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Final Examination 2011-2012

Subject: Optical detectors Class:3™ year
Division: Optoelectronics Eng. Time:3 hours
Examiner: Dr. Mehdi Munshid Shellal Date: 4 7/ £ /2012

Answer only five questions

All questions have same weights (10 marks)
Q1:(a) What are the main requirements for a photodetector ?

(b) For a photoconductive detector if the energy hv of incident photons exceeds the
band gap energy, an electron-hole pair is generated. Derive the quantum efficiency
nusing the responsivityR concept?

(c) Show that R =~ %, where R is responsivity figure of merit of the detector in
A/W unit,

(d) Let we have a semiconductor slab of absorption coefficienta.It is assumed that
the facets of this slab have antireflection coating, then the power transmitted

through the stab of width w is P, = P,,e~®*. Show that Naps = 1 —e™%W

Q2:(a)There two photoconductive processes. What are they? Explain each one?

(b) If the photocurrent of a photovoltaic detector is is0= Wh?a . Using the

current-voltage characteristic of a diode at zero bias. Show that the
open circuit photovoltage, i.e., the photovoltaic signal vy, is given by

v — ﬂlplﬁk'f
so hel

(c) For quantum (photo) detectors, there are three principal effects. What are

they? Then state only one of them?

Q3: (a) All detectors are limited in the minimum radiant power which they can

detect by some form of noise. This noise may arise from three possibilities,

what are they?

(b) In absence of electrical bias, the absolute minimum noise exists, termed
Johnson" noise, "Nyquist” noise or "thermal" noise. This form of noise

arises from the random motion of the current carriers within any resistive

material. There are three principal forms of excess noise exist. What are they?

(¢) Write the short circuit G-R noise current iyand the open circuit G-R

ﬁoise voltage vy for a simple one-level extrinsic photoconductor which appear

only in the presence of a bias current Iz? Explain each parameter used here?
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Q4:(a) Show that at zero bias that, shot noise current is equivalent to the
Johnson noise current?
(b) What is the general expression for the noise current of 1/f power law
noise? Explain all its parameters?
(¢) Let you have a phototransistor, voltage comparator, battery of 12 volt,
LED and some resistors. Design a basic phototransistor detector circuit?
(d) Let you have a photocell, voltage comparator, battery of 12 volt,
LED and some resistors. Design a basic cds photocell detector circuit?
QS5: (a) Explain the thermal resistances for thermal detectors corresponding to
the three mode of heat transfer, conduction, convection, and radiation?
(b) If we add heat at the rate g J/s for time At and the resulting
Temperature rise is At, then we can define the thermal capacitance to be

A . .
Cep, = ‘L—;. If the temperature rises from value T, at time t, to T at

time t;, then we can write Ty, — T, = AT(t) = ﬁf:i q(t)dt.
¢ o

Show the heattransfer g(t) in the differential form?

G )
Q6: It % (AT)+ =" AT = -iPme’“’ , using integrating factor. Show that
th th
nk,

AT =
G, (1+at2)"?

Good luck
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