




Figure 1: (a) Energy band diagram for a semiconductor showing the valence and 
conduction band edges. (b) The density of states monotonically increases from the 
band edges (c) Occupation probability of electrons and holes in the CB and VB, 
calculated with respect to the intrinsic Fermi function (d) Product of (b) and (c) gives 
the concentration of electrons in CB and holes in the VB.



Figure 2: Optical absorption process 
in a semiconductor. Photons of 
energy equal to and greater than the 
band gap cause excitation of 
electrons. Higher energy electrons 
thermalize to the band edges

Where Photon flux is number of photons crossing given area



 Transmitted intensity



Figure 3: Intensity drop with depth inside 
a semiconductor, due to absorption. 
There is an exponential decrease in 
intensity as depth increases.
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Figure 4: Electron-hole pair creation by 
optical absorption. The concentration is 
proportional to the number of available 
states, given by the density of states 
function.



Figure 5: Absorption coefficient vs. 
photon energy for Si and GaAs. Si 
has a gradual rise in  beyond its 
band gap since it is an indirect 
band gap semiconductor, while the 
rise in  is sharper for GaAs (direct 
Eg)







Figure 7: Indirect recombination in Si 
mediated by a recombination center.
Since there is a change in electron 
wavevector, k, this process involves the
lattice vibrations in Si, i.e. phonons (heat)

Figure 6: Recombination in GaAs 
shown using (a) E vs: k diagram 
(b)a schematic energy band 
diagram. The transition give rise 
to photons of energy equal to Eg. 
For GaAs, this photon lies in the 
infra red region



Figure 8: Weak illumination in Si. 
This happens when the number of
electron-hole pairs created is smaller 
than the dopant concentration. In
this scenario only the minority carrier 
concentration is significantly 
affected, while changes in majority 
carrier concentration can be ignored



Equilibrium carrier 
concentration (at room 
temperature without light)
nn0 = Nd and Pn0 = ni

2/Nd

Steady state carrier 
concentration (under 
illumination)



Figure 9: Carrier generation (a) equilibrium (b) during illumination and (c)
once the light is turned off. After a certain time interval (determined by
minority carrier lifetime) the system returns to state (a).



Excess carrier 
rate of change



Figure 10: (a) Uniform illumination of a n-semiconductor for a fixed time.
(b) The minority carrier concentration before, during, and after illumination
is plotted. This is a case of weak illumination so that changes in the electron
concentration can be ignored. In this example illumination time is orders of 
magnitude higher than the recombination time



Excess holes as a 
function of time when 
light is switched on

Excess holes as a 
function of time when 
light is switched off





Figure 11: Illumination at the surface 
(non uniform through the volume) 
creates excess carriers and there is 
a diffusion current into the bulk. 
There is also a drift current due to 
the applied external field. In this 
figure, electron drift and diffusion 
are in opposite directions, while hole 
drift and diffusion are in the same 
direction.



Figure 12: Derivation of the continuity equation showing various possible processes in a 
semiconductor. A small elemental volume is considered. The flux through this volume 
can be due to diffusion and drift current. Under weak illumination changes in majority 
carrier concentration can be ignored and only generation and recombination of minority 
carriers need to be considered.



Gph only at the surface 
not in the bulk



Figure 13: Weak 
illumination at the surface 
creates excess holes 
(within depth x0) that 
diffuse into the bulk. 







Figure 14: (a) Excess concentration and (b) diffusion current as a function of
depth for weak surface illumination. There is an electron and hole diffusion
current due to movement of carriers to the bulk. In the absence of any
external field this diffusion current is balanced by a drift current
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