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Typical Si PV Cell Structure
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Solar cell structure and energy band diagram showing valence
(VB) and conduction bands (CB), Fermi level (Eg),
photoabsorption, electron-hole pair generation, thermalization,
and drift.

(from Compaan, APS News April, 2005)




Typical Thin Film (CIGS) Cell Structure
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Conservation of Energy for each wavelength
Total Incident (A) = A(A) + T(\)+ R(A)
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Why must some PV layers be so thick?
(want to maximize absorption)



Mechanisms of Optical Absorption

Energy is absorbed by a “system”,
potential energy of system is
Increased.

For a system in which we are
concerned with gravitational potential
energy, consider the energy required
to put put a book on a shelf.

For semiconductors, optical
absorption occurs any time a
“carrier’ can be excited to a higher
“state”.

Typically, the carriers we are
concerned with are electrons, and
the excitation is across the band gap.
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Absorption coefficient

(a connection between the optical and electronic
properties of materials)

ot(A) o< (AP, (An, (A)

a (A) - the absorption coefficient
n,(A) - density of carriers in an initial state

n;(A) - density of unoccupied states
i; P.(A) - probability that transition will take place

In addition to “band gap excitation”, another important
absorption process is “free carrier absorption”, which is
typically seen in metals and TCOs.



Types of Semiconductor Band Gaps
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« Adirect transition requires just a photon of sufficient energy

« An indirect transition require both a photon and a phonon
“two body event” is lower probability.

« Energy and Momentum must be conserved.



Density of States in 3D Crystal

« “States” — allowed solutions to the Shrodinger Equation
« Analogy to waves on a string, but in 3 dimensions

Density of States
f, N Units of: # per energy-volume
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http://hyperphysics.phy-astr.gsu.edu/hbase/waves/string.html



Energy

DOS

a(hv) =< n,(hv)P, (hv)n, (hv)
DOS =< E"”

a(hl") oo EJNEP;TE:-EE

o (hv) o< AE"

AE=hv—E,

a(hv)e(hv—E,) "



Absorption Coefficients for some
Semiconductors

absorption coefficient (cm")
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95% Absorption Depth (CdTe)

— 95% Absorption Depth 2.0
— Extinction Coefficient
4

LU - 1.5
E L
= [=d
— =1
] 3
2 S
c (2]
= - 10 &
" 3 ] 3
— 10 (1]
B =)
5 2
[« =

— 0.5

10° 3
= 0.0
400 600 800 1000

Wavelength(nm) A




Beer-Lambert Law

I(1) MNe “M* €>  [(E)=1,(E)e "




Calculation of the absorption coefficient, a(A), for a thin film
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Measuring the bandgap energy (optical absorption)
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Fe,0;, (haematite) —
direct or indirect gap?

Semicond. Sci. Technol. 20 No 8 (August 2005) 705-709
doi:10.1088/0268-1242/20/8/009

MNanocrystalline haematite thin films by chemical solution
spray

J D Desai, H M Pathan, Sun-Ki Min, Kwang-Deog Jung

and Oh-Shim Joo
... eniergizing Ohio for the 21st Century .



Measuring the bandgap energy (optical absorption)

](/1) =1 (ﬂ)e—a'(fi)x — [(E) =1, (E)e—cz[E)x

Direct-gap semiconductor

Indirect-gap semiconductor

o(E)=an(E~E, ) a(E)«(E-E,F
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See, for example,
http://engr.sjsu.edu/cme/MatELabs/MatE153/Ch7%200ptical%20

Absorption.pdf, or
http://engphys.mcmaster.ca/undergraduate/outlines/3pn4/LAB3P '
N4-2%20Jan08.pdf ... energizing Ohio for the 21st Century



Measuring the bandgap of a thin film (optically)

http://www.chalcogen.infim.ro/Patidar-CdSe-Final.pdf
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Fig 2. The absorption spectra of Fig.3. Energy band gap determination of
CdSe thin film. CdSe thin film.

Therefore, if a plot of hv versus a? forms a straight line, it can normally be inferred that there is a direct
band gap, measurable by extrapolating the straight line to the a = 0 axis. On the other hand, if a plot of
hv versus a'/2 forms a straight line, it can normally be inferred that there is an indirect band gap,
measurable by extrapolating the straight line to the a = 0 axis.

From http://en.wikipedia.org/wiki/Direct_and_indirect_band_gaps '
... energizing Ohio for the 21st Century
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Reproduced From “Optical Processes in Semiconductors”, Pankove
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