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1. Bifacial p-PERT industrial history in brief 
 



BIFACIAL p-(P)ERT for SPACE: Kvant, Russia 

 p-Si : radiation resistance better than in  n-Si 

 Thermally doped emitter and implanted back 
p+ layer 

 No front and back texturing 

 No front and back passivation but ZnS ARC  

 Ti-Pd-Ag evaporated contacts 

 h (AMO) = 15-18  % 

 Production p-type started in 1958 

 Bifacial development started in 1964 

 First bifacial satellite in 1974 

 Less than 1MW/ year 

 



 Production started in 1992 at 
Krasnodar 

 Annual production 2MW/year 

 5” cells with Boron BSF prepared by 
spin-on boron glass prior to high 
temperature drive-in 

 Bifaciality factor : 70 % 

 Front efficiency: 16.5% 

5 

FIRST SEMI-INDUSTRIAL BIFACIAL p-PERT: Solar Wind, Russia 

Test site: Berlin 2003 

6kW on the roof of the ITC, OWZ 

3kwp mono-facial and 3kWp bifacial 

Albedo: 025      Annual Gain : 8 % 

 



FIRST INDUSTRIAL BIFACIAL p-PERT: bSolar, Israel/Germany 

 Production started in 2010 at Heilbronn,  
converting a closed production line of PERT cell 
with Al-BSF into a PERT line with B-BSF 

 Annual production 30MW/year 

 6” cells with Boron BSF prepared by spin-on 
boron glass prior to high temperature drive-in 
but cell process different from previous (S-W) 

 Bifaciality factor > 78 % 

 Front efficiency > 18.5% 

 Stopped operating in 2012, together with most 
of German PV plants 

 

 

Test site in Adlershof-Berlin 2011 
• 27 bSolar panels + 9 reference ones 

• bSolar vs. Solon modules 

• Ground reflectance (Albedo): ~30% 

• NS distance =  2.35m/3.5m 

• Height (panel lower edge): 0.5m 
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RECENTLY PUBLISHED LIST OF BIFACIAL TECHNOLOGIES (2016)  

Bifacial solar photovoltaics – A 
technology review  

by 
R. Guerrero-Lemus, R. Vega , 
Taehyeon Kim, Amy Kimm, 

 L. E. Shephard  
in  

Renewable and Sustainable 
Energy Reviews 60  
(2016) 1533–1549 

 
400 papers screened on 

bifacial cells 
One p-PERT only in the list 



MOTIVATION 
 

 p-type mainstream monocrystalline silicon 

 PERT structure with full Boron BSF and passivated back is intrinsically superior to    

     local BSF or full passivated structures. 

 Highest front efficiency 

 Maximum bifaciality  
 

SOLUTION: p-PERT CELL 
 

THE NOVELTY : New Boron Controlled Doping technology using surface deposited 
layer 

SolAround’s solution provides also Boron doping process without degradation of  
the bulk lifetime 
 

 

 

NEW BIFACIAL p-PERT APPROACH:  SOLAROUND, ISRAEL 



2. Bifacial p-PERT technology 
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p-SI PERT CELL CONCEPTS  



COMPARISON OF Al-BSF VERSUS BORON-BSF 



PARAMETER REQUIREMENTS FOR n+-p-p+ PERT (BIFACIAL) CELL 

Electro-Physical Parameters:  

 High bulk diffusion length L >> d (d: cell thickness ~200 microns) 

 High potential of back high-low barrier (BSF) 

 Low effective back surface recombination (Seff), at least one order of magnitude 
less than in Al-BSF  i.e. less than 10 cm/s.  

 

Optical Parameters: 

 Effective light trapping in photoactive wavelength region 

 Light rejection in non-photoactive wavelength region  



NECESSARY ACTIONS FOR ACHIEVING OBJECTIVES 

Use starting Si with high lifetime t 

 Retain t during cell fabrication 

 Proper p+ layer doping 

 Proper pyramid textured on front 

No texturization on boron doped (back) side 
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bSolar industrial technology 
7.2 % contact coverage 

t = 0 .5 ms 

Solaround technology with: 

Controlled  B doping 

Back surface passivation 

3% contacting surface and floating 
busbar 

EXPECTED FRONT EFFICIENCY FOR BIFACIAL CELL WITH B-BSF 



3. Solaround achievements 



BORON DOPING OF p+ LAYER 
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PRELIMINARY RESULTS WITH NEW BORON BSF PROCESS 
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SOLAROUND CELL BIFACIALITY 



SOLAROUND BIFACIAL CELL PARAMETERS 



4. Conclusions 



   n+-p-p+ with a uniformly B doped p+ layer is a promising structure  

       for industrially produced PERT bifacial cells. 

   B diffusion using preliminary deposited B containing solid layer  

       allows controllable doping of p+ layer. 

   Retained high bulk lifetime, low back Seff and high quality  

       emitter provide implied Voc of the PERT structure exceeding    

       700mV  enabling high front efficiency in the range 21-22 %. 

   High bifaciality factor: Back to front short circuit current ratio is in the     

       range 89-92%. 

   High quality Cz starting p-Si can compete with n-Si as material for cell  

       production with front efficiency above 22%. 
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