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PASSIVATING CONTACTS ACTIVITIES AT
PVLAB AND CSEM IN NEUCHATEL
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17e Congrés photovoltaique national (2019)

R&D in photovoltaics and energy systems in Neuchatel

Production and
commercialization

EPFL m;ﬁﬁ :: CSEeM PV-Center Industrial partners
EPFL CSEM. RTO Spin-off, Start-ups

IMT/PV-Lab (1984) PV-Center (since 2013)
* Fundamental research * Foc techn. transfer
. . over 40 companies
. dustry, innovation

* Advanced devices
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Fully-textured tandem

A glass-free lightweight aesthetic PV

Andrea Ingenito

solar cells module with maximal durability
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High-performance tandem solar cells
with improved stability and cost
competitive manufacturing

PV-lab
IMT NEJICHATEI

Composite-based lightweight PV
modules for building integrated
and portable applications
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Motivation

Direct contact between c-Si and
metal
Recombinative contact

Ag
5i0, SiN,
esi(n) (R
Classical c-Si diffused solar cells
¢Si(p)
AIBSF PERC
cSip) L,
Al

-> Lower operating voltage & V,

C
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Motivation
Passivating Ultimate solution for - Blocking of non collected carriers
contacts high efficiency - Extraction of collected carriers

» Silicon Heterojunction

(HIT)

K. Yoshikawa et al,, Nat. energy, (2017)

\ a-Si(i):H

a-Si(i/p) &

LOW T° (<250)

.
HATE|

> Transition metal oxides

(TMOs)

J. Geissbiihler et al,, Appl. Phys. Lett, (2015)
a-Si(i):H
\ ¢ (c1=1)

LOW T° (<250)

> Poly-Si based passivating
contacts 23]
SiO,

EE— \( 000

Poly-Si (p) | c-Si

HIGH T° (>700)

2] A. Richter et al,, Sol. Energy Mater Sol., (2017)
3] F. Haase et al, Sol. Energy Mater Sol, (2018)
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Heterojunction : lean process flow, thin film coating key

MATURE INDUSTRIAL COST EFFECTIVE PROCESS FLOW: SIMPLE,
LOW T°

FULL AREA HOLE and ELECTRON SELECTIVE PASSIVATING CONTACTS

T ¢ . X\
\ 5 \\ N\ N\ \\ \
J silicon wafer ) cSisurface //\/ a-SiHdoped ) Tco // Screen-printing ;) Interco/
" material /' / preparation // &intrinsic // // curing200°C / lamination

CSEM SILICON HETEROJUNCTION R&D PLATFORM
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HJT cell structure

Transport losses mitigation in the shell if SHJ solar cells — n-type thin silicon multilayers
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i%*:;’g:};ieﬁjf'%ﬁ'grnc‘:”a standard e High FF of 82.28% and Js. of 40.32 mA/cm?
{ St .

* Vg of 729.9 mV and efficiency of 24.21%
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HJT: Upgrade scenario to IBC-HIT

Ag

Tco [,
a-SiH (p*) P
a-SiH () [N

&St Heterojunction solar cell
a-Si:H (i)
a-SiH (nY)
Tco 00

o

World record Panasonic 25.1 %

[D. Adachi, Appl. Phys. Lett. 107, 233506 (2015)]

Interdigitated back contacted

Heterojunction

World record Kaneka 26.7 %

[K. Yoshikawa, Nature Energy 2, 17032 (2017)]

Challenge for cost-effective manufacturing
keeping high-efficiency

high{est}

efficiencies complex

~u 7 p\.
processing
~

To solve the dilemma:

Tunnel IBC-HJT

High Efficiency Inter-
Dlgitated cell concept
SwissMade

HATE|
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HJT: Upgrade scenario to IBC-HIT

electron collector
[a-SiH(n)]

textured passivating films
c-Si and ARC

M cSitn) M a-SiH(n)

M a-SiH() B a-SiH(p)
B SiN.

SIMPLE PROCESS FLOW
MINIMIZATION OF MATERIALS
based on smart engineering of thin
film silicon layers properties

—>

TCO
B metal

L

500 pm

[A Tomasi, et al., Nature Energy]

HATEL

blanket hole collector
[a-Si:H(p)]

MANN | AN

S R R

TCO/metal electrodes

hale contact tunneling hole contact

electron contact
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HJT: Upgrade scenario to IBC-HIJT

TUNNEL IBC-HJT process of CSEM:

y
SIMPLE PROCESS FLOW, MINIMIZE //// NETB“ASE

MATERIALS : . ‘ . _ _ '
(Indium-free). 40F 3

35¢ 3
Certified EFFICIENCY 30

See C. Ballif, session 6 o5) Area = 24.97 cm? (da)

20b  Jse =417 mA/cm?
" Voo = 734 mV

F FF=81.2%
10F  Eff. =248% ]

current density (mA/cm?)

25-cm? tunnel-IBC
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voltage (mV)
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Motivation

Ultimate solution for - Blocking of non collected carriers

- Extraction of collected carriers

Passivating
contacts

high efficiency

» Silicon Heterojunction

> Transition metal oxides

> Poly-Si based passivating

(HJT) (TMOs) contacts
K. Yoshikawa et al., Nat. energy, (2017) 1. Geissbiihler et al., Appl. Phys. Lett, (2015) Sio
X
a-Si(i):H a-Si(i):H (goo
=
a-si(iip) IN_eee oo . _
__________ Poly-Si (p) | c-Si
c-Si cSi e e e
— —— 0= 000
Q&= 000 Q== Q00
MoO,
LOW T° (<250) HIGH T° (>700)
LOW T° (<250)
12 = CSem £PrL
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Parasitic absorption under

600 nm: BT

e (p)a-Si:Hin HIT structure  csin)
responsible for Js losses

* MoO, more transparent

* But MoO, + ITO absorbs

a-Si:H (i)
aSlH(n)

m

¢-Si (n)

a-Si:H (i)
a-SizH (n+)

. 300 600 900 1200 1500

Replacing doped a-Si with more transparent TMO

o
o O

—— PECVD (i) a-SiH 7.5 nm
—— Evaporated MoOx 8 nm

Absorptance (%)
o

BN WA
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o

o

visible light! Wavelength (nm)
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° e ) )
, Refef;f;;s;am 170 (alone) Mitigating this loss allows hlgh J§c
a0 = Evaporated MoOx (~10 nm) ® Best MoO, cell performance similar to
4+ Meas stack MoOx + ITO

s \ Calculation absorp(MoOx) + abs(standard ITO) SHJ refe rence
%30
2
g
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PV-lab 13 = CSem ePrFL
IMT NEUICHATE|
Motivation
Ultimate solution for - Blocking of non collected carriers

Passivating
contacts

» Silicon Heterojunction

high efficiency

> Transition metal oxides

- Extraction of collected carriers

> Poly-Si based passivating

(HJT) (TMOs) contacts
K. Yoshikawa et al., Nat. energy, (2017) 1. Geissbiihler et al., Appl. Phys. Lett, (2015) Sio
X
a-Si(i):H a-Si(i):H (eoe
=
a-si(iip) IN_eee oo . _
__________ Poly-Si (p) = c-Si
c-Si cSi e e e
— —— 0= 000
Q&= 000 Q== Q00
MoO,
LOW T° (<250) HIGH T° (>700)
LOW T° (<250)
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High-temperature passivating contacts: PV-LAB roadmap

Focus on p-type wafers: Poster 4 A:
¢ Still preferred by the PV industry. o f
¢ Thehigh T process improves the bulk properties I§EECU]DdSE?Snar:gﬁgd:Xﬁg:}?)? P?I)éh

“Smart” thin-films by PECVD: . .
. High throughput efficiency c-Si solar cells

* Largeflexibility for cell integration
e Additive single-side process

Monolithic textured

O et generation of tandem solar cells
e two sides coAntacted with two sides
solar cells with passivating contacts

passivating contacts with efficiency >28%

& p-PERC upgrade with with efficiency >25%

passivating contacts
implementable in
today’s manufacturing

>
Q

SiC(p) - ——

I processes

1 Ag -~
| SiN, A9 -~ [ S Y
|

| so, ~  cSip) ¢-Si(p) sio, c-Si(p)

I

1

EEEEE—— sic(p) | ——

= Ccsem =PrFL
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FPC integration with co-firing of Ag-paste contacting a front P-diffused
emitter in p-type solar cells

Cl Wafer Texturing

Ag
C | POCl, diffusion | \ SINXH
C | Rear side etching (alkaline) |
Same

‘ | Cleaning and SiO,~growth | processing POC|3 ( )

= P-type (FZ

L steps as SiO Slcx(p)
‘ | PECVD a-SiC,(p):H (rear) | for a —
PERC cell

‘ | SiN,:H (front and rear) |
‘ | Screen priting Ag-paste (front)

‘ 1. Electrical contact

C | Firing (CAMINI) (800°C, 3s) |
between emitter and
‘ | Single side etching SiN,:H l Ag_paste

2. Hydrogenation of front
C | Metallization (sputtered ITO/Ag)

and rear
Non-standard processes

) Py I8 = csem ePrL
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FPC integration with co-firing of Ag-paste contacting a front P-diffused
emitter in p-type solar cells

[ Homogeneous emitter ] 40 | ' ' — " ' I ]
SiN:H MgF, 35 _ -
Ag — POCI, (n+) L
30 F E
‘r' L
Sio, SIC.(P) § 25f b
P E 20'_ Cell area: 4 cm? ]
T Ag - e Voo FF n
15 [mA/cm?] [mV]  [%] [%] 7
I Homogeneous 41.8 676 78.2 22.1
Selective emitter 10 emitter 7
SiNgH ,MIF> 5 i i
Ag — POCI, (n+) 0 1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7
'i POCI, (n++)
\Y%
Sio, SIC(p) M

Voc: limited by the front side emitter
>700 mV reached by using a SHJ as front emitter [1]

%o, (UIVES, (U Ze (U

|

ag ITO T
PV-lab [1] A. Ingenito et al. Nature Energy 3, 800808 (2018) & Cse| I | EPF L
IMT NEVICHATE|
Content
e o
90!
?(0«“ ed : O
s - ) Monolithic textured
O Next generation of : tandem solar cells
two sides contacted : with two sides
solar cells with At
I passivating contacts ! pa_tsngfaft_lr?g coniazt:St;
| with efficiency >25% ! with efficiency °
) p-PERC upgrade with | 1
passivating contacts 1 1
implementable in 1 1
today’s manufacturing | 1
processes 1 1 Ag
| Ag 1 ~
SiN, Ag —~ PR A A
. I - ’
SI0,  ~_ c-Si(p) | c-Si(p) SiO, c-Si(p)
I

SiC(p) -~ p——
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Process flow of co-annealed front and rear contacted SiC,-based c-Si

solar cells

Single side texturing
«Chem-SiO ,» grown in HNO 4
PECVD SiC,(n) front

PECVD SiC,(p) rear
Co-Annealing (850°C)
Hydrogenation (SiN ,:H)
Stripping SIN :H
Metallization*

*Sputtered ITO/Ag rear side
*Sputtered ITO/ screen printed Ag paste front side

A. Ingenitoetal.JPV, (2018), 9, (2018)

G. Nogayetal., JPV, JPV, 99, 1-8 (2018)
IMT NEICHATE]

Ag

ITO
S0 TR AN A
ANIA AANIA A
g

n+ buried junction

c-Si(p)
p+ buried junction

SiCx(p)\ 1

7o \—

Ag

Chem-SiO,

-Potential demonstrated with ion
implanted passivated contacts on n-
type FZ [1] and CZ [2] wafers

[1] F. Feldmann et al., IEEE, Portland, 10.1109/PVSC.2017.8366558 (2016)
[2] R. Peibst et al. J-PV DOI: 10.1109/JPHOTOV.2018.2813427 (2018)

g : csem EPFL

Front side textured, rear side planar cells

T S —
A = —
o s (\EJ 40
Sic(n) m g 35 ]
ANAAZANAYY £ 30 ]
n+ buried junction > 25 ]
510 c-Si(p) D 20f D
. p+ buried junction g 15[ Cell area: 4 cm 1
Slcx(P)\ | 3
ITO — 10 J
c
J— T 5@ ]
Ag 5 0 P R T
© %0 02 04 06 08
Voltage (V)
VOC FF Jsc n
[mV]  [%] [mAcm?]  [%]
dle i 39.2 22.6 G. Nogayetal,, IPV 99, 1-8 (2018)
20 = Ccsem ePrFL
IMT NENCHATEI

Andrea Ingenito

26./27.03.2019

10



17. Nationale Photovoltaiktagung | Bern

Andrea Ingenito

Content

Monolithic textured

O Next generation of . tandem solar cells
two sides contacted with two sides
solar cells with passivating contacts

passivating contacts with efficiency >28%

4 p-PERC upgrade with with efficiency >25%

|

I

1

I

ha= 1
passivating contacts I
implementable in |
today’s manufacturing 1
1

1

processes Ag
Ag <
SiN, Ag ~ [ o " > % VY
so, —  cSip) c-Si(p) sio, c-Si(p)
Poly-Si(p) ~ p——— __

mm = Ccsem =PrL

Fromnt Side textured monolitnic FR/C-31

tandem solar cells

12O

SnoO,
Col

/60
LiF

Spiro- i

e -8 PK (High E ;)

SiC,(n) ] i
sic,(p) ~ SIOx
~_ |

Ad

F.Sahli et al. Adv. Energy mat. (2017)
F.Sahli & J. Wener et al., Nature Materials, (2018)

m .= G.Nogay,F.Sahlietal., Accepted for publication on ACS letter (2019) o Csem EPFL
IMT NEICHATE]

26./27.03.2019

11



17. Nationale Photovoltaiktagung | Bern

Andrea Ingenito

tandem solar cells

120

510~ ANV
C_eo
LiF
Spiro- .
TTB— PK (High E ;)

SiC,(n) . o‘
[ X

currenl dens ly (mAfcm?)

ﬁwmﬁ%
~

Ag

F.Sahli et al. Adv. Energy mat. (2017)
F.Sahli & J. Wener et al., Nature Materials, (2018)

G. Nogay, F. Sahli et al., ACS letter (2019)

.
HATE|

Front stde texuured monoltitnic FR/C-Sl

p-type wafer Cell Area: 1.4 cm?

260

250F

v

Prepp (mW/im?2;
R
=

Jie FF

10— (V) [(mAfomre) (%) (%)
gaglforward 1735 195 735 2492
reverse 1741 185 747 2541
15—
2056520 300 ata 560
time (s)
20~ | 1 1
0.0 05 1.0 15
voltage (V)

First p-type tandem > 25% ‘
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