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Semiconductor Materials
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Atomic Structure
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Absorption coefficient
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I Charge Carrier Recombination
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Spectral Mismatch
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Multijunction

[
A O
A

»
>
»
>

A O

a

T

“Excess
energy”

»
>

’z-?_; _____________________ 11,
fel 1 1,
AO®
-r ________________________ 11,
seescssene] . . .

energy”




l1I-V Technologies

Courtesy: Richard King
Spectro Labs

Top cell window/emitter

Top cell base/BSF

Wide-Eg tunnel junction

Middle cell window/emitter 1

Middle cell base/BSF

TC & MC crystal quality:
Nucleation, buffer,
Interface control,
Lattice-matching

))

))

Contact=

)
(«

AR
n+-GaAs
p-AlGalnP
p++-tunneljunc. eo
n++-tunnel junc. A0
Middle Cell Window W
=
n-GaAs o
\&
o
— p-GaAs = £
&
\5\)(\ ~_
p-GalnP <
- >
p++-tunnel junc.
n++-tunnel junc. >
§ N
buffer A «£2 ((\Oe’
o
nucleation p %o’(\ l
n-Ge
— p-Ge substrate ~
contact



l1I-V Technologies

Courtesy: Richard King
Spectro Labs

Top cell window/emitter

Top cell base/BSF

Wide-Eg tunnel junction

Middle cell window/emitter 1

Middle cell base/BSF

TC & MC crystal quality:
Nucleation, buffer,
Interface control,
Lattice-matching

))
((

)
(«

)
(«

Contact=

n+-GaAs

p-AlGalnP

p++-tunneljunc.

n++-tunnel junc.

Middle Cell Window

(¢

n-GaAs

p-GaAs

))

p-GalnP

p++-tunnel junc.

n++-tunnel junc.

buffer

nucleation

n-Ge

p-Ge substrate

))

contact




Contact=

l1I-V Technologies [

(C

n+-GaAs \
_ ] n-AllnP Oe\
Top cell window/emitter n-GainP <SR
Top cell base/BSF el S
AN
S
p-AlGalnP .\bef@
Wide-Eg tunnel junction prriunneljunc. W
n++-tunnel junc. g\\b&i@@“
Middle Cell Window )
Middle cell window/emitter 1 A
n-GaAs P
\&
'66
W
~ p-GaAs ~ o
Middle cell base/BSF &
3 ~
p-GalnP \)(\0‘?’\
p++-tunnel junc. <
n++-tunnel junc. »
: =~ bul;fer = A e"’\o Oe’\\
TC & MC crystal quality: T~ RSO
Nucleation, buffer ouceaion 7 l
| » Z | 2 n-Ge
. . nterface contro
Courtesy: Richard Kin ) N
v g Lattice-matching ~ p-Ge substrate =~
Spectro Labs
contact



Multi-junction approach
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Multi-junction approach

Single junctions
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I Equivalent circuit - ideal solar cell
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Multi-junction approach
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I Multi-junction approach
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Epitaxy of III-V Materials
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Epitaxy of III-V Materials




Epitaxy of III-V Materials
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Bandgap vs. Lattice constant

Bandgap (eV)

3.6

3.2

2.8

2.4

2.0

1.6

1.2

0.8

0.4

0.0

4.5

5.0 5.5
Lattice Constant (A)

6.0

6.5



Crystal mismatch: interface defects

Dangling bond
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Light-Emitting Diodes (Cambridge Univ. Press)
www.LightEmittingDiodes.org




Bandgap vs. Lattice constant
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SPECTROLAB A BOEING CON
29.5% NeXt Triple Junction (XTJ) Solar Cells
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EQE spectrum of multijunction cells
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EQE spectrum of 4-junction cells
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Lattice Matched and Metamorphic 3-Junction
Cell Cross-Section
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