University of Delaware
Department of Electrical and Computer Engineering
ELEG620: Solar Electric Systems Homework #2:

1. SRH or defect recombination is enhanced if a defect level is located at the midgap rather than
close to the conduction or valence band. Explain why this is true.
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2. The simplified band structure of silicon (n; = 1 x 10'® cm™) is shown below. Answer the
following questions:

Ec=1.12eV

(2)

(b)

(©)

~

A

What is the doping in the material (type and dopant density)

The material is n-type (seen from position of E; compared to Ec or Ev). The doping density is:

n=N_,exp Er—Ec =n, exp Er—E | Niis given as n;= 1 x 10'° cm™, and Ei is half the band gap
¢ kT : kT
(1.12 eV/2), so the answer is 7.6e14 cm™.

What is the equilibrium minority carrier concentration?
2 . .
np = n; , and n from above is 7.6e14, so answer is 1.3e5 cm’.

There is a uniform excess minority carrier concentration of 1 x 10'° cm™ throughout the
material. Calculate and sketch both the quasi-Fermi levels.

oo EoFe) oof Py~ E;
=n,exp| ————— | and n =n; exp| —— |.
p=nexp — e

0.56—F,

P carriers: 1x10" +1.3x10° = (1 x 10‘°)exp
0.0258

j Fp=10.26 ¢V above the valence band.
F —0.56
0.0258
only 0.02 eV above where the equilibrium Fermi level is.

N carriers: 1x10" +7.6x10" = (1 x 10" )exp( ] Fp = 0.87 eV above the valence band, or

3. A semi-infinitely long piece of material has a constant injection of minority carrier at one
edge, denoted by Niy;.

(a)

Using 1 for the minority carrier lifetime and D for the diffusivity, calculate the minority
carrier diffusion current in the slab. Be sure to indicate what type of current (electron or
hole) you are calculating.

Assuming that the electric field is negligibly, the transport equation becomes (for electrons)

J,=qD, @ . Combining this with the continuity equations gives:
X
2 d? -
% =qD, ddr;(zx) = q(U(x) - G(x)) and rearranging gives: dljc(ZX) = U(X)DnG(x) .




An
The recombination is given by U/ = —— and there is no generation, so the general equations becomes:
T

n

d’n(x) n(x) . o B V4

7 = o (using L, =,/D,, )- The general solution is An(x) = Ae "™ + Be’" . We know
n

that far away from the injecting surface, the carrier concentration must be finite, so in order to maintain a

finite n(x), B must be zero. So far everything is identical to the diode equation.

The other boundary condition is that n(x=0) = Njy;, so A = Nj,;. So the particular solution is:

An(x)=N mjei%” . We find the external current by plugging back into the transport equation

dn(x D
J,=qD, d—() and finding the solution at x=0 to get |J, = —¢q L" N,
X

n

(b)  What happens (describe, don’t calculate) as the minority carrier lifetime tends towards
very large values?

As the minority carrier lifetime gets very large, the carrier concentration in the device becomes nearly
constant, and the diffusion current becomes very small.

(c) If the slab were made much thinner, and the surface recombination is large, briefly
describe what would happen to the diffusion current.

Increasing the surface recombination velocity would lower the carrier concentration at one end of the
slab. Therefore, across the slab, dn/dx would increase, and the current would increase.

4. Draw the band diagram of a pn junction under equilibrium and forward bias. Include the
Fermi and quasi-Fermi levels, as appropriate.
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