AMORPHOUS SILICON CARBIDE REAR-SIDE
PASSIVATION AND REFLECTOR LAYER
STACKS FOR MJ SPACE SOLAR CELLS
BASED ON GE SUBSTRATES

1Stefan Janz, 'C. Weiss, 'C. Mohr,
’R. Kurstjens, 3B. Boizot,
4B. Fuhrmann and 4V. Khorenko

'Fraunhofer ISE
2Umicore Electro-optic Materials

3Laboratoire des Solides Irradiés
4AZUR SPACE Solar Power GmbH

)

i\
\\

1]

—
==

44t |EEE PVSC, Washington D.C,,
26t-30th of June 2017

L i
1
—- -
_ﬁ_
-_—
| R
i |
jihal A 2

\

=
zSpaCe ~ Fraunhofer

ISE



Motivation

l1I-V Multi-Junction Space Solar Cell

Trends in llI-V space solar cells

® Additional junctions
= increase efficiency
B Thinner Ge cells

> reduce weight

Demands for Ge substrate

® Improved diffusion lengths

W Surface passivation

GalnP

GalnAs

Al contact
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Motivation

I1I-V Multi-Junction Space Solar Cell

Project goals of SiLaSpaCe

® Decrease doping level of Ge

improve diffusion length

passivation
& mirror

B Rear-side passivation (a-Si,C,_:H)
& Mirror layer (a-SiC:H)
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Content

M Fabrication of p-type Ge wafers with wide doping range
W Surface cleaning and passivation of Ge

M Accelerated aging with electrons
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Germanium Wafer Fabrication
Crystallization with Dopant Gradient

M Standard process for p-type:

constant Ga doping level in 1,0E18 ¢
range of 10" — 108 at/cm3 —a— target
_ _ _ —A— ¢7102/803
® Doping gradient for project _v_c7102/804

1x107% — 1x10"7 at/cm3
1,0E17:—

M Coverage of whole doping range

dopant concentration (at/cm?®)

with 2 runs
1,0E16 |
® “high” = 1x10" at/cm3 : . . . . .
umiddlen ~ 6X10‘|6 atlcm3 head middle tail
"|OW" ~ %1 016 at/cm3 ingot position
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Surface Passivation of Ge
Preparation of “Lifetime” Samples

® Loading of samples “out-of-box”

® Plasma Enhanced Chemical Vapor Deposition / Etching (PECVD)
Gases: H,, Ar, SiH,, CH, (B,H,)
Temperature @ 270 °C

Etching Deposition

-l -
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Surface Passivation of Ge
Plasma Etching of GeO,

® Ar/H, as etching gases

Variation of etching time

. . g High doping =
B Deposition of a-Si,C, :H layer = [| Middle doping = . i
s | | Low doping n n
£ ]
B Improvement up to 30's = 0 .
5] [ ]
No bulk damage? = ]
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Ar&H, plasma etching time (s)
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Surface Passivation of Ge
Minority Carrier Lifetimes

B Lifetime samples with

W = 150 pm, 300 pm and 500 pm

B Extraction of t,,,, and S 4
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Surface Passivation of Ge a-Si C,,:H
Minority Carrier Lifetimes

[EEY
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® . measured already close to
theoretical limit

[EEN
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M Best reported values in this
doping range

B, B, ®m Thiswork
A J. Fernandez et. al (2010)
Karpova et. al (1972)
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Surface Passivation of Ge
Thermal Annealing

B Motivation
" Processes integration

" Understanding of passivation
mechanism

B Experiment:
@ Temp. =400 °C-500 °C

@ Time =5-30 min Ge (2x10'6at./cm3)

" Laboratory atmosphere
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Surface Passivation of Ge
Thermal Annealing @ 500 °C

o mom w8 e s s e s & w w2 s s
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Surface Passivation of Ge
Thermal Annealing @ 500 °C

B 5 min leads to lifetime decrease
of = 100 ps

m Blistering effects on surface
visible

=» Effusion of hydrogen

TR m w8 8 A & B % w® o % g &
N P P et o O P oo O o PO PO IO IV
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Surface Passivation of Ge
Thermal Annealing @ 400 °C

B < 10-15 min positive trend

= No degradation expected for
contact annealing

1

1 : .\ ”7-
- [ \
% 0,8 | —m=— Low doping \

€ 0,7F | —®— Middle doping .
0.6 | | —4— High doping ]
0’5 PR I I S| 1 1 1 1 1 1 1

0 2 4 6 8 101214 16 18 20 22 24 26 28 30
annealing time (min)

13

\

~ Fraunhofer

aSpale "



Surface Passivation of Ge
Mirror Layer Deposition

350,0

average lifetime = 242 ys

40 300,0
20 250,0
E 0 - 200,0
> 20 150,0
=2 | lifetime (182’)0
%0 40 20 0 20 40 60 60 40 20 0 20 40 60
X (mm) X (mm)
® Deposition of SiC mirror layer (100 — 200 nm) + annealing
=» Doped mirror layer leads to improved lifetimes
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Accelerated Aging
Electron Irradiation

B Motivation

@ Sufficient diffusion lengths
after irradiation?

B > 100 samples prepared with

variation of

“ Ge bulk doping 70,00
Lifetime
(1)

Mirror layer thickness

O
“  Mirror layer doping
O

Thermal annealing

| fl
tota uence 3x1013 1014 3x1014 T 3x1015 )3
(e/cm?)
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Accelerated Aging
Electron Irradiation

W Strong degradation from
1x10'* e/cm? and higher

250 —7F UL UL L |
m All Ge samples reach similar level - = Low doping
| High doping
9150} .
=» Realistic irradiation condition? 2 % '
= 100 .
. (]
=» Photon annealing? = i
50 | ¢ .
u
®
0 I R . % ””””” ﬂi‘ ”””””” LT: """
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fluence (e/cm?)

Prince, M. B. (1953): Drift mobilities in semiconductors; Ge. In: Phys. Rev. 92 (3), S. 681-687.
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Summary

B Plasma process for surface cleaning and passivation of Ge wafers works
very well

Thermal stability up to 400 °C
Implementation of mirror layer successful

Surface passivation effect not verified so far

Electron irradiation effect mainly dependent on dopant level in Ge
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Thank you for your attention!
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