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Abstract

Equipped with simple fabrication and efficient technique of converting solar energy into electricity, perovskite-silicon tandem solar technology
is being seen as an attractive and promising option in the field of solar energy. Perovskite-Si tandem solar cell structures with multiple junctions
achieve efficiency higher than the experimental efficiency limits of a single p-n junction solar cell. Even after two decades, the efficiency of the
prevailing silicon solar cell technology is stuck at a maximum of about 26%. Perovskite-silicon tandem solar cells are a possible alternative to this
problem. High efficiency is recently reported by using organic-inorganic lead halide perovskite. Perovskite solar device made from low cost and
simple manufacturing process, possess inherent characteristics like light in weight, flexible, semi-transparent etc. The thermal instability and
moisture sensitivity in perovskite materials are still under-performed when compared to silicon materials. The numerical simulation of perovskite-
Si tandem solar cells has been performed. The perovskite active absorber layer is placed at the top and the silicon at the bottom, with band gaps
of 1.54 eV, 1.12 eV respectively. The optical and electrical studies of perovskite-silicon tandem solar cells have been done using SCAPS-1D
simulation technique. Tandem solar cell structure TCO/TiO,/CH,NH,PbL,/PEDOT:PSS/c-Si(n)/c-Si(p)/c-SiBSF(p*)/Ag has open circuit voltage
1.56 V, short circuit current density 23.7mA/cm?, Fill factor is 84.76% and efficiency is 30.7% (after filtration of solar spectrum). The effect of
thickness of silicon and perovskite layer on performance in tandem solar cell has also been studied.
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T deaeer § FEd §efied & 9 & T
fafr=r &=t & Fot magaedarett ® Mafa amafd &g
STe Folt UrENfies U gAeq faded a9 g & | 6
7 H, ARd TR 7 a9 2022 & 3Ad qb 175 TmEe
AT HoAl &ar [IRfa ®T BT Hecarhial @
AT B | ZHH AR Sl gRT 100 TAmare (GW) @ &
IS &A1 bl T AT GEAAd & | 2T & T
i Tal # AR iR @ yEE Amn H Suderdr &
FROT AR Sl U & 9 © | Y § I A= H
AT, Ihee e 7 favemted o & ffed fafoe
sl 4] a9 ol g @l SWE SuEi § @ o
W &1 THE & EROT YR Sl B faEg o H
qRafdd # & Ied e SR qhAhl IRugEd &
QIT-AT TN ol &1 &F & | Uha are e
R A F TT 26% I TeIal Ul T &' | it
fosR AT (Shockley-Queisser limit) & STAR T 3Tast
T p-n GEr Al R 9@ & SAIhan T 30%
Y TEAT I DB AT Tl & 21 T TH SqH F U
p-n T AR AT § erdT Bl GaQraar Sferpas stiahfad
T T T S IR q&dr & e 98T I & BRer
|« & T T | UE F SAfere |y 9 oeas ar 9a
(tandem solar cell) HTEAT H Hraardr 28 ST § TH ¢ |
AT TG AR qA § qE 30% F AfIH U w
hd & | I H, Wawhrze R 87 9 9= &1 &mar
o Rurd & T B I=T qadT, |QERT UG &H And
T (fabrication) T&ies & gl WRa@hEe 4R
9 & fagioare SF ST sEeneer IonE  (High
Absorption Coefficient) (T 105°™')>* 31ferh TaTg
1 foaor (large diffusion Length)’ Soiarai T &I bl
Jfereh giRaeT gl (long transport distance of electrons
and holes) 3R ¥ faua uRad-siiear &1 fafr=
WIaTEE HRET H, HTeb-SThdh sarss § a
3] W (molecular formula)ABx3 %, S&l A U%
FEHEH g (organic cation) S CHNH, B &
oTq 9TEe (metal cation) (S Sn**or Pb* E@fg ) SR
X UF T FOmET (G F, CL, Broor I ganfe) &
TS AR ¥ & fau fafoei 7 WawEe 98 9a
UH T & AIRA UG ey AR A AEH & O W
G IA & | TSE A0 § WaEhEe T STasid

W S aur fafawE T war ) WeaehEe w93
ST A 1.54 eV ¥ O 9 WeH & e FHaAr
A B HNT W B HEM UG A R 1.12 eV &2
JaUd & arg e ®F Sof T B 9 W)
I &M | 39 6@ § S RId &9 arqd e W) o
T iaehEe ) a0 qrestt off B edifae =@
i & &g s g H TN B Aehad
TETAT B TR BN ST T Y qohd & | BTifeh 9
AT, STegEEe fafeer iR FH g® ameRer |
TEEREe R 9@ W Ufigd J9E 93d1 © AR A &
HE Tear 7 ferar H oM B Taer qerm &
qrg-Ae ReRar § ghe &g AR | I, senfer
ERT % foRar S ¥eT @ | Mee Ud @R g 9R ga
& TaH HEATEIT & gHvEd fmar JmEr e )| i
Uq foEee e | & W & |IerE, 9 aAd (defect
density), STARET T (doping density) 3T ST TRATIT
&1 (aReT BT & | q9r |/ & q@l & 99 oq W 98
THIE Tedd & | =9 e 9 H, Tea-137 (SCAPS-
1D) 7o | & ETRaT STIHR (Solar Cell Capacitance
Simulator) AT ERT WawhEe-ffdi Taa 91
A ®1 a9 fagauer fFar e ') gw oTedETas®
T Tl GIFTSTT Bl AT i B [hlad X Thed-1
=1 & 9RO 9T BT 20| 39 oS AR 9§, &
R 9 ® UF & W TH FAG b BF § @M Tl
T | S=T Soft 4% 3w (High Energy Band gap) & G
A B TR TAT HF 95 A Sl ard G- FdA Pl
% A Faftad W@d ¥ | 9ayed 99 YH o6 4R
A (front solar cell) FITq TR Read AR I F 2
AT E AT AR Sl ard B SEsid B §
qT HH AT Tl B T qd Rad G G (back
solar cell) ¥ 3ra9nfea &ld & | 37 =&t H, Sar fo=-2
H gqrfar T € O g qdyem UEaehrEe 9 9d &
RESft SAFTE Bl YAEhEe AT T W AT
T STaeTua &t ade-aid (electron and hole charge)
TS S & | 39 kAT §, @ aesd (short wavelength)
qWT T & | B S SHat (low binding energy) & T
TAde T Bl STA-3T qaTed AT aRaed wa
(charge transport layer) & HIea® § IaF2(s dh ‘3@?@[
g1 JUA YT 39 IR §R dA & dE A d
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TE A AR 9 | Fa9iiud el &1 39 9 # ged
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g B HA: S Rod T feda Rua saders o
STET-3TT TS &l A & | 3 AR a0 § URIaehrze
WA RSt B % HROT YR A & fafet 4R
A T W AT | 3R T IHR IS AR a9 § R
TWFH & S-S qFT & SHofl bl SN0 BT & |

AYTE AR qA: URHT, YHR UF G

A G AR A H T AR T GRL 95 Foft
HAR@ & Fhig W ¥ I=a Gl IR9Y dieest (Voc)
TE ST fohar o TehdT B | Ushd WY AR ¥ H Eg/
q &1 Voc Hifha & I (Eg STa9ie & 93 3w
Tg q AT B | TE BRO T fF dR dT o F 5=
Voc &l 9Tt &R Fahd & | FE SE9uE & A 93
Sl A § Iod Voo IAT B T o, Wik @Y
qRae Fic T & R | @ 9RuT #ie & Uh qE
6 & ded B BRU TE T fF Afermisr WM EH
AUH wrlErdl e @ urd, e Sl Edd &
Sl I ST § FF SN | SIS Gl § 9=F Voc
& |rE-Are S @ aRTT Hie U B qhd o | Fhl
Jz ofl STRTd aem d1g dF Folf Sad STasiys &
9 GR Tl Bl TF & S TH W@ ¢ | Tl BRT & fh
TH If AR &0 &I TFE 91 9 & ®7 H A1 A0 8,
forad T fga R ¥ iR - R 4R d@ afmfad
g1 IEs AR @ JEd: & fid SR AR <fHea
L@ (configuration) § T@T WAT 2 | IR 9@ ard
TS HR A § Il IU-AR A ® A ACABIT WA
BT & | Tk & A ITAE AR dA & IS &
fore Srar &t e 2 (3n) ® fe@mr @ €, e 4R
o &1 Fmior fafaes s 9R 99 & SW fhar
T T A SU-ER dAl § SfARk® 9 e o |
TS GR ¥@ 4 fAfaed & @ WEwhEe S9anT
FA W HerfaRE q@ar T IfA9d T 40% °
StferR AT & | T ot ATaeIia A e
¥ @ W $E 9K SAB-T BRbI b HROT TG &
AT 29% RAE @0 T § | & B9 BN & THE
BRI Lot T AR JioRIgehdr &9, fdRke ol |
AT UG ST YThfaieh Tl i qurdl Sufafq 2
S -2 § g9t AT ® 6 9y U WaehEe 9R

I (3 AR T9) F IR IS § WaehEe Thig
A T SANNT BT Saagi-eld g aad & | Saagi
TG B AN HA 999 Soit (low binding energy) &
HROT ST BT T Toldel I 9T STAYT URae
TXd (electron and hole charge transport layer) @& HTEIH
q qafed saagis § UHHd & 9 ¢ | HEHAM 15 &
100 mW/ cm® &l I dieal & 96 § 91 J-V
sifyaeroe o @t for 4 F wefdfa foear mam 2
CH,NH,Pbl, 3Temia Wiawhiee 4R dd § Tade
AN qRae & G a9 &q Ti0, T &S T
Raed & fw PEDOT : PSS & Udqdl Wd &1 AT
fopar mam &1 ghe § WawhEe G WA AR
500 MM, TiO,ud PEDOT:PSS @l e HAT: 70
Y Td 35 AT 7)1 fafie 9] 39 ¥ p U
% 2o foheea faferpi It &1 Ao 244 HIZHMIS &
qar c-Si(n), c-Si BSF (p*) &I HIEE HAT: 0.05 T 0.03
HAIEHHRT |
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H IoT YR oAl STAMUYT H Gfte HIaT &1 TEH
faferept /T gea aiesd (longer wavelength) hf gTdT
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p UBR & 21 FAFgE "X q@ @@ TCO/TiO,/
CH;NH;PbL,/PEDOT:PSS/c-Si(n)/c-Si(p)/ c-Si BSF(p+)/
Ag ¥ Gar 99y dree (Voc) 1-56 V, @ aRaer &
g (Isc) 23.7 mA/em?, fha & (FF) 84.76% Td
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R Voc (V) Jsc (mA/cm?)
ERELSIErS 1.26 23.7
GIKEAR 0.72 35.4
RiaehEe-fafas  1.56 23.7
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84.87 21.8
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