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CIGS/CZTS Thin Film Solar Cells: Motivations
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Fabrication of Kesterite: Vacuum vs Solution

NREL, UNSW, IREC, DGIST, JAIST, CNU, UPC, etc.
Precursors: Metal (Cu/Zn/Sn), sulfide/selenide(SnS ZnS)
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Son D H, KimS H, Kim S, et al. Journal of Materials Chemistry A, 2019, 7, 25279.
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5 Giraldo S, Saucedo BleuschitzeM, et al. Energy & Environmental Science, 2018, 11, 582.



Fabrication of Kesterite: Solution

—

Precursors: metal oxidesmetal salts + S source :
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Kesterite Thin Film Solar Cells: Challenges
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Possible Reasons for Larg¥ e

Absorber Fabrication
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Absorber Engineering (DMSQO Solution

DMSO Molecular Precursor Solution Approach
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9 Xin. H. et al. Adv. Energy Mater. 2014, 1301823



Controlling Tin Oxidation State: Sr¥* vs Sn**
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Srétvs St
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Junction Heat Treatment (JHT)
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Champion CZTSSeDevice from Srt* DMSO Solution
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Identify the Origin of the V, deficit

Energy & P
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View Article Online

View Journal | View Issue

W) Check for updates Identifying the origin of the V. deficit of kesterite
solar cells from the two grain growth mechanisms
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Grain Growth from Precursor Film to Absorber

Selenizationprofile
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Grain Growth from Precursor Film to Absorber

JCTSe + SnSe,
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Grain Growth from Precursor Film to Absorber
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JHT on the Electronic Property of the Absorbers
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St multi -phase fusion
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Universal of the Direct Phase Transformation
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Highlighting a study on a solution processed kesterite solar g =
cell by Prof. Hao Xin’s group from Nanjing University of As featured in:
Posts and Telecommunications.

11.5% efficient Cu,ZnSn(S,Se), solar cell fabricated from DMF
molecular solution

.
-

|\
e i R Efficient CZTSSe thin film solar cells are fabricated from N.

\ N-dimethylformamide (DMF) solution. Studies of chemical
reactions of precursors CuCl, Zn(OAc),, SnCl,, and Thiourea
(Tu) in the DMF solution and the reaction path from solution
to CZTSSe absorber material show a kesterite structured
CZTS precursor film was formed due to the coordination of
SnCi, with DMF, which enables direct phase transformation
grain growth mechanism and thus high quality CZTSSe
absorber materials. A champion device with an efficiency of
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N 540-0 w‘,/"\\\ 11.5%, a V. of 0.491 V, and a FF of 70.6% has been achieved, iR et e
the highest performance of CZTSSe solar cells fabricated 2 t R
.k 350-5 »_.«d/\m from DMF molecular solution.
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Absorber Engineering: Ag Alloying

RESEARCH ARTICLE FUNCTIOP —_

wntniours—— CUCI+3TU = Cu(Tu),Cl
Ag Incorporation with Controlled Grain Growth Enables Zn(OAcC),+2Tu = Zn(Tu),(OAc), 1 CwZnNSnS

12.5% Efficient Kesterite Solar Cell with Open Circuit
: - + =
Voltage Reached 64.2% Shockley—Queisser Limit SnCL+2DMS0 = Sn(DMSO)CI,- (Ag,Cu),ZnSnS
Yuancai Gong, Ruichan Qiu, Chuanyou Niu, Junjie Fu, Erin Jedlicka, AgN03+3TU = Ag (TU)3N 03 : 2 4
Rajiv Giridharagopal, Qiang Zhu, Yage Zhou, Weibo Yan, Shaotang Yu, Jingjing Jiang, —
Sixin Wu,* David S. Ginger,* Wei Huang,* and Hao Xin* Ag+ coordinates withTu as Cut
(@) (b)
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Ag Incorporation Through DMSO Solution

(Ag,,Cu,,),ZnSnS, (X=0-1) successfully fabricated.



