =4/ De,hte,h

Plugginginvaluesongets s = 1.16*10/-10A
(iii)

From lecture notes

kT I,
Voc =—1I1o (—p + 1)
q g Ig

lop = 1072, all other parameters known and calculated in (ii)
Virnon = 0472V
b) (i) The short circuit current is equal to the optically generated current.
Isc = lop = qAg[Le + Ly]

g is the generation rate defined in the Q, A junction area , L= 40 um and Ly = 1um from the
parameters for Den and teh given.

Iopp =039 A
(i) As T has changed to 340K n;changes and hence /salso changes to:
n; = 4.76*10"17 cm=3 and Is = 2.68 X 10-84
Voc=0.484V



(iii) The built in voltage is the voltage which would be applied to make the band across the junction
flat. But before the band becomes flat, with reduction of the potential barrier to minority current
flow, current starts to flow as carriers can be thermally excited over the barrier ( gain voltage
KT/q). Hence the open circuit voltage is lower.

Comments: Probably because the answers were numerical, and the
expressions were standard ones the students had little difficulty with
question 3. Generally they only lost marks in part b iii)

Q4

a) Internal losses due to bulk resistance, contact resistance, leakage current. Cell is essentially a black body and
not all radiation is converted to heat. Solar cells are between 20% and 30% efficient some of that is reflected
but some of it is simply converted into heat

The following factors effect heat generation in the cell
Back surface reflection

Surface shading by top contacts

Recombination e-h pairs generated near surfaces.

Hotter cell equals lower Voc and reduced power output

Comments: General impression was that this was a question about
how much of the spectrum can be converted in cell. Hardly anyone
mentioned the losses in the cell itself

b) A practical solar cell is not a simple junction. There are series resistances with
junction due to the bulk Si across which the photogenerated current flows to the
terminals. Additionally there is always resistance between the Si and the metal
contacts (contact resistance) which is also in series ( generally both are lumped
together in a single resistance). Additionally there can be a leakage resistance
parallel to the diode, takes current out from the main current, due to damage at the
perimeter edges of the cell. If the area/perimeter ratio is very high then this parallel
resistance can be taken to approach infinity.

The modified equivalent circuit is:
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Major features of a solar cell DimensTons
the vertical direction are exaggerated compared to lateral

dimensions for the purpose:

A4
12_\;: s ,’HZS 2

s of illustration.

Comments: Students had little difficulty with this section

¢) Shockley-Read-Hall recombination (SRH), also called trap-assisted recombination, the electron in
transition between bands passes through a new energy state (localized state) created within the band
gap by a dopant or a defect in the crystal lattice; such energy states are called traps. Non-radiative

recombination occurs primarily at such sites. The energy is exchanged in the form of lattice vibration, a
phonon exchanging thermal energy with the material.

In Auger recombination, the energy is given to a third carrier which is excited to a higher energy level
without moving to another energy band. After the interaction, the third carrier normally loses its excess
energy to thermal vibrations. Since this process is a three-patrticle interaction, it is normally only significant
in non-equilibrium conditions when the carrier density is very high. The Auger effect process is not easily
produced, because the third particle would have to begin the process in the unstable high-energy state.

SRH is the dominant recombination process in silicon and other indirect band gap materials.

Comments: Lots of confusion over which is dominant
mechanism. Otherwise fairly well answered



d)

The mmpact of Rg and Rp on the solar cell I-V characteristics:
P =1V

1deal m - meem

TOUGVAAL

I Rg=0

reasing R

Output current
Output current

Increasing

Vﬂ
Output voltage V Output voltage
(a) (b) 5'—
? < Effect of parasitic resistances on the output
characteristics of solar cells:

(a) Effect of series resistance, Rs.
(b) Effect of a shunt resistance, RP .

Reducing Rs brings the characteristic closer to the ideal. Increasing Rp also brings it closer to the
ideal.

Comments: Generally well done although some confusion with how
the intercepts on the graphs vary with Rs and Rp

Overall: There were 40 attempts for question 3 and 22 for
question 4. The marks awarded for each question were
similar with question 3 scoring an average of 16 and question
4 an average of 14.7



