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Motivation
Why is high electron mobility favorable in TCO films?
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Cerium and hydrogen co-doped indium oxide (In,0;:Ce,H)
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Outline
Cerium and hydrogen co-doped indium oxide (In,0;:Ce,H)

Detailed analysis of Ce content, p(H,0) and p(O,) via RF co-sputtering

> Impact of annealing atmosphere

Transfer from planar test structures to SHJ substrates

3(10)

\

~ Fraunhofer

ISE



Film properties and crystallization dynamics

Cerium and oxygen content H
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Impact of the annealing atmosphere on layer properties
Air annealing & planar substrate
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Transfer of In,0,:Ce,H layers to SHJ substrates
Substrate-dependent film properties
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Substrate-dependent film properties

in vacuum
120 T T T | —E— 0N glaSS T T T T T T 4.0 T T T T T T T T T T T T T
-a* —a—on SHJ 1 | b —p
\*\* g /.,l\ _./
100 | [Rlap O . TR G \\
~Neg_ 35F - -
I *s*\* | — a0 n
~*§*\*~* 0? L ._./../l = \
,U? 80 | s-‘r\" . E N */*—*)\*_*—.
o o 30} k—k X -
% 4 ' go PR * LN
* L ‘*5*“*‘*‘*“*—*-*_ u ; *025F T -
=3 *—*—*_*74_*_*_/ =z
= 40 B .—-5..—.5._.—.—._.—./. . T [0
i ] Z
20 I—I—-lI—I-I—I—I—I—l—l—l—l_./. 20F )
15 In,0;:Ce,H variation
O " 1 " 1 " 1 " 1 " 1 " 1 " 1 " ) " 1 " 1 " 1 " 1 " 1 " 1 " 1
50 75 100 125 150 175 200 50 75 100 125 150 175 200
temperature (°C) temperature (°C) a-5i:H () asi:H (i) 0
c-dl \n
® Vacuum annealing: Similar trend for glass and SHJ air

6(10)

\

~ Fraunhofer

ISE



Transfer of In,05:Ce,H layers to SHJ substrates
Substrate-dependent film properties

in vacuum inair
120 —— 1 —8—on glass— —&—on glass
*ey —=—on SHJ
100 | TH ke .
Ky
I 2 N l
~*§*\*
—~ \*s
»n 80F N N 7
- - - -
NZ ! A et —R—E <, 1
E 6ol _o-
~ Kk sy V/
x L ~H == 1
£ *—% =k — e r— )
5 40r OO0 g0 =Gty /f )
3 . b
20| I—I—-lI—I-l—l-l—l—l—l—l—._./ i
O 1 " 1 1 " 1 " 1

50 75

100 125 150 200

temperature (°C)

175

Ng, N.* (10%%cm3)

4.0

35}

2.0

15

et fe— KRR

FEFNERS S Sl q

| ]
N
\— =%
- —*—*-*—*‘*\
g — K=k — K=K *

*—k- b

o
—%=%
*_*_*_*_*_*_ﬁ—ﬁ w

100 125 150 175
temperature (°C)

50 75

® Vacuum annealing: Similar trend for glass and SHJ

B Air annealing:

glass: slight § of N, & u

200

In,05:Ce,H variation

a-Si:H (p) 5_si*H (i)
c-Si (n)

vacuum

air

— (=

In,0;:Ce,H variation

a-Si:H (p) 5_si:H (i)
c-Si (n)

6(10)

\

~ Fraunhofer

ISE



Transfer of In,05:Ce,H layers to SHJ substrates
Substrate-dependent film properties
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Transfer of In,05:Ce,H layers to SHJ substrates
Substrate-dependent film properties

B SHJ & air annealing: Low R ..; only obtained for very oxygen-poor (~0% O,) deposition
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Transfer of In,05:Ce,H layers to SHJ substrates
Substrate-dependent film properties
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B SHJ & air annealing: Low R ..; only obtained for very oxygen-poor (~0% O,) deposition

B But: Significant absorption remaining for short wavelengths (here measured on planar substrates)
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In,0;:Ce,H layers in SHJ cells front Ag

Optical performance and resistive losses {I;ﬁ;;i‘;?;”:M
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In,0,;:Ce,H layers in SHJ cells

Optical performance and resistive losses
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In,0,;:Ce,H layers in SHJ cells

Optical performance and resistive losses
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In,0,;:Ce,H layers in SHJ cells

Optical performance and resistive losses

best cells (n: 22 - 22.2%)
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B In,0;:Ce,H & N, annealing: Jft (+ 0.6 mA/cm?2 vs ITO), large pitch applicable due to low R

sheet

8(10)

\

~ Fraunhofer

ISE



In,0,;:Ce,H layers in SHJ cells

Optical performance and resistive losses
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In,0,;:Ce,H layers in SHJ cells

Optical performance and resistive losses
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Summary and outlook

Summary

B Cerium efficient dopant

B \Water partial pressure critical
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Summary and outlook

Summary

B Cerium efficient dopant

B \Water partial pressure critical

B Air annealing for films on SHJ problematic
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Summary and outlook

Summary

B Cerium efficient dopant

B \Water partial pressure critical

B Air annealing for films on SHJ problematic

® High potential of In,0;:Ce,H reflected in solar cell performance
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B Transfer to industrial-like DC sputter coater
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® Reduce TCO thickness and combine with capping layer, e.g. with spray coated TiO, ’
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