Photo-1V

LECTURE 10

photocurrent components
surface recombination velocity
world-record Si cell
photovoltage

fill-factor

maximum power point



Sec. 7.4

Photocurrent

e Divide cell into 3 regions: emitter, space-charge, base.
* Note new x-axis origin.
* Note the surface fields at x=0 and x=B

« What is the purpose of these surface regions, and how are they made?



Sec. 7.4.4 SCR photocurrent
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From our toolbox:

What are the BC's for J, ?

The result is:
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Sec. 7.4.1 Surface recombination velocity
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What do the blue and dashed lines represent?
This is an " Rate of recombination of holes at the surface is the same as if
a flux of holes (p(0)-p,) were drifting towards the surface with
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Sec.7.4.2

Emitter photocurrent
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From our toolbox:
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What is the BC for p(x;) ?
What is the BC for p(0) ?




Sec. 7.4.2 Emitter photocurrent

1. Solve the usual 2" — order ODE in the usual way with the correct boundary conditions.
2. Get p(x).

3. Get current from dp/dx at x=x;

qgPoa Ly, . Hy+alL, —e *"i(Hy cosh )y, +sinh Qy,
JE (A ) = 1 n;;: b | Lo ow 4 B h e (Hp ) Jn)
‘ a?Ly —1 Hj, sinh 0y, + cosh )y,

Q h — Ly / Ly, H, = SpLy, ;’HD h

What would be a good value for S; ?




Sec. 7.4.3 Base photocurrent

x=0 X XjrW B
What is the BC at x=B ? = SB[n(B)—nO]
The end result is:
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Sec. 7.4.5 The total photocurrent
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Is it OK to add-up our 3 regional photocurrents?

Jphoto(/l):JE(Z1XJ')+JeD(Z’Xj)+JeB(Z’Xj +W)




Sec. 7.4.5 A numerical example
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Identify each curve
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Note: the labels here are true spectral photocurrent densities



Sec.7.4.5

finger

The world record holder

"inverted" pyramids

#
Jhao et al., Ref. 7.5
=

rear contact

* Why is the front surface textured?

* Why is there a thin oxide over most of the front and the back?
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Sec. 7.5

extalnal
load
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Generating a voltage

antireflection coating
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How does the voltage that is generated across the resistor bias the diode ?
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Sec. 7.5 PhOtOVOltage

photo

» Connect load
* Voltage across the load forward biases the diode

» Dark current opposes lphoto

L < Iphoto
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Sec. 7.5

Superposition
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Fig‘l_ll‘ﬂ 7.9: Solar cell I-V characteristic, illustrating the superposition of the photocurrent and the usual, exponential diode current.
The polarity of the load current has been chosen to emphasize that the solar cell generates power (I'V' < 0). The load absorbs power,
of course, (I'V = 0).

Identify V,

oc )’

and derive an expression for it.



Sec.75.1

PV Power
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