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This exam has a duration of 2 hours, and it is composed of 30 multiple choice
questions and 2 numerical ones. Some multiple-choice questions may have more
than one statement that must be selected, but there is no discount on failing them.
On PART I, each multiple-choice question values 0.4/20 and, on PART Il, each
numerical problem values 4/20.

Students may answer in these sheets and even without answering they should
deliver the whole exam at the end.

PART |

1) Shockley-Queisser limit applies to:
A) Multi-junction cells and identify a limit of 33%
B) Single-junction cells and identify a limit of 50%
C) Single-junction cells and identify a limit of 33%
D) Multi-junction cells and identify a limit of 50%

2) Quantum efficiency refers to:
A) Electrical efficiency
B) Photon-to-electron conversion ratio
C) Thermal efficiency
D) Power conversion efficiency

3) Minority carriers in n-type semiconductor are:
A) Electrons
B) Holes
C) lons

D) Photons

4) Drift currentis caused by:
A) Concentration gradient
B) Applied Electric field
C) Temperature gradient
D) Built-in Electric field

—_—  —

5) Diffusion currentis caused by:
A) Concentration gradient
B) Applied Electric field

C) Temperature gradient

D) Built-in Electric field
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6) What happens to an electron-hole pair when exposed to an electric field in
a semiconductor?
A) Theyrecombine after an average recombination time

B) They are separated: electrons to p-type layer and holes to n-type

C) Theyrecombine immediately

D) They are separated: electrons to n-type layer and holes to p-type

7) Series resistance mainly affects:
A)Voc
B) Isc

C) Fill Factor

D) Bandgap

8) Shunt resistance primarily affects:
A)Voc
B) Leakage current
C) Fill Factor
D) Photogenerated current

9) Maximum power point occurs when:
A) V has its maximum value
B) I has its maximum value
C)dP/dV =0
D) dli/dv=0

10) Short-circuit current depends strongly on:
A) Shunt Resistance
B) Light intensity and wavelengths

C) Series and Shunt Resistance

D) Series Resistance

11) Anti-reflective coatings improve:

A) Photon transmission to the absorber

B) Electrical conductivity of the semiconductor
C) Carrier mobility in the depletion zone
D) Thermal stability of the pn junction

12) Perovskite PV advantage:

A) High cost

B) High absorption
C) Tunable bandgap on the design
D) High efficiency
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13) Thin-film cells are characterized by:
A) Thick wafers and solid substrates
B) High cost and common materials
C) High weight and transparency
D) Low material usage and possible flexibility

14) Monocrystalline silicon efficiency is typically on STC or NOCT:
A) 5-10%
B) 10-15%

C) 15-25%

D) 30-40%

15) Inverters convert:
A)ACto DC
B) DCto AC
C) Heat to electricity
D) Light to heat

16) Temperature increase typically:
A) Increases efficiency
B) Decreases Voc
C) Increases bandgap

D) Increases Fill Factor

17) The ideality factor in the diode equation indicates:
A) Deviation from ideal p-n junction behavior
B) Optical losses

C) Panel leakage losses

D) Panel contacts losses

18) Off-grid systems need:
A) No storage
B) Only AC loads

C) Storage systems

D) No inverter

19) Degradation rate typical for silicon:
A) 5%/year
B) 2%/year

C) 0.3-1%/year

D) 10%/year
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20) LCOE stands for:
A) Levelized Cost of Energy
B) Levelized Charge of Energy
C) Low Cost Energy Estimation
D) Low Cost Electricity Estimation

21) Bypass and Blocking diodes are used to (respectively):
A) Block current to be injected into the cell and prevent power to decrease
to zero, respectively.
B) Prevent hotspots
C) Both prevent power to decrease to zero and block current to be injected
into the cell
D) Prevent power to decrease to zero and block current to be injected into
the cell, respectively.

22) Hotspots are caused by:
A) Over-illumination
B) Cell mismatch/shading
C) Low temperature
D) High voltage

23) Future PV efficiency gains are likely from:
A) Thicker wafers
B) Lower purity silicon

C) Expected change on sunlight

D) Multijunction architectures

24) A panel receives 1000 W/m? over 1.6 m? and produces 320 W. Efficiency is:
A) 10%
B) 15%
C) 20%
D) 25%

25) A silicon Photovoltaic module has V. = 5V at STC. At 35°C, Voc is:
A)5.02V
B)4.98 V
C)4.89V
D)5.22V

26) What type of semiconductor is typically used in PV cells?
A) Intrinsic
B) Extrinsic
C) Superconductive
D) Insulating


RicardoLameirinhas
Realce

RicardoLameirinhas
Realce

RicardoLameirinhas
Realce

RicardoLameirinhas
Realce

RicardoLameirinhas
Realce

RicardoLameirinhas
Realce

RicardoLameirinhas
Realce

RicardoLameirinhas
Realce


1% Exam SEITSF 2025/2026

Name:
IST Number:
Date:

27) What is short-circuit current (Isc)?
A) Current at maximum voltage
B) Current with no resistance
C) Current when terminals are shorted
D) Current at zero power

28) At NOCT conditions the photovoltaic cell has 200W of power. If the ambient
temperature is 20°C and irradiance is 1000W/m?, the temperature of the cell is:
A) 55°C
B) 48°C
C) 43°C
D) None of above

Observe the figure, where one obtained the following experimental points at NOCT:
(0;0.0363), (0.45;0.0362), (1.7260;0.0322), (2.075;0.001), (2.0791;0).

00357 e e S 29) Which of the following
. 3 statements are true:
A) Rs =4.1Q and Rsh = 4.5kQ
z B) Rs = 4.5kQ and Rsh=4.1Q
= ooz C) Rs =4Q and Rsh = 5kQ
- D) Pmax = 55.577mW
- E) Pmax = 16.29mW
o F) FF = 73.64% using 1M3P
0.005 | G) FF = 73.64% using TM5P
0 i . . H) Efficiency of 3.23%
0 0.5 1 1.5 25 -
Voltage [V] ) Efficiency of 8.54%
J) None of above

30) Based on previous figure, which of the following statements are correct:
A) Atthe MPP: Leakage losses of 4.25mW and contact losses of 0.767mW
B) Atthe MPP: Leakage losses of 0.767mW and contact losses of 4.25mW
C) SC: Leakage losses of 14.88mW
D) SC: Contact losses of 148.8mW

E) OC: Leakage losses of 0.96mW

F) OC: Contact losses of 9.6mW

G) Losses do not depend on the operation point
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PART I

Two modules are operating side by side, but one is shaded and the other it
completely clear. Each module is composed by 4 submodules: M1 and M2 with 5
silicon photovoltaic cells in series and M3 and M4 with 10 silicon cells in series.

Consider ideal cells with T0mA of current at the operating conditions. Each

submodule
1) Draw the scheme of the shaded panel. Draw the module’s I(V) curve where M1 is h_aS bypass
10% shaded, M2 is 100% shaded, M3 is 50% shaded and M4 is 25% shaded. diodes

a) What is the current and voltage of this module for a load of 3kQ?

b) Can this module deliver 75mW? For which currents, voltages and loads?
| [mA]

9 i
7.5 E—

b)

1 1 |
3.35 10.05 16.75 VIV

H1:V = 9mA x 3kOhm = 27 V -> not possible (outside the voltage range)

H2:V = 7.5mA x 3kOhm = 22.5 V -> not possible outside the voltage range)

H3: V = 5mA x 3kOhm = 15 V -> possible -> Then the operation point will be (15V, 5mA)
H4:V = 0 x 3kOhm = 0 V -> not possible (outside the voltage range)

H1:V =75mW/9mA = 8.33 V -> not possible (outside the voltage range)

H2: V = 75mW/7.5mA = 10 V -> possible -> Then the operation point will be (10V, 7.5mA)
for a load of 1.33kOhm

H3:V = 75mW/5mA = 15 V -> possible -> Then the operation point will be: (15V, 5mA)
for a load of 3kOhm

H4: No power produced
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2) What s the I(V) curve if one connects both modules in series and in parallel?
Assume that the shaded module has 10mA of current at negative voltages
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