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Abstract. In this work, the imbalances in band gap energy between p-window laver and intrmsic layer (91 interface} in p-l-n type solar
vells to suppress charge recombination adopting with the addition of buffer layer, at pi interface, namely solar cell structures without
buffer (Cell A and with buffer (Cell B), Uang well-practiced AFORS-HET software, performances of Cell A and Cell B structures aree
wvaluated and eompared to experimental data, A poold agreement between AFORS-HET modelling and experimental data was obeained
for Cell A lerror = 1.0k and Cell B (error = 0L07%), respectively. The effects of dopant concentrations of the p-type and n-type were
#xamined with respec Ll B for hetter performance by analvsing the energy band diagram, the electric fisld distribution, the trapped
hole density, the light J-¥ characteristics, and the extermal quantum efficiency. The simulated results of an aptimised Cell B showed that
the highest efficiency of 8.81% (Ve = 1042 mY. Je = 10.08 mAdem?, FF = 8§1.85%) has been obtained for the optimum depant values of
Ni= 10 x 10 cm® and Ny = 1.0 x 10% cm* respectively. A comparison between experimental dats and simulation results for Cell B

showed that the conver sion efficiency can be enhanced from 5.61% to 8.81%, using the optimized values,
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1. Introduction

The sun is one of the largest energy sources on earth and
itis converted into electrical energy with photovoltaie (PV)
technology which is expected to support the incressing
needs. The continuous study and development of this
scientific system in respect to different fabrication and
technigues aim to improve their conversion efficiency
(Kabbani & Shaik, 2021). Presently, the solar cells boing
developed, including thin-film silicon types received a lol
of attention, as the next peneration models, because it has
several advantages, such as the availability of 51 raw
material, which is abundant in nature. Therefore, low-cost
and efficient solar cells are continuously developed, to
apsess the economic viability of photoveltaic power
generation (Cho et al., 2018). The thinfilm types have
been the subject of extensive study for several decsde
solar energv-harvesting devices, whereas presently the
highest efficiencies for a-81:H (triple-junction), CIGS, and
CdTe are 14.04%, 23.35%, and 22.1%, respectively (Efaz et
atl., 2021),

Its conversion efficiency is enhanced by utilizing high-
quabty p-window and intringic fayers. Furthermore, from
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the device standpoint, the pfi interface aleo plays a crucial
role in redueing the mismatch bandgap and minimizing
charge earrier recombination. The trap centers al the pd
interface appear at the internal electric field distribution
due to itz localized state (H'mlani et al, 2021). The
optoelectronic properties of the p-i-n structure silicon thin.
film solar eells depend on the guality of the lavered
window which alfects the overall performance. The use of
materials with a wide bandgap i the solution to improve
the optical and electrical properties (Park ef al., 2013)
Moreover, a-810x%:H film is widely used as the p-window
laver, due to it characteriatics, eapecially o wide bandgap
>1.9 V), lesser conductivity (<10 Slem), and high
activation energy ((L@EV), which ave suitable for solar cell
applications (Ahmad et al, 2017; Choi et ol 2019; Park af
Wl 20181

Hr)wevur. the a-8i0:H(pya-3i H) interface is welated
to higher built-in potential (Va). greater Vi, and also
spectral responses at the blue region of the spectrum,
which was enhanced due to the extremely transparent
material with wide bandgap. Furthermore, due to the
different values for (p)- (~2.05 V) and abzorher layvers

TIRED-ISEN: 225624040, Copyright © 2022, The Authors, Published by CBIORE




Cltatien: Hamdani, 0, Prayogl, 5, Cahyona, Y., Yudoyono, G and Darminto, O (2022) The Effecs of Dopanc Concentration an the Peformances of the a-5i0xHjp)/a-StHIL -
St i2)fue-SiH ) Heternjurctian Selar Call. Int £, Rerew. £n, e, 20(1), 173181, doi: 10 14710/ijred 2022 40123

174]

(~1.72 ¢V), bandgap discontinuity i= likely to occur at the
pit interface, where a thin defeetive region is formed and
acts as recombination loss of phologenerated carriers
(Park et al., :ﬂ‘ Certain methods have also been applied
to diminizh the recombination losg at the pf interface by
inzerting a buffer between (p) and abeorber layers,
including carbon alloys, a-SiC:{EMvong & Lim, 2005),
silicon oxide, a-8i0xH (Ahmad ef el 2007; Fang ef al.,
2014; Pham et al., 2018). This includes the intrinsic double
layers with different bandgap (Choi of of,, 2018; Prayogi ef
al., 2021).

In this study. mg structure of the GlassTTO/a-
S0 H(pya-StHVa-Si:HoWpe-SiH(nyAg  solar  cell
designed by Choi et ol, (2019), was investigated by
applving pumerical method, using the AFORS-HET
simulator. The proposed structure consists of 1 wide
bandgap a-Si0x:H and a-Si:H as p-window and buffer
layers. This includes structure without and with buffer
(Cell Ay and (Cell B), respectively. The calculation was
carvied out to understand the influences of the inserted
buffer and the dopant concentrations of the doped layvers
on the solar cells’ output characteristics, The reasons for
the high performances in terms of energy band diagrams,
electrie field distribution, trapped bole density, light J-V
characteristics, and external quantum efficiency. for the
proposed heterojunction solar eell, was analysed,

2, Solar ecell structure and simulation details
2.1 Bimulotion approach

ATORS-HET is a 1D numerical simulated program, which
tg widely used to gimulate heterojunction =olar cells
developed at the Helmholtz Zentrum Berlin (HZEB). It is
divided into two parts, namely optical and electrical
simulations, The defeet state distribution in accordance
with the Shockley-Read Hall (SRH)  recombination
statis@, the modelling of each bulk layer is caleulated
using the Poisson and continuity equations, for electrons
and holes. In the steady-state, the mathematieal model
defines the i-IDd.rit:tr:zm:ﬂrl. within the semiconductor as
expressed in Bgs (1-3) (Ahmad of al., 2017; Qiao ef al.,
2016; Stangl ef al., 2010).

pigp=_2

=
T =ql6—RB @
0. fy = ~4(6 — &) @

where g is eleetron charge, £ ia the elactrie conatant, §f is
the electric potential, & and R are generation and
recombination rate, respectively, p 1= the net charge
carrier density as expressed in Eq. (4).

p=p=n+Ng—Ni+Nmp+ Nog (1)

where p and n are the Bee holes and electron
concentration, Nj, and Ni are ionized domors and
acceptors concentration, Npp and Npp arve trapped
eleetrone and heles in the tail as well as dangling bond
states, respectively, The current densities of the electron
and hole from Eqge. (2.3) are stated i eqs. (5-6).

Jp = —quppVp — kT, Up (5)
I = —qunttVi — kT, Tt (6

where py and ppoare hole and electron mobilities,
respectively.

The defert states in amorphous material present
within the band gap with loealized DOS strongly influence
the solar cell, In the simulation, the DOS models control
the trapp carvier density and recombination center within
space charge distribution. These defect states mainly
eonsiat of exponential band-tail states and deep danghing-
hon (DB). The total defect density of conduction band-tail
(acceptor-like) Ne_jui and valence band-tail {donor-like)
Ny o within energy distribution F iz stated in Egs. (6,7)
(Hua ef ad., 2002):

E, i
Ne-ran(E) =[] Npcexp (%}d}! o
e
i =
Nywaal®) = [ Noyerp (5==)az )
51

where Nge and Ngy are the densities per energy range at
the conduction and valence hand edges, Fge and Egy
inverse loparitmic slope (Urbach energies) of the
tonduction and valence bands, respectively. The Ny and
Ny values taken from 2.0 x 102 — 4.0 x 102 emeV and
vary with doping concentration {Schmudt ed al,, 2004}
The DE defect states lice near the mid.gap as
recombination centers result from dangling sp-hybrid
orbtalz of 51 atoms. The DB states are continuously
distributed in forms as two  Gaussian distribution
funetions and can have three charge states, namely netral
state (D"), positively charged (D%/D*), and negatively
charged  (07/0%), The donor-like and  accoptor-like
densities can be described by Fgs. (9, 10) (Hua of e, 2012}

B 2
(E —E"Y)

NeplE) = | Npgexp| -——n— o
J 2(FWHM
e (F E-J"D)“

NealE) = | Nagexp (- —_——z) d (1
J., 2(FWHM

where Npg and Ny are the peak of defect states that are
associated with D"/D* and D7/D” transitions,
vespectively. with EY* and F‘E\re the peak energy
pesitions bevond £y and FWHM is the [ull width at hall
maximum of the Gaussian distribution funcelions,

Lhis simulation, the DB density was calculated using
the defect pool model developed by Powell and Dean. The
analytical expression for this model as expressed in Eg,
(11) {Bouhdjar ef al ., 2015):

(11

kegT s/ 2By, FWHM?
(+722)

BiE) = y( i,

)

where y is sealling factor can be written in eq. (12):

TIRED-ISEN: 2252-0940, Copyright © 2022, The Authors, Published by CBIORE




International Journal of Renewable Energy Development 11 (1) 2022; 173-151

_( Gu2EL )( H )rsro)’ww

(2Eyp— kgT2) \Wast

1 FWHM*
x exp _2?90 EP_'E"_W

where P{E] is the defeet pool function (Gaussian
destribution), EP ie the most probable energy for defect
formation, H iz the w@hyd.rugun concentration
amorphous materials, Ny is the total number of electrons
in gilicon bonding, and T° is the equilibrivm freeze-in
temperature,

In this model, the optical generation rate of carriers
{electrans and holes), with photon flux density &201) of
wavelength 1 and device thickness d is stated in Eg. {13)
(Ahmad ef af, 2007

12)

GLx) =L L alx, A2 as

x(1- R{A)Jexp( —arfx, A))ebxdd

whare a(x) is the absorption coefficients of the layer, R{4)
ie reflectivity at the surface of the glassTCONp)-layer
structure.

Furthermore, the recombination process and trapping
of a model in the case of amorphous material is deseriboed
by the sum of the recombination rate through a single level
trap, the tail. and DB states (Iv, D*, D), Therefore. the
total recombination rate is expressed in Eq. (14),

Rroean(x) = Rygylx) + Ryplx) + Rpplx) (14}

where Regy{x] is the recombination rate through single
leveltrap, Arp(x) and Bppix] are recombination rate of tail
states and DB staves, respectively.

a-Si:H buffer

Fig.1 Sketch of propused of the hetersjunction solar cell strueture
Glaas! (ITO)a-Si0:Hip) a8t H ada-SiH G pe-SEH Az,

| 175
2.2 Device structure and input parameters

Fig. 1 denctes the schematic diagram for the
heterojunction sobar cell strocture  Glass/TCOITO) a-
S0 Hp) 20nm)a-SiH (i ey o(200m ya-Si: Hi){ 180nm)/jpe
-SEH(n)(30nm)yAg was deposited on soda-lime glasses
using  plasma-enhanced chemical pavor deposition
(PECVIY) reactor. The optoelectronic properties of the
intrinsic films were tested with various hydrogen dilution
(R) = [Hz)[SiH4] = 4 and 12, meanwhile, the results were
adopted from the = carried out by Choi er ol
Meanwhile, the doped {a-8i0x:H (p) and pe-Si:H(n)) layers
were also deposited using PECVD reactor with gas
mixtures of BeHe (diborane) and PHs (phosphine) for
doping in addition to SiH: (silane), hydrogen (Ho). and COs
at a temperature agadpw as 150 "C. To depress charge
rocombination at the pi interface, the builer lsynm-si:ﬂ}
was added to p-i-n-type structure to relieve the band gap
mismatch between the p-window and absorber lavers (p-
ij-la-n-type) using various hydrogen dilution. Moreove:
light sources, the radiation AML5G speetrum with 100
mWem? power density and 300 K operational
temperature was used.

(pia-Si0xH
T T
E”(‘: VB-tail CR-tail
i b ¥ 0 e
irn'
3 3
H
P I
w¥ 1 1
N o —— :
(a)
(ita-8icH
T T T
T 98 E\ VB tail CB tail
L :
FRY 5
2
= f
ik
)
E
anergy foV]
()
pe-S1H
T T

12 ,
P VB-tail

demsity of states fom®.
&

£ 1
anergy Y]

(c)
Fig. 2 The gap states diswibution of {a} a-8iCkc:H layer, (b) a-
Si:H, and {c) pe-Si:H. D=+ and D denctes donor-like DB and
ncceptor-like DB, respectively,
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Tahle 1
Sume input parsmeters for AFORS-HET simulator
(pa-Si0xH (mﬁm bufler ()a-SiH (nhneSiH
20 20 180 an
118 118 118 1.8
.80 4.05 38 4
205 1.80 1.78 1.60
2.0% 102 2.0 x 102 20 100 20x i0®
20x 102 2.0x 100 2.0 % 10° 20x 0%
e lemVs) 7.85 978 978 an
ue [om*Ve) RAE 314 3,14 i
N fem) Lix 108 o 0 o
Mo (em ) 0 0 0 103104
Tail states
Noc fem HeV) 1.6x 102 10x 10% 1 x 1P 4.0 % 10
Mow {em-4eV) 1.5% 104 1.0 x 102 BRIES [ 4.0 % 102
Ece (V) 0.04 0.03 003 0,04
Eo 007 0.04 0.0 007
e em ) 2.5 % 10 2.5 x 100 25 x 10t 1.0 x 10
i {emd) 2.0x 104 2.0 x Lo EESTE L0z 10
e (Em ) 20 1M 20 x 1M 20 x 10 1.0 1097
i (em) 2.5% 104 2.5% 1042 25 %101 1.0x 1070
Dangling-bond states
Moo fem® 3,88 €107 2.35% 1% 236 % 107 LOxlo
Nap fem %) 3,98 xLov 2.35% Low 2,35 % 10M L0 x10u
Eo, 1.22 L2 142 122
o0 10 § 0.70 0,70 0,70 .70
L Ll 10 LOx 104 PRI STIRE L. x 1095
o (Em) 1.0 10 1.0 % 1= 1.0 x 102 1% 109
e fem ) LOx L0 1.0x 10 1.0 x 101 1.0% 100
o fm?) LOx s 1.0 x 10 Loxlpn
The shbrevintions in Table | are follows: d- thidtness of the mmicnductor by o conetant, 1 clortrans nffinity,

conduction band density
wsponentin] prefactom of donie-§

wbfcpive valence bund density, . electron mobility, g »
aveeplor-like tail states, BonBoe chameeteriptic eovey ol the doneeJikfaccepror-1ike tail atotes, 0., o

sbality, N necoptor doping, No: datior

soction for donar stAtOR. M. fa: CAPEITE crosa-soction for necoptor stntes, NooNao: Gaussian density for danor and accoptar states; Epilis: donor nnd

aeceplor alssinn pea ko gy position.

The DOS distribution model in AFORS.HET for each
heterojunction solar cell iz described as the conduction-
valence bund-tails and the donor-acceptors such us DBs
for -p, -i. and -n layers, as shown in Fig. 2 using equations
T to 10, The resulte are obtained in Takle 1 were generated
with AFORS.-HET software, Also, in hydrogenated silicon
oxide, the enerpy values (Urbach energy) of 0.07 and 0.04
eV, were used by the doner and acceptor-like states, to
penerate g valence defect dengity and conduction band
edges of appreximately 1.5 x 104 em eV, the Gaussian
was realized at 3,98 x 1077 cm Y, with values of the carrier
mobilities being 7.85 and 3.14 em® UVs for electrons and
holes. However, the defect densities of -1¢ and -n for both
Tayerg, are characterized with 235 x 104 and 1.0 x 107
cm™, regpectively.

The TCO work funetion value which penerates a
neutral contact at ITO/p-window layer interface WS, =
540 el {gpp = 150 ) was used to earey out this research,
Meanwhile, the work function at pe-Si:H(n)/Ag interface of
the neutral ba@fontact is WBivo = 4.2 6V (gy, = 0.2 eV).
Furthermore, the surface recombination wvelocities for
eleetrons and boles were gel at 1.0 x 107 emls, However,
the dopant concentration of the p-window and n-lavers
varies from 1.0x 10" to 1.0 x 10* em- . The light reflection
on the front and back contact (RF and RB) were set at both
D05 and 0, reapectively. This was based on the

assumption that there was nfm.ck veflector on the
simulated structure. The input parameters used in the
simulation &:(&l] B are shown in Table 1 (Abhmad ef al,,
2017; Choi et af., 2019; Herndndez-Como and Morales-
Acevedo, 2000; Kouider and Belfar, 2020),

#. Simulation Its and di i

3.1 Numerical validation of the heterojunction solar cells

According to Choi et al, 2019, several a-8i:H layer films
have been developed with different band gap energy due
to various R values, which arve shown in Toble 2. The
Urbach energy would be decreased for higher R, which
corvelates to reduced defects (density of state) on the
valence and conduction band tails and deep state defects
(DB). The @aae in Urbach energy due to the increase
in R causes hand gap energy of (a-8i:H to increase. The
increase of band gap energy is related to the effect of
gquantum confinement charge cavriers, which indicates a
change in the ]att.@ from amorphous to nanoscale
cryatalline structure in the a-StH film according to the
effective mass theory {Cahyono et af., 2018).

The imbalances in bandgap energy between p-window
layer and intrinsie layers (pfi interface) in p-i-n type solar
cells to suppress charge recombination adopting with
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adding g:.ﬁ’e‘r layer pii interface, namely solar cell
structures without buffer (p-ige-n) and with buffer (p-ig-
iwe-n), ag shown in Table 3. The handgap energy and
thickness of n-layer are 1.60 ¢V and 30 nm, respectively,
Meanwhile, the solar cell strueture without a buifor device
was fabricated with intrinsic layer (Ry) thickness of 200
nm, whereas for solar cells with buffer layers thickness
consisted sum of buffer layers’ (20 nm) + absorber
thickness layer (LS80 nm) = 200 nm.

The simulation results were compared using AFORS-
HET software to experimental data from Choi ef al, 20149
to evaluate the effect of the interface layer (buffer) on
bandgap energy and solar cells performances, ag shown in
Table 3. In addition, the validity model was confirmed
using Table 1, Referring to cell A (without buffer), a
simulated efficiency of 4.85% suitably corvesponds with
the experimental result of 4.83%. Meanwhile, cel! B,
after the insertion of the buffer laver (H=12) at the pi
interface, the efficiency of the simulated and measured
output characteristics of the solar energy 12 improved by
5.61% and 5.57%, respectively, as shown in Table 4, The
addition of a buffer laver on p-i-n solar cells causes
bandgap energy imbalance (band offset) and repression
charge recombination at the p/i interface which correlates
with an increase in Vor and FF values. The buffer layer
canzes a high internal electrie field at thiz region, thereby
swoeping out electron-hole pairs as well as minimizing
recomhbination in the DRR (defect rich region) and the ph
interface. Tn addition, the charge carrier collection
increases, in accordance with the performance of solar cell
terraces (Ahmad ef af, 2017),

Table 2
Variation of hand gap energy of (pla-SiChoH and (Da-Si:H layers
with hydrogen values B = [He|/[8iH, and 12

Band gap energy (eV}
2.08
a-BuHi (R=4) 1.78
o-8i:H(i) (R=12) buflisr 1.50

1177

3.2 Effect of the p-type and n-type dopants eoncentration
to heterojunciion solar cell performance

The subsequent discussion beuses on the analvsia of the
peir-izn structure (Cell B) because generally, it is botter
compared to the pi-n (Cell A) The electric feld which
seTVEes Jllh'iv'm;; foree for electrons and holes in the
abaorber of the p-i-n solar cell was generated by the pand
n layers. Fig. 3(a) to (d) chows the external parameters
(Vi oJse, FF, and Eg) of cell B with respect to the changes
in the p-lvpe doping concentration (N4, Furthermore, this
greatly affected the Voo and FF, due to the influences of
transition on resistance series and recombination loss, at
the pfi interface (Lin ot al., 2012),

Additionally, the elffect of the p-type dopant
concentration on the pfiy interface significantly tervaced
the Vie (built-in patential}, which causes an inereasain Voo
and FF (B8589 to 815 mV and 6898 to B2.80%) including
Nafrom 1.0x 10" to 1.0 x 10" cm-Y, that further saturates
after Al = 1 % 100 om-, This was observed to be consistent
with other studies (Dutta & Chatterjea. 2004; Jia of al,
2017). However, the values of Jue decreages with Na from
10 x 10 to 1.0 x 10 cm™, then slightly increased with
the maximum value of 10.26 mAfem? when the Niof 1.0 x
109 pm®, duge to reduction of parasitic absorption in the p-
powindow layer, therefore permanently decressed for
heavily doped p-window layer. Based on this reason, the
conversion efficiency (Ey) value inereased lor high the p-
type dopant concentration of 1.0 x 10 em™ at 7.77%
(maximum efficiency) and started to saturate at higher
levelz of the No In the case of optimized structure, the
value of Na = 1.0 x 10™ em™ was used in this study.

Fig. 4{a) and (b} show the effect of Np dopant
toneentration on the performance of cell B It is evident
that Voo harply increages when the Npconcentration was
operated from 1.0 x 107 to 1.0 x 10 em* in Fig, 4(a). The
Voo walue is strongly determined by the N4 and Np
dopants concentration as shown in Egs. (15,18) {Belfar,
2015; Jenszen ef al,, 2002),

- Ver  nkT gNySi

Sowurces: Chol ef al.. 2019 GE_T q m( Tec ) (15)

i-n typo heterojunction solar cells o Vis =Em (N-“*rﬂ) (16)

Structures Cells iq n¥

a-8i0%:H (pVR4/juc-HiHn) oeien) B A 2 ; : :
where ¥y s the built-in potential, Ny is the effective

a-S8i0% H (p)V R 12/HAe-Si-Hin) (p-iden) B density of state in valence d, S, is the nterface

bination velocity, N, and Ny are doping

concentration of p-vpe and n-type, and n iz intrinsic

Table 4 carrier concentration, respectively,

Comparisan of the experimental and simulation resulrs of the

Experimental A G910 4Sd
AFORS-HET A H RS .88
Error (%) n.a1 102
Experimental B 9,86 61,95 w7
AFORS-HET B 8.81 B2.48 561
Exrror (%) 0.51 0.85 .07

Furthermore, a slight decreaze was detected in the
Jzrvalue (Fig. 4b)) with increasing Np doping from 10.26
to 10.01 mAdem”, These resulls are illustrated by the band
hending between the TTOJp-layer interfaces which are
inereased when the p-window is highly doped, as shown in
Fig. 5. However, it is evident that the front barrier height
(i)} ITOMp-window layer changed due to the Na dopant
concentration. The eh. 15 in the Ni and Np dopants
comeentrations caused the position of the Fermi energy
Tevel to move downward towarde the valence and
conduction bands, However, the barrier height in form of
surface band-bending (Fas) hinders the photogenerated
holes trying to exit the cell,
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N, dopant concentration (¢m™®)

. 3 Extornal parameters of Teteojunetion salar enlls (ell By
(a1} Vae, (hh fse, (0) Fill Factor, and (d) eificiency with variations
petvpe dopant concentration (N,

Meanwhile. the presence of the buffer layer
accommaodates the band offsets at the ph interface,
thereby reducing the trapped hole density and the
recombination rate. Fig 44) showed that the fill factor
(FF) also improved the No dopant concentration from 1.0
x 10 to L0 x 10* em™ ahout. 82,80 to §3.853%, and was
saturated to No > L0x10% em, According to Fig. 4(d), the
conversion efficiency of cell B isimproved by inereasing Np
from 1.0 % 107 to 1.0 % 10" ¢m® (T.77 to 8.81%) at 4
eonstant of No > 1.0 %10 em 4, Therefore, the results from
the simulation stated that for better performances, the
pptimum Np dopant concentration of the hetervjunction
solar cells was 1.0 x107% em, with 1 maximum efficiency
of B.81%,

To provide an overview regarding rﬂ'ocmfc'lmngm
in NV and Np dopant concentrations on the performance of
hetergjunction solar cell deviees, it is important to analvse
theelectric field distribution and the trapped hole density,
ag depicted in Fig, 6(a} and (b). Furthermore, Fig. G(a}
showe a potential difference explained by variations in the
distribution of the electric field, for four Ny dopant
concentrations (Np= 1.0 x 10" em ). It was observed that
the electric field in the ITOM- window layer interface was
positive, which impedes that the photo-generated holes
have attained the front contact. However, the strength of
the eleetrie field at the pfii interface was diverse,

depending on the diffevent Nu dopant levels, Tor the
doping level which is approvimately 1.0 x 10 em-, the
generated electrie field ot the piinterface was observed to
he weaker at 7.56 x 109 Vem?, while the electric field
strength was determined by p-window layer thickness,
This indicates that the front surface field (FSF} resulted
in an efficiency drop (Jia ef al, 2017). Meanwhile, when
the dapant p-window laver concentration was increased to
1 % 1020 em#, the electrie field strength wag alzo inereased
to 2,003 x 10 Vem !, which was streng encugh to permit the
elficient lation of phot ated charge carriers
at  hoth  terminals.  Moreover, when  the dopant
coneentration was raiged to 1.0 x 1021 em#, the overly
mg clectric field of 348 x 10° Vem ™ generated a higher
defoct density at the ph interface. This served as both
hination and t ing centres for charge carrers
(Mehmood and Taugeer, 2017). These results were
confirmed by caleulating the trapped B8le densities for 3
Na dopant concentrations, as shown in Fig. 6(b). It was
ohserved that the teapped hole densities at pfiy interface
inerpased with i sing N dopant concentration, e, 1.0
x 101 em® (4.52 X 1007 em:%), 1.0 x 10 gme (7.89 x 1017
cm?), and 1.0 x 10 cir? {276 x 10" cin ). respectively.
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with Npp=1.0x L0# con* st short cirowat eurrent (V= 0V),

Fig, 7 depicts the -V characteristics analysed under
different Na dopant coneentrations used in the reference
structure hased on a-SiOxH/a-Si:H solar cell (cell B), as
shown in Table, 4. The simulated conversion effidency of
Cell B was caleulated by AFORS-HET 1= 5.61% (Vor =
915.6 mV, Jge= 981 mAem?, FF = B2.48%) was oblained
and eptimised by exploring different p-window (Na) and n-

|17%

layer (Np) dopant concentrations. However, upen further
optimization of dopant concentrations, the eell B
numertically reached a conversion efficiency of 8.81% (Ve
= 1042 mV, o = 10,08 mAfem?, FF = 83.85%) for the
optimum dopant values of Na= 1.0 % 10" em? and Nn =
1.0 x 10 em-¥, respectively,

Therefore, the influence  of p-type  dopant
coneentration on optical properties and photogenerated
curvent of coll B, as depicted in Fig. 8 was examined and
analysed. The photogenerated corrent Juwe indicated as
Az in the short circuit condition was a description of the
gquantum efficiency, which i represented by Egs. (16,17)
(Hao et af., 2019)

BO0
A
T = %@qwﬂs(l)ﬂ@ﬁu)bﬂ (16
300
EQEQ) = I0E (1 — R(A) umn

38
wheve ke, A by s EQE JQE, R are the Plank’s constant,
the speed of light. the wavelength, the solar spectral
irradiance under air mass 1.5G, the external guantum
efficiency, internal guantum efficiency, and reflectance,
vespectively.
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Fig. 7 The J-V characteristios of the eell B under illumination
condition for different N, dopant concentrationa.
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‘Table &
Simulated results of the Cell B using AFORS-HET sofware are
compared with Sillvaco TCAD (Ahamad ef of., 2017)

Buffer Ve Jear FF  Ey
References  layer 5 . b
mV) (mAem?) (%) (%)

TCAD a-SifeH 9050 1298 TL80 841
AFORS- a-3i:H 925.5 12.54 T2.81 8.62
HET

Moreover, Fig, 8 showed the guantum efficiency of cell
B with respect to changes to the dopant eoncenteation of
the p-window layer. It wag also observed that when the
dopant concentration was increased from 1.0 x 10V to 1.0
x 10" cm, the spectrum wavelength of the guantum
efficiency was also inereased from 300 to 520 nm (hlue
vegion). This further proves that the dopant concentration
had a geod response in the blue region because the
recombination at the p/i) layer interface was reduced. This
indicates that the photogenerated charge carrier was
efficiently extracted [rom the defect-rich region at the
interface (Ahmad ef of, 2017). However, for the p-type
dopant concentration > 1.0x 101 cm# (high dopant), it was
observed that the quantum efficiency remaing constant,
which implies that the Jee value is constant (Fig. 7).

Therefore, the simulation results of Cell B (with a-
SiH as a buffer) using AFORS-HET simulator, were
compared to the solar cell using Silvaco TCAD (with a-
SilkH ns a buffer) which emploved identical parametors,
as shown in Table b (Ahmad ef ol 2007)

4, Conclusio: &

In this study, a p--n solar cell based on the (pla-Si0x:H-
type and a-8iH buffer layer have been numerically
investigated and  analysed using the AFORS.HET
software, The p-i-n structures without (Cell A) and with
buffer (Cell B) were studied and compared to determine
the relevance of inserting interfacial layer (buffer) as well
ag to discover a realistic set of parameters for better solar
cell performances. A good a greement was reached between
AFORS-HET modelling and experimental data for Cells A
(ervor = 1.02%) and B (error = 0.07%), respectively. The
results show that the presence of a-82H buffer lmuun
the window and active (intrineic) layers, at the pfi
interface, improved the solar cell performances of cell B,
This addition on the p-a-n causes bandgap energy
imbalanee  (band  offsetl  and  repression  charge
recombination at the interface i which is eorvelated with
an inerease in Voo sncl values,

The impacts of the ptype and n-type dopant
concentrations in respect to Cell B performances were
determined by caleulating and apalveing the energy hand
diagram, the electrical field distribution, the trapped hole
density., the J-V characteristics, and the guantum
effiviency, During optimization, the p-type (Na) and the n-
type (No) dopant concentrations, varied within the range
of 1.0 x 107 t0 1.0 x 10 em %, Tt showed that Cell B has a
high efficiency of 8.81% (Voo = 1042 mV, Jsc = 10.08
mASem?, FF = 83.85%) with an optimum dopant values of
Na=1.0x 10 em? pnd No = 1.0 x 100 em-?, respectively,
Finally, the simulated device waz compared with the

results ohtained using AFORS-HET and Silvaco TCAD,
Therefove, the proposed design for the heterojunction solay
cell provided a velorence for further technological
development,
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