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Towards ultimate performances for mono Si technologies
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en rules for high-efficiency both-sides-
acted silicon solar cells with balanced charge
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The latest product in the Vertex series from the Chinese manufi
A conversion efficiency of 21.6%.
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Agenda

1. Monocrystalline Si technologies: Status & Perspectives
1. Modules
2. Cells

2. Focus on PV-Lab/CSEM technologies
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1. Monocrystalline Si technologies: Status & Perspectives
1. Modules
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Trends in mono Si modules
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(1) Multi bus bars
(2) Half cells
(3) Wafer size

& also zero gap, bifaciality, shingling...
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Trends in mono Si modules

e Multi bus bars:

» Decrease of resistive losses along
fingers allowing for Ag reduction
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2020 2021 2023 2025 2028 2031
m 5 and 6 busbars ® 9 and 10 busbars
= 11 and 12 busbars multibusbar (more than 12 busbars)
busbarless

“ITRPV report 12 edition (2021)
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Trends in mono Si modules

e Multi bus bars:

» Decrease of resistive losses along
fingers allowing for Ag reduction

*  Half cells:
» Decrease of resistive losses along BB
* Already mainstream for large wafers
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Trends in mono Si modules

Increasing wafer size:

Increase of module power & efficiency
- reduction of BOS costs

- . AN
* Increased productivity of cell fabrication UG
* Increase of module size and weight Al
(i
Since 2019
Up to 2016 Ml
M2 Gl M6 ?
M10
EPFL LmuuAiﬁ = Csem
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Trends in mono Si modules
* Improvements at the module level
has driven latest increase in module’s
performances:
*  Multi bus bars 650
* Half cells :
* Increasing wafer/module size [Eeeivio ] :
- l | 72 cell M10_] " 5
' . . _3::‘ I—|78 S| 50 cell M12 e _
* Further increase will rely again on 'iﬂ“ﬁ;_____,_ — '
improving cell efficienc
P J / '\9@ & & § '@0 & "9@ § 'PQ ,\9@ e?e?@%wgé\‘g@@&g?
N W }'\/\'\4 b )
Y Y
Improving efficiencies &  Increasing wafer/
technologies module size
"A. Goscomb (Sunspire), pres. at the 11" SiliconPV/nPV workshop (2021)
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Trends in mono Si cells

» Passivated and Emitter Rear Cell (PERC) will
be limited to n ~24%

mass production and pilot line data
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*J. Muller (Q-cells), pres. at the 17% SiliconPV,/nPV workshop (2021)
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Trends in mono Si cells

» Passivated and Emitter Rear Cell (PERC) will
be limited to n ~24%

mass production and pilot line data

:"f n-type passivating
. . >25% ..‘,.'
+ Full-area passivating contacts: Bain b contacts %

Passivating contact
Metal

Doped Silayer Selectivity &
in buffer layer

Passivation
c-Si /\

*J. Maller (Q-cells), pres. at the 11% SiliconPV,/nPV workshop (2021)
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Full-area passivating contacts

Ag
a-Si:H heterojunction: o 1o
. . Thin
 a-SitH()

c-Si

XX MEYER BURGER

» Silicon Heterojunction (SHJ):
+ Independent manufacturing lines A Sl

Hotorojunction Module:

* Meyer Burger:

* 0.4 GW solar production just installed in
Freiberg, Germany

* Modules up to 21.8% including SmartWire
interconnections investigated at PV-
Lab/CSEM

cPrL = CSeMm
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Full-area passivating contacts

Poly-Si contact:
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» Polycrystalline-Silicon based passivating
contacts (TOPCon):
* PERC upgrade

cPrL = Csem
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» Already 25% in manufacturing pilot-lines

TOPCon A9
™ ey g OV
— BB,
c-Si(n) ‘
_— SIO><
-—_T poly-Si(n)
“ag SN
Compan TOPCon n Cell area
pany technology (%) (cm2)
Jinko Solar! LPCVD 25.25 267.4
Longi? LPCVD 25.21 244
Trina Solar? LPCVD 24.58 244.6
'https.//ir finkosolar.com/news-releases/news-release-details/jinkosolar-large-
area-n-type-monocrystalline-silicon-solar-0
2http.//www.longi-solar.com.au/home/events/press_detail/id/335.html
3D. Chen et al, Sol. Energy Mater. Sol. Cells. 206 (2020) 110258.
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Challenges for TOPCon industrialisation

TOPCon /Ag '
™ ey g VO
. — BBr,
c-Si(n) ]
_— SIiO,
I'—m poly-Si(n)
“ag SN

» Poly-Si deposition = preferred
method not identified yet

* Higher metallization costs than PERC

cPrL = Csem
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LPCVD PECVD PVD-Sputtering
Avoiding wrap
around X v WY
P cti
ﬁﬂmfn VvV Parallel plate: 3  Tube:v/v/v/ VvV
Maturity VvV Vv v
In-situ Doping b 4 NN v

Capex Vv v Vv

Readiness J\/J High \/\/ Medium \/ Low ¥ No

“Adapted from: A. Ingenito et al, pres. at the 37" EUPVSEC (2020)
Bifacial p-PERC Bifacial n-TOPCon
Rear Finger Front Busbar Front Busbar
19.1% ,, 169%
Rear Busbar 4 Rear Fi R
53% o 4o
Front Finger
%
Front Finger
58.7%
Rear Busbar
10.6%
*J. Chen (Jolywood), pres. at the 11" SiliconPV/nPV workshop (2021)
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Beyond PERC cell structure
B PoC; Rl Poly-sin) [ SN Ag Tandem PK/Si
BB B Poly-Sip) W AO, WM A +>5%

B A-BSF Sio, D m
IBC +49%3

Values in Red are already obtained c-Si(p/n)
Front & rear poly-Si A e
sl c-Sip/r)

TOPCon +2%'

PERC ~ 23%
e e ]

EPFL IMT NEUCHATEL
17
Agenda
1. Monocrystalline Si technologies: Status & Perspectives
1. Modules
2. Cells
2. Focus on PV-Lab/CSEM technologies
EPFL %mm . :cCsem
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Silicon Heterojunction structure

« PV-Lab pioneered SHJ cell structure in SHI -~ Acho
~ : Pt
collaboration with CSEM and Meyer Burger PRSI~ a-SiH(p)
. , c-Si(n) a-Si:H()
» Latest certified cell result > 24.44% with T Tyl

very high current of 40.75 mA/cm?

srsoff T T T T T T T T T T T T T ] 1
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S msof it 1 : @04 :

- S IR Jsc: 39.85 mA/cm?
of- =="ISFH } ¢ v
P ’ 902 2021:
2s0f Calmark: 001561 H 0.1 Jsc: 40.75 mA/cm?
F o 1y ] .
(T T AR . ¢, |, 0
0 200 400 600 800 300 600 900 1200
Voltage V [mV] Wavelength (nm)
ePFL IMT NEUCHATEL csem
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Beyond PERC structure
B PoCi3  BBE Poly-Sin) M SN Ag
BBr3 8 Poly-Sip) | A0, I Al Tandem PK/Si

TOPCon

c-Si(p)

Siisieieitiitisie iyl i aeier ]

brazeic

cPrL

“Adapted from: A. Ingenito et al, pres. at the 37" EUPVSEC (2020)
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Firing passivating contact concept

SIN
Poly-Si/SiO, deposition ot T ]
3
* Reduction of thermal budget for Long ¥ealing SIO N c-Si(p)

poly-Si contact fabrication Firing poly-Si(p) DRI
AZO/
Ag

ARTICLES nature
hitps://dolorg/101038/541560-018-0239-4 energy

A passivating contact for silicon solar cells formed
during a single firing thermal annealing

Andrea Ingenito™, Gizem Nogay', Quentin Jeangros', Esteban Rucavado', Christophe Allebé?,
Santhana Eswara©?, Nathalie Valle?, Tom Wirtz?, Jérg Horzel?, Takashi Koida*,

Monica Morales-Masis ©', Matthieu Despeisse?, Franz-Josef Haug', Philipp Léper®' and
Christophe Ballif'?

EPFL fEmm . :csem
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Firing passivating contact concept

SIN
Poly-Si/SiO, deposition N
3
. Lon lin ; =S
* Reduction of thermal budget for ong a)ealing | ?OX U © Si(p)
poly-Si contact fabrication Firing PO Y'A';Fgm
Ag
* Upto 22% large-area solar cells -
(& 22.5% on small-area) 40
— 35 Area= 244 220 cm?
R S 7% Voc =684 mv
< Jsc = 40.5 mA/cm?
A passivating contact for silicon solar cells formed E20 PP e TR —_—
during a single firing thermal annealing =15 - B “H0
Andrea Ingenito™, Gizem Nogay', Quentin Jeangros', Esteban Rucavado', Christophe Allebé?, 10 n = 216% 22%
Santhana Eswara©3, Nathalie Valle?, Tom Wirtz?, Jérg Horzel?, Takashi Koida®,
Monica Morales-Masis @', Matthieu Despeisse?, Franz-Josef Haug!, Philipp Lper ©' and 5 Full area Edge—masked
Christophe Ballif'? 0

0 01 02 03 04 05 06 07

EPFL fEmm . :csem L
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Beyond PERC structure
B roc3 BB Poly-Sin) [l SN Ag
BBr3 #E Poly-Sip) Wl AOC, I A Tandem PK/Si

IBC ‘

Front & rear poly-Si c-Si(p/n)

¢-Si(p/n)

PERC ~ 22%

e e W

c-Si(p) W /

“Adapted from: A. Ingenito et al, pres. at the 37" EUPVSEC (2020)
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Both side passivated Si solar cells oS
iN/ITO _
Poly-Si deposition/ front poly-Si(n) ;m
. . Poly-Si depositi Sio :
* PECVD + co-annealing of both poly-Si = C‘ Epos ;m/ e A' N ¢-Si(p/n)
contacts for lean process orannealing poly-Si(p) — E e
Hydrogenation (SiN:H) o~/
S Ag
* Novel process to preserve SiN:H layer Vetallisation
at the front and reduce ITO thickness
I I I
~ ~ ~40F 1 Best cell parameter
* Upto 22.8% both-side passivated solar ¢t 1 P
cell with V. near 720 mV g or 71 Voc=719mV
E 20} Cellarea: 4 FF=819%
2 i L 4 cm? 1 Jsc=386 mA/cm?
[ 1 n=228%
0 L 1 L 1 " 1 A
200 400 600
vV (mv
EPFL ‘. csem F. Meyer erg?o/ E)nergyMater Sol. Cell. 219 (2021) 110815,
MT NEUCHATEL 198 Congres photovoltaique national | 2021 24
24
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Both side passivated Si solar cells

Opening
<>
Il

limited current due to absorption in
poly-Si layer

» Localization of poly-Si under the metal
using both PVD and PECVD

CEPFL ‘mm . :CSem

IMT NEUCHATEL

. . . . 22 -95 nm
+  Direct metallization of front poly-Si = =" I e
Si0 < ” >burried =y =
e c-Si(n) junction 1/ ¢-Si(n)

100 pm

—

SiN,

== SiC (p)

t
Ag

25

25
Opening
Both side passivated Si solar cells B
SN, 100 pm
«  Direct metallization of front poly-Si > 2 s5m | e
limited current due to absorption in Si°'< o-Sif) >Bﬁ!&i"n ) esin)
poly-Si layer = (C (p) :
s
* Localization of poly-Si under the metal \/
using both PVD and PECVD Eff FF Voc Jc
(%) (%) (mV)  (mA/cm?)
»  21.7% already demonstrated with room A A A 38.32
for further improvement
See poster from F. Haug et al. at this conference
EPFL Tmm . :Csem
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2. Cells
2. Focus on PV-Lab/CSEM technologies

3. Conclusion
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Conclusion 0%
. 28% —% i
« Mono Si technologies will soon S s E_n-type @ ) -
reach ultimate performances 3 passivated SCs|_ p__ Lo f==1="5"7""
N o, N o 'g 24% __E_—gg. & ——a G -
(~26% cells and ~24% modules) i - - = PERC
& 2% : &
+ The introduction of PK/Si tandem =
devices from 2023 will support e
. o) “ITRPV report 12 edition (2021)
future improvements beyond 26% o %
C=2l n
Front & rear poly-Si A __L_
+3%2 -Si(p/n) / g
TOPCon +2%! m -r?
PERC-~23% ~ TURAANEY e
EPFL IMUHATEL . Csem —
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Thank you for your attention !
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