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Types of Photodetectors

Photoelectric detectors
— A photon creates an electron-hole pair
— Quantum detectors (single photon detection possible)

Photoemission detectors
— A photon causes the emission on an electron

Thermal detectors
— A photon causes a temperature rise
— Wide spectral range (far IR to UV)

Weak Interaction Detectors
— No photon absorption



Types of Photodetectors

Photoelectric detectors

— Photovoltaic (PIN)

— Photoconductive

— Avalanche photodetector (APD)
— Phototransistor
Photoemission detectors

— Vacuum photodiode

— Photomultiplier

Thermal detectors

— Bolometer

— Thermocouple

— Pyroelectric

Weak interaction Detectors
— Photon drag



Definitions

* Quantum efficiency n: Ratio of the number of electrons
collected to the number of photons incident.

e Responsivity: current out divided by optical power
Incident

e e nA
R — 1 — = Z—:
T T he T 124w A




n=100% _ — 50
0= e
St b TN Ino.Gazr As
6_] o 533847
: w'/' ////——X\ {Sjﬂbll?tll’j e
d_ ARC-ML //, /% |
ff B Y i o
> B il 5
= | AP e
E i 7 / / / i A o) 2
w i =
5 e / : Ge /‘#‘_ﬂ_,—-‘""""’.‘/
e L . 1
é ] #HF’H“ _,__,.-"‘f#
5 01 / e ||
s 3 [ R U] LHA
D_ 4 1 L | —]
. _,,.--"'""H— | 1 —1 H i
C s //—-T ,L/ e o S|_pn!pln P
3 vV W=1000 um
o GaAs . |- 300 —
Si A = 2 i 100
‘ ;LL( , GaAsP i
o standw Si mis mis <
4 — T T T T } T T | T T
200 300 400 500 600 800 1000 1400 2000

WAVELENGTH A (nm)

Fig. 5.2.5 Spectral sensitivity o(A) of typical semiconductor photodiodes in
several materials and structures from UV to NIR (T=300 K). The lines
of equal quantum efficiency n are also indicated.



Absorption

Direct gap in semiconductors: a~1/um
Indirect gap in semiconductors a~0.01/um
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Figure 5-2.2 Wavelength dependence of the absorption coefficient o and of the
absorption length Laps for several semiconductors (data for T=300 K)
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Fig. 6. Dependence of absorption coefficient on wavelength for several
materials [18]-[20]. :



e Photoelectric detectors Gain?

— Photovoltaic (PIN) No
— Photoconductive Yes
— Avalanche photodetector (APD) Yes

— Phototransistor Yes




Photodetector Classifications

e lllumination

— Surface normal
e Top illuminated
e Substrate illuminated

— Surface perpendicular
« Edge absorbing detectors
« \Waveguide detectors
 Traveling wave photodetectors

e Contacts
— Metal (MSM photodetectors)
— Semiconductor
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Figure 5-2.7 Current/voltage characteristics of a silicon photodiode (for small
signals and A=900nm). Insert shows the dependence of junction capa-
citance and series resistance upon V (note the scale change for V<0).
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Fig. 2. Schematic diagram of a p-i-n detector and the electric field and
electron and hole velocities as a function of position in a p-i-n detector.
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.Fig. 1. Dependence of carrier velocity on electric ﬁeld for GalnAs [11]-
[13] and GaAs [14], [15].



PIN Impulse Response?



PIN Impulse Response?

- V.eo, +V,e0,
L

Displacement current flows. That Is what is measured
In an external circuit, not conduction current.
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Fig. 3. Impulse response of a p-i-n detector for different values of a: o =
0.68 ,um" (A=155um), a = 1.16 ,u.m"’ (N=1.36 pm), @ = 2.15
pm~' (N = 1.06 pm), (v, = 4.8 X 10°m/s, v, = 6.5 x 10° m/s,
corresponding to GalnAs.
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Fig. 4. GalnAs p-i-n detector bandwidth dependence on depletion-layer

thickness for 5 and 50 pm diameters. (¢ = 1.16 pm (1.3-um wave-
length) v, = 6.5 X 10°cm/s, v, = 4.8 X 10°cm/s.)



