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Passivating contact development at a glance

* The cell architecture landscape

- POCI3 Ag/AgAl SiOx - Al

- BBr3 Poly-Si(p) - AlOx - Not mature

Bl s Il Poly-Si(n) B A-ssf [l undefined +3% Bl

Values in Red already obtained
+3-4%|2] c-Si(p/n)
+2-3%[1] ml"'|||||||||||“'l|l'm %
c-Si(p/n)
23-24% N v ¢ - —
c-Si(n)

e e

c-Si(p)

= Ccsem

mllllllllll | | | | | | | | | |I|I|I|II|N

[1] Richter, Armin, et al., Nature Energy 6.4 (2021): 429-438.)
[2] R. Peibst et al., IEEE JPV, (2018)
[3] F. Haase et al. Solar Energy Materials and Solar Cells (2018)
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Lean integration of passivating contacts

» Different aspects to be developed for maturity:

o - Voc 4
High level of passivation Ideal Passivating contact

« Efficient for carrier extraction

« Swift integration at cell level >100nm Poly-Si

 Single-side deposition and doping
« Reduced thickness/high throughput <100 nm Poly-Si

 Metallization >
Metallized area

« Compatible with Ag SP+firing - present
« Compatible with Cu metallization - next

= Csem Lachowicz, A. et al., 2021



PERT+ (TOPCon) cell process flow

BSG

deposition
. deposition +
« Current TOPCon process flow loosely defined ociation <

 Different parts to be optimized/removed:

* Avoid single-side etch after polySi activation <

» Reduce overall number of steps needed
« Combine oxide/doping/annealing/cleaning —
Ea B
deposition (optional)

Tube
Wafer Slg%l:ehsﬁe
cleaning LPCVD)
AlOX/SiNx
front

Tube BSG

BSG removal

O

= Ccsem



Rationale for sputtered polySi(n)

Sputtered polySi was shown for p-type contacts by ANU [1]
High efficiency 23%
Using low temperature metallization

PolySi deposition options

CapEx Throughput In-situ Single-sided
doping
LPCVD Low High Difficult No
PECVD High Medium Yes Possible
Sputitering Medium High In progress Yes

LPCVD problematic in industry due to process complexity

22 CSEefY) (1] Yan, Di etal Applied Physics Letters 113.6 (2018): 061603,



IN-situ/ex-situ doped polySi
In-situ doping Ex-situ doping

cleaning cleaning
Chemical Chemical

Interfacial
oxide
In-situ oxide

Interfacial
oxide
In-situ oxide

. PolySi .
. Sputtering — Sputtering @
PolySi Wafer
deposition

: In-situ dopin Tunnel oxide Ex-situ dopin

Pig DC-PVD Poly-Si(n) Pig
SiNx
.. Tube .. Tube

DC-PVD Poly-Si(n)

Tunnel oxide

S Screen
Metallization orinting+Firing

= Ccsem
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Process flow comparison for sputtered polySi

Wafer
cleaning

* Process compatible with mainstream PERC/PERT
oxide - oxide
« Metallization using standard Ag paste
DC
=
deposition

RF spu’r’rerlng

PolySi doping <

Ex-situ Wafer

_
annealing
o Screen
Cse Metallization orinting+Firing

SiNXx

DC-PVD Poly-Si(n)

Tunnel oxide

Tunnel oxide

DC-PVD Poly-Si(n)

SiNx




Estimation of metallization damage
* Presented on previous MIW

« Calibrated PL+fitting routine

* Jopass/ Jometa Fatio dependency

200
400
600
800
1000

1200

= Ccsem

« Assessment of metal damage

(A) DOA!

100

200

300

400

500

600

700

800

900

1000

SiNx
PVD Poly-Si(n)

Tunnel oxide

Wafer

Tunnel oxide

PVD Poly-Si(n)
SiNx

(AW) DOA!



Passivation vs. metallization fraction

200

400

3850C

600
800
1000

1200

100
200
300
400
900C
600
700
800
900

1000
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Passivation loss dependency on annealing temperature

PERT+ (TOPCon) structure intfegration

Cell Voc loss at cell level at 850C
Cell level Voc (mV)
Lower Voc than expected 700
with JO total calculation o5 §
What is happening at the material level? 690
=
Ag/Al E 685
AIO,/SiN, / 8 .
A\ mSAAN. A o0
Diffused p-type emitter (BBrj3) 675
®
c-Si (n) 70
850 900
\ \SiOx Annealing temperature (°C)
\ \ ~
' SiN,
Sputtered polySi(n)
Ag

= Ccsem



Comparison in-situ/ex-situ doped polySi

« Batch coprocessed

e Passivation

« IVoc>715 mV by in-situ doping
* IVoc>730 mV by ex-situ doping

« Contacting

« Not for in-situ doping
¢ P <25 MQ.cm? for ex-situ doped

SiNx
DC-PVD Poly-Si(n)

Tunnel oxide

Wafer

Tunnel oxide

DC-PVD Poly-Si(n)

SiNX

= Ccsem

*Overestimation
Disclaimer:

poc only good/bad
Not accurate

730

~
=
o

iVoc [mV]
(o)
w
o

670

650

m800C
m350C
mo00C

200

*
pc (MQ.cm2)
= =
= 0 N [e)]
o o < o

o

m3800C
m350C
mo00C

In-situ

715
712

675

In-situ

1600
3000

1200

*Overestimation

Ex-situ
699

714
727

b

Ex-situ

79
23

O,



ECV in-sifu/ex-situ doped polySi

« One order of magnitude difference in doping
« N=2E20 cm=3 vs. 2-3E19 cm3

- Limited by P content in target i
 New development for in-situ promising
« N>5E19 cm™3 (not shown)

ECV

200
SiNXx 160
o
DC-PVD Poly-Si(n) § 120
Tunnel oxide £ 380
Q
Wafer 40 i | |
0 | | —®—In-situ doped polySi(n)
Tunnel oxide In-situ Ex-situ o Ex-situ doped polySi(n)
DC-PVD Poly-Si(n) m800C 1600 198 10" L
: m850C 3000 79 - ]
SINX mo00c 1200 23 0 0.02 0.04 0.06 0.08 0.1

Etched depth (nm)

: CSem Overestimation



Ex-situ doped polySi: RF vs. DC sputtering

SiNx

PVD Poly-Si(n)
Tunnel oxide
740 250

730 y 7 Wafer
720 Z P/ 200 Tunnel oxide
= 710 PVD Pon -Si(n)
E 700 ¥ 150 S|Nx
<3 690 o
> e}
= 680 E
670 g 100
660
650 4 ” 50
DC RF
H aANN 850 690 684 0
% Ahydro 850 724 720
B aANN 900 725 720 B aANN 850 211
# aHydro 900 735 732 B aANN 900

« DC is favorable for scalability due to simplicity and uniformity
« Similar passivation for ex-situ doped DC and RF sputtered polySi(n)

» Lower pc for DC sputtered polySi(n)

= Ccsem



Ex-situ doping sources — DC sputtering
Plasma-assisted single-side POCI3

100 100

200 200

300 300

400 400

500 500

600 600

700 700

800 800

900 900

1000 1000

1000 ' 1000

oVD s'ol\:: sifn) Doping type iVoc JO,pass JO,met pc*
L (mV) (fA/c:m2) (fA/cm2) (mQ c:m2)

Wafer

Tunnel oxide

PVD Poly-Si(n)

SiNx POCI3 /31 8.5 44 53*
= csem *Overestimation

Plasma-assisted single-side

(AW) DOA



Upgrade to inline sputtering at Singulus

SINGULUS ﬂ
Plasma-assisted single-side

Process upscaled to inline sputtering

In collaboration with Singulus o 0735

200
0.73

Similarly high-quality passivation 300

400 -10.725

Low contact resistivity

(AW) DOA!

500 -40.72

SiNx

Cell infegration in progress PVD Poly-Si(n) 600

Tunnel oxide

Wafer

Tunnel oxide
PVD Poly-Si(n)

-0.715

700

800

900

SiNx

1000
1000

Doping type iVoc JO,pass JO,met pc*
(mV) (fA/cm2) (fA/cm2) (mQ.cm2)
4" Plasma-assisted single-side
6"’ Plasma-assisted single-side /25 10 /0 13*

= Ccsem

*QOverestimation



£ B | | T | T | T T ]
Certified solar cell results O T 1
| A, =(244.36+0.98) cm® : __
AIO.SIN Ag/Al 8000.0— I, = (9931 +94) mA o | P000.0
x 91N / ~ V. =(697.3+£3.5)mV L o000
A mmAANY. A g [ P P W
=6000.0(— P,,,=(5577 £72) mW L } 40000 £
4 - - | - Do
Diffused p-type emitter (BBr;) 5 [ n=(22.82:0.32)% o | | g
c-Si (n) S 4000.0/— o i E — 30000 &
— '—‘_p" e I h —
- L A =="ISFH | t 150000
- | v
>~ 2000.0— - i . .
2 . B d Calmark: 001618 |
\ \S|Ox | “_.-'"‘ ¥ Front: Grid-resistance neglecting contacting, ' i : — 10000
| - ¢ Rear: Grid-resistance neglecting contacting | H —
\ SiN, 0.0 il | L I R | L ! Tl L oo
Sputtered polySi(n) 0 100 200 300 400 500 600 700
g Voltage V [mV]
Jsc Voc FF Eff
mA/cm2 mV
Measurement Certified 40.64 80.5 22.8
Simulation Jsc optimized 41.5 697 80.5 23.2
Simulation Jsc + Voc + FF optimized 41.5 705 82 24.0

* First demonsiration of sputtered polySi(n) in PERT+ (TOPCon)

- csem ° Integration using homogeneous B emitfter, SP+firing of Ag paste



Summary

Sputtered polySi passivating contacts were explored
High passivation with in-situ and ex-situ doping
In-situ doping for now limited in doping concentration

Ex-situ doping demonstrated either single-sided or via POCI,
Upgraded to industrial inline sputtering

Direct metallization of ex-situ doped sputtered polySi
100 nm thick layers can stop paste while achieving low pc

Proof of concept PERT+ (TOPCon) cells at 22.8%
Showing viabillity of sputtered polySi for high efficiency
First demonstrator of sputtered polySi(n) in industrial solar cells

= Ccsem



Questions? Thank you

: CSeM

Juan Diaz, PhD in 4
Senior R&D Engineer
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