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AGENDA

B Introduction: Passivating (AND carrier-selective) contacts based
on high / low work function thin films

B Material screening: Importance of induced c-Si junction

B MoO, based hole contacts: Simulation, fabrication and selectivity issues
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Passivating (AND Carrier-Selective) Contacts
Optically Transparent / Passivating / Selective for e or h
Martin Bivour / Workshop on Passivating Contacts 2018
B a-Si:H/ c-Si heterojunction is prime example
Champion efficiencies for c¢-Si solar cells
B Challenges: doped a-Si:H
High parasitic absorption (J,)
Poor doping efficiency (0contact)
PECVD, toxic gases (costs)
> Alternatives to doped a-Si:H?
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low work
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thin film
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Passivating (AND Carrier-Selective) Contacts
Optically Transparent / Passivating / Selective for e or h
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B a-Si:H/ ¢-Si heterojunction is prime example
Champion efficiencies for c-Si solar cells

B Challenges: doped a-Si:H
High parasitic absorption (J,) high work
Poor doping efficiency (0contact) {;‘:’LC]E:T:: a-Si:H(i)
PECVD, toxic gases (costs)

—~ Alternatives to doped a-Si:H? c-Si(n)

B High /low work function thin film?

a-Si:H(i

Metals: only moderate low work

WF range and optics function

Oxides of some metal are thin film
interesting candidates

/
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“Contac Layers” Featuring High / Low Work Functions
Organic Absorber Devices (OLED, OPV)

a Martin Bivour / Workshop on Passivating Contacts 2018
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“Contac Layers” Featuring High / Low Work Functions
Organic Absorber Devices (OLED, OPV)
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Passivating (AND Carrier-Selective) Contacts
Optically Transparent / Passivating / Selective for e or h
Martin Bivour / Workshop on Passivating Contacts 2018
B a-Si:H/ c-Si heterojunction is prime example
Champion efficiencies for c¢-Si solar cells
B Challenges: doped a-Si:H

High parasitic absorption (J,) high work
Poor doping efficiency (0.nac) function a-Si:H(i)
- Alternatives to doped a-Si:H? thin film \__/\_/\\__?_\\\
cSin)

B High /low work function thin film?

- High band gap transition metal oxides |ow work S S

> Calls for an efficient work function function
engineering thin film
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Transition Metal Oxides for c-Si Solar Cells

Simulation - TCO / a-Si:H(p) Si Heterojunction
Martin Bivour / Workshop on Passivating Contacts 2018

B Metal oxide work function engineering for the hole contact

1) TCO/ a-Si:H(p) contact improvement - thinner and less doped films
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Transition Metal Oxides for c-Si Solar Cells
Simulation - TCO / a-Si:H(p) Si Heterojunction

Martin Bivour / Workshop on Passivating Contacts 2018
B Metal oxide work function engineering for the hole contact
1) TCO/ a-Si:H(p) contact improvement - thinner and less doped films
2) Replacing a-Si:H(p)
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" Bivour et al. “Numerical Analysis of TCO / a-Si:H Contact Properties for % Fraunhofer

Silicon Based Heterojunction Solar Cells”, Energy Procedia 38, 2013 S

Transition Metal Oxides for c-Si Solar Cells
ITO / MoO, Front Contact - First Experimental Results

i i Anan

Martln Bivour / Workshop on Passwatlnb) o E— |
B a-Si:H(p) replaced by MoO, 10l
. —— MoO, (10 nm)
Encouraging results 0b——- - MoO, (25 nm
Lol — pa-SiH
E
S -0
E
> 20k
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MoO, (10 nm) -0 | . K | X ]
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(230 nm after KOH) - . .
TABLE I. Summary of cell performance parameters.

i @-Si:H (5 nm)

n a-Si:H (10 nm)

Hgo(g)%on’:;) Hole contact Ve (MV) Joe (mA/cm?) FF (%) Efficiency (%)
MoOy 711 394 67.2 18.8
p a-Si:H 716 37.1 75.9 20.2
12 . ™ . . . .
Battaglia et al., “Silicon heterojunction solar cell with passivated hole =
selective MoOx contact”, APL 104, 2014 Za FraunhOfer
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Transition Metal Oxides for c-Si Solar Cells
Scope of Application for MoO,, WO, and V,0,

Martin Bivour / Workshop on Passivating Contacts 2018
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2 MoO, 712 33.3 /80.4 19.0 Replacement a-Si:H(p)
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Bivour et al., “High work function metal oxides for the hole contact of silicon solar ISE
Cells, 43rd PVSC, 2016

Transition Metal Oxides for c-Si Solar Cells
Scope of Application for MoO,, WO, and V,0,
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Transition Metal Oxides for c-Si Solar Cells

TiO, / Al Rear Contac

Martin Bivour / Workshop on Passivatina Cantacts 2018
Cr/Pd/Ag Al,0,/SiN,

/

5

B Al rear contact improved by adding
TiO, or SiO/TiO, below Al

P

n-Si
(a)

s /
/

TiO,or Si0,/TiO,  Al/Ag

Rear contact Voc Jse FF n

type [mV] [mA cm™?] [%] [%]
Al 585 38.5 78.2 176
TiO,/Al 638 39.2 79.1 19.8
SiO/TiO,/Al 676 39.6 80.7 21.6

|

Yang et al., “High-Performance TiO2-Based Electron-Selective Contacts =
9 9 ZZ Fraunhofer
for Crystalline Silicon Solar Cells”, Adv Mater 28(28), 2016 ISE

Transition Metal Oxides for c-Si Solar Cells
ITO/ MoO, Front and TiO, / LiF / Al Rear Contac

Martin Bivour / Workshop on Passivating Contacts 2018

B Champion cell with metal oxides on both contacts

Challenges FF, rear reflector
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Transition Metal Oxides for c-Si Solar Cells
Hot Topic in the Field of Silicon PV

Martin Bivour / Workshop on Passivating Contacts 2018

Plenty of papers published by other institutes
m UPC

G. Gerling
m HZB

M. Mewvs, ...
H TU/e

B. Macco, J. Melskens
B UNSW

C. Lee
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Renaissance of MIS and SIS-Like Contacts

Heterojunction + Induced c-Si Junction
Martin Bivour / Workshop on Passivating Contacts 2018

B Explored as alternative to homojunctions in 70°s’
Sio,

induced
¢-Si junction

Pesi
high work l
function p++

hole

contact
Shewchun et al., IEEE Trans. Electron Devices 27(4), 1980
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Renaissance of MIS and SIS-Like Contacts

Heterojunction + Induced ¢-Si Junction

Martin Bivour / Workshop on Passivating Contacts 2018

B Explored as alternative to homojunctions in 70°s’
B Renaissance by taking advantage of:
1) Improved passivating layers
2) High/low WF thin films? adapted from:
- Organic electronics3
- Thin film solar cells
- Cathodes/anodes water splitting* (H,/O,)

- (Schottky) barrier-height engineering
/Fermi level depinning in MOS>5, e.g.
source/drain contacts and Schottky-gates

Shewchun et al., IEEE Trans. Electron Devices 27(4), 1980

19 2Bullock et al.,IEEE XXXX, 2016
3Chen et al., J. Mater. Chem. 20 (13), 2010
\Walter et al., Chem. Rev., 110 (11), 2010
Slarson et al, IEEE Trans, Electron Devices 53 (5), 2006

: » induced
: hetero- . g junction
* junction(s)= T
E 7 E (lp(-Si
: u Ep++
E ? ¢-Si(n)
; EEEEEEEEN :
hole
contact
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Renaissance of MIS and SIS-Like Contacts

Heterojunction + Induced c-Si Junction

Martin Bivour / Workshop on Passivating Contacts 2018

B Explored as alternative to homojunctions in 70°s’
B Renaissance by taking advantage of:
1) Improved passivating layers
2) High/low WF thin films? adapted from:
- Organic electronics3
- Thin film solar cells
- Cathodes/anodes water splitting* (H,/O,)

- (Schottky) barrier-height engineering
/Fermi level depinning in MOS39, e.g.
source/drain contacts and Schottky-gates

- Adapted optimization strategies considering
“non-classical” losses can be helpful for
engineering such heterojunction

Shewchun et al., IEEE Trans. Electron Devices 27(4), 1980

» induced

hetero- . g; junction

junction(s): T

? (fc-Si

pb_ |

p" I NN EEEEEEEEEEEEEEER

FEEEEREEREEEEEEN
i)
¥

hole
contact

20 2Bullock et al.,IEEE XXXX, 2016
3Chen et al., J. Mater. Chem. 20 (13), 2010
“Walter et al., Chem. Rev., 110 (11), 2010
Slarsonetal IEEE Trans Flectron Devices 53 (5) . 2006
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Passivating (AND Carrier-Selective) Contacts
Three Cases

. Martin Bivour / Workshop on Passivating Contacts 2018
A) passivating

E.
[ _E;
V/Lp/«ed
b |
Ey

B Gen./Rec. define implied voltage'(iV)

21

"Textbook S. M. Sze, Semiconductor devices, Physics and Technology, 2002
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Passivating (AND Carrier-Selective) Contacts
Three Cases

. Martin Bivour / Workshop on Passivating Contacts 2018
passivating
A) :
+ selective
Ec 0y > 0,23

AT

external Vimp//ed

o, > 020

B Gen./Rec. define implied voltage'(iV)

® Negligible gradient E; ,,; in contact region'2

22

'Textbook S. M. Sze, Semiconductor devices, Physics and Technology, 2002

2Textbook P. Wirfel, Physics of Solar Cells-From principles to new concepts, 2005
3U. Warfel et al., IEEE-JPV 99, 2014
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Three Cases

A .
) + selective
Ec  0p 0,23

I T_“E;,n_--

B Gen./Rec. define implied voltage'(iV)

- External voltage matches implied voltage
- *"Classical” diode losses

q Vimptiea + JRs 9V implica + JRs
J= Jgen —J {ex <7 — 1 — A implied TS
gen 0 P kBT RSH

23

Passivating (AND Carrier-Selective) Contacts

. Martin Bivour / Workshop on Passivating Contacts 2018
passivating

® Negligible gradient E; ,,; in contact region'2 -

———————— -
~
A Y

==J- meplfed

J- Vexternal

i o -

"Textbook S. M. Sze, Semiconductor devices, Physics and Technology, 2002

2Textbook P. Wirfel, Physics of Solar Cells-From principles to new concepts, 2005
3U. Warfel et al., IEEE-JPV 99, 2014
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Passivating (AND Carrier-Selective) Contacts
Three Cases

Martin Bivour / Work<hon an Pascivating Contacts 2018

A) passivating B) poor-passivation
+ selective + selective
Ec  op 0,23 Op D 0,23
----------- - B e e
I T Ef,n v T \/T
external implied
Vextema/ Vimp//ed
_ _Eée ,,,,,,,,
a, » op23 E, ap » op23

B Gen./Rec. define implied voltage'(iV)

J
B Negligible gradient E;,,;in contact region'? TITTTTTETRN
. . \
- External voltage matches implied voltage == Vimpies
> “Classical” diode losses J-Vexternal
1
q Vimplied +]RS qVimplied +]RS ‘ 1
= - exp|l ———— | -1 ———— 1
] ]gen ]0 { p( kBT RSH 1 Vv
24 'Textbook S. M. Sze, Semiconductor devices, Physics and Technology, 2002

2Textbook P. Wirfel, Physics of Solar Cells-From principles to new concepts, 2005
3U. Warfel et al., IEEE-JPV 99, 2014
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Passivating (AND Carrier-Selective) Contacts

Three Cases
Martin Bivour / Workshon on Passivating Contacts 2012

)passwatmg B) Poor- passivation Q) passivating +
+ selective + selective poor-selectivity
Ec  0n > 0p23 Oy > 023 Ec 0y D> 0p23
----------- - e ——————mm e L L Y
I T Ein t 1 vt T
Vextema/ V/’mp//‘ed external Vv
Vextemal Vimp/«ed l implied
i l AAAAAA l
a, » o2, op D 0,23

B Gen./Rec. define implied voltage'(iV)

® Significant gradient E;,,,;in contact region'?
- External voltage below implied voltage*
- S-shaped JV, unusual Tdependence, .

25 "Textbook S. M. Sze, Semiconductor devices, Physics and Technology, 2002 —-—
2Textbook P. Wiirfel, Physics of Solar Cells - From principles to new concepts, 2005 % Fraunhofer
3U. Wrfel et al., IEEE-JPV 99, 2014 SE

2PhD thesis Bivour, University of Freiburg 2015

Passivating (AND Carrier-Selective) Contacts

Three Cases
Martin Bivour / Work<han an Paccivating Contacts 2012

) passivating B) poor-passivation Q) passivating +
+ selective + selective poor-selectivity
Ec oy » 0,23 Oy > 023 Ec 0 > 0,23
----------- - e ——————mm e L L Y
Esp 1 1 1 T
I T ’ Vextema/ V/'mp/ied Vexremal

Veexternal Vimp//ed L } implied
Ep

o, > 020 ap D 0,23

B Gen./Rec. define implied voltage'(iV)

® Significant gradient E,,,;in contact region'?
- External voltage below implied voltage*
- S-shaped JV, unusual T dependence, .

e } “““““ qVmelLed + ]RS

26 "Textbook S. M. Sze, Semiconductor devices, Physics and Technology, 2002 -—
2Textbook P. Wiirfel, Physics of Solar Cells-From principles to new concepts, 2005Charge % Fraunhofer
3U. Warfel et al., IEEE-JPV 99, 2014 ISE

2PhD thesis Bivour, Unijversity of Freiburg 2015
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Passivating (AND Carrier-Selective) Contacts

Three Cases
Martin Bivour / Works<hon on Pascivating Contacts 2018

A) passivating B) poor-passivation Q) passivating +
+ selective + selective poor-selectivity
Ec  0n > 0p23 Oy > 023 Ec 0y D> 0p23
----------- -— - ——mm P e = — |
1 T, t f 1 i
Vextema/ V/’mp//‘ed external Vv
Vextemal Vimp/«ed L l L\ implied
E; p AV A E_f_p _______
o, > 023 op D 0,23 op~otE,

B Non-selective contacts unusual B More common in thin film, OPV?
in homojunction Si devices and perovskite solar cells

High doping efficiency of Poor / no doping
p* and n* regions

( QP > 0y = qUnn) Selectivity from work function
Ip = qHp n = qHn

matching / band alignment

- Also observed in “novel” silicon
heterojunctions

27 'Spiesl et al., “On the Impact of Contact Selectivity and Charge Transport on the ==

=
Open-Circuit Voltage of Organic Solar Cells”, Adv. Energy Mater. 2017, 7, Za FraunhOfeIS:
1601750.

Passivating (AND Carrier-Selective) Contacts

Simulation Metal Semiconductor Contact
Martin Bivour / Workshop on Passivating Contacts 2018
work function contact (eV)

o 44 4.6 4.8 5.0 5.2 T
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S 10% g g high work 1
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§ s E dark 3 ¢Si(n)
E10°F / ]
o r ]
S 10°F / unity-
< E ) ) . 3 t
105 1 1 1 ¢(-Si
0.0 0.2 04 0.6 0.8 low work v
c-Si dark band bending (eV) function p )
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Passivating (AND Carrier-Selective) Contacts

Simulation Metal Semiconductor Contact
Martin Bivour / Workshop on Passivating Contacts 2018

work function contact (eV)
4.4 4.6 4.8 5.0

10° 1T Si
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0.0 0.2 0.4 0.6 0.8 low work v
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Passivating (AND Carrier-Selective) Contacts

Alternative Optimization Strategy

1020 T T T T T T T
c r ]
S10%F dark
g oF MPP 3
3 107 £ open-circuit ]
et /
5 ]
£ 10° 2 -
< 10° / I B W | .E
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06 \ ’ Tp=In “"” 9p > On ‘
S ’ ]
> 04 av = Yimphed - external 1
N

0.2 T

0.0 L L . .

00 02 04 06 038

Martin Bivour / Workshop on Passivating Contacts 2018

work-function contact (eV)
44 46 48 50 52
- T 3

c-Si dark band bending (eV)

30
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Passivating (AND Carrier-Selective) Contacts

Alternative Optimization Strategy
Martin Bivour / Workshop on Passivating Contacts 2018

1020

c
210
10"
10°
10°

p/n contact reg

AV (V)
o o o of
N S (o)} 0 &

0

.0
00 __02

work-function contact (eV)
44 46 48 50 52

T T T T T T T T
dark
MPP

open-circuit

vl

B Considering “non-classical” losses
for engineering such heterojunction

Voc' iVoc' (pC-Si eaSin
measurable for Si devices

- Helps to identifying contacts
limited by poor selectivity!X*

04 06 038

c-Si dark band bending (eV

31

— v v
’ Op~0p ‘(-)’ g, D> 0oy ‘
1PhD thesis Bivour, University of Freiburg 2015

2Pysch et al., APL 110, 2011

3Bivour et al., SOLMAT 106, 2012

4Bivour et al., IEEE JPV 4(2), 2014

5Ritzau et al., SOLMAT 131, 2014

SWernerus et al., Energy Procedia, 55, 2014
7Temmler et al., Proceedings 29t EU PVSEC, 2014
8Bivour et al., SOLMAT 142, 2015
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AGENDA

B Introduction: Passivating (AND carrier-selective) contacts based
on high / low work function thin films

B Material screening: Importance of induced c-Si junction

B MoO, based hole contacts: Simulation, fabrication and selectivity issues

32
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Material Screening

Metal Contact Layers i
Martin Bivour / Workshop on Passivating Contacts 201 __

= Pesi
high work _ |
function - p*+
E
ECc s mld-gap EY,c-Si
Al Ti Cu Ag Cr : Au Pd
08}’ ' ] “Passivation limit”
am ..(........¢........;............
06k hole conEact
3
0.4+ ; :
> Pom ! fit experimental
o2p | T 1 ]
00 1 : 1 : 1 : 1
4.0 4.5 5.0 55
Bulk / Vacuum Work Function of Metal (eV)
33 Data: PhD thesis Bivour, University of Freiburg 2015 -—
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Material Screening
Metal Contact Layers

Martin Bivour / Workshop on Passivating Contacts 201

high work
function

E
EC,'C-Si mid-gap EY,C-Si
:AI Ti Cu Ag Cr : Au Pd
0.8} _: i 1 1, “Passivation limit"”
electron co ntact p5je contact
S 06F ¢ ‘
< low work
Zg{ 04l g | function - _c_S_i(_p)
> _ - fit experimental Vo4 5
0.2} ‘ g 1
: : Pe-si
0.0 L M 1 ; 1 l
4.0 45 5.0 5.5
Bulk / Vacuum Work Function of Metal (eV)
34 Data: PhD thesis Bivour, University of Freiburg 2015
Fraunhofer
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Material Screening
Metal Contact Layers

Martin Bivour / Workshop on Passivating Contacts 201¢""

B Strong Fermi-level pinning

high work _ 1
Experimental pinning factor S is <1, function ﬁE
similar to a-Si:H Schottky diodes (S = 0.28)" R
E
cosi rid-gap Ey,c-Si
A| Ti Cu Ag Cr - AuPd
0.8f . simulated influence
i w/o surface effects
S o06f ‘ ‘ .
o4t R
> o : fit experimental
02} ! / ‘ ]
0.0 1 : L N ; 1
4.0 4.5 5.0 55
Bulk / Vacuum Work Function of Metal (eV)
35 Data: PhD thesis Bivour, University of Freiburg 2015 -—
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Wronski et al., Solid State Communications 23, 1977

Material Screening
Metal Contact Layers

Martin Bivour / Workshop on Passivating Contacts 2011 » (Tp
5 c-Si
B Strong Fermi-level pinning high work _ 1
Experimental pinning factor S is <1, function ﬁ
similar to a-Si:H Schottky diodes (S = 0.28)" Ve val-d. c _S_'En_)_ h
-Si
E
ECc Si mld -gap V.e-si T
A| Ti CU Ag Cr : Au Pd , @Pdipole
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Material Screening

Metal Contact Layers
Martin Bivour / Workshop on Passivating Contacts 2018
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Material Screening

Metal Contact Layers
Martin Bivour / Workshop on Passivating Contacts 2018

1) Reduction of Fermi-level pinning

E
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Material Screening

Metal Contact Layers
Martin Bivour / Workshop on Passivating Contacts 2018

1) Reduction of Fermi-level pinning

2) Materials with much higher / lower work function

E
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39 Data: PhD thesis Bivour, University of Freiburg 2015 % Fraunhofer
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Material Screening doped ITO doped ITO
Sputtered ITO: Doping Variation Ec Ec
Martin Bivour / Workshop on Passivating Ci — —:-Ef
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B Trend as expected, WF increases
for lower doping
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Material Screening

ALD TiO,: Influence of Electrode Material
Martin Bivour / Workshop on Passivating Contacts 2018

B Low WF Al contact is improved by adding TiO,"?
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'Agrawal et al., APL, 104, 2014 ZZ Fraunhofer
2Yang et al., Adv Mater 28(28), 2016 ISE

Material Screening

ALD TiO,: Influence of Electrode Material
Martin Bivour / Workshop on Passivating Contacts 2018

B Low WF Al contact is improved by adding TiO,'2
B But strong influence of electrode WF

- ITO is preferred electrode (optics), but V.. reduced by ~80 mV vs. Al
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Material Screening
High Work Function Transition Metal Oxides (TMOs)

Martin Bivour / Workshop on Passivating Contacts 2018

B Promising results for MoO;, WO; and V,0s.
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Material Screening
Induced ¢-Si Junction / Effective Work Function
Martin Bivour / Workshop on Passivating Contacts 2018
Surface photo-voltage measurements: a-SicH(i)

B @ similar for TMOs and highly doped a-Si:H(p)
B ¢ g reduced by annealing for MoO, and V,0, (180°C)
a-Si:H(p) doping
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AGENDA

Introduction: Passivating (AND carrier-selective) contacts based
on high / low work function thin films

Material screening: Importance of induced c-Si junction

MoO, based hole contacts: Simulation, fabrication and selectivity issues
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Metal Oxide Based Si Heterojunction
Work Function - Sufficient High ¢-Si Hole Density

Martin Bivour / Workshop on Passivating Contacts 2018 ,_g;.(j)
B Band bending defines ¢-Si inversion layer
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46 . . . - . .
Data: Messmer et. al., Numerical Simulation of Silicon Heterojunction Solar =
Cells Featuring Metal Oxides as Carrier-Selective Contacts, Accepted IEEE- Z Fraunhofer

PV, 2017 ISE
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Metal Oxide Based Si Heterojunction

Extraction of Holes from the c-Si Inversion Layer
Martin Bivour / Workshop on Passivating Contacts 2018a SizH(i)

B Band bending defines c-Si inversion layer
B [Inefficient tunneling for

Too low metal oxide trap density Eirap.mmo
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47 . . . . . .
Data: Messmer et. al., Numerical Simulation of Silicon Heterojunction Solar =
Cells Featuring Metal Oxides as Carrier-Selective Contacts, Accepted IEEE- Z Fraunhofer

JPV, 2017 ISE

Metal Oxide Based Si Heterojunction

Extraction of Holes from the c-Si Inversion Layer
Martin Bivour / Workshop on Passivating Contacts 201Sa SizH(i)

B Band bending defines ¢-Si inversion layer
B [Inefficient tunneling for
Too low metal oxide trap density
Unsuited energetic distribution of traps
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Data: Messmer et. al., Numerical Simulation of Silicon Heterojunction Solar =
Cells Featuring Metal Oxides as Carrier-Selective Contacts, Accepted IEEE- Z Fraunhofer

PV, 2017 ISE
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Metal Oxide Based Si Heterojunction

Extraction of Holes from the c-Si Inversion Layer
Martin Bivour / Workshop on Passivating Contacts 2018a SizH(i)

B Band bending defines c-Si inversion layer
B [Inefficient tunneling for
Too low metal oxide trap density
Unsuited energetic distribution of traps
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Data: Messmer et. al., Numerical Simulation of Silicon Heterojunction Solar =
Cells Featuring Metal Oxides as Carrier-Selective Contacts, Accepted IEEE- Za FraunhOfeIS:
JPV, 2017

Engineering the Metal Oxide Properties

Evaporation, Sputtering and ALD of MoO,
Martin Bivour / Workshop on Passivating Contacts 2018
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Bivour et al,, Energy Procedia, 92, 2016 ALD films deposited at TU/e: Bart Macco % Fraunhofer
Bivour et al., Energy Procedia, 124, 2017 TU/ 'SE
Bivour et al., Proceedings 33t EU PVSEC, 2017 e

20.02.2018

25



Engineering the Metal Oxide Properties
Evaporation, Sputtering and ALD of MoO,,

Martin Bivour / Workshop on Passivating Contacts 2018
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Bivour et al., Energy Procedia, 92, 2016 ALD films deposited at TU/e: Bart Macco % Fraunhofer
Bivour et al., Energy Procedia, 124, 2017 TU/ 'SE
Bivour et al., Proceedings 33t EU PVSEC, 2017 e

Evaporated MoO,

Loss of Selectivity with Annealing
Martin Bivour / Workshop on Passivating Contacts 2018
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FF Degradation with Annealing
MoO, Thickness and a-Si:H(i) Buffer
Martin Bivour / Workshop on Passivating Contacts 2018
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FF Degradation with Annealing
MoO, Thickness and a-Si:H(i) Buffer

Martin Bivour / Workshop on Passivating Contacts 2018
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FF Degradation with Annealing
MoO, Thickness and a-Si:H(i) Buffer

Martin Bivour / Workshop on Passivating Contacts 2018
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Status Quo: Textured Front Side MoO, vs. Homojunction
ITO / MoO,, / a-Si:H(i)

Martin Bivour / Workshop on Passivating Contacts 2018
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Status Quo: Textured Front Side MoO, vs. Homojunction
ITO / MoO, / a-Si:H(i)

Martin Bivour / Workshop on Passivating Contacts 2018
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Summary

Challengesartin Bivour / Workshop on Passivating Contacts 2018
B Integration of “novel” thin films in silicon device architectures

Thermal and chemical stability for subsequent processing
and interaction with adjacent films (oxidation/reduction, hydrogen)

Long term stability?

B More ¢-Si solar cell specific understanding for material engineering
Intentional doping / alloying to tailor properties, ....

Good news:

B “New"” materials currently explored for c-Si solar cells by many groups
Basic applicability of metal oxides for selective contacts shown
Higher transparency and high FF

B Work function engineering for proper induced c-Si junction

B More heterojunction specify properties for efficient transport (band line-
up, tunneling, ...)
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