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At SNEC May 2012 price reported down to $0.67/W! 

E. Weber, F-ISE, PVSC-2012 



Solar Cell Dopant Methods 
Solar PSG & BSG Dopant 

Source 

• Phosphorus 

– POCl3 Furnace 

~850C 

– Phosphorus Acid 

Spray on Dopant 

– Phosphorus Spin 

on Dopant 

• Boron 

– BBr3 Furnace 

~950C 

– BCl3 Furnace 

– Boron Spin on 

Dopant 

Solar Implanted Dopant Source 
• Varian/AMAT (Sept 2010) 1100wph 

– Solion-Blue ribbon beam implanter 

320mm beam so only (2x3 wafer tray) 

– Next Gen will be from FPD implanter 

• Intevac (Sept 2011) 2400wph 

– ENERGi implanter: in-line design, 3 

wafers across 

• Amtech/Kingstone (May 2012) 

>1600wph 

– IonSolar 480mm beam so 3-across tray  
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WHY IMPLANT? 1980s switched from POCl3 diffusion furnace to implant! 

+0.01% 

+0.36% 
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+0.1% 
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Phos-implanted Selective 

Emitter Improved Cell 

Efficiency By Only 0.1-0.2%! 
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Condition  Hyundai     Suniva     Innovalight     Suntech 

 

Std POCl3  17.85%         18.0% 17.95% 17.8% 

  

P-implant  17.86% 

wLaser Isolation +0.01% 

 

P-implant   18.21%         19.0% 

w/o Isolation  +0.35%        +1% 

   18.36% 

 

Selective E  18.50%         19.1% 

P-implant  +0.14%        +0.1% 

  total   =+0.65%       =+1.1% 

SE Paste     18.9% 

      +1.0% 

SE-Laser Melt       19.2% 

        +1-2% 
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EIPBN Plenary talk 3: Mark Pinto, GM of Applied EES/Solar group on “Silicon 

Photovoltaics: Accelerating To Grid Parity”.  He said Implant improving wafer 

binning. 

  

PVSC-2012 Paper 881: Paul Sullivan of AMAT/VSE on “Ion Implantation for 

PV”.  Today with the Solion they are at 50mA so throughput is ~1100wph with 

uniformity of <3%, Rs<3%, wafer breakage of <0.2% and uptime of >90%.  He 

showed the results reported by Astronergy on their Nova-cell which was 

reported at the May SNEC vTech seminar.  Nova-cell using implant emitter is at 

19.3% efficiency with tight binning which is a +0.87% efficiency advantage 

compared to POCl3 at 18.4%. 
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SunPower IBC 

Innovalight 
Suntech-Power 

Manz & Centro 

Many Different Options For Selective Emitter 
-Phos Ink Paste 

-Phos silicon etch back of screen printed WAX 

-Localized Laser Melt (LLM) or Laser Doped Selective Emitter (LDSE) 



Innovalight Selective Emitter Si-Ink Doping 
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Applied now 

also offers 

this with 

Honeywell  

paste press-

release Feb 

22, 2011.  

 

Dupont 

purchases 

Innovalight 

July 2011 
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Paper 882: M. Nejati of MAGI Solar on “Etching Paste for Innovative Solar Cell 

Applications”.  They reported on a new paste that etches oxide or PSG at 60nm/min at 

room temperature!  So they did a 2-step POCl3 doping for SE for 100Ω/□ and 50Ω/□ 

emitter regions.  For 50Ω/□ homo emitter they reported cell efficiency of 18.3% +/-

0.4% while SE 50Ω/□ and 100Ω/□ efficiency of 18.8% +/-0.2% for a 0.5% efficiency 

improvement and tighter distribution/binning also!  So not only implant for tighter 

binning!  Fig.9 below shows the scatter plot for 600 homo emitter wafers and 200 SE 

wafers while Table I summaries the results. 
 

Tighter Binning Too! 
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LLM used for both c-Si and multi-Si Solar Cells!  



PVSC-2011: #617 & 627 

Centrotherm LDSE of 

18.9% (EF=120Ω/□, SE=30 Ω/□ 

no change in P-SIMS) 

J.O.B. 

Technologies 

(Strategic 

14 
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Use Phosphoric Acid deposition over SiN and then laser ablation of the 

selective emitter fingers 

19.2% 
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Kennel, Intel, 

IEEE/RTP 2006 

Laser 

Melt 

P 

B 

Introduction: Many Different Options For Selective Emitter 

But Localized Laser Melt Annealing Will Achieve Highest 

Dopant Activation Efficiency Due To Dopant Solid Solubility 

Limit In Silicon! 

P-Emitter Field 

P-SE 
Excess Phos as 

Interstitials or 

Cluster 

Precipitates? 
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Activity 

• Implant Matrix by Kingstone (King-Core) in 

China  

• Furnace Anneal Junction Simulations by 

Synopsys 

• Localized Laser Melt Annealing by 

Jenoptiks/Innovavent GmbH in Germany 

• Furnace Anneals, POCl3, BBr3 & ECV 

analysis by Tempress in the Netherlands 

• Low Temperature Microwave Annealing by 

National Nano Device Lab in Taiwan 

• SIMS analysis by Evans Analytical Group 18 



Improved  

Junctions 

Industry Standard 

POCl3 Junctions 



Experimentation 
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Species  Dose Energy Microwave  750C  850C   1050C  Laser=1J  3J 5J 6.7J 

B 3E14 15keV  X X      X        X  X   X    X    X 

B 3E14     30keV  X X      X        X  X   X    X    X 

B 1E15     15keV  X X      X        X  X   X    X    X 

B 1E15 30keV  X X      X        X  X   X    X    X 

B 3E15 15keV  X X      X        X  X   X    X    X 

B 3E15 30keV  X X      X        X  X   X    X    X 

B 1E16 15keV  X X      X        X  X   X    X    X 

B 1E16 30keV  X X      X        X  X   X    X    X 

P 3E14 15keV  X X      X        X  X   X    X    X 

P 3E14 30keV  X X      X        X  X   X    X    X 

P 1E15 15keV  X X      X        X  X   X    X    X 

P 1E15 30keV  X X      X        X  X   X    X    X 

P 3E15 15keV  X X      X        X  X   X    X    X 

P 3E15 30keV  X X      X        X  X   X    X    X 

P 1E16 15keV  X X      X         X  X   X    X    X 

P 1E16 30keV  X X      X        X  X   X    X    X 

POCl3        X   X    X    X 

BBr3        X   X    X    X 
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POCl3 Laser SIMS Results 
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Diffuses to Melt 

Depth  

Ox=222monolayers~>70nm 
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PVSC-2010 Hawaii 

LDSE  

F-ISE & Jenoptiks 

Pss=1.5E20/cm3  

(Rs/Xj) 

P~4E15/cm2 

Pss=7E19/cm3 

 (Rs/Xj) 

P~5E14/cm2 

Pss=3E20/cm3 (Rs/Xj) 
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Rs 

Xj (um) 

Phosphorus Doped LLM Ultratech LTP 

Borland et al., to be published EU-PVSEC Sept. 24, 2012 

SiN=3E15 

PLAD=As 4E16 

POCl3 F-ISE 

POCl3 Tempress 



B=8%=1.5E15/cm2 

 

 

 

B=10%=3E15/cm2 

 

B=4%=1.7E16/cm2 

 

B=4% 
Hameiri of Univ. of New South Wales 

[7] reported inconsistent B-SOD 

concentration results, 4% B-SOD 

Rs was 10 Ω/□, 8% was 80 Ω/□ and 

10% was 38 Ω/□ suggesting poor B 

concentration control and precision 

with their Filmtronics B-SOD.  

PVSC-2011 paper #321 



34 

10 

100 

1000 

0.001 0.01 0.1 1 10 

3.00E+14 

1.00E+15 

2.00E+15 

3.00E+15 

4.00E+15 

1.00E+16 

Rs 

Xj (um) 

Boron Implant Dose 

 4%B-SOD 

BBr3+LLM 

Borland et al., to be published EU-PVSEC Sept. 24, 2012 



• Summary of Part 1 Test 

– We achieved precise surface dopant concentration and 

activation control using ion implantation with various annealing 

techniques from 4E18/cm3 (2200Ω/□) with an implant dose of 

3E14/cm2 to 5E20/cm3 (12Ω/□) with a dose of 1E16/cm2.  

POCl3 solid phase diffusion dopant activation was only 15% 

efficient while liquid phase diffusion was 45%.  To see the full 

benefit of localized laser melt annealing for selective emitter to 

maximize dopant activation based on solid solubility limit higher 

selective emitter P and B dopant sources should be 

investigated in the future with an equivalent concentration of 2-

3E16/cm2 range for highest efficiency dopant activation with Rs 

3-6Ω/□ with laser melt liquid phase dopant diffusion.  This will 

realize a Pss limit of ~1.5E21/cm3 and a Bss limit of 

~6E20/cm3.   

– Part 2: EU-PVSEC Sept. 24, 2012 



Baomin Xu, PARC, EU-PVSEC Sept 2011 

N-SIMS Analysis of 

Laser Ablation 

2nd Laser Ablation 
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Comparison of POCl3 & BBr3 Furnace 

Diffused Dopant Sources to Phosphorus & 

Boron Implant and Plasma Dopant Sources 

Using Localized Laser Melt (LLM) Selective 

Emitter Formation Either Before or After 

SiN/ARC  
John Borland1, John Chen2, Peter Oesterlin3, Peter Venema4, Henri Geerman4, Yao-Jen 

Lee5, Peter Zhao6, Larry Wang6, Baomin Xu7, Shu Qin8  

1J.O.B. Technologies, Aiea, Hawaii, USA 
2Kingstone, Shanghai, China 

3Innovavent GmbH, Gottingen, Germany  
4Tempress Systems B.V., Vaassen, the Netherlands 

5National Nano Device Labs, Hsinchu, Taiwan 
6EAG, Sunnyvale, California, USA 
7PARC, Palo Alto, California, USA 

8Micron Technology, Boise, Idaho, USA 
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Implant SiN/ARC Dopant Source: 
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Species  Dose Energy Laser=  1J  3J 5J      6.5J RTA  MWA 

SiN/B 3E15 15keV  X X X X X X 

SiN/P 3E15     15keV  X X X X X X 

p-control SiN wafer  X X X X  

n-control SiN wafer  X X X X  

B-PLAD  4E16 10kV  X X X X X X 

As-PLAD 4E16 10kV  X X X X X X 
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Sample N-3 

Region #16 

50μm 

Region #2 

50μm 

Region #10 

50μm 
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Beam-line 

Plasma 

Selective  Emitter 
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Boron 

 

880 

 

9.6 

 

7.6 

 

7.0 

Arsenic 

 

237 

 

14.6 

 

10.8 

 

9.8 

 
1000C/10sec = 77 456 

1000C/1min = 66 613 

1050C/1min = 47 599 
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Arsenic Plasma Implant Always 

Looses >95% Surface Dose 
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