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Simulation the Absorbance Layer CZTS in Solar Cell for Varying

Windows and Buffer Layers for Different Electrical Parameters
to Achieve Optimum Performance

Bashar A. Mohammed Raad A.Rasool
University of Mosul/Education College of Pure Science/Physics Department

Abstract:
In this research, we rely on the base cell MoS,/CZTS/CdS/i-ZnO/ZnO:AL, which was

designed and its outputs are (Voc=1.1074V, Jsc=29.5356 mA/cm?, FF=70.29%, n=23.00%).

In this study, Windows layers were tested using simulation programmed SCAPS-1D about
layers (ZnO, SnO,, ZnO:AL), where (ZnO:AL) was selected as window layer, and it was found
that the best thickness of the windows layer (0.1 um). Also the different Buffer layers of the
basic solar cell (CdS, ZnO, ZnS, ZnSe, In,S3) were tested, where (ZnS) was selected as the
Buffer layer, where it was found that the best thickness was (0.12 pum).

After adopting both the window layers and Buffer layers, the modified cell became
MoS,/CZTS/ZnS/i-Zn0/ZnO:AL, the thickness of the Absorption layer was tested, and it was
found that the best thickness of the Absorption layer (CZTS) was (1.5um), then the cell output
(Voc = 1.0596V, Jsc=28.1390 mA/cm?, FF= 88.41%, 1=26.37%).

Key words: Thin Film Solar Cell, CZTS Solar Cell, SCAPS-1D Computer Software.
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&A1 Ayl 5ol Al LS (Ko

FF X I, XV,

N= e 100% e e (11)
P;

LS5 SCAPS-1D JI zaliys alasiuls MoS,/CZTS/CdS[i-ZnO/ZnO:AL (b)) 4dal) Hlas] o5 eadl b
dgaly Gabi e LA o2 cilajie CulSy @bl BA e L LY @lids Giay @V (V) JKE B e
Voc=1.1074V, Jsc=29.5356 mAjcm?, FF=70.29%, 1=23.00% : ) & zaliy

SCAPS 3.3.07 Solar Cell Definition Panel — O ™

illuminated from : apply voltage Vto : current reference as a:

Layers right left contact ﬁ CONSUMEr
. left right contact generator __Im-"e"t the structure

left contact (back) |

MoS?2 Interfaces
CZTS ;
CdS / CZTS

Cds
i-Zno ;
Zno—AL ;
add layer —I
= = B
right contact (front) | J— tighl canloel

I ==

Al grading data Save | Show | Graph View |

[ umerical settings )
Problem file

c\Program Files (x86)\Scaps3307defi
BASH-CZTS—CdS.def
last saved: 1-12-2020 5t 16:22:23

Remarks (edithere)

SCAPS 3.3.07 ELIS-UGent Version scaps3307.exe, dated 24-11-2019, 10:37:05 Problem ]
last saved by SCAPS: 01-12-2020 at 16:22:23 =Y

Comments (to be) included in the deffile cancel OK
Can be edited by the user

SCAPS 3.3.07 ELIS-UGent Version scaps3307.exe, dated 24-11-2019, 10:37:.05
SlCAPS Material parameters file, saved on 01-11-2020 at 10:32:36 , A

Oabal) Lal) s gy (V) JSad)

(MoS,) Back Layer auilall dakall : cpe M a5 Gulad) Llall dalad) claadall cilades (1)dsand) Gan 3
(i=Zn0)adlasll dliasall daudall(CdS) Buffer Layer ajlal) akally (CZTS) Absorption Layer daldll daall

.(Zn0O:AL) Window Layer silil) 4zl

electron a4, j<NY) 4alY)y cthickness «lllly <band gap (Eg) daiall ssad 100 S Cilaleal) 38 fiams
electron mobility (5 5<IY) 4 a5 cdielectric permittivity (g) el Laledd) () affinity electron affinity
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-acceptor density (Np)Jsiiuall 23U cdonor density (Na) algll 23U chole mobility (pip) il 485a% ¢(ptn)
alsal) 43 48ES ¢ cconduction band density of states (N¢)Jsagill (3Uas 43S «donor or acceptor defects

.valence band density of states (Ny)

MoS,/CZTS/CdS[i-ZN0/ZNO:AL Auuadl] il 5lslal Lalall clishl) cilalea (1)Js4ad)

Parameter MoS, CZTS Cds Zn0 i- ZnO ZnO:Al
Thickness (nm) 100 2500 80 80 100 200
Band gap (eV) 1.7 1.45 2.4 3.3 3.3 3.3
Electron affinity (eV) 4.2 4.5 4.2 4.6 4.4 4.6
Dielectric permittivity 13.6 10 9 9 9 9

CB effective density of states (cm_3) 2.2E+18 2.2E+18 2.2E+19 2.2E+19 2.2E+18 2.2E+18

VB effective density of states (cm™) 1.8E+19 | 1.8E+19 | 1.8E+18 | 1.8E+19 | 1.8E+19 | 1.8E+19
Electron thermal velocity (cms’l) 1.0E+7 1.0E+7 1.0E+7 1.0E+7 1.0E+7 1.0E+7
Hole thermal velocity (cms’l) 1.0E+7 1.0E+7 1.0E+7 1.0E+7 1.0E+7 1.0E+7
Electron mobility (cmZ/Vs) 100 100 100 100 100 100
Hole mobility (cmZ/Vs) 25 25 25 25 25 25
Shallow uniform donor density, Ny (cm’3) 0 0 3.0E+16 1.0E+14 1.0E+18 1.0E+18
Shallow uniform acceptor density, N(cm"") 1.0E+16 1.0E+17 1.0E+1 1.0E+1 1.0E+18 0
Defect type _ Donor Acceptor Acceptor Acceptor Acceptor

o S )
& ¢ fe S & b oo ) = & &
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AALaal) LDAL £ )AY) clalea (2) Jsaal

Thin film solar cell Efficiency(%) | Fill Factor (%) | Js(mA/Cm?) | Voo (V)
Mo/CZTS/CdS/i-ZnO/Zno:Al 23.00 70.29 29.5356 1.1074
Mo/CZTS/ZnO/i-ZnO/ZnO:Al 25.55 85.77 28.6459 1.0397
Mo/CZTS/ZnS/ i-ZnO/ZnO:Al 26.37 88.41 28.1390 1.0595
Mo/CZTS/In,S3/i-Zn0O/ZnO:Al 21.13 77.29 26.6775 1.0642
Mo/CZTS/ZnSeli-ZnO/ZnO: Al 20.50 68.68 28.6653 1.0410

:AdBlially gl

Cladall (e IS 8Slae 21 (MOS,/CZTS/CAS/i-ZN0O/ZNO:AL Luledl) Zdall cilajie Gand dal (e
CdS, ZnO,) Al Ailal) Gladally LAl 58l & WS ‘(ZnO, Sn0,, ZnO:AL) Window Layers sl

zq)bdb saalul) J\AJM\ C'_\\.B.dalb a1l s (2) ds.\ﬂb ‘(ZnS, ZnSe, In283

Incident Light

giiiil

Windows Layers
(ZnO:AL, Sn0,, ZnO)

i-ZnO

Buffer Layers
(CdS, ZnO, ZnS, ZnSe, In,S3)

CZTS

MOSz
Substrate
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toala) ALAN Aljlal) cilidal) & Al Aidal) jLad) il Aas -A

o5 @ Al ladall e M0S,/CZTS/CAS/i-Zn0/Zn0:AL (el 4l Bl 42l aumg Jaf (50
(ZnSe) <l by (ZNS) Gl ainy€ Jie dljle Glads Hlad) & 3 L(CAS) asmealSll 2y dadal Joy
W& ¢ (ZnS)  plaiuls lple Jyeanll & Al i) cailss . (CAS) ae (ZNO) izl auSyls (INS) pgunil) aiis Sy
N3aS Ayl o) Jeadl e s S (0.12 pm) elatung (ZnS) dadall (6 arde (CAS il aa ol J<i
A(3)dSal) e LS5 el Apsadll 4020 Ajle

toala) LAl BB clidal) & Aal) didal) s ili A -B

o8] 8y 3l @ladall 0 M0S,/CZTS/CAS/i-Zn0O/ZnO:AL (el 4all bl daadall sy o (yas

Alatiuly lgle Jseasll 2 3 gl <ilS L(ZNO) 5 (SNO,) e 53U Sk jLad] 3 3] (ZNO:AL) daukal Sy

il Jeadl e s ) (0.1 Pm) elatns (ZNO:AL) dadall ol ade lulay) elae (Ko S (ZNO:AL)
(3) S e LSy ¢ ulad) Apnadl] LAl 5380 ofgaS dasyal)

el o g (0.5 =3.5 pum) (1« Absorber Layer alaieY) dih cled juis L)l 028 8 2 LS

shallow uniform acceptor (NA) cuilgill 55 alaiel 8ol Jadl Je Jguasll (1.5 pm) oIS clok

LaY caul ¥, .absorber layer (P-CZTS) (alaiey) dadal (1x 1017 cm™3) U density (1/cm?)
Aaball s3a 8 Baciaall ) g (3) JSalls ¢(26.37%) il 30US Jadl 5a0al)

s ¢(1.5um) sa (CZTS) abuaia¥ daudal clads Jumdl (S Loic saal) b (e degane Lo Jgeanll
Gk 3 3 ¢(0.1um) o< (ZnO:AL) 338Ul Zaudall elals Jadly ¢(0.12um) oIS (ZnS) Ajlall dadall clads Juadl

t b LS o lolayie ilSy Lalae) & Al dlseal) L2l 3 @llan) o3

(Voc =1.0596V, Jsc=28.1390mA/cm?, FF=88.41%, 1=26.37%)
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(ZnS) (0.12 um)

CZTS (1.5 pm)
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conbad) LA (e Asmal) AUAN aadsl) JSigl) (3) Jeid)

tdnadd) AN Luiligsl) Galsadl Ao (ZNO:AL) 538U dddal) dlad il Aufs —C

Ol (e 3aad) Gaps 3 ekl (e yaed) 8 Lgalaiind (Ko ) legud il ST e (ZNO:AL) diids 248

paliaia] B2 pabaial) dide (ge G ARkl o2 (585 o Ly ppuanied [12]cbisg 51 clilas b Aaalal) o3
& «(0.1-0.5um) s (ZNO:AL) daads clale s o5 3 ((P-CZTS) dh ) (ligigll) sl wndll g lady)
Lule LB 41 (ZNO:AL)sML dadall dlals 5215 o 0 3 clads Juadl 1) Jgumsll (5831 52800 daslal) Cilalaa s
& WS J (Vo) dasital) syiall dleh dad 8 (ZNO:AL)sBLI daadall elals 5aby 4l ¢ 3) adall s e e
Ayl dsgy (Ja Lad (ZNO:AL) 538U dadal) clals 5alyy aslic JSC jemdll 5 Lo 1 duailly Wl ((4-a)  J<a)
(ZnO:AL) dids @DliaY Liad Ja 438 FF ¢ Lol Jale 3 Ll Wl ¢(4-D)JSall 3 LS (mhand) vie slaaly) sale)
Baly (1) Bl dad (ualias) Dl 4sld el 4a)) 50US e LT ¢(4-C) JSall & LS ¢ e qugdng daglia
sale) dolee 3oy g ((CZTS) Laluic)) Ak I cligish Jyems (aleas) daim ((ZNO:AL) 53U ikl dloke

1580



YN Tad (1) sadl WYl ALY 8 A8 wlel s
College of Basic Education Researchers Journal

ISSN: 7452-1992 Vol. (17), No.(2), (2021)

Ll LN sy Glb ((ZNO:AL) daads clads salyy asl 05 (i g iSU) zo3l) algi Jara Jag calaaly)

(4-d)J<all b LS (i

1.05965 _ 83
, T 28.24 - b

5105955 - S 5816 |
S E 28.08 -
> 1.05945 - 5 s

1.05935 : : : : 27.92 ' ' ' '

0.06 016 026 036 046 0.6 0.06 016 026 036 046 056
Thicknees ZnO:AL [um] Thicknees ZnO:AL [um]

88.424 2648
88416 | c 264 d
S ] x
= 83.408 R 263
v °

88.4 1 26.24 -
88.392 : : : : 26,16 |

0.06 0.16 0.26 0.36 0.46 0.56 0.06 0.16 0.26 0.36 0.46 0.56
Thicknees ZnO:AL[um]

Thicnees ZnO:AL[pum]
Lad) Al Ail gl patladldl e ZNnO:AL s clal il (4 ) JSid)
tdadd) A4 5eliS Lo (Buffer Layers) dljlal) cliual) dlais il du)s -D

oo Al Al cladall cled ks S Aseedll LA 5 o Al Gkl elel il Ay &

ke (B sl e g A 8al) Gaaadg (i (ISC) laie Gl (Ablall ciliadal) el 82L3 (0.02-0.18um)
dale 2133 iyl Bale] Lkee i Ao Jes (BL) Bl cladall oY« (FF) oLl dale dlays (Voc)
—s AN e 8z 1ol it A (JSC Jaid lgdde Akablall ligisdll aliaia) (e i LeSals 33L3s ¢(FF) e Lall
Captured by the [alaid)) dads dawls dasildll cligill (mlas] Jxa Less electron—hole pairs ssaé

(BL) hladl cladall (gags a3 .(0.12pm) el 2ie (ZnS) dakal e 50l e Jgmall &5 Absorber Layer
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Aadal) @lads saliye J& sl o i ¢l e ) 48850 Sladall (53535 (Al ligigdl Galaia) ) A<l
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Aaaly) Bale] 5ol s JSC ) mualy ola 2l Jgeas Ll ) JSC el ly Lo &GS (e L
Gade clate saloy Wl (1.5pm e Ji palaie)) did dled o e cligigh JalSidl e (el
L) ligigll) (e S ke paliaiaY @llig (JSC a8 Aiils 8l duans ade L 1.5UM e ST Galiaiay)
oY) 13 g (6-b) J<al)
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