20250255 1940l dedallg dslair Y1y Ll Sl A3) )1 At h\\
No.19A Nov. 2025 Iraqi Journal of Humanitarian, Social and Scientific Research § @b
Print ISSN 2710-0952 Electronic ISSN 2790-1254 N

(SCAPS 1-D) slslaall geali s aladiuly (CH3NH3PbCly) culsud g ) dpaall 4080 5lSlaa
s lds Jo cilidall dlaw juad i 4 g
s 3 gana ol oyt
s s Adadlaa A A il Aaladl 2 ppaall / A 0 5 5!
*Corresponding Author E-mail: " Raddad.20esp33@student.uomosul.edu.ig

Mob: 07717288588

Jsana juiad (e’

alaiaY ) Cal i a5 i Adaila 8 Ay Hill Aaladl 3y padll /A il 550 57
*Corresponding Author E-mail: wwd1876@gmail.com

Mob: 07703794931

sdadal)

clids  Gaedll @) clSudgnndl deadll AN e sl S
SCAPS- ) dpueddl LIAN 3Slaw 7l aladiuly Cu,O/CH3NH3PhCI/TiO2/ZNn,Sn04/Zn0
Lisadl) L8N s e e LAl clids ead s e A5da ISV dlandl puas 536 a0 (1D
Gadie) dua ¢ Culud ) Anedll LA 3. def e J geaall Zauda (<1 Jizad) clad) jidl
Aphall e jrial s duwedd) 403l 38 & Gabaial 40kS (CHgNHGPDCIg)  clSad g jull 3ala
Cuny Aaall o3¢l J sine o Jadl e J seandl (0.5um) W ke 33k 315 (0.5-5 pm) (e dalal
(3HM) 8 Gualall Zaydall o Juzmbl () JLERYT day G 5 Lpnsail) 08N 301€ Juadl e J gasanl) oy
Lhie 33y (0.05 -1.05um)oe (TiOy) aslill w453l did claw lidl) &3 4
Ay il 2S5l Al e a5 (0.05HM) 2 A3 5A AGdall elaws Juadl IS5 (0.1pm)
. (0.1pm) s (TCO) Aokl claws Juzmil (4S5 (0.1um) L e 334 305 (0.1 -1pm) o= (TCO)
OS5 (0.1pm) W laia 33 s (0.1-1um) lew 0w (Zn,SN0,) 338U Akl claw jlid) o3 &l
e i Al 505 (CUp0) (2 4dlal) (ulSasV) Ak dilial o3 @IS (0.1um) s Lo class Juzadl
L daw Juadl OS5 (0.2um) W haie 33 s (0.1-1m) law e &dall Cila i o eSan
e Aoaldl dadll dlaw a5 (abaia¥) Ak dlaw e daSkal) Akl 3l Ay o35 (0.1um)
Slo Jsanll iy Cuny A6kl odgl o Jumdl Lo Jgeanll (0.5um) W laie 3335 (0.5-4 pm)
iy A ALl aay Aaldd) didall elas Jmdl o LAY dan o s Asadl) AN 5eliC il
il Anda JS1 il clandl jlaal g LAl clih aes o Al jo 2y (1.5um) se 4alsl)
Voe=1.407(V), J5c=25.88MA/CM’, :5¥) Jall Aleil) CulSud s pull dnadll 2080 s j2e
FF=84.36%, n=30.73 %
CulSud 5yl (SCAPS- 1D dhasedll LAl rdzalidal) cilalgl)

Simulation of the perovskite solar cell (CH3NH3PbCls) using the simulation
software (SCAPS 1-D) and studying the effect of changing layer thickness on
its efficiency
.1Raddad Salem Mahmoud Salim
.1Ministry of Education / Directorate General of Education in Nineveh
Governorate
.2Awad Khudair Mahmoud
2. Ministry of Education / Directorate General of Education in Nineveh
Governorate / Specialized Supervision Department

754


mailto:Raddad.20esp33@student.uomosul.edu.iq

20250255 1940l dedallg dslair Y1y Ll Sl A3) )1 At N
No.19A Nov. 2025 Iraqi Journal of Humanitarian, Social and Scientific Research § (kb
Print ISSN 2710-0952 Electronic ISSN 2790-1254 ’

Abstract:

This research is concerned with simulating the five-layer perovskite solar cell
Cu,0O/CH3NH3PbCl3/Ti02/Zn,Sn04/ZnO using the solar cell simulation program
(SCAPS -1D) and studied the effect of changing the thickness of each layer
separately for all layers of the cell on the output of the solar cell and choosing the
best thickness for each layer. To obtain the highest efficiency of the perovskite
solar cell, the perovskite material (CH3NH3;PbCl;) was adopted as the absorption
layer in this solar cell, and the thickness of the absorbing layer was tested from
(0.5-5 pm) with an increase of (0.5 um). To obtain the best reasonable thickness
for this layer, so that the best efficiency of the solar cell. After testing, it was found
that the best thickness of the absorbent layer was (3um), and the thickness of the
titanium oxide (TiO,) buffer layer was tested from (0.05 - 1.05um), with an
increase of (0.1um), and the best thickness of the buffer layer was (0.05um). The
thickness of the transparent conductive oxide (TCO) layer was tested from (0.1-
1um) with an increase of (0.1um), and the best thickness of the (TCO) layer was
(0.1um). The thickness of the window layer (Zn,SnO,) was also tested from (0.1-
1um) with an increase of (0.1um), and the best thickness was (0.1um). The back-
surface field layer was also added, which is (Cu;0), and the effect of changing its
thickness on the cell outputs was studied. From a thickness of (0.1-1um) and an
increase of (0.1um), the best thickness was (0.1um). The effect of the back -
surface field layer on the thickness of the absorption layer was studied, and the
thickness of the absorbent layer was tested from (0.5-4um) and an increase of
(0.5um). To obtain the best thickness for this layer was obtained so that the best
efficiency of the solar cell was obtained. After testing, it became clear that the best
thickness of the absorbing layer after adding the back-surface field layer was
(1.5um). After studying the thickness of all layers of the cell and choosing the
appropriate thickness for each layer, the final perovskite solar cell outputs were as
follows:

Voe=1.407(V), J5:=25.88mA/cm?, FF=84.36%, n=30.73%
Keywords: solar cell, SCAPS -1D, perovskite
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$34. 33

Zn0O
Zn,Sn0,4
TiO,

CH3NH3PbCl;

Cu,0

CulSuad g ) dpesadd) A8 cliph 1(2) Jsd

(2)5(1) ol saad) A diiall el Alall cliida Cllalas aladily
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Parameters

Cu,0

CH3NH3PDbCls

TiO,

ZNn,Sn0Oy,

ZnO

Thickness (um)

0.1

1.5

0.05

0.1

0.1
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Band gap (ev) 2.17 1.54 3.2 3.35 3.3
Electron affinity 3.2 3.9 4.9 4.5 4.4
(ev)
Dielectric 6.6 6.5 9 9 9
permittivity
(relative)
CB. effective 2.5 2.2E+18 1.0E+21| 2.0E+18 | 2.20E+18
density of states E+ 20
(1/cm?®)
V.B. effective 2.5 1.8E+19 2.0E+20| 1.5E+19 | 1.80E+19
density of states E+20
(1/cm®)
Electron thermal 1.0E+7 1.0E+7 1.0E+7 | 1.0E+7 1.0E+7
velocity (cm/s)
Hole thermal 1.0E+7 1.0E+7 1.0E+7 | 1.0E+7 | 1.0E+7
velocity (cm/s)
Electron Mobility 80 2 2.0E+2 32 100
(cm?/V/s)
Hole Mobility 80 2 1.0E+2 3 25
(cm®/Vs)
Shallow uniform 0 0 1.0E+19| 1.0E+19 | 1.0E+19
donor density, Np
(1/cm®)
Shallow uniform 3.0E 1.0E+15 0 0 0
acceptor density + 18
Na (1/cm®)
Defect type Single Single Single Single Single
Donor Donor Donor | Donor Donor
Capture Cross 1.0E-17 1.0E-17 1.0E-15| 1.0E-15 | 1.0E-15
Section Electrons
2
(cm®)
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Capture Cross 1.0E-12 1.0E-12 1.0E-15| 1.0E-15 | 1.0E-15
Section Hole (cm?)
Nt (1/em?) 1 0E4+19 10E+19 1N0E4+1Q1 1 NE4+1Q 1 OE+18
|| Parameters
Defect type Neutral
Capture Cross Section Electrons (cm®) 1x10 2)J
- [PAPDY
Capture Cross Section Hole (cm?) 1x10°19 -
Nt (1/cm®) 1 x 10710 )
il
e
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Ganall 138 8acinal) dpsadl) 03N (SCAPS- 1D) zebiy dgal 5 e (3) JSal

[= = ]=]

illuminated from apply voltage Vio currentreference as a

Layers right left contact ﬁ consumer
! left right contact generator Invert the structure

left contact (back) ‘

cu20 Interfaces

CH3NH3PbCI3
CH3NH3PbI3 / TiO2
TiO2
Zn25n04 é
Ino é

add layer 4'
] — V
right contact (front) ‘ Jeil cotloc!

il et

Info on graded parameters only available after a calculation

numerical settings |
Problem flle

PAGAEIE Callil,

CaEIE Callil.def

lastsaved: 27-11-2023 at 16:7:18
Remarks (edit here)

SCAPS 3.3.09 ELIS-UGent Version scaps3309.exe, dated 00-00- 0, 00:00:00 Problem detd ]
last saved by SCAPS: 27-11-2023 at 16:07-18 ey

Problem definition file distributed with SCAPS2.9, June 2010 cancel I -

Definition file for a reference pin a-Si:H solar cell.
Rougly based upon R.E.l Schropp and M. Zeman, Amorphous and microcrystalline silico

. | s

J

tghl corlacl

ronl

load ] save ]

SCAPS- 1D gl dgal 5 (3) Jsall
Results and Discussion:déuiall g g

aAladinly dmll 13 b sadizall  (CH3NH3PhClg) oS 5 sl dpwadll 2080 slSlae o
DA s dpadl) 4dall il (e Aduda IS Glaw Jlial o35 (SCAPS -1D) (2 sulall lSlaall zals
) IS d el AJAN 3US il e seanll Jal (e baa e Ak S clan Juail

s sabaial) Adds dlaw Y )

ow L) 3 (0.5pM)elens (5341 A8l (TiOp) psslial) eyl A clas il 3ay

Jsmasll o) e clldy (0.5pm) W lsie 3335 (1-5 pm )oe (CHsNHPDCly) bl dikl

Jmdl 4l s AN eliS Jmdl e Jpamnll oy iy Gpnsadll BRI Jgine clan Judl e
S JSaIL bl calS s (3pm) s dalal Zidall cles
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(Voc=1.093 (V), Jsc=26.24 mA/cm>2, FF=86.60 %, n=24.84%)

27

:q_‘\ 1.22 -
E 26.5 P —- -—n - 1.19 A
(D 26 - 116 1
— 255 o =113
= o 1.1 -
g = S1ov ]
% .5 104 ;
— 24 1.01
23.5 & 0.98 4
23 + t t t t } } + ¥ '] 0.95 + + + + + + + + 1
o5 1 _1.5 25 3 35 4 45 S5 0.5 1 1. -2 2.5 3 3.5 4.5 5
thlclzﬂ'less(p,m ti'\lckness[pmﬁ

89 35

a8 33

31

e : - ————= 29

[ ol -2 27

L 85 - = 2s - & o & —8—8

a4 o 23

83 21

19

82 17

os 1 1.5 2 2.5 3 3.5 4 45 5 0.5 1 - 2.5 3.5 4 4.5 5
thickness(pm) Thicknéss{uimn)

Aol LAY (ol d e dalal) il clas s 580 C (4) JS&Y

abaia¥) diuda elals saly ) ae Jgo el 3530 L A8ES 304 ) (it oDke (4) JSa) ddaala (g
sie 4080 e ALl el 55 il JalSH e aliaiel] sy Gld cladey iy o3 (3um) lendl Jia
Lgaabiaiial o3 ALl il 55 5il) abana o)) Ao Jay clandl 138 22y Lgiad ) Eiu) 5 ¢(3pM) o0 S8 clasdl
80 (g5 ST el 32l ld IS5 (55ad - 05 S =53l ) Leliad s dalall A8kl Jd (e
Aoyl ISl ddaadle e Gl Ly 55 e el Jale @gf Jaadly cladl 138 2ea 5 alailyl sale) dllaial
Jele S gyl sl o sa @l Cannn s dalall didall lans 33l 5 o (Vo) A sitall 50l 41l 68
I Lelsai s Al b 5 ) (pabisial dilee 31035 dalal) daukall claud) 325 diad e bl
(8) ad, ABNadl o 5yl 353l a5 ds gidall 3 jalall Al g8 oy il g (5smde oS 2530
cladl aa ) dalall diudal) o 334 ) ae dpsadl) 408l 30 8 LD WS (Lin et al., 2014)
.( Dey et al., 2015) Alall i3 5 Al Eisay an (38 sie 138 5 ) JELNL Laxy a5 (3pm)

;:\.U&\ M\ o Ll

A JLEAT 5 (BUm) e LeSians i o5 alall S gl diike s 0l ol amy

Jusdl e Jgmnl) Jal e (0. LMY 155e 53 345 (0.05-1.05HM) (s 4 Al dukall claus i

Al Al dlew Jumdl ai) iy AAl 8l Jumdl e Jgeanll &3y Cusy L Jsbee clas
A JSEIL Lpsal) AN s e ilis 26l 5 (0,05HM) 5
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(Voe=1.0932V, J:=26.46 mA/cm?®, FF=86.595 %, n=24.84%)

B6.598 ¢ 263 -
B6.595 «~ 26.2
86.592 - - 26.1
L] 26
= 259 -
) 25.8 -
- 257 -
— 2Z5.6 -
:25-5_
o 254 4
o2 25.3 4
-

. - 25.2 4
25.1

025 . 045 065 085 108 005 025 045 o065 o085 105
thickness(pum) thickness(um)

%
CrEREELIALC
(

oS 0.25 0.45 0.65 0.85 1.05 0.05 0.25 0.45 065 085 1.05

thickness(pum) thickness(pum)
Lisall) LA s i e TIOAS AN A8kl dlaws st il (5) Jsd)

83y ) e A gikal) 3 yilal) Al b g adadll 3 300 Hli e S Gl o3hef (5) JSEl dAA (e aad
Jaxi ill g Gaid 81 e (5S5 dagiiy il sehandl die AlailY) dlee 53l ) Ay 45 al) 46kl dlaw
Aad 8 Loalias) S ¢ Lol Jale 8 Canile UG (s Loayl Jaad WS 28Y1 elda cal il e
oo a8 N daaldl Zadall 1) 5 sl J g g Ale ) cane Sl A5 Al AR elaw 5l 3 die 36l
Cogos ladic 5 il wehandl vie AladY) dlee 33l 55 BN ae a4 A ARkl JDA
Scheer & Schock, Yl suadl) 30 Jui 8 i Jully (3sad sl 25 3¥) Flol J&y
(2011

AN Jua il a9l Aldn o LN

Jra il o) dada el juat il e D 26 A8dall  Aalal) dadall claw s il Al )y e
Jsanll ol dlans Jiadl e Jgeanl) dal (00 (0.1um) _laie 334 s (0.1 -1.0pm) o 4daall
oo AlAl) o3g) A8 Jra gl 2wl Adal elan Jadl a8l oy Awedl) AR 3l Jadl e
(AU Sl Al el 5 (0.1um)
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(Voe=1.93 (V), Jsc=26.042 mA/cm?, FF=86.52 %, n=24.63%

B6.6 -

B6.58 -

B6.56 -
i-\.._‘-___ 85.5‘

1 \as.sz- 'Y

— ,_l_m

LLB648 -

B646 -

B6.44 -

86.42 -

t t t t t t t t | 864 t } } t t t t t 1

01 02 03 04 05 06 07 08 09 1 01 02 03 04 05 06 0.7 0.8 09 1

thickness(um) thickness(um)

n%
(EERELEEREALE

i

e —

voc(Vv)
T
HHNT

1
J

B

01 02 03 04 05 06 0.7 08 05 1 01 02 03 04 05 06 07 08 09 1

thickness(pum) thickness(um)
Aal) cilajae o G8AEH Qo gil) 20l Ak clans s Ll (6) Ja

e caala J<a Aaa) Jua il a of dida clow uas il el (6) JSall JDA e Jaad
ALl i g gill (aliaial Chamy Y Uil g ddudall odgd A8l B S Can @lldg AlA il e
sl Jua il dads A L) e

+538L3Y ddal) Sa-layl

o il )5 (3Um) e LeSaw iy Aalall A0dall dlaw yuad 53l LS &3 o) 2
av i ) o3 (0.1um)devs 8L Jua sl Sl ddikas (0.05pm) ows 4 3A1 AGL)
IR0 5l Jumdl e Jgeaall Ll claw Juail o Jsanll elldg (0.1-1um) e 338011 Zagdall
AUl ISl gl il (0.1pum) s 3380 Asudall elas Juadl Gl (i 5 dpusaddl)
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[Voe=1.093 V, Joc=25.94 mA/cm?, FF=84.86 %, n=24.07%]
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(Voc=1.380V, J;;=26.072 mA/cm?, FF=83.48 %, n=30.16%)
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