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Responsivity of Photoconductors

• If J is the current density through the

photoconductor then J comprises of two

components.

• One is the current density through the

photoconductor when there is no photon flux i.e.

𝒅𝒂𝒓𝒌 and other is the current density when the

photon flux incident i.e. 𝒑𝒉𝒐𝒕𝒐 .

𝒅𝒂𝒓𝒌 𝒑𝒉𝒐𝒕𝒐 (1)



where is conductivity                                   (2)

where is charge density and is mobility   (3)

where n is carrier concentration                      (4)

• If  and  are the dark carrier concentrations of electron and holes 

respectively i.e. at then we have

𝟎 𝒆 𝟎 𝒉 (5)

& 𝒅𝒂𝒓𝒌 𝟎 𝒆 𝟎 𝒉
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Responsivity of Photoconductors

• Our interest is in to find the photo current  due to incident photon flux and

then calculate what is responsivity.

• Simillarly if and is excess carrier concentration of electrons and holes

respectively when photon flux incident on the semiconductor and .

• Then, the photo current density is given as (similar to dark current density)

𝒑𝒉𝒐𝒕𝒐 𝒆 𝒉

𝒑𝒉𝒐𝒕𝒐 𝒆 𝒉
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• If R is the rate of generation of excess carriers per unit volume( wA i.e. w is

width and A is area) .Then

(9)

• In earlier lectures on recombination we have studied rate of 

recombination of excess carriers is given by 

(10)

where is excess carrier recombination time
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• From eq. (9) and (10) we can write

𝜼𝜱𝝉

𝒘𝑨
(11)

• Thus from equation (8) and (11), we have

𝒑𝒉𝒐𝒕𝒐
𝜼𝜱𝝉𝒆

𝒘𝑨 𝒆 𝒉

• Since  ௧ therefore,

𝒑
𝜼𝜱𝝉𝒆

𝒘 𝒆 𝒉

• Also   and   thus 
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𝒑
𝜼𝜱𝝉𝒆

𝒘 𝒆 𝒉

•
𝒘

𝒗𝒆
is transit time of electrons and

𝒘

𝒗𝒉
is transit time of holes. Thus,

𝒑
𝟏

𝒕𝒆

𝟏

𝒕𝒉
(15)

• Since 
𝑷𝒐𝒑𝒕

𝒉𝝂

𝑷𝒐𝒑𝒕

𝒉𝒄

𝒑
𝑷𝒐𝒑𝒕

𝒉𝒄
𝒆⁄

𝟏

𝒕𝒆

𝟏

𝒕𝒉

if c and are in micrometer then (hc/e)=1.24
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• Then,

𝒑
𝑷𝒐𝒑𝒕

𝒉𝒄
𝒆⁄

𝟏

𝒕𝒆

𝟏

𝒕𝒉

• Thus we have expression for photocurrent ,

𝒑
𝝉

𝒕

𝝀

𝟏.𝟐𝟒 𝒐𝒑𝒕 (16) 
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• Thus the responsivity of a photoconductor is given by-

𝒑

𝒐𝒑𝒕

𝒊𝒑

𝑷𝒐𝒑𝒕

𝝉

𝒕

𝝀

𝟏.𝟐𝟒
A/watt                                (17)

This gives the responsivity of a photoconductor.

• may be in few picosecond ( ିଵଶ to few milisecond ( ିଷ depending on

material.



Gain in Photoconductors

• In general mobility of electron is much grater than hole mobility thus the

velocity of electron is larger than that of hole thus



• And 𝒆
௪

௩

ଵ 

ଵళ/௦
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• If responsivity is greater than 1 than we have gain.

• Gain
𝝉

𝒕
=

𝟏𝟎ష𝟏𝟐𝒔ି𝟏𝟎ష𝟑𝒔

𝟏𝟎ష𝟖𝒔
ି𝟒 𝟓 (18)



Gain in Photoconductors

• Thus in photoconductors gain is very high thus gain is large.

• If one photon incidents on the material it generates one electron-hole pair. The

electron and hole either recombine or if they have larger recombination

time, they will move towards contacts. As the electron starts moving faster

than hole it is collected by the contact very soon while hole is still in the way.

Then to maintain charge neutrality electron is injected by the contact up to the

time when hole is also collected by the electrode.

• So for one hole many electrons are transited which causes a constant current

for a longer period in the external circuit.



Application of  Photodetectors

 Photodetectors are essential elements applied in-

• Video imaging

• Optical communications

• Biomedical imaging

• Security

• Night-vision

• Gas sensing

• Motion detection

• It possess the ability to transform light into electrical signals precisely.




