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Abstract

In this paper, the structural properties, band structures, and optical properties of four structures
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RV, HEES

(W-KS, W-ST, KS, and ST) of Cu,CdSnS,; were calculated using the PBE plane wave ultrasoft pseudo-
potential method based on the Generalized Gradient Approximation (GGA) under the Density Func-
tional Theory (DFT) framework. The calculation results show that the four structures of Cu,CdSnS,
exhibit p-type direct bandgap semiconductors, with bandgap values of 1.1 eV, 0.96 eV, 1.3 eV, and
1.0 eV for KS, ST, W-KS, and W-ST phases, respectively. Compared to the other three structures, the
KS phase structure has a larger electrostatic constant and absorption coefficient, which has the po-
tential to become an absorption material for thin film solar cells.
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1. 5|

REVERT PR B ) 2 24 A N RGP A, R e AR 56 T T REVR . AT RE L BOR B AR 4 (115
RN B AT o BRAR R BH B I SUZ A R T BRTE 1.1 eV & 1.6 eV M E B B SRA R, o,
CuZnSnS,(CZTS) MUy F M B R AR TR F & mWICR BRI AR e YELr M 4% 52 %3 [1]. 28T, 1
il 4 CZTS W KBHHIbET, B TAAEM R FAIEE . USR8, 43 fith i e R e AR A
B 12% 747, HHEE TN RE (32.8%) A 1R KM ZEEE[2] [3] [4] [5]. Ak, BFFEAGGERC 1 . 1 RsL 1V
W CE A B Cus Zn 8L Sn AL, DUHBRA B AELER )@, AT $ CZTS HEE R RH it i)
AL B2 [6] [7] [8]- Ibrahim 25 \[6]# 4% T Ag 3L K B 44 [IXUZ CZTS HIEARL, ZH25 8844 1 IF i B K
R AN T CZTS M Friskss, Sl T 8.24%MIA% . Zhu 25 \[7EIH IR & % 2 R B T4
TR T 16 Ff 1,-11-1V-V1, (1 = Cu, Ag; 11 = Sr, Ba; IV = Ge, Sn; VI = S, Se) L& Wit B 5 45k L 4 BRI E Il
FetE. 53 kI, Cu,BaGeSe, Fll Cu,SrSnSe, 7 BRAE 70 74 1.60 eV #1 1.46 eV, 78 J15 H T #E BBk
(P41 2 45408 . Berman 25 A [8]FIH &5 —PEJEFEMT 5T T Na A1 Ca 23 HI4E N Cu F1 Zn (54 28 755
CZTS WhBETE R Iy Fase VERI s PR Re el . b AT TR I, 7E CZTS WiB7% Na Zn[47 1, 1 Ca i)
BN AER, 76 CZTS A5 24 3w CZTS P RE st It BE 0 — N E &5 BIR AR . 45 B AT PT
H1, IR, CupCdSnS, A [ AH 25 H4 AH & 14 55 EL A 7t i i TE

ARSI T BT R R [ B — 1 SR Y TR BRI A 5 VR Sk Cu,pCdSnS, ) W-KS (Wurtzite-Kesterite,
CTYERERT - BEEEEINT) W-ST (Wurtzite-Stannite, ZF4E4EH - $817) KS(Kesterite, £ 35854 ) Al ST(Stannite,
TG IR AT T HRAL, ARG TR/ BT 73X DURR S5 A4 (1 e 7 5 MR e R o, e S & A oK
FH BB SUZ AR R B

2. BEEHEE®

AR VYD Cu,CdSNS, TR ] 1 firR « N5 H T Material Studio %4+ 1) CASTEP
BAF TR, CASTEP J&— /N1 3532 o B 16 (DFT) 45 AT 1 B & #4077 MK B T /124 58
Fo AR OB FEULBM(GGA) ) PBE SRANER BT+ [R] fA2 B G B RE,  FiL T bR U3l P T e FE 2R
BT, FHRABBES KRR E LS B2 MRS, & Cu. Cd. Sn. S FHEFHHET
AN Cu-3d"%4st. Cd-4d'%5s?. Sn-5s5p®. S-3s?3p*. Ty AR B E Ny 380 eV, A EIHX K K
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Figure 1. Different crystal structures of Cu,CdSnS,: (a) W-ST; (b) W-KS; (c) KS; (d) ST
[& 1. Cu,CdSnS, IR Rl SR iALEM: (a) W-ST; (b) W-KS; (c) KS; (d) ST
3. BR5V
3.1 Gtk
ANTR] di A SR LAY JS 1) Al 8 S R A0 1 R s AR RT DA S KS ARV di ks # #Ch :a = b = 0.559
nm; ¢=1.118 nm, L TSLILEH[9]: a=b=0553nm; c=1.113 nm, Xi%B R AT

EMY. KS A1 ST MH7ETE H 5 [n) 30 KT W-KS A1 W-ST 43, 17 W-KS F1 W-ST AH7E /K5 ) - 501
BT KS M ST A, H ARk —tk, Horb W-ST FIFARHE K, N 0.3529 nm?.

Table 1. Lattice constants and volumes of different crystal structures

# 1 TREEEHNREERRER

oAt a (nm) b (nm) ¢ (nm) V (hm®)
KS 0.559 0.559 1.118 0.3493
ST 0.564 0.564 1.099 0.3496
W-KS 0.786 0.688 0.652 0.3525
W-ST 0.788 0.687 0.652 0.3529

F<] 2 25 Cu,CdSnS, RER - AFA(E-V)IZ K. MEFRI%I, 4 KS. ST. W-KS Fil W-ST HIfeE E 737l
A1—-10895.4842 eV . —10895.634 V. —10895.3659 eV F1-10895.3959 eV I, i {i frAFH V 4351149 0.3493 nm?®,
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Figure 2. Energy-volume curve of Cu,CdSnS,
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Figure 3. Band structures of different phases: (a) KS; (b) ST; (c) W-KS; (d) W-ST
E 3. TEHEHIRETZE#): (@) KS; (b) ST; (c) W-KS; (d) W-ST
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3.2. HEWHLE

s

ANTR] S PR TE AT FL K DX e X R 7 T RO REATT S5 A A P 3 BT, REERN O ML BN BOKAE L. DOFh&s#
PR BERAL T T, R AR Ay p L. ANty s R AR 3y S MBS AL T LK IX ) G s, Xt
I Ui b i T B e B A, Ho A5 20 A0 BN T SE 9048, X2 BT GGA A B A7 1E I BRI BT
S, W R NEFATIEE G TS KS. ST. W-KS Al W-ST M5B %8 1.1 eV, 0.96 eV.
1.3eV #11.0eV. 1, KSAHMH PR HEAE S LI E [ 1.09 eV R #2312 [9].

3.3. MFMR
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Figure 4. Complex dielectric functions of different structures (Re and Im represent real and imaginary parts, respectively):
(a) KS/ST; (b) W-KS/W-ST.

4. TNELEHBEN BRI (EF Re 1 Im 7R RRSEFPFEER): () KS/ST; (b) W-KS/W-ST
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Figure 5. Absorption coefficients of different structures: (a) KS/ST; (b) W-KS/W-ST
5. NEILEHIFIRUCERE: (a) KS/IST; (b) W-KS/W-ST

AWCNEIIEIN, B PG, 2iA 5.7 eV MEEN, SEEE/NRITEELT, R PUR S RA &8k
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