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Photodetectors

• There is also an another class of photo
detectors called ‘thermopiles’ whose
temperature changes by absorption of
incident radiation and is particularly used
for high energy pulse detection

Photo-conductive
(the incident photon changes 

the conductivity of the 
detector i.e. detectors based on 

change in conductivity)

Photodetectors

Photoemissive
(incident photon results in 

emission of electron)

e.g. Photo-multiplier 
tube (PMT)

Photodiodes

Photoconductor Phototransistor

Solar Cells PIN Avalanche Photo 
Diode (APD)



General Characteristics of Photodetectors

There are some important parameters-

i. the external Quantum efficiency

ii. R Responsivity

iii. ௥ Rise time/ Impulse response

iv. ே௢௜௦௘ Noise power/ dark current

 For detection of light the external Quantum efficiency and responsivity are

more important while for high speed communication the rise time/ impulse

response and noise power are more important.



General Characteristics of Photodetectors

1.The External Quantum Efficiency ( )

• The quantum efficiency refers to the fractional number of carriers generated
per incident photon.

• Let be the photon flux (number of photon incident per unit time) and ௢௣௧ is
the power then

𝑷𝒐𝒑𝒕

𝒉𝝂
(1)

• The quantum efficiency is defined as-

𝜼 =
𝑪𝒂𝒓𝒓𝒊𝒆𝒓 𝒇𝒍𝒖𝒙 (𝒆 − 𝒉 𝒑𝒂𝒊𝒓) 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆𝒅 𝒘𝒉𝒊𝒄𝒉 𝒄𝒐𝒏𝒕𝒓𝒊𝒃𝒖𝒕𝒆 𝒕𝒐 𝒑𝒉𝒐𝒕𝒐 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆𝒅 𝒄𝒖𝒓𝒓𝒆𝒏𝒕

𝑰𝒏𝒄𝒊𝒅𝒆𝒏𝒕 𝒑𝒉𝒐𝒕𝒐𝒏 𝒇𝒍𝒖𝒙



General Characteristics of Photodetectors

Thus, we have
𝒊𝒑

𝒆ൗ

𝑷
𝒉𝝂ൗ

(2)     

where 𝒑 is the photo current and ‘e’ is the charge on one electron

• Since all the electron-hole pairs generated need not to contribute in photocurrent.

• Thus, , as every incident photon will generate one e-h pair at best.

• The expression for in eq. (2) is in terms of incident flux and photocurrent.
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2. Responsivity ( )

• In case of photodetector responsivity is defined as

𝒊𝒑

𝑷𝑶𝒑𝒕𝒊𝒄𝒂𝒍
(3)

• From eq. 2 put the value of 
௜೛

௉ೀ೛೟೔೎ೌ೗
in eq (3),

𝒊𝒑

𝑷𝑶𝒑𝒕𝒊𝒄𝒂𝒍

𝜼 𝒆

𝒉𝝂
(4)

𝜼 𝝀 (𝝁𝒎)

𝟏.𝟐𝟒
(A/W)                                        (5)
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• From eq. 5 we conclude that as wavelength is a fixed quantity,thus

(7)

• So to maximize responsivity that means (from eq. 3)  to get maximum photo 

current for a given optical power we have to maximize the quantum efficiency.

• So how to maximize and what does depend on??

How to maximize 

and on what does 

depend on??
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• Let us consider on a photodetector with thickness ‘d’ there incident a

photon flux and ‘x’ be the depth direction from the surface.

• The refractive index of air and semiconductor are taken as 1.0 and

3.5.

• R is the reflectivity and R is responsivity.

• If R is the reflectivity then (R. will be reflected back from the

surface i.e. 30% is reflected back so only (1-R i.e. 70% light will

enter the material.
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Depth direction (x)

n=3.5

Photodetector

Photon Flux 𝝓

d

Surface          n=1

R is the reflectivity and R is responsivity.

𝝓(1-R)𝜙

Inside the medium the intensity of photon flux 
is exponentially decaying as the absorption 
coefficient (𝛼) of the material decreases as 
the depth increases [𝐼 = 𝐼଴𝑒ିఈ ].And after d 
it becomes constant in air.

x

Photon 
Flux

d



General Characteristics of Photodetectors

• Let 𝟎 is incident intensity and  𝟎
ି𝜶𝒅 is coming out of the material 

therefore absorbed energy in the material is = 𝟎 𝟎
ି𝜶𝒅= 𝟎(1 ି𝜶𝒅) and 

the fraction i.e. absorbed is (1 ି𝜶𝒅).

Therefore the fractional number of photons which are absorbed

= (1-R . (1 ି𝜶𝒅)                                            (8)

• Among the absorbed photon, some may give their energy to lattice and generate 

phonons, some absorbed photon may be absorbed in the traps. So if N number of 

photons which are absorbed only N will contribute to external current.
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• So comprises of two parts-

a) All absorbed photons may not generate e-h pairs.

b) Some of the generated e-h pairs may immediately recombine.

Therefore the fractional absorbed photon flux which contributes in external 

current is given by 

= (1-R . (1 ି𝜶𝒅). (9)

• Therefore from the definition of quantum efficiency-

𝜼 =
𝑪𝒂𝒓𝒓𝒊𝒆𝒓 𝒇𝒍𝒖𝒙 (𝒆 − 𝒉 𝒑𝒂𝒊𝒓) 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆𝒅 𝒘𝒉𝒊𝒄𝒉 𝒄𝒐𝒏𝒕𝒓𝒊𝒃𝒖𝒕𝒆 𝒕𝒐 𝒑𝒉𝒐𝒕𝒐 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆𝒅 𝒄𝒖𝒓𝒓𝒆𝒏𝒕

𝑰𝒏𝒄𝒊𝒅𝒆𝒏𝒕 𝒑𝒉𝒐𝒕𝒐𝒏 𝒇𝒍𝒖𝒙
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• Thus, from eq. (9), the expression of quantum efficiency is given by-

𝜼 =
(1−R . (1 ି𝜶𝒅 ). 

(1−R . (1 ି𝜶𝒅 ). (10)

• This expression of quantum efficiency shows that depends on reflectivity ‘R’ , 

absorption coefficient ‘ ’ , thickness ‘ ’ and the factor zeta ‘ ’.

• Thus can be optimized and will have maximum value 1 i.e. 100% efficiency 

of the device if R=0, ି𝜶𝒅 and can be obtained (from eq. 10).
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• So, for making R=0 we have to make a anti-reflection coating at the surface. But 

one can make anti-reflection coating for a particular wavelength and R=0 will be 

when anti-reflection coating is done for all the wavelengths.

• For ି𝜶𝒅 , has to be large i.e. either or or both has to be large.

• One has to select proper value for the sufficient light absorption like if one 

want to absorb 90% of light then

ିఈௗ

ିఈௗ ି𝟏

𝟏

𝜶

𝟐.𝟑𝟎𝟑

𝟐𝟎,𝟎𝟎𝟎 𝒄𝒎ష𝟏
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• For i.e. we have to generate electron hole pair and make them alive so that 

they may contribute to external current for this one can do following things-

i. Apply an appropriate bias so that the generated carriers immediately starts
moving away from each other (which minimizes the recombination) and
contribute in external current.

ii. Minimize the defects and traps in the material as they act as recombination
centers.

Thus can be maximized by very careful fabrication of the high quality (defect free
or minimum defect) material.



Conclusion

• is not a fixed quantity.

• depends on reflectivity ‘R’ , absorption coefficient ‘ ’ , thickness ‘ ’ and the
factor zeta ‘ ’.

• Thus can be optimized and will have maximum value 1 i.e. 100% efficiency of
the device if R=0, ି𝜶𝒅 and can be obtained (from eq. 10).

• In similar way responsivity R is optimized by optimizing

(A/W)




