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PV (bifacial PERC) is since 2020 the king of energy markets!

> More 1ct/kWh announcements to come. 

Bifacial nPV will be from 2024 the new emperor.

> TOPCon and HJT will be used for utility scale. 

TBC to come later on utility scale as well. 

Sustainable development will be key (e.g. Cu instead of Ag).

More albedo enhancements will be used 

> Bifacial gain optimisation will become more important in utility scale. 
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PVTECH Research

Finlay Coville (PVCELLTECH 2023)

Suniva
Silevo
Mission Solar
Sunpreme
PVGS
BOSCH Solar
MegaCell
Adani

Kopecek et al., Final stop- bifacial XBC
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Technology switch: an evolutionary revolution  

Kopecek et al., Final stop- bifacial XBC
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LCOE: results for utility scale ground mounted systems
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PERC, TOPCon, HJT, or XBC? What to chose? 
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CuPolyZEBRA

3.00

LCOE: results for utility scale ground mounted systems
PERC, TOPCon, HJT, or XBC? What to chose? 



Albedo enhancement (“concentrating”) 
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2. XBC solar cell technology 
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XBC technology > explanation of different concepts 
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IBC technology (ZEBRA)
TBC technolohy (polyZEBRA, ABC, Maxeon, 
PoloIBC…)
HJBC (Meyer Burger´s PILATUS…, 3SUNS BC,…)  
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Plenary: Asian PVSEC 2023
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Why TBC will follow shortly after TOPCon
By Radovan Kopecek et al.
September 11, 2023

XBC technology > explanation of different concepts 
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Why TBC will follow shortly after TOPCon
By Radovan Kopecek et al.
September 11, 2023

IBC4EU
Futura Sun 
Valoe Cell
SPIC
CARBON

XBC technology > explanation of different concepts 



XBC technology > explanation of different concepts 
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R. Kopecek et al., „Why XBC will follow shortly after TOPCon”, PV International 50, 2024



IBC TECH: ZEBRA technology 
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- VIPV
- BIPV
- Balcony
- Roof
- Utility 



ZEBRA cell technology

A low-cost, high efficiency, n-type back contact back junction solar cell

• No metallization on front side

• Regular stripes of n+ and p+ doping on the rear

• Screen printed Ag-paste metallization

• Busbars on flexible positions

• Developed by ISC Konstanz in 10+ years of R&D

M6

24%+

700mV+
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PVTECH Research

Cu screen printed bifacial XBC for utility scale



ZEBRA IBC at SPIC: 2019

25

ZEBRA 2019

2019: 200 MW IBC cell & module line

24+% ZEBRA IBC
PERC mainstream 2020: 22.8%

05.06.2024 Cu screen printed bifacial XBC for utility scale
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Only IBC production in EU at ValoeCell in Vilnius 

Cu screen printed bifacial XBC for utility scale



ZEBRA cell technology: cell parameters from production 
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IV data for a week of 
production, 4/2022

Voc (mV) Isc(A) FF(%) Eta(%)

average 700 11.83 80.15 24.21

Best cell 704 11.86 80.64 24.60



3D printed ZEBRA cell technology: device architecture

Photo of rear side Schematic drawing Drawing cross section

positive BB (+)

Ag-finger (+)

negative BB (-)

Ag-finger (-)

Emitter p+

BSF region 

Isolation pad

The stripes are p+ and n+ doped 

regions of optimum width
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ZEBRA cell technology: properties
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- M6 wafers  >> G12 possible 
- 9 BB technology 
- No passivating contacts
- No AlOx passivation
- Simple module interconnection 
- No PID, No LeTID, No UV degradation  

Future:
- Lean upgrade to poly-ZEBRA
- Easy implementation of Cu and Al

25mg Ag/W
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25mg Ag/W



IBC TECH: ZEBRA technology 
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IBC TECH: ZEBRA technology 
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XBC technology: why will it win? 

1) Perfect front side
2) UV degradation stable  
3) poly-Si on rear
4) Cu/Al on rear 
5) Easy module interconnect 

Kopecek et al., Final stop- bifacial XBC
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IBC4EU (Horizon Europe project with 17Mio budget)
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Bringing bifacial Cu/Al XBC from roof top to utility scale 
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Bringing bifacial Cu/Al TBC from roof top to utility scale 



TBC Tech 
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POLO polyZEBRA

Lithuania



IBC4EU´s 2 XBC concepts
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POLO

• Largely based on PERC+ production equipment

• Very lean process sequence*1,2

• Efficiency goal: 25% (725mV)

Innovations:

• Local deposition of poly-Si by shadow mask PECVD

• Reduction of silver content

polyZEBRA

• Upgrade (100% compatible with ZEBRA back-end)

• Developed in Highlite (H2020)

• Efficiency goal: >25% (740mV)

• IP secured

Innovations

• Streamlined process for pilot production

• PECVD-based poly-Si depositions

• Hybrid metallization based on Cu screen printing 

Lithuania

*1: EE. Bende et al., 7th Metallization 
and Interconnection Workshop, 
Konstanz, Germany (2017).
*2: F. Haase et al., Proc. of the 46th 
IEEE PVSC, Chicago, IL, USA, 2200-2206 
(2019). 
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• All screen printing based
• Longterm stability has been demonstrated
• Current status of Cu-polyZEBRA: Solar cells (M6): 24% N. Chen et al. Solar RRL 7.2 (2023):2200874

Buchholz, PVCellTech 2023
D. Rudolph, MIWS 2023

IBC4EU´s Cu-concept (ZEBRA1.5)
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• IP secured
• 2 patent applications pending

Status Q3/2023: 
baseline+0.5%

Linke et al. Fully Passivating Contact IBC Solar Cells Using Laser Processing. WCPEC 2022

ZEBRA

1 wetbench

2 B-diff

3 wetbench

4 SiNx 

5 Laser (abl)

6 wetbench

7 P-diff 

8 wetbench

9 SiNx front

10 SiNx rear

11 SP + FF

12 IV+sorting

poly ZEBRA

wetbench 1

SiO2+a-Si(n) 2

SiNx 3

Laser (abl) 4

wetbench 5

SiO2+a-Si(i) 6

B-diff 7

wetbench 8

Laser (SE) 9

TEX 10

B-diff 11

wetbench 12

AlOx+SiNx front 13

AlOx+SiNx rear 14
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IV+sorting 16

05.06.2024

IBC4EU´s 25%+ cell: polyZEBRA (ZEBRA2.0) 
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05.06.2024

IBC4EU´s 25%+ cell: polyZEBRA (ZEBRA2.0) 



Bifacial XBC
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Bifacial ABC: https://www.youtube.com/live/DHyMOQC0fUg?si=GJULGBhQgCC7YCbF
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https://www.youtube.com/live/DHyMOQC0fUg?si=GJULGBhQgCC7YCbF
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Next ISC´s TBC at Futura Sun: modules in Italy with cells from China  

Cu screen printed bifacial XBC for utility scale



3. BCworkshop 2023
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BCworkshop 2023 in Hameln 
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BCworkshop 2023 in Hameln 
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- XBC community getting bigger

- Still too many concepts out there

- XBC will come on 2 digit GW scale

- First rooftop market and XIPV

- From 2028 utility scale market 

- There are cases already now where 

utility scale makes sense   
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TOPCon/HJT >> 2TT/4TT 

TRINA

Qcells Jinko Sunpower
AIKOLONGi

SPIC

Futura Sun 

many more 

Gold Stone 

few more 

XBC >> 3TT/4TT 

ValoCell

PV companies going nPV
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PVTECH Research  ISC Konstanz Research 

Finlay Coville (PV Cell Tech 2023)
R. Kopecek (this presentation)

Pre. 2025 2025-2026 2027-2029 2030 2031-2032 Post 2032

Sunpower
LONGi
SPIC
Aiko Canadian

Tongwei

XBC

Jollywood
Futura Sun
Insola
CARBON

Cu screen printed bifacial XBC for utility scale



Summary 
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- PV is entering bifacial nPV era

- nPV book is being copied ☺

- TOPCon is the next mainstream 

- HJT, XBC take rooftop first

- XBC will be the coming mainstream 

- LET´S GO TOWARDS TW PV ERA!!! 



Upcoming bifiPV workshops 2024 and 2025 
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bifiPV2025 in January in Antofagasta, Chile  

bifiPV2024 in November 27/28 at AIKO in Shzuhai, China  
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