
Háskóli Íslands Rafeindatækni fastra efna
Rafmagns- og tölvuverkfræði December 2, 2005

Junction Capacitance
and Solar Cell

Students:
Teacher: Sveinn Steinar Benediktsson
Djelloul Seghier Sævar Öfjörð Magnússon



1 Introduction
In the depletion layer of a junction diode forms a certain charge when voltage is applied.
This is called junction capacitance and depends on the bias voltage applied to the diode.

When light hits the pn junction of a semi-conductor the absorbed photon energy releases
an electron from the n-type region and moves it to the p-type �lling a hole and creating
a current. The �eld of research related to solar cells is known as photovoltaics.

2 Instrument setup
2.1 Measurement of capacitance
A digital LCR meter was used to measure the capacitance of the junction of the diode.

2.2 Measurement of capacitance by injection
We connected an Oscillator to a diode and resistance in series. One channel of a digital
oscilloscope showed us the original square wave of the power supply and another channel
showed the voltage over the resistance. From the oscilloscope we were able to obtain
values needed to calculate the lifetime of minority carriers in the diode.

Figure 1: Measurement of capacitance by injection

2.3 Measurement of solar cells
A variable resistance was connected to a solar cell. A voltmeter was used to �nd the
voltage the solar cell generates over the load resistance.
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Figure 2: Measurements with solar cell

3 Theory
3.1 Junction Capacitance
The capacitance of a p-n junction is described by

Cj = εA

(
q

2ε (V0 − V )
· NdNa

Nd + Na

)1/2

(1)

where W is the width of the depletion layer, A the junction area, V0 the contact potential,
V the bias voltage applied over the diode, Nd the donor concentration, Na the acceptor
concentration. By rewriting and squaring both sides we have:
The width, W , of the depletion layer is

W =

(
2εV0

q

(
Na + Nd

NaNd

)
=

2εV0

q

(
1

Na

+
1

Nd

))1/2

(2)

If we want to calculate W and we only know one of two, donor or acceptor concentration,
we can assume that either Na À Nd or Na ¿ Nd. Our selection of which constant is
signi�cantly greater depends solely on how our sample is doped. The relation between
Na/d and W is

1

Na

+
1

Nd

=
W 2q

2εV0

(3)

If we assume that Nd À Na for the Schottky diode we get

Nd =
2εV0

W 2q
(4)
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3.2 Injection Capacitance
The relation between storage delay time tsd, lifetime of excess carriers τp, and the currents
If and Ir, the forward and reverse currents, respectively, is

tsd = τp ln

(
1 +

If

Ir

)
(5)

Ohm's law states that V = IR and if the resistance is constant we can rewrite this as

tsd = τp ln

(
1 +

Vf

Vr

)
(6)

Rewriting for τp gives
τp =

tsd

ln
(
1 +

Vf

Vr

) (7)

3.3 Solar cell
The maximum power from a solar cell is

Pmax = Im · Vm (8)

where Im and Vm are the values of current and voltage that give us the greatest power.
The �ll factor, ι, is de�ned by

ι =
Pideal

Vm · Im

(9)

where Pideal = Imax · Vmax.
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4 Measurements and results
4.1 Measurement of capacitance
A digital LCR meter was used to measure capacitance as function of voltage for three
types of diodes, two pn-diodes and one Schottky diode. We used our measurements to
plot a graph of 1

C2 as a function of V . We then calculated a trend line through the �rst
data points on the curve before it started to curve.
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Figure 3: 1
C2

j
as a function of V for pn-diode # 1
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Figure 4: 1
C2

j
as a function of V for pn-diode # 2
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Figure 5: 1
C2

j
as a function of V for Schottky diode

Table 1: Values of V0 for three types of diodes, also, W and Nd for the Schottky diode.

V0[V ] W [µm] Nd [cm−3]
pn-diode [#] 1 0.7655 - -
pn-diode [#] 2 0.4272 - -
Schottky diode 0.2815 15 1.689 · 1012

4.2 Capacitance by injection
The storage delay time, tsd, was measured by inspecting the image on the scope's monitor.
The image was very much like �gure 5−29b in [1]. We needed three sets of di�erent values
for each diode we tested. To do that we varied the resistance connected to the diode.
We were unable to measure tsd for the Schottky diode simply because the oscilloscope
didn't have enough resolution to measure the storage delay time.

Table 2: Values of Vf , Vr, tsd and τp for pn-diode # 1

Vf [V ] Vr[V ] tsd[µs] τp[µs]
10 11.4 3.68 5.84
5.2 6.4 3.44 5.78
8.6 10 3.52 5.67
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Table 3: Values of Vf , Vr, tsd and τp for pn-diode # 2

Vf [V ] Vr[V ] tsd[µs] τp[µs]
10 11.8 7.68 12.51
7.6 9 8.16 13.33
4.8 6 7.64 12.99

From these tables we see that the value of carrier lifetime τp does not change though we
alter the resistance, frequency or the amplitude of the voltage. From that we conclude
that the carrier lifetime is a property of the diode itself, and is constant.

4.3 Solar cell
Excitation by light source causes current to run in the solar cell, and when we connected a
load to the solar cell a voltage was generated. The voltage originating from the solar cell
was measured over di�erent values of resistance. We use two types of light source; ordinary
room light and a desk lamp at two distances, 15cm and 30cm. Our measurements enabled
us to calculate both the maximum power from the cell and the �ll factor ι. The results of
the measurements were plotted and the values of current and voltage that maximize the
power, Im and Vm, were found by iteration in Matlab.
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Figure 6: I vs. V for solar cell excited by room light
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Figure 7: I vs. V for solar cell excited by desk lamp 30cm above
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Figure 8: I vs. V for solar cell excited by desk lamp 15cm above
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Table 4: Maximum power and �ll factor, ι, for solar cell excited by di�erent light source

Light source Maximum power Pmax[W ] Fill factor ι
Room light 3 · 10−5 0.47

Desk lamp (30 cm) 1.83 · 10−4 0.45
Desk lamp (15 cm) 6.58 · 10−4 0.54

4.3.1 The power plant problem
The density of radiation from the sun just outside Earth's atmosphere is 1.37k W

m2 . Let
us assume that the density is DA = 1k W

m2 on the surface of the Earth directly below the
Sun. What is the maximum power from a power plant run by A = 1km2 of solar cells
with η = 15% e�ciency?

The maximum power will be

Pmax = DA · A · η = 1k
W

m2
· 1km2 · 15% = 150kW
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5 Discussion
In the �rst part we measured capacitance as a function of reverse voltage. With this data
we were able to calculate V0, the contact potential for each diode. For the Schottky diode
we could also calculate the donor concentration Nd and W , the width of the depletion
layer. In the second part several measurements were made to get di�erent values of
lifetime of excess carriers for same three diodes. The calculations gave almost the same
value for each diode. In the third part the maximum value of power was calculated in
Matlab and from those calculations we base the values of the �ll factor ι.
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