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llI-V on Si
Motivation

B Silicon solar cells
Limited to 29.4 % efficiency?

Low cost of manufacturing

® [lI-V multi-junction solar cells
Highest efficiencies (38.8 %)?
Proven stability (space)

Substrates costly

\
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I1l-V on Si
Challenges

® [lI-V on Si
Polar (I1I-V) on non-polar (Si) crystals

Lattice mismatch of ~4%

- llI-V epitaxy on Si not trivial
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I1l-V on Si
MOVPE Approach
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I1l-V on Si
MOVPE Approach
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15t Gen -V on Si Solar Cell (2017)
Characterisation

M Crystal defects limit voltage and quantum efficiency (TDD : 1.4x108 cm™?)
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15t Gen IlI-V on Si Solar Cell
Defect Characterisation

M Crystal defects limit voltage and quantum efficiency (TDD : 1.4x108 cm™?)

B GaP nucleation on Si

Stacking fault pyramids 6x107 cm

GalnP top cell

GaAs middle cell
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Si bottom cell

Electron Channeling
Contrast Imaging
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Si substrate
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15t Gen IlI-V on Si Solar Cell
Defect Characterisation

M Crystal defects limit voltage and quantum efficiency (TDD : 1.4x108 cm™?)
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15t Gen IlI-V on Si Solar Cell
Defect Characterisation

M Crystal defects limit voltage and quantum efficiency (TDD : 1.4x108 cm™?)
B GaP nucleation on Si

Stacking fault pyramids 6x107 cm

Limited glide of dislocations
230 nm GaP on Si
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1st Gen IlI-V on Si Solar Cell
Reduction of Defect Density

M Crystal defects limit voltage and quantum efficiency (TDD : 1.4x108 cm™?)
B GaP nucleation on Si

®  Stacking fault pyramids 6x107 cm [Optimization of GaP nucleation]
" Limited glide of dislocations _ ,
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2nd Gen IlI-V on Si Solar Cell (2019)
IV-Characteristics
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2nd Gen llI-V on Si Solar Cell
EQE
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2nd Gen llI-V on Si Solar Cell
EQE
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2"d Gen IlI-V on Si Solar C
EQE
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Si back side texture

2"d Gen llI-V on Si Solar Cell
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2nd Gen llI-V on Si Solar Cell
EQE
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2"d Gen llI-V on Si Solar Cell
Parasitic Absorption

¥ Increase bandgap of buffer layers to E; = 1.8 eV = 690 nm

B Aly,,Ga,,As as last buffer layer
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2"d Gen llI-V on Si Solar Cell
Parasitic Absorption

¥ Increase bandgap of buffer layers to E; = 1.8 eV = 690 nm
B Aly,,Ga,,As as last buffer layer

B Decreased threading dislocation density
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3rd Gen IlI-V on Si Solar Cell (2019)
EQE
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3rd Gen IlI-V on Si Solar Cell
EQE

H EQE: ----2""GenEQE = —=—3“Gen EQE
. g 3" Gen Sum
No significant change for GalnP and GaAs 10—
subcells ! . : R
) ) 80 | - ..-'5, /=, j T 4
Improved/recovered light trapping T ] B
No significant parasitic absorption T 60 ' I.I'I \\ ! ﬁ"-.__ "\
+2.3 mA/cmz2 increase for Si subcell m _/' GalnP: T‘\.:]GaAs: "- Si: N
o [: 126 mAcm? % 12.2 maicm? $12.3 mAcm?: |
W 40t /' 12.2 mA/cm? / 12.8 mA/cm?2f410.0 mA/em2®, \
n’ ,'. ,'. “ \
i l/ ,';/} ' ~'.. | .\l 1
201 f Py S 1
| - L ] \
O —!"... —I..}hnl - ! .\
400 600 800 1000 1200

Wavelength [nm]

24

\

~ Fraunhofer

ISE



3'd Gen -V on Si Solar Cell
IV-Characteristics
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3rd Gen IlI-V on Si Solar Cell
Temperature dependent IV

S-shape in IV-characteristics

Strong dependence on cell temperature 14
-> Majority barrier 'cg']_Z _—uncalibrated spectrum
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3rd Gen IlI-V on Si Solar Cell
Temperature dependent IV

S-shape in IV-characteristics
Strong dependence on cell temperature
- Majority barrier

B Barrier height" 280 meV
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3rd Gen IlI-V on Si Solar Cell
Temperature dependent IV

S-shape in IV-characteristics
Strong dependence on cell temperature
- Majority barrier

B Barrier height" 280 meV

m 2-step MOVPE process

Oxidation of Al, ;Ga,,As layer
during transfer causes barrier

5 nm GaAs cap to suppress oxidation
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4th Gen IlI-V on Si Solar Cell (2020)
IV-Characteristics
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4th Gen IlI-V on Si Solar Cell
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Summary

B MOVPE-growth of GalnP/GaAs/Si triple junction solar cells I GalnP top cell
m Certified 25.9 % conversion efficiency @ AM1.5g for 4 cm?2 cell Tunnel junction
GaAs middle cell
® Rapid efficiency improvement from 19.7 % (2017) to 25.9 % (2020) 3 T“rx;e' jgggfsim
- 0.29
Stacking fault (pyramid) density in GaP on Si nucleation layer * | '
reduced from 6x107 cm2to <10°> cm™2 E Al.Ga; As P, gvH
Parasitic absorption in GaAs P, , buffer structure suppressed 'Il ll'
by USiﬂg Alea1-xASyP1-y || GaNy.04Po.96 | |
L GaP |
e
3 . Si bottom cell
@
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Summary

MOVPE-growth of GalnP/GaAs/Si triple junction solar cells | GalnP top cell
Certified 25.9 % conversion efficiency @ AM1.5g for 4 cmz cell Tunnel junction
GaAs middle cell
® Rapid efficiency improvement from 19.7 % (2017) to 25.9 % (2020) 3 T“rx;e' jgggfsim
- 0.29
Stacking fault (pyramid) density in GaP on Si nucleation layer * | '
reduced from 6x107 cm2to <10°> cm™ E Al.Ga; As P, gvH
Parasitic absorption in GaAs P, , buffer structure suppressed 'Il |||
by USiﬂg Alea1-xASyP1-y || GaNy.04Po.96 | |
L GaP |
e
B OQOutlook: 3« Si bottom cell
o
Record cell is grown on low-cost Si surface finish (no CMP) “TOPSIL ) Aéli’l\(l)’
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Thank you for listening!
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