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Crystalline silicon solar cells have been the mainstream of PV 

market during the past decade (over 85-90%, 93.7% in 2016), and 

will continue to be next ten or even more years! 

For PV application, who can 

compete with silicon? 

 Cell efficiency > 20% 

 Module cost < $0.4/Wp 

 System stability > 25 years 



① Diamond wire sawn p-type mc-Si solar cells 

② p-type PERC (passivated emitter and rear contact) solar cells  

③ n-type PERT (passivated emitter, rear totally-diffused) bifacial  

c-Si solar cells  

④ n-type BJBC (back-junction back-contact) solar cells 

⑤ a-Si/(n-type)c-Si heterojunction solar cells  

⑥ Ultrathin c-Si solar cells 

⑦ Perovskite/c-Si tandem solar cells 
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① Diamond wire sawn p-type mc-Si cells 

Diamond wire mono-Si 

Diamond wire mc-Si 

Japan： 

Diamond wire for mono-Si     100% 

Diamond wire for mc-Si           70% 

Cost reduction                          30% 

Source:  CPIA-PV Roadmap 2016 

Effective texturization: 

 Reactive ion etching (RIE) – mature and high cost 

 Metal-assisted chemical etching (MACE) – simple, cost-effective and compatible with   

                                                                              current production lines  

 Module cost $0.3/Wp   





Four countermeasures to suppress 

the two recombination channels  

Advanced Materials 27, 555-561 (2015) 



       (b) As-prepared silicon nano/micro-structure. Inset is a larger 

image of nanowires on a facet of pyramid structure.  
(a) Schematic diagram of the process. 

     (c)  Silicon nano/microstructure after 

depositing Al2O3 by ALD.  

            Inset c1 is a larger image of nanowires 

with conformal thin film of Al2O3; 

Inset c2 is the energy dispersive X-ray 

spectroscopy (EDX) of the top part 

shown in inset c1.  



Noble metal 

high molecular 

high molecular 

Silicon wafer 

HF+H2O2 

silver particle Compound structure  

Surface SEM photo   

Single nanometer 

noble metal  micro-

particle  

micro-particle liquid 

applied to silicon 

surface and dried   

Anti-reflection structure is 

formed by soaking liquid only  

silver particle 

碱修饰工艺倒金字塔制绒工艺金刚线切割多晶电池效率：+0.5%       +1.3% (PERC) 



mass production in 2016 



>23.0% 

Solar Cell Technologies 

~21.5% 



Group Uoc/V Isc/A Rs/Ohm Rsh/Ohm FF/% NCell 
Irev2  

@-12V 
Quantity 

② Traditional Lines + Lasers 

Upgrades into PERC Lines 

       +0.8% (2015)      +1.2% (2016) 

mass production in 2016 



Improvement: Polish 

19.2 19.6 20.0 20.4 20.8 21.2 21.6 22.0
0

2

4

6

8

10

12

14

16

 

 

R
a

ti
o

 (
%

)

Eff. (%)

mass production in 2017 



   20.0%-efficient Si nano/microstructures based solar 
cells with excellent broadband spectral response 
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                  Adv. Funct. Mater.  26, 1892-1898 (2016) 



   



   

P-ink PERC Cells 
Coating P concentration distribution Nonuniformity of Sheet R 

P-ink 

PERC Cells 

Traditional 

POCl3 

diffusion 

PERC Cells 



 

2016-2017 

③ Bifacial Solar Cells 



   



Advantages of n-type Si 

 Higher minority carrier lifetime 

 More tolerable to metal impurities 

 No LID 

 Better weak light performance  



Main technologies 

front junction  

configurations 

real junction  

configurations 



 BBr3 diffusion  + P ion-implantation                                                  

(simplify the process flow and mass production in 2015) 

 ALD Al2O3 + PECVD SiNx:H FSF passivation （2015） 



④ BJBC: P ion-implantation + BBr3 diffusion with Eff > 22% 

(b) 

前漂浮
发射结 

                  Prog. Photovolt.: Res. Appl. 25, 441-451 (2017) 



Wenzhong Shen and Zhengping Li, Physics and devices of silicon heterojunction solar 

cells, Scientific Press, 2014, Beijing, ISBN: 978-7-03-041514-1. 

科学出版社，2014年度国家科学技术学术著作出版基金资助 

⑤ Silicon Heterojunction Solar Cells for Efficiency over 22% 

SHJ 

2014 2016 

•Wenzhong Shen and Zhengping Li, Physics and devices of silicon heterojunction solar cells, Scientific Press, 2014, Beijing, ISBN: 978-7-03-041514-1. •Wenzhong Shen and Zhengping Li, Physics and devices of silicon heterojunction solar cells, Scientific Press, 2014, Beijing, ISBN: 978-7-03-041514-1. 
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Complete Pilot Line of Heterojunction Solar Cells 



n-SHJ双面电池技术 (Bifaciality 95%+) 



         reduce electrical loss 

160MWp mass production under way (2017) 



⑥ Ultrathin c-Si solar cells (＜50μm) 

Advantages: 

 Lower consumption of c-Si 

materials, thus lower cost; 

 Have a potential to higher Voc; 

 Lower requirement for Si 

quality; 

 Flexible. 

Disadvantage: 

 As an indirect band gap 

material, ultrathin c-Si 

solar cells may easily 

suffer from poor light 

absorption, which 

results in low 

photocurrent. 

Light management is extremely 

important in ultrathin c-Si solar cells! 



All-solution-processed nanopyramids for ultrathin c-Si  

AgNO3/HF 

solution 

NaOH/IPA 

solution 

  Two steps: (1) depositing Ag nanoparticles in AgNO3 solution; (2) etched in alkaline solution.  

  Free of lithography or ion etching process, it is an all-solution process. The technique to form  

           Si nanopyramids is very easy and cheap. 

  The success of forming Si nanopyramids lies in the transferred generation site of H2 bubbles. 

S. Zhong, et al., Adv. Funct. Mater. 26, 4768 (2016) 



   

Applying the all-solution-processed nanopyramids to ultrathin c-Si (30μm), near-Lambertian 

light trapping effect is achieved, the calculated Jsc is far higher than that of the planar c-Si. 



   

Realization of quasi-omnidirectional solar cells with superior 

electrical performance by all-solution-processed Si nanopyramids 



⑦ Perovskite/c-Si tandem solar cells (TSC) 

Advantages: 

 Potentially surpass the 29.4% S-Q one junction limit 

 Effectively harvest entire solar spectrum 

 Tunable bandgap energies  

Challenges :  

 Light management 

 Current matching 



>30% Perovskite/c-Si TSC with varying inverted nanopyramid dimensions 

D. Shi, et al., Scientific Reports 5, 16504 (2015) 

 Ultra-low surface 

reflectance (<2%) achieved 

by applying nanopyramid 

structure 

 Optimal current-matching at 

an ITO thickness of 70nm 



Best 2-T experimental results so far: 23.6% 

K. A. Bush, et al.,  Nature Energy 2, 17009 (2017) 
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Electric-field-assisted reactive deposition of endurable self-

annealing perovskite towards high performance solar cells 

 Power conversion efficiency 

of 15.65%, little hysteresis 

and long-time stability have 

been achieved. 

 Perovskite films need no 

additional  thermal 

annealing, significantly 

reducing fabrication time. 

                  Adv. Funct. Mater. 27, 1606156-(1-14) (2017) 







    2018年中国太阳级硅及光伏发电研讨会               

  （14th CSPV）将于2018年11月在西安举办 

承办单位：隆基绿能科技股份有限公司 

请关注CSPV官网：http://cspv.shses.org/ 征集协办、支持和冠名单位... 



Let Sunlight Chang Life！

Thank you！ 


