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Abstract: In the past decades the metal halide perovskites gamed tremendous attention from ressarchers because of its excellent
vizible light shsorption and promising power conversion efficiencies. But due its toxic natwe znd concsmed scologicsl harerds it
can 't be commercialized on a large scale. So there was 2 need to introduce 2 new toxic free altemative. According to this paper 2
volume lezd fres perovskite structure 15 quantitative mvestigated using SCAPS (1-D) software. A new approach is used m which
The lezd-free active layer CH.NH.5nl: is encased m two bilayers of 2 simultaneous simulztion that mvestigates the hole transport
layer (HTL) and electron tranzport layer (ETL) and fme-tunes their respective thickmesses as well 23 the absorber layer to attain
the best possible performance for the suggested structure. Furthermors, 2 number of parameters mfluencing electricel properties
were studied statistically, mcluding the effect of differsnt resr conmections, tempersture changes, doping concentration m the
zbsorber layer, defect states ot mterfaces, and the overall density of defects. The optimal configuration yielded an open circuit
voltage (V u-._} of 0.96V, a short circuit current density (Jsc) of F2mA‘om-, a Fill Factor of . 02, and 2 pOWED CONVErsion
efficiency of 26.09% under standard AMI1.5 G conditions.
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1. Introduction

The current glebal trajectory is moving towards sustaimable and environmentally friendly with the mereasing demand for
energy and the substantizl expenses linked to conventional sources, theres 2 growing mterest i altemative SNergy SOUCES.,
pellutng resources. Sclzr ensrgy 13 more efficient, eco—friendly, and 2 relizble energy resource compared to other types of
resources for electric power generation. According to a recent prediction, solar technology iz expected to generate one-third of
the wotld's electric power by the end of 2030 [1].

The 1G solar cells (monecrystallme and pelverystzllme) made up of silicon wafers are contributing 90%% to the fabrication
of PV products throughout the mtemationz] market having 2 zbout 26%6 Power Conversion Efficiency Imown as (PCE) [2. 3]
However, due to itz very high fabrication cost, low PCE (Power conversion efficiency), snd more ever hurdles to further
mprovement n PCE have been observed due to technelogical and material—wise challenges [4]. Selar technelegy is beimg
mnovated to mprove the PCE. One of the most mmovativenovel contributions is the 3rd Generation Perovskite-based
photovoltzie cells. From Throughout the last 10 years solar eells based on perovskites (PSCs) have gzmered appreciable
curiesity zmong academics due to their notable power conversion efficiencies, emhanced mobility, heightened absorption
capabilities, extended diffusion durations, and cost—effective fzbrication processes [3]. The efficiency of CHLNELPRX: PSCs has
seen remarkable merease, meressmg up to 25.2% m 2019 from 3.8% m 2009 [6]. The compound kmown as perovskite can be
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represented by the chemicsl compesition ABX:: In this case X stands for an enion, and Cations A and B come m various sizes.

One of perovskite's features is that it may behave 2s an active layer or light harvester [7]. Methylammeoenium lezd triodide

(MAPBL) has been 2 potentizl candidate for its use as an zbsorbing layer with 2 tunzble energy band gap of range (1.32V — 2.3£V)
[2, 9]. Even though lead base PSC shows the highest efficiency which has reached nemdy 23%% but due to s toxic naturs

mstahdlity, scologicsl harerds and easy degradation with water it cannot be commereizlized on alzrge seals As thers wasneed of
suitzble altemative of CH:NILPbI: across the wotld, So CH:INH:Snl: is being researched due to its many features, like good
stability, low energy band gap (slmest 1.3V, significant shsorption coefficient, shorter diffusion length and low recombination

rates 23 compare to CH.NH.PBI: [10-12].

PSCs fall inte one of two main structural categories:either the (p—i—1) or (n—i—p) structure. Despite their straightforward
design, planar perovskite solar cells (PSCs) have few mterface defects and excellent mtemz] quantum efficiency. A transparent
glectrode (FTO or ITO), an electron transport layer (ETL), 2 perovskite zbsorber laver, and 2 hole transport layer (HTL) are the
eszentizl parts of 2 non-mverted planey perovskite devics’s construction, =nd 2 metsl electrode. The process of separating and
mtroducing phetogenerated electron-hele pairs nto a perovskite solar cell’s (PSC) ETL and HTL are facilitated by energy gaps
betwesn successive layers i the cell's structure between this mechanism, electrons and electron vacancies are able to mowve
between thewr respective electrodes, accumulating and produemg 2 voltzge (Voc) and lightinduced current (Jsc) (Yang et al,
2013).

Typically, 2 perovskite materizl iz expected to pessess both an ETL and 2 HTL to make it easier to retrieve and move chargs
carriers oreated by photes, henee improving the efficiency of the zctive layer [14, 15]. In order to ensure optimal electrical
conductivity and 2 minimzl conduction band, it is mperative that 2 highly efficient ETL possesses exceptional quality. Different
materials zre used for Ti0:, Zn0, and Spire-OMeTAD, but not for ETL and HTL heve gzined significant attention due to its
promising zttributes [16]. In the suggested device structure, one of the electron transport materizls i3 Zn0. It's selected for its low
processing temperatre znd high mobility, ensurmg excellent carrier extraction [17]. Moreover, Zn0 enjoys widespread use m
commereial solzr cells [18]. Larpe-seale production of perovskite selar eells (PSCs) faces limitations due to the considershle
expenses mvelved m thewr fabrication and the complexity of the manufacturing process [19]. There was 2 requirement for zn
altermate solution i this particular scenario. Cul, an exceptional moerganic P-type materizl, possesses remarkable characteristics
such 23 a brozd bandgap and high hole mobility. When Cul iz doped with poly—trizry]l amme (PTAA) [20] up to 20% powsr
conversion efficiencies (PCEs) are possible using perovskite solar cells.

Thizs wotk offers 2 numerical examination of 2 novel methed that emplovs TiO: and Zn0 ashigh efficiency perovskite solar
cells (PSCs) by using Cul and V20 25 the hele wansport layer (HTL) znd the electron transport layer (ETL). The 1D solar cell
capacitznee smmulater (SCAPS-1D) 13 used to concurrently propose, optimize, and simulate bilayers of ETL and HTL m the
suggested configuration. CHNH:3nl: iz the sbsorbet layver used i the simulations The device's totzl photoveltzic performance
was examined in relation to various back connections, zbsorber layer thickmess, total defect density, and mterface density of
defect states, and operztion temperature. Developmg the proposed device struchire i an experimental environment is the am of
thiz prelimmary smdy. The following are the rezsons why this strueture was chosen: 1) it is mors efficient and Pb free; 2) It has
zn uncomplicated deposition methed; and 3) the materiz] iz readily avzilzble on the market at low cost The expected results of
this research are expected to provide significant perspectives for the future research and manufacturmg of lead-free perovskite
solar cells, with an emphasiz on their commerciz] feasibility.

2. Proposed Model and Simulations

Az zeen i Figure 1 from upside down Co/Cul V0. CHNH: Snl/Zn0 Ti0-FTO, we have presentad 2 non-mverted planar
heterojunction design for PSC. In the device design, the active layer, alse Imown 2s the zbsorber layer, 13 postionad between the
two layers of ETL and HTL.

An excellent ETL and HTL zre necessary for maximzl conductivity, and they should also have poeint-to-peint
correspondence for 2 high PCE. Each layer's fimctionalities are 23 follows: Beczuse of its high mobiity and low processing
temperature, Fn0 zids m carmer extraction [21]. Addmonzlly, V.0. hes besn employed 2s HTL due to s suitzble band
configuration, high hele mebility, and mcreased transparency to wvisible light [22]. Becanse it may reach the maximum
possiblethe compound 9,.9-bi-fluersns, and power conversion efficiency (PCE) Spiro-OLIeTAD iz often used as the hole
transport layer (HTL) m perovskite solar cells (PSCs) [16, 19]. However, the high cost of fzbrication mmd the mtricate
manufzctwing process of Spiro-Ol=TAD hinder its utilizztion. An zltemetive for Spire-OMeTAD m HTL applications has been
suggested: coppet iodide (Cul).

Precize engmeering is required to overcome the major manufacturing issues pesed by the combnation of ETL and HTL bi-layers
m Non-Inverted Perovskite Sclzr Cell design.

Out theoretical study underscores an optimized structure featuring CH.INH:Snl: 23 the zhsotber layer flanked by ETL (Ti0-,
Zn0) and HTL (Cul, VAO.) bi-layers bAchisving uniform deposition amoeng materizls with distinet properties necessitates
precise techniques to minimize defects and ensurs optimal charge transport [23].

Controlling Nane sezle thickmesses, 23 optimized m our simulztions, raquires advanced, high-precision depesition methods
[16].



Addressmg these challenges mendates 2 collaborative, multidisciplinery effort. This collaboration amms to Convert
theoretical optimizations inte real, high-performing solar cells by creating reliable, scalable fabrication processes (16, 24-27).

Table 1
The parameters employed for the modeling of these are the results of using the SCAPS-1D program to create an
inverted perovskite solar cell

Figure 1
Layer scheme of the CH:NH:Snl: perovskite structure

Parameters FTO TiOJETL) | ZnO(ETL) | CH:NH:5nl. | V:O.HTL) Cul(HTL)
Thickness(m nm) 400 50 00 550 100 20
Permittivity-dislectric 9.0 9.0 9.0 10,00 8.00 6.50
(considered relative)

(m V) Electron affmity 40 420 41 417 340 210
Bandgap (V) 3.30 326 33 1.3 2.20 310
Effective density of states for | 1.8 = 10" | 1.8 =10= 1.0= 10" | 1.8 =10™ 5.0 = 107 25 =100
VB, mezzured m 1/'om?®

l/em* is the States” effective 22=10% | 22=100% [ 4.0=10" | 22 = 10" g2 =10 2.5 =10~
denszity of CE.

Thermal spead through the LO0=10" [ 100=10" | 10=107 L0 = 107 1.0 =107 1.0=107
hole, mezsured m cm's

Electron temperamre veloctty | 1.00= 107 | 100 =107 [ 1.0= 107 1.0 = 107 1.0 =107 1.0 =107
(im cm's)

Measured m cm* V=, hole 1.00 = 10 1.00 = 10 250 =10 1.60 1.0 = 10° 440
mebility

Mobility of electrons (m 200=10 | 2.00=10 1.0 = 10F 1.60 1.5 = 10° 440

e Ws)

NA(L'em ), the shallow 100 =10 [ 1.00=10" | 100 =10" | 0.00 0.00 0.00
uniform acceptor density

WNeutral zcceptor density at 0.00 0.00 0.00 0.00 1.0 = 10™ 3.0 =10
shallow depths, NA (Liem )

Type of defect Neutrzl Meutral Neutral Neutral Neutral Neutral
Hele capture for the cross 1= 10712 11012 110712 110712 110012 110012
zection (cm”)

Captured electron cross 1 10r1 1= 10 1= 101 1> 101 1> 1071 11071
zaction (cm”)

Origim of fault =t's energy AboveE, Above E, Above E, AboveE, Above E, Above E,
lewel

Diistribution of ensrgies Single Smgle Smgle Simgle Simgle Single
Nttotal (m 1/'em ) consistent 1100 110 1= 10 3.0 > 101 110 1100
Energy

Energy level m eV relative to | 0.600 0.600 0.600 0.600 0.600 0.600

the reference
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3. Result and Discussion

The Figure 2 displays the energy band diapram of the tresexrched perovskite solar cell that was simulated using SCAP-1D.
Crucial components of solar cell analysis mcluds evaluating the powsr conversion efficiency (PCE), fill factor (FF), open-circuit
veltage (Voc), and current density (Jsc). These elsments are essentizl to understandimg how a solar cell functions and performs.
Betrieving these values iz made simple by SCAPS (1-D) software.

Conszequently, we are zble to understand 2 variety of profiles, mcluding band gap prefiles and recombination profiles.
Additionally, 2ll mezsursments can be performed m both bright and dim lighting. Figure 3 shows the veltage vs current (T —V).
characteristic, whereas Figure 4 displays the Quantum Efficiency (QE) curves for the recommended devies.

Uszing SCAPS (1-D) software, simulztion was used to get these results. Tzble 1is 2 list of the cheracteristic parameters for
the suggested PSCs. The optimal laver thicknesses with PCE over 26% are 400 nm, 30 nm, #0nm, 550 nm, and 100 nm, 20 nm
for FTO, Ti0:, Zn0, CH:NH:3nl:, and Cul, V:0.

3.1. Simulation model

SCAPS(1-D). 2 one-dimensional selar cell capacitance simulator [20], which hes been widely used smee the ezrly days of
solar technolegy for numericzl mvestigation of silicon besed solar cells CIGS and CdTe, which are Imown 23 1G and 2G solar
cells, respectively, is used m the current wotk to simulate the suggested solar cell design. It has recently drawn interest from
scholars 2l owver the world and has been widely emploved for numerical analysis of novel PSC structures, both mverted znd non-
mverted. Three pair differentisl equations of semiconductors m an equilibrium situztion mside 2 one-dimensionsl settmg are
solved usimg SCAPS (1-D) [28]. The electron continuity equation (3) and the hole contimuity equation (2), in particular, together
with Poisson's equation (1.

d d -
as- E(_E{x) d_i) = gq[p(x) —n(x) + N (x) — N (x) + p,(x) —n,(x) (1)
dpn _ _ PrmPrl E _ E dpn
EP T PrHp g — Moo+ Do (2)
dn,, N, — Do d¢_ _dn, _ d’n,
dt n Tp n'PI"lu dx “uE dx + I de ( ]

The electrostatic potentizl iz denoted by 1 in this context, together with the dielectric constant (g), electron charge (g),
permittivity of empty space (20, diffusion coefficient (D), and quantities of trapped electrons, free heles, and free electrons (o, p,
nt, and pt, respectively). The symbol "WNa—" denotes the presence of tonized zcceptor-like dopmg, whereas the symbel "Nd+"
mdicates the prezence of tonized doner-like doping.

The electriczl and optical parzmeter values are derived from appropriste literzture sources, experimentz] studies, and
theorstical models. Tzbles 1 and 2 have been crested from the compilation of these wvalues. The device simulztions wers
performed 2t 300 Eelvin and normal AWM 1.3G conditions.
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This perovskite structure's |-V property is CH:NH:5nls
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3.2. Influence of absorber layer thickness on electrical characteristics

The thickness of the absorber layer has 2 significant effect on the petformance of solar cells. Thiz layer has an important
mfluencs on the power conversion efficiency (PCE), fill factor (FF), open-circuit veltage (Voc), short-cirocuit current density (Jsc),
and other crucial electricel charscteristics of P5SCs. Its most notzble consequence is itz effzct on the charge carrier diffusion
length.

" This round of the simulations mvelved adjusting the thickness of the zctive layer between zero and 1600 nm. There was ne
change in the thickmess of the remaining layers, which were 400 nm for FTO, %0 nm and 50 nm for ETL, and 100 nm and 20 nm
for HTL. The dependence of Jsc on the thickness of the perovskite zbsorber l'emer iz seen m Figure 3(z). Jsc merezses quickly as
the active laver thickmess mereases, pezking at 3323 mA/‘em = at 730 nm lmﬂ' thickness, from 8.9 mA‘em- at baseline. In terms
of electrical properties, Jsc is u-pw:mznd at 32.94 mA/cm” 2t 2 thickness of 550 nm. Itis associated with 2 rise i the rate at which
electron-hele pairs are created within the zbsorber laver and are collectzd at the output terminals. In Figurs 3(c) and 3(d). it is
noted that Vec is recorded 23 0.96 V, Jzc 15 determimed to be 3294 mA/em-, and FF is found to be 82.03%. Consequently, the
device's power convetsion efficiency (PCE) reaches its peak value of 26.09%, corresponding to an optimized shsorber layer
thickmess of zpproximately 350 nm. The fill factor (FF) exhibits 2 consistent decrease as the thickmess of the absorber layer
mersases, startng at its pesk value of 32.03%. FF iz mostly linked to perasitic resistances and the shape of the FV curve [29].
Because resistznes rises 23 the thickmess of the zhsorber layer mereases 2z 2 result FF decreases

As the thickness of the CH:INH:Snl; absorber mcrezses during batch simulation, the Vec decreases as seen i Figure 5(b).
This is because the zbserber material undergees more recombination sinee charge carniers have a shorter lifetime. Charge carriers
generated within the core of the CH.NH:Snl: layer recombine when the thick shsorber layer of PSC exceads the diffusion length.
Additionzlly, merezsing the thickmess of the zhsorber layer reduess the effective bendgap which sharply reduces the Voe [30].
Furthermere, zecording to studies by Pazos-Cutén et 21 [31] and Slami et 2. [32], Equation (4) demoenstrates that 2 change in the
short-circuit current (Jsc) is proportionats to 2 drop i the open-circuit voltage (Vo). This formula iz dependent on the zbserber
layer's thiclmess and locks like this:

Ve = k-':Trln L’ + 1] (4)

Az T iz the operating temperature, kb is the Boltzmann constant, g i the electronic charge, Jo is the reverse saturation
current, and Jse s the short-cirenit current density. The zbsorber laver is predicted to be 550 nm thick, and this 1z also the largest
PCE wzlue.

33, Influence of HTM and ETM thickness lavers

Despite differsnces m the thickmess of electron s transport material (ETM) and hole transport material (HTL) rangmeg from
002 ym to 1.4 pm_ the zhsorber layer thickmess hes stayed constant 2t 550 nm. The results shown m Figure 5(2) suggest that
there deesn't seem to be mny significant mflusnce i this specific range. The firther mvestigation considers this optimization.
Smee the PCE is maximum at this materizl thickmess, 550 nm 15 considered the idesl thickmess for the sbsorber layer. The
suggested gadget will be further optmized with thiz optimization m mind.

Figure 5
Perovskite layer thiclmess effect on (a) power conversion efficiency (PCE), (b) open circuit voltage (Voc), and
(c) the short circuit current density (Jsc) and (d) fill factor (FF)
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3.4. Temperature's impact on the properties of the device

Understandmg selar cell performance at elevated temperamres 13 crucizl for anzlyzimg and ensuring efficiency and stability.
At high temperatures, materizl properties mcluding carrier concentration, bandgap, elsctron and hols mobility, and density of
states change. Interlayer deformation results from these changes, which alse affect device efficiency and stzbility. The reduction
m efficiency with mereasing temperature can be aseribed to 2 decrezse m the diffusion length of charpe carners. Corrent research



mdicates that as temperature rises, there is 2 correspondmg merease i foree on the layers. This heightened stress results m the
formation of mterfacial defects and a decrease in the interconnectivity between the layers. [32-34].

In order to leck at how temperatore changes affect perovskite selar cells” (PSCS) power conversion efficiency (PCE),
optimal thickmesses of all layers wers employed m this phase of the smulations. ETL (FTO: 400 nm, Zn0: 30 nm, Ti0:: 50 nm),
Perovskitz absother (CHNH:5nl:: 330 nm), and HTL (V20 100 nm, Cul: 20 nm).

Figure 6 shows howTemperature hzs an impect on PCE, FF, Voc, and Jsc. Since the intensity of mcoming light directly
affects the current demsity (Jsc), =n imerezse i temperatre was expected to have 2 similer effect on Jso The limk between
temperature and fill factor (FF) 15 s2en m Figure 6(k), wher= zn merezse i temperature results m a reduction m FF. The merease
i series resistances and recombinztion tate that heppens ot highet temperatures 43 what canses this drop [33]. There iz 2 direct
correlation betwesn the forward voltage drop (FF)and the series resistance i an electrical circuit.

%) - _ R
FF= FFDX(l—R{H)— FFo X (1 vu) (5)

Although thermal generation causes 2 slight imersase i Jsc, 25 shown in Figure &(2) and &(b), the loss m Voc exceeds the
rate of Jsc merease, leading to 2 decline m efficiency. By raismg the temperature to 300 K the simulztion results are mproved
and the eell's efficiency is mereased.

Figure &6
(a) Effect of temperature on J.cand FF
354 m
- ———t——p——y [80
30
ﬂ;‘ 25+ - 60
"{? 20 4 —a=J,, :mAn:m‘}I s
—m—FF (%) =
E . - 40 it
2 15
=
10 4
- - 2“
5
0- $ + + : + + 0

260 280 aﬁn 320 aa'm 360 380
Temprature(K)

(b) Effect of temperature on Vao. and PCE
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3.5. Amphoteric defect density's effect

The abserber layer 13 a PSC's primary layer The bulk of solar processes, This active layer 13 whers processes meludmg
recombination, transportztion, 2nd generation cecur [36, 37]. Different kinds of conduetivity are szen m the CH.NH: Snl: layer,
depending on the depesition characteristics of 5n and halide melecules. Furthermore, the 3n™ cation is highly susceptible to
oxidation during the fzbrication process, resulting m defects within the perovskite stucturs [38]. Thus, mperfections in 2 selar
cell’s zhsorber layer determine electron—hole pair diffusion length and V... The density must be zdjusted to maxmmize perovskits
device efficiency. In thizs wotk, the amphoteric defect with uniform energy distribution zbove the absorber layet’s Ev was
mvestigated. The defect states ranged from 1014 cm* to 1017 cm ™ The solar cell performs much better 2t 2 low defect density of
321014 cm, with PCE of 26.09%, Voc of 0.96 V, Jac of 32.94 mA'mm”, and FF of 32.03 percent i comparizon to eatly
results The rize i defect density up to 10° cm ™ berely affects 21l simulated parameters. Figure 3 shows that 2]l metrics drop
drastically a2z defect density mcrezses beyond 10" em™. Shown in Figure 7. Photoveltaic performance, photo generated carrier
lifstime, and diffusion length depend on zbsorber defect density.

The mfluence of the defect density m the perovskite zbsorber layer on the powser conversion 13 explained by the Shockley-
Read-Hall recombination medel (SEH) efficiency (PCE) of solar cells [39, 40].

R= nem (6)

Eg—Epy [
—TaT T
Tp ntNqe :E +1p p+;".’l_~e"=‘ :

Here, the energy level connected to the trap faults is shown by [ E_t ") The varizbles Wp ') and (o) represent the densities
of mobile holes and electrons, respectively. Itis possible to caleulare the lifespan of electrons and heles, represented 23 ' 'tan '),
2z mentionad m [41].

T 1 (7
R T
In thiz equation, Where on.p is the capture cross-section area for the electrons and holes, and Nt is the density of the trap
defect znd wth is the thermal velocity.



Figure 7
Impact of absorber layer's overall fault density on PCE [04)
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3.6. Effect on absorber’s laver by doping concentration

Doping is 2 mzjor factor in improving the efficiency of solar cells. P-type and N-type doping zre the two primary categories
of doping, which are defmed by the particular dopants used [42]. One can self-dope the absorber layer for either n- or p-type
doping. Current research indicates that the use of performance-enhaneing drugs, often kmown as doping, has been discoverad to
zid m the stability of Perovskite solar cells (PSCs) can merezse thewr power conversion efficiency, as several research hawe shown
[43-43].

In order to mwvestigate the impact of doping concentration on the basics of solar cells, the doping level in the sbsorber layer
was systematically varied within 2 certaim range of 1=10013 cm ™ to 1=1017 em ™.

Figure 8 shows how shsorber layer dopmg concentration affects solar cell properties. Dopmg concentration greatly affects
simulated performance measures. The graph illustrates that there iz 2 little impact on parameter variztion within the range of
P=10" to 1=10" This implies that 2 wide variety of doping optimization pessibilities in the absorber layer may be mvestigated
while preserving superior stzbility. Incressed dopmg density ewceedmg 1=10' em™ leads to higher V... Figure @ shows that
doping density zffects solar cell efficiency depending on the lewvel. An meresse m cherge carrier concentrations i3 chserved m
conjunction with the augmentation of doping demsity at 2 modest level, which frequently leads to enhancements m cell
petformance. The phenomenen of exponential decay m L. can be observed due to the presence of 2 tmy depletion region in
charge carriers at high dopmg lewvels, which hmders efficient carrier collaction [46, 47]. The zlteration of the perovskits
conductivity behavior resulted in 2 simultanecus rize m the V.. and L.



PCE[%])

JgelmAtem?)

Figure 8

Influence of concentration of doping the absorber layer's ND

27,64
27.4 4
724
2704
26,84
26.6
2B.4 4

26,2 1

26.0 4

0.0

2,010 4.0x10™ B0x10"™ BOwi10" 1.0x10"

Doping Concentration Np {:mﬁp

33.0 4
12,84
32,6 1
1244
32,24
12,04
3.8
1.6 4
31.4 4

1.2 4

A i L i i

0.0

20x10™  4.0x10™ E.0x10"% B.0x10"% 1.0x10%
Doping Concentration Ng 1-:n1‘3]

vutﬁf}

FF{%])

1.03 4

1.02 4

1.01 4

0.99 4

0.88 +

0.97 4

0.96

5.5 +

85.0 4

4.5 4

4.0 4

3.5 4

83.04

B2.5 4

82.0 4

0.0

20x10" 4.0x10" Box10™ BOx10'™ 1.0x10"
Doping Concentration N I:cm'a']

i i i A i

20x10" 4010 E0x10™ B.0x10' 1.0x10"
Doping Concentration N |;n:rn‘3‘;|

3.7. The interface defect layers CH:NH;5nly/ZnO and V;0:/CH;NHiSnl; are in a defect condition

In the suggested non-nverted PSC structure simulations, two defect lavers have been tzken into zccount. Using numerical
mquiry znd batch smmulation defect density at the mterface zround V20O CH.NH:Snl: and CH:NH:SnBrZn0 has been
examined. The defect density ranges from 1=1010 em~ to 1=1018 em~. Figures @ znd 10 dlustrate how mterface fanlt density
affects PV characteristic parameters.

Az fault density imcreases, recombination rate decreases efficiency substantially. The device simulation process is suitzble

with an mterface fault density of 11=10" cm™, a3 per simulation results.
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Figure 9

Impact of the condition of the interaction on layer CH:NHs5nls/V.0Ds
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31.5. Effect of different back contact material

The Copper (Cu) and others like silver (Ag), geld (Au), tin (Sn), won (Fe), mnd have all been used m simulations for
Non—mverted PSC as back contacts shownin Table 2.

The power conversion efficiency (PCE) of severzl back contact materials is shown i Figurs 11. When the selected metal's
work function rises, solar cells perform better. Table 2 shows how different metal connections affect the efficiency of the cell. It
has been shown that copper (Cu) with a specific wotk function of 3 electron volts (eV) exhibits the best properties as a back
contact m the context of non-mverted PSCs.

Figure 11
Effects on the efficiency of different back contact metals

254

PCE(%)
(%]
o

10
42 43 44 45 46 47 48 49 50 51 52
Metal work function (V)

Table 2
Different back contact metal °s effects
Metal back in contact Sn Ag Fe Cu Au
Function of metal work 442 474 4 81 3.0 512
in (eV)

The propesed PSC's J-V charascteristic curves are displayed m Figure 12, slong with 2 comparizon to other published
simulated models. The explanation for the 31%% higher value of Jsc than that reported by Mazchou et al. [43] iz the 36% thinner
zbsorber layer. Additenazlly, zs mdicated by Euddus et 2l [49] and Sadig et 2l [30] for tri-lavers, the employment of several
layers of ETL and HTL is zssoctated with the mereased value of Jsc. The Voo and literature zre similzr addmionzlly, Table 3
compares the elsctrical parzmeter values of the suggested modsl with previeus research. Morsover The comperizon of this
model's IV characteristic with the double ETLs of PCBMZn0, Zn0/3n0:, and HTLs Cul SpiroOmeTAD iz shown m Figure 13.

Table 3
Contrast of CHsNH:Snl; model with other study



Model Ve (V) Js (mA/cm?) FF (%) PCE (%)
Abdelaziz et al. 0.92 22.65 67.74 14.03
[47]

Pandey et al. [48] 0.99 25.2 4.1 18.6
Kuddus et al. [49] 0.81 38.51 80.1 2498
Sadiq etal. [30] 0.95 39.6 83.6 314
This Study 0.96 32.94 §2.03 26.09

Figure12

Comparison of current study with reported models
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Figure 13
Current study with structure containing double ETLs. (a) PCBM,/Zn0,Zn0/Sn0: and HTLs and (b) Cul/ZnD,
Cul/PEDOT_PSS
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4. Conclusions

An environmentally friendly lead—free Non—Inverted PSC device structure was modeled and simulated using SCAPS—1D
with CH:INH:5nl: as the zbsorber laver and two layers of ETL (Ti0:, Zn0) and HTL (Cul, V20.). Each layer's thickmess was
varied to see how it affected Jsc, Ve, power conversion efficiency, and FF The propessd model has zn open-cirenit veltage of
096V, an 32.03% fill factor, a powet conversion efficiency of 26.00%, mnd a Jsc of 32.94 under standard AM 13 G
circumstances.

The simulation identifies 350 nm 25 the idezl active layer thickmess. The simulation fndimgs showed that temperaturs
overall defect density, and mterface layer defect density (CH.NH:SnlZn0 and V20./CH:NH:Snl:) 2]l affected efficiency. Back
contact metals were evaluzted for PCE (%5) with greater varizmee The numerical analysiz of the suggested structure, as described
m this study, produces the followmg summary: FTO/CulV:0., CHNH:SnL/Zn0/Ti0:/Cu. The non-mverted structure of
polyerystallme perovskite solar cells (PSCs) offers a wishle lead-free sltemative to metal halide perovskites. Additionally,
experimentzlists benefit from the beneficizl support provided by the theorstical mzights revesled i this work in seversl mportant
areas. By being explicit experimentalists can better understand how these characteristics affect perovskite solar cell performance
with the zid of the theorstical framework. This kmowledge makes it 2 vizble option for cresting affordable, highly effective
perovskite solar cells (PSCs) by enzbling more mformed material selection and zppropriate device design.
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