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The first efficient silicon cells (1954) 

Pearson, Chapin & Fuller

Credit: Bell Labs



Pearson, Chapin & Fuller

Credit: Bell Labs



Pearson, Chapin & Fuller

Vanguard I (1958)

Credit: D. Darling

Telstar 1962

Credit: Wikimedia Commons
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Violet cell (COMSAT 1972)

Credit: COMSAT Labs

Credit: Electronics/Oct.11, 1973 
Joseph Lindmayer
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Black cell (COMSAT 1974)

Al Back Surface Field (Al BSF) Cell



P P

N+

oxide

PhD McMaster Uni., Canada (1971-1974)

  

MIS cell N+P cell

~650mV at 1 sun! 

First “TOPCon”



UNSW Sydney (1974 - present)

  

MIS cell N+P cell

~650mV at 1 sun! 

P P

N+

oxide

1976

MISIM

“double 

HJT”

First “TOPCon”



First (poly-)‘TOPCon’ solar cell reported (1983)

  

First poly-

‘TOPCon’ 

(UNSW)

n+ poly-Si

p-Si

oxide
n+-Si

1987

pp.124-5

1995

pp.185-6

p+-Si

FhG-ISE: 26.0% (2019)

‘TOPCon’



1983: First 18% Si cell

  

UNSW MINP



1983: First 18% Si cell

  

UNSW MINP

First 18% Si cell: MINP (1983)



1983: Also first 19% cell

  

UNSW MINP

First 18% Si cell: MINP (1983)

First 19% Si cell: PESC

  



1983: Also PERC conceived

  

UNSW MINP

First 18% Si cell: MINP (1983)

First 19% Si cell: PESC (also 20%, 21%)

  



1983: Also PERC conceived

  

UNSW MINP

First 22% Si cell: Stanford IBC (1988)

  
First 23%, 24% & 25% Si cell: UNSW PERC



Subsequent progress

TCO

PERC

n- PERT

TOPCon

HJT

IBC

PERT/PC

26.7%
(2017)

26.8%
(2022)

26.0%
(2019)

25.0%
(2008)

29.4%
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TOPCon forerunner

1st PERC

31 years
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25% UNSW

PERC

Free choice or Si

41%?

What comes after PERC? – longer term

more sophisticated 

“active” AR coat?

Supercharged 

tandem PERC,    

TOPCon, HJT?



Si

??

?

Like silicon, ? needs to be abundant, non-toxic, stable, efficient (>20%)

Perovskite  ✓ ✗ ✗ ✓

Organics (OPV) ✓ ✓ ✗ ✗

Cu2Zn(Sn:Si)S4 ✓ ✓ ✓ ✗

Cu(In:Ga)(S:Se)2        ✗ ? ✓ ✗

(Cd:Zn:Mg)(Se:Te) ✗ ✗ ✓ ?

(Al:Ga:In)(As:P) ✗ ? ✓ ?

What comes after PERC? – longer term

II-VI

III-V



Si - 3 cell tandem

4-6 cell thin-film tandem

When found – the end for silicon?



Modern industry

24x in 12 years!

US$4.12/W 2008 Q2

US$0.17/W 2020 Q2

24x in 12 years!

PERC

Dr Zhengrong Shi (12th PhD student)

1 2 3 4
5



US$4.12/W 2008 Q2

US$0.17/W 2020 Q2

24x in 12 years!

PERC

CEO CTO Co-Founders

2002
Modern industry



US$4.12/W 2008 Q2

US$0.17/W 2020 Q2

24x in 12 years!

Dr Zhengrong Shi

12th PhD student

CEO CTO Co-Founders

Suntech

2005



US$4.12/W 2008 Q2

US$0.17/W 2020 Q2

24x in 12 years!

Dr Zhengrong Shi

12th PhD student

CEO CTO Co-Founders

Suntech

2005

Companies listing 2005-2010 (2021 world rank): Suntechf (9th), 
CSIa (5th), Trinac (2nd), Solarfunc’ (now Hanwha) (7th), JA Solarf (3rd), 
CSUNf, LDKa, Yinglic, Renesolar, Jinkoc (4th).



Installation, MWp-dc



Thank you!
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