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POLO IBC process flow with shadow mask — ISFH
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[2] V. Mertens et al., 40 EUPVSEC (2023), p. 020015
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Presentation Notes
Vermutlich kürzeste und damit kostengünstigste Prozessfluss 


POLO IBC process flow with shadow mask — ISFH

Laser contact opening

/N \N\ANAANAN

Ag and Al screen print
& firing

« Very lean POLO IBC process flow by ISFH!1[2]
« POLO IBC cells processed in ISFH SolarTeC on
M2 wafer size. Upgrade to M10 in 2026

— [1] T. Dullweber et al., 8" WCPEC (2022), p. 35 - 39
[2] V. Mertens et al., 40t EUPVSEC (2023), p. 020015
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POLO IBC improvements of past 6 months
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— ISFH

POLO IBC efficiency improvements:

- Reduced shunting by new mask conditioning
- Reduced reflection by optimizing ARC
- Optimized Ag finger profile

* 24.5% measured by ISFH CalTeC
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POLO IBC best efficiencies — |ISFH

Efficiency V.. e
[%] [mV] [mA/cm?] [%]
08/2024 23.9 720 41.1 80.5 D Lower poly anneal temperature and
01/2025 24.1* 723 40.8 81.5 contact pads

* Independently confirmed by ISFH CalTeC
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>10 mOhmcm2, gut wäre 1-2 mOhmcm2
Dielectric layer optimaization, screen print / narrower, Ag paste reduced



POLO IBC best efficiencies — |ISFH
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[%] [mV] [mA/cm?] oty

08/2024 23.9 720 41.1 80.5 D Lower poly anneal temperature and
01/2025 24.1* 723 40.8 81.5 contact pads

09/2025 24 5* 796 412 82 0 ) Improyed.ARC and improved
metallization

* Independently confirmed by ISFH CalTeC
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POLO IBC transfer to Kalyon PV production line — ISFH

09.12.2025
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@kalyon PV

Kalyon PV operates a 2 GWp fully integrated
production facility for ingot, wafer, cell, module

Presently, mass production of M10-sized
PERC+ cells is ongoing and an investment in
G12R-sized TOPCon+ technology is planned

POLO IBC is a potential An = 1%, efficiency
upgrade

POLO IBC technology licensed by ISFH to
Kalyon PV in 2024. Technology transfer started.

fi{ | Leibniz
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Kalyon CEO . IBC Zelle in der Hand


POLO IBC transfer to Kalyon PV production line — ISFH

PERC+ process at Kalyon PV POLO IBC process at ISFH

1. Texturing 1. Texturing

!

2. Rear polishing

3. Local PECVD SiO,N, / n-a-Si
S —
4. Thermal Anneal

5. Front AlO,/SiN,
6. Rear AIO,/SIN,

2. Emitter diffusion (POClI;)

l

3. Laser Doping SE New !

!

4. Rear polishing

5. Thermal Anneal
6. Rear AIO,/SiN,

7. Front SiN, 7. Laser contact opening

8. Laser contact opening 8. Al and Ag screen printing

9. Al and Ag screen printing 9. Firing

10. Firing

M

T. Dullweber et al., 8" WCPEC (2022), p. 35 - 39
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Prozesse ähnlich, statt POCL und Laserdop. Wird lokal n-poly Abgeschieden. Grüne Linien verbinden IDENTISCHE Prozessanlagen bei Kalyon. Keine Neuen Anlagen notwendig


POLO IBC transfer to Kalyon PV production line — ISFH

PERC+ process at Kalyon PV POLO IBC process at ISFH
d\'\\
1. Texturing "'?\] Q(\ [1] T. Dullweber et al., EPJ Photovoltaics 16, 30 (2025)
- —

2. Emitter diffusion (POClI;) \ka\\i ~dr polishing

N Local PECVD SiON, /n-a-Si |[New !
(\\3‘ 4. Thermal Anneal

l

3. Laser Doping SE

!

4. Rear polishing
5. Thermal Anneal Ge Q 5. Front AlO,/SiN,
_
6. Rear AI" \)\\5 S 6. Rear AIO,/SIN,
,\(5 . oIN, . Laser contact opening
8. Laser contact opening 8. Al and Ag screen printing
9. Al and Ag screen printing ’ 9. Firing

10. Firing
T. Dullweber et al., 8" WCPEC (2022), p. 35 - 39
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Prozesse ähnlich, statt POCL und Laserdop. Wird lokal n-poly Abgeschieden. Grüne Linien verbinden IDENTISCHE Prozessanlagen bei Kalyon. Keine Neuen Anlagen notwendig


POLO IBC upgrade to POLO? IBC — |ISFH

POLO IBC p-type « Al-BSF contact limits POLO IBC efficiency

s Dl g gl = to < 25.5%"

ANAAAAANAAAAAA *  Wet chemical SiO, and LPCVD p-poly-Si
POLO? IBC n-type stack developed®! with J; ., = 2 fA/cm?

w - Development of novel industrial POLO?

IBC process with target efficiency > 26.0%

B osi ALO, SiO, l PoLo (n)

s [l sivn [l PoLo (p) ] metal

[1]1 C. N. Kruse et al., Scientific Reports, 11, 996 (2021)
[2] E. Hoffmann et al., Proc. 41st EUPVSEC (2024), p. 020020
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POLO? IBC: how to manufacture it best ? (g‘: ISFH

p-type passivated n-type region n-type passivated p-n region
» ; » » : -

contact patterning isolation
n c-Si

[1] https://aikosolar.com/en/the-worlds-most-
efficient-solar-technology/

[2] Taiyang News, Solar Cell Production
Equipment Report 2025, page 11

« |IBC process sequence proposed in Asia [1,2]
* n-poly removal above p-poly challenging since laser or etch could damage p-poly

«  QOur approach: leave n-poly on top of p-poly as tunnel junction and only insulate trench
region between n-poly and p-poly

fi{ | Leibniz
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POLO2 IBC industrial process flow with novel trench insulation! = = |SFH

8. Single-sided etch front

rtype Si 1. SDE, wet
) : .
chemical oxide 9. Laser ablation trench
gg:==========================================================================g; 2 LPCVD p_poly_ S|
¢ 3. Annealincl.
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEJEE OXI d atlo n
10. Texture and barrier
EEEE!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!E!?ﬁ,é 4 Laser ablation EEEEE' ] 'EEEEEEEEEEEEEEEEEEEEEEEEE iREREEEEaERaE -EEE- removal
H] 5. Wet etCh, Wet |[SEEEEE IR EEEEEE [=EEy
_____ chemical oxide
11.+12. PECVD AIO,/SiN
both sides
6. LPCVD or PECVD 13 - 15. Screen printing of
n-poly-Si Ag paste and firing
7. Anneal incl.
oxidation [1] ISFH Patent pending
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Zeit nehmen, gründlich vorstellen, Vorteile herausstellen.
Von 3 aud 4: Barriere Oxid weg, dafür interfacial oxide
Poly Si in-situ doped, no ex-situ doping needed.
Zellen auf industriellen Anlagen im SolarTec auf M2 Wafern
Single side etching also removes wrap around
Only one paste is needed to contact both polarities, safeing one screen printing step
Ag aktuell, später Ag-freie Pasten (Nachfrage)


POLO? IBC industrial process flow with novel trench insulation!'! = == |SFH

Advantages of trench insulation

 Laser ablation allowed to damage p-
poly-Si - cheap IR laser

8. Single-sided etch front
i 9. Laser ablation trench

10. Texture and barrier

[EEEEE ] SENENNANNANNNANEEEEEEEEEE . HH removal

[1] ISFH Patent pending
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Alternativ: Barriere von p-poly abnehmen, aber Barrier nötig zw. n-poly und p-poly nötig und Laserschaden als Gefahr.


POLO? IBC industrial process flow with novel trench insulation!'! = == |SFH

Advantages of trench insulation

09.12.2025

B 8. Single-sided etch front
Laser ablation allowed to damage p- & 9. Laser ablation trench

poly-Si - cheap IR laser

Only about 10% of the wafer surface is

lasered > short process time
10. Texture and barrier

n-poly-Si etch does not have to stop on removal

p-poly —> no etch stop layer required

Short IBC process sequence by
etching with texture

Trench insulation
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LIMI Bild erklären!


POLO? IBC cell precursor results — ISFH

n-poly field

Fully processed

1.50E+3

W 740 mV

2 fA/cm? o _
in=1V,.xiFF x J, /P,,-ght

=735 mV x 86.0% x 41.7 mA/cm?2/ 100 mW/cm?
= 26.4%

p_po|y / n_po|y W

stack
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iVOC und iFF gemessen, JSC aus Simulation (C. Kruse 2021)


Evaluation of screen-printed Ag contacts — |SF|'|

o LPCVD ' . ' .

= A n-poly Si

2 ~ o 4 - Evaluation of different Ag pastes and different
cs % - s s 3 deposition methods for n-poly contacting

%E’ e % ’ : *  Jymet and p. determined by PL and TLM test
c S 2 9 _ structures

% ik b, e PRt * Ag contact properties strongly depend on n-
3 : g ' poly deposition method.

cJ U PRS0 S - PECVD good candidate chosen for first POLO?

o : E Y. eol IBC cell run, currently in processing
Contact resistivity o, (mOhmem?)
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Conclusions —— |S|:|.|

2025-09 / Institut fiir Solarenergieforschung GmbH
L— L — T T

«  POLO IBC efficiency improved to 24.5% @ ISFH SolarTeC \
«  POLO IBC technology transfer to Kalyon PV production line /= o
ongoing I A I
«  POLO? IBC cell technology with novel trench insulation in o &
Q Vv
development at ISFH SolarTeC N N

PIV01-137

 Lifetime precursors demonstrate /V,, = 735 mV and iFF =
86.0% corresponding to in = 26.4%

« Ag contact properties strongly depend on n-poly deposition

method. First cell run with PECVD n-poly ongoing Py

. i 10 fA/em2
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