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1927 SOLVAY CONFERENCE
The 1927 Solvay Conference in Brussels was an extraordinary gathering of famous physicists. Included in the photo are M. Planck,
Mme. Curie, H. A. Lorentz, A. Einstein, N. Bohr, E. Shroedinger, W. Pauli and W. Heisenberg.
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Advanced passwatlon techniques for Si solar cells with high-«x dielectric
materials

Huijuan Geng,’ Tlnggm Lin,2 Ayra Jagadhamma Letha,? Huey- Llang Hwang,'# 3)

Fedor A. Kyznetsov,” Tamara P. Smirnova,® And rey A. Saraev,* and Vasily V. Kaichev*®
'Key Laboratory for Thin Film and Microfabrication of Ministry of Education, Department of Micro/Nano

Electronics, Shanghai Jiao Tong University, Shanghai 200240, People’s Republic of China

*Department of Electrical Engineering and Institute of Electronics Engineering, National Tsing Hua
University, Hsinchu 300, Taiwan

*Nikolaev Institute of Inorganic Chemistry, 630090 Novosibirsk, Russia

*Boreskov Institute of Catalysis, 630090 Novosibirsk, Russia

2 University, 630090 Novosibirsk, Russia

-~y 2014; accepted 15 September 2014; published online 25 September 2014)

Elect¥onic recombination losses at the wafer surface significantly reduce the efficiency of Si solar
cells. Surface passivation using a suitable thin dielectric layer can minimize the recombination
losses. Herein, advanced passivation using simple materials (Al,O3, HfO,) and their compounds
HunAanO deposited by atomic layer deposition (ALD) was investigated. The chemical
composition of Hf and Al oxide films were determined by X-ray photoelectron spectroscopy
(XPS). The XPS depth profiles exhibit continuous uniform dense layers. The ALD-Al,O5 film has
been found to provide negative fixed charge (—6.4 x 10" cm™?), whereas HfO, film provides
positive fixed charge (3.2 x 10"?cm™2). The effective lifetimes can be improved after oxygen
gas annealing for 1 min. I-V characteristics of Si solar cells with high-x dielectric materials as
passivation layers indicate that the performance is significantly improved, and ALD-HfO, film
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e Internal property * A model A new product
e External factor e A system *To solve a problem

INPUTS: input variables, factors, etc.
PROCESS: the gray box, the model, the process, the procedure,
the mechanics, the principles, etc.
OUTPUTS: the results, the solutions, the product, etc.. The
way to show / quantify the product or solutions. So—cal led
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