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PHYSICS 244 NOTES

Lecture 38

Illuminated junctions: solar cells

Introduction

The transistors that we have talked about all depend on electrically controlling the carrier density in a p-n junction.    That is how a transistor is turned on.  But carriers can also be created by illuminating a junction and that is today’s topic.    

I-V characteristic under illumination

The current in a p-n junction in the dark is

I = I0 exp(eV/kT) – I0 , 

with the first term (forward current) Idiff being due to diffusion of carriers present in the system because of doping, and the second (reverse current) Idrift being due to the drift current of thermally-generated electrons and holes.  Idrift = -I0 is proportional to the thermal generation rate gth of the electron hole pairs.  If we illuminate the junction,  the only effect is to increase the rate of generation of electron-hole pairs : g = gth + gL will be total generation rate, with gL being the rate due to the light.  This means that 

Idrift = - I0 – IL, and 

I = I0 exp(eV/kT) – I0 – IL
is the new diode equation.  Basically, it is the old diode equation moved downwards.  The amount of displacement is proportional the incident light power.
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There are two important parameters in the curve: Voc, which is where the curve crosses the V axis; it is the voltage in the open circuit, and Isc, where the curve crosses the I axis; it is the current if the junction is short-circuited.

The device can be operated in the third quadrant: V>0 and I<0, or the fourth quadrant: V<0 and I<0.  In the third quadrant the circuit is actually generating power since 

P = IV<0, while in the fourth quadrant we need to input power.  The first corresponds to a solar cell, and the second to a photodetector.  We will look at solar cells first.

Solar cells

V>0 so we are in forward bias, which reduces the potential barrier.  We first note that V cannot be too large, since if V exceeds the junction potential (usually about 1 volt), then the device will cease operating since the carriers will no longer be swept across.  For an area of about 1 cm2, I is usually about 0.01 to 0.1 A.  

The basic idea is to get maximum power out of the junction.  Let us go through the various design criteria that aim for achieving this.

1.  Frequency response.  Light of frequency ω is only absorbed if ħω > Eg.  For natural light, the peak power is right around ħω = 1 eV, so both GaAs (Eg = 1.4 eV) and Si (Eg = 1.1 eV) are pretty good.  One can also make alloys whose gap depends on composition to get pretty much any desired gap.

2.  Operating voltage.  We need to operate along the I-V curve given above, with V between 0 and Voc.  The maximum power as a function of V is achieved when V is about halfway along this curved section.
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The optimum point is (Iop,Vop) and the power is P = IopVop.  

3. Optics.  To get the maximum gL, we need to decrease reflection at the entering surface, and increase reflection at the leaving surface.  One can also add concentrators which reflect light from mirrors into the junction.  This is particularly useful when the cost per unit area of semiconductor is high.  The electrodes are necessarily highly conduction and therefore they block light.  Usually some kind of finger arrangement is used.
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4.  Internal resistance.  Resistance inside the junction wastes power as heat.  The path from the point of generation to the electrode should be as short and as clean (free from impurities) as possible.  This would argue for many fingers, but some compromise needs to be made so they don’t block too much light.    

