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What is the presentation about? Beauty with high efficiency at low cost.
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Agenda
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1. ISC Konstanz/SPIC Solar / 2 min

2. Entering the bifacial nPV era / 4min

3. ZEBRA IBC tech and beyond / 8min

4. Summary/ 1 min
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65 5.8 Mio € 75+ 24.6%

Turnover

2022



ISC Konstanz: who we are

• International Solar Energy Research Center e.V.

• a nonprofit organization

• Founded in 2005

• R&D on c-Si solar cells, modules and systems

• Technology transfer: TOPCon (TOUCAN)/IBC (ZEBRA)

• Track record: 8 transfers from 2015

• 10 transfers planned for 2023-2026

• India, Africa, US now- EU from 2025 
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SPIC Solar: world´s larges PV system owner 
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SPIC Solar: producer of 3 major technologies
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SPIC at Intersolar Munich 2022 and 2023 
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2. Entering the bifacial nPV era 
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nPV technology and CAPEX: market forecast

Trina nPV workshop 2023

ITRPV 2023
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nPV technology and CAPEX: market forecast

Trina nPV workshop 2023

ITRPV 2023

PV Infolink
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nPV technology and CAPEX: market forecast

Trina nPV workshop 2023

ITRPV 2023

PV Infolink

IBC (ZEBRA)

and IBC added by R. Kopecek in this presentation 
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AstroEnergy´s presentation 

nPV technology: market forecast

TOPCon modules at SNEC offered at 17USct/Wp
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PVTECH Research

Finlay Coville (PV Cell Tech 2023)
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PVTECH Research  ISC Konstanz Research 

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

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

Sunpower

TRINA

SPIC

Aiko Canadian

Tongwei

TBC

Jollywood

Futura Sun

Insola

CARBON
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Highest efficiency modules March 2023

4 x IBC

10 x TOPCon

5 x HJT



3. ZEBRA technology and beyond
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ZEBRA cell technology: properties

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 (SP) Ag-paste metallization

• Busbars on flexible positions

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

M6

24%+

700mV+
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ZEBRA cell technology: process sequence 
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ZEBRA IBC
1. Texture Clean

2. BBr3 Diffusion

3. XXX

4. SiNx mask

5. Laser Treatment 

6. YYY

7. POCl3 Diffusion 

8. Etch

9. SiNx passivation

10.  SP (ZZZ) 

11. Fast firing

12. IV

- Efficiency

- Complexity

- Throughput

- Yield

- Module 

implementation

- Bifaciality

- Temperature 

coefficient 

- Degradation
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PERC 21.5%

BF: 0.7+

TOPCon 22.5%

BF: 0.8+

HJT 22.5%

BF: 0.9+

IBC 22.5%

BF: 0.7+

COO 2020: 20ct/Wp

COO 2022: 30ct/Wp

COO 2023: 20ct/WP 

COO 2020: 30ct/Wp

COO 2022: 33ct/Wp

COO 2023: 20ct/Wp

COO 2020: 35ct/Wp

COO 2022: 35ct/Wp

COO 2023: 30ct/Wp

COO 2020: 40ct/Wp

COO 2022: 35ct/Wp

COO 2023: 27ct/Wp

ZEBRA technology: bifacial module



ZEBRA cell technology: cell parameters from production 

IEEE PVSC-50     R. Kopecek   Bifacial Ag/Cu/Al screen printed IBC technology 13.06.2023 21

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



ZEBRA cell technology: 3D SP 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: Ag SP 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

20mg Ag/W



ZEBRA cell technology: SP with Ag, Cu and Al
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3D printed IBC                      2D printed IBC

positive BB (+)

negative BB (-)

positive BB (+)

negative BB (-)

Ag, Cu                                       Al

PROPERTIES
- Isolation paste

- 5 prints (2 times IP)

- Complex process 

- Shallow fingers

CELL PARAMETERS
- High voltage of 700+mV

- Efficiency of 24%+

- High BF of 0.75+

PROPERTIES
- No isolation paste

- 2 prints only

- Lean process  

- Broad fingers

CELL PARAMETERS
- Voltage below 700mV

- Efficiency of 23%+

- Moderate BF of 0.65



Cu SP ZEBRA cell technology
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4 mg Ag/W



Cu SP ZEBRA cell technology
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4 mg Ag/W



Cu SP ZEBRA cell technology
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4 mg Ag/W

Presentation from D. Rudolph at MIW 2023 in Lausanne
https://miworkshop.info/wp-content/uploads/2023/05/4_ZEBRA-Interconnection-d-rudolph.pdf



- Same efficiency for CuZEBRA as for Ag SP ref.
- AlZEBRA needs some optimisation
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ZEBRA cell technology: cell parameters 
for SP Ag, Cu and Al device
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ZEBRA cell technology with SP Al: COO
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4 mg Ag/W
ZEBRA cell technology with SP Al: COO



IBC4EU (Horizon Europe project with 13.5Mio funding)
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IBC4EU (Horizon Europe project with 13.5Mio funding)
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Summary 
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- nPV technology is coming fast to the PV market

- For TW/a market replacement of Ag by Cu and/or Al is key

- IBC, as the holy grail and will substitute TOPCon from 
2028 on because of

1) easy implementation of poly-Si
2) easy implementation of Cu/Al-contacts

Al/Cu IBC are very good candidates 
for a sustainable PV future



BCworkshop2023 in Hameln  
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