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Short Abstract

In this article, a full 3D structure of bifacial perovskite solar cell has been investigated using finite element method (FEM) to get
accurate and complete results. Transparent conductive oxide (TCO) has been used instead of metal for back contact for absorbing
photon both from front and rear of solar cell.First ,several structures with different ETLs and HTLs have been investigated to get the
best structure with the higest efficiency and stability and then, Absorber thickness, ETL thickness and HTL thickness have been
sweeped to find out the effect of thickness increment. The efficiency of cell increased to 18.009% for front irradiation and 17.227% for
rear irradiation based on AM1.5G irradiation.At last, the I-V and P-V spectrums have been shown for different albedo constants.
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1-  Short Introduction (4-5 lines)

Among various renewable energy sources, solar energy stands out as a promising alternative to fossil fuel-based energy, offering the
potential to reduce carbon dioxide emissions through the photoelectric effect. Notably, Perovskite solar cells (PSCs) represent the third
generation of solar cells and have garnered significant research interest owing to their unique properties, including a tunable optical
bandgap, high absorption, low exciton binding energy, long carrier life-time and remarkably low fabrication cost compared to earlier
solar cells technologies such as silicon solar cell. Among the limitation of single junction solar cells, a bifacial perovskite solar cell has
been designed that can absorb both front and rear irradiations. This can be cause higher electron-hole generation and higher efficiency.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

Optical and electrical simulations have been conducted under accurate boundary conditions. The main approach involved investigating
the three-dimensional (3D) structure of the perovskite unit cell, characterized by dimensions ax and ay, which were replicated across
the entire cell structure in both the x and y directions. For optical and electrical simulations, the Finite Element Method (FEM) has
been employed. AM1.5G irradiation has been simulated once for front and then from rear irradiation and calculated the efficiency of
both irradiations and from them,the bifacial constant can be calculated.

3- Conclusion (4-5 lines)

In this article, a complete structure of bifacial perovskite solar cell has been investigated. ITO has been used instead of metal for back
contact and bifaciality has been utilized. Finite Element Method (FEM) was used for both electrical and optical simulations and
important parameters of bifacial perovskite solar cell like absorption,transmission,reflection,generation and 1-V and P-V spectrums for
several albedo constants have been designed.To get better results, the thickness of cell layers have been changed and efficiency has

been increased to YA.- - 4%/\Y.YYY% and bifacial factor over 95%.Then albedo effect investigated in the solar cell and short circuit
current increased to 27.24 mA/cm?

4-  References (2-3 references)

F. Fu et al., "Low-temperature-processed efficient semi-transparent planar perovskite solar cells for bifacial and tandem applications,”
Nature communications, vol. 6, no. 1, p. 8932, 2015.

Y. Xiao, G. Han, J. Wu, and J.-Y. Lin, "Efficient bifacial perovskite solar cell based on a highly transparent poly (3, 4-
ethylenedioxythiophene) as the p-type hole-transporting material," Journal of Power Sources, vol. 306, pp. 171-177, 2016.

L. Fan et al., "Delayed annealing treatment for high-quality CuSCN: Exploring its impact on bifacial semitransparent nip planar
perovskite solar cells," ACS Applied Energy Materials, vol. 1, no. 4, pp. 1575-1584, 2018.

Y. Li, J. Duan, Y. Zhao, and Q. Tang, "All-inorganic bifacial CsPbBr 3 perovskite solar cells with a 98.5%-bifacial factor," Chemical
communications, vol. 54, no. 59, pp. 8237-8240, 2018.



Vel b ol VFY 50l oF o leds OF Al 3 55 oKiils (5, owdigeo aloea / YN F

YU oty b (b9 90 (o 8wy (soniyed Jobw (gilwand g 215k

349 ybdosmo s ool
U‘)“‘ ¢)J).a.! s).l).o.) oKiils ujuajj.»sﬂ 3.1[4 9 5}1@ 6uo)l)5‘—df (S M)‘ kswLo..u)lS (S G Wi k)

bl dmolw

Ol i o oS ¢ igunalS g (5 (i 0aSiiily o jLisls

8w Loy
Ol i o SRS ¢ igunalS 5 (5 (o 0l jLossls

oS

gleo jhoslaiul b 6550 wdsi 5 saudyox 6551 o SRen s 4 (ol ol sundye sladshe pdinaas 6551 @b G
Jolo e Jsb Vb Gleaily Juds @ a5 axten (undyo3 sladsbe 5l oz Jusd (BlSwgn (9B)55 sla ok ailes S Tay Sl geig8
ook 5l gaa Jud (Llug (29 93 S90b)55 Sladgbe lid S )15 (i 42950 )90 3 Sladns o ol cSle e VL
@35k lacusgume il (Bl al cpl oS axtes Ll 1) sl Coas 5l e g Suty Coons Sl o8 (9558 i CoblB oS s (LS
P9y 3 eolial b sy 90 (RlSwgn Gnd et Jobe gaman Jul5 sl So i cnl yo djluioe wol B ) (29SS sladobe sl
ool gty 99,58l lgieas (ITO) CBlass 09,580l 51 g <8 )5 13 sy 0590 5BlAd § 5585 i ()0,)5] Caws 4y (6l (FEM) sg05e yLall
aoyd WINE gy 50 o 5 Vb s)luly 5 ploaily b Jlsle S5 ol o 5l 5 28,5 518 (cw) 0590 Sgliie Ll wiz Tzl jo 0l
Sl a3 WA AL Joho cnl ploadly g 08 (o) 2 Jshoo Gtz lo el (59, 2 Alidie laas¥ Cualied s Sl s 935 S
(2l oo Sglite cilis b3l slo Lo sl o8, ol 45 Al anils azgs @lbedo = 1 (glp) iy a5 VVITYY g gl o 5 il
Sroms 3| 95 S8l ,0 L aS 0305 saalive g 0l (pw) 3l Y )5 0 io— (9 2SIl WI £ 5 59, 2 Sety Seon T S BT e 28L S
Ok o8 b odalive 5 o8 )] Joho (S0 58Ul sl el a0 Lo ye sl logas s il oo il 0ya (39380l adgi 5 e Jshor e
b e iali8 MAfem? YYIYE b sYL albedo ol jo Jslu olisS JLas!

SolS’ olols

(k9 93 Jobw oy st yo Jobo

o5 @ Lo,y 58 gt o g ol
r-yadipour@tabrizu.ac.ir: Jgiws odiug g Jues!

VEYNYNA sllie Jlo )l &b
VEY/YITY wllie Pl (o) o b
VESY/-YNY tallie 5 pdy gu b



Vel b ol

VFT 50l oF o leds OF Al 3 55 oKiils (5 qwdige dloea / YVO

So Il Y paiz ol adle Jlie colSugny gond o> Jobo So
ST 5 g S Uil agY Sy 3l 4 o i JLEl a¥ (o3
Gl o8 e i) 1l anSTL T g5l B o ST anile T Blal (s,
iz bogulasTads @ln ) bogsisd Calus 55 il ¥ el o5 558
0yi=(p9 i8Il i B Wgdioe Iz pa 5l LapgulaST G 9 WS s
@ oudlar laoyi g bagyg 2SI (nl (ol s JSa5 1) eadaddgs
Doty 5 Wigd o Jitio Mo yao JEDl Y 5 7 0pg 2SIl il 4Y 4 55
9 g sl oy Wsboe Jiits abg o )b JUsl slaay )5 alSlox
5 Wgiso 6 ysleer Uluy 092Ul lasgs Jitins jsboay sadudys (slao o
3 o sk S w69 ol b Wediee Jite ()1 e @
o i wiile Slo (5318 09 5SUN SG 5l (kg So 0y ok So L
odd pSaie (S y9> (5551 45 09 o0 ()] 5] Blo 45 9 0 ool M Ly
Glite glyl 3 pgtie ol aliloie Ssd @ty sladsbe Sy
oas oolil ok slosily paile, ST 4y sl gdudyes slo ko
Da-vv]ew

@ @yde Jlail S5 gand it sladobe pleddly 3t sla Lo 5o
Rl bl Wb cnlply [V Jewd ons Suo57 518 — (ISLs ws
208 ade JSiw cnl p B wsd (S (A3 Gla)litle ol ool
Nl Slge 7y 99 saedyer sk LSl Sl eslanul Gncaly
Blad sbla) 93 5l sty 99 Gty Job il o ally (oolin Lo
sl ik 93 10 4 B a8 (o0 ST 95 a4 a5 398 e oolitl 39 Sl ey
59k Bk g 5l s j5bas 'l Jras plewily 05 ol Jobo cuy
e g0 b 3l je> ;98 AMLSG Lyl jo cae

e oleje ssba l; und o 6551 (k29 99 et > sladobe
1y SLbl Sl eas pSaie slaggisd ety Saom 5l g ad)e> 4 g) Ceon
Camnd 835 (o0 §308595 Joho o]y (a3l 4 jonie a5 A8 (0 2Ly
albedo . ;5 AML5G IS jlade 4y (paoj grlaw 5loads oSae 1ol jlade
Slaie 475 55 Gt s> sladsbe JLsle ol edle 09 oo 0arels
S8 SloaenST (e 639 281 sl )Ll (Jliaplgreds 3,1 5 (6,503
S ol (e 3 lasg Sl Sgn JUl Mt 5l sl e 55
GS sl ColSugp sloolliws 4y cugls ) 35a5 5l olge ol eyl ogdle oS
oleaily IS cdls o NV sims o Laal33l 1) o] plgs 5 (6 )lasls 5 00,5
Sl fiin Jobo (i Olosily Slojlgen (g 90 08,95 Sk (9>
Do sr 3 glr S Slund e )5 5l elasl Cond |

S

O
%,

%
%,

Ground albedo

Hole Transport Layer ®
Shockley-Queisser *
Photon conversion efficiency(PCE) *

doddo =)

0958059, Rl ey Bl slod R3Sl g SIS S 4 az g L
o sl eslital ((end slatssn 2alS 5 lea (Sl
Gl ogdle a5 aidl ool lacS g slp (clin Sl (25K
Sojlaaze 0oy locenl alS 50 (cogs sl B e (S0
sroslital b (S0 Sl 551 g @ plgon st (6551 @lie 515l
@i Do o)lal g gantygn 551 olaSime; e 5 iz b
el (80l Wl oo oS Sl plydsans (6550 @l 5l (S g9t 8>
OS5 SenSlies sl als (sl (hewd S (Se 55 e s
bwgi b Odgl Sl andy93 Joho a2S0gh o iSlgigd ST sl eslinul b
sbJols 3l slaans Job o [Y]ed 8 @jpn VAT Lo o 5
loslall3ed < iy LS ) 5l e g 0y aise Hlai 5l ea ST a5
Sy sladshe 5l Jeol> 6551 colez Bl 51 5 5o [P Flastenals
975 By aSed 4 (led slacS e b alio JB 5 (1B, sloan e L
oz 5l gard o5 sladsba I il lafus 5l ook (nl 09 oo 00l
SapilarpslS i e 5Kk wile Sl e pskd
b sone solaans (JTl JT sors e slaJsle [# 0] CdTe
4 o5 sl ok 31 s ol NN Y-Y]aiisl oo (s yd sloca jpnslS
OO s S & e sl g ange (LS (Al Sgem o
Sl ly gandys ladele b3 ol G gl SYgame
boladle 13 BrassS Glosp,)l5 5 &ja8 Sig 2SIl o (Bas' S an
o e F B e 4wl Sy e anie SS 5 sla )ik sl s
ol il anlie B Ld lacd g 5l eadads Gx L LWl
el 08B el (6551 (Slocs 9lid (sl anje 1S g (559050 53 (o9lsS
o3 o ailisl GeSils (G0l y55 sla sl Slige oyl Glocd iy
i el 03,5 (el Sl (6551 mle @ez y3 1, SSl5sS 655
el Slilags Lawgs YoV Jlo b Sl 3 SLOWE pourcSy o5 055 00
A (5308595 (s sl pgm Juud (29 (S20595 la gl 290
Jlasl (5551 Vb il olas BB (5,95 SISE asile ola Sy Jodo &5
dmrlio ;3 bl Sl anje 5 (GVsb Jolo e Job oS (oulas]
S5k ol 03 sladshe wile ud o> sladshe (LS sl b
©3)5> Sladobe Lo Sy cpl laid 518 4z 50,90 fu3] slaans o
Sl s ye> Sladobe on Josd lp anT o & ]y (Rlesn
Sl 08,5 Jous

A 5] 55 a5 Sl ABXG 95 5l sloyob sl oy alle slacalSug
e Ot (o 5 CHINH' CHINH:),) (T oS 5 030 o 5,5k
asle G5 slanyesls a4 B e Some - J1 lass ue L (Cs sile)
ol 5l s !l (ielle yolis X g 53)ls o,Lal ... 5 SN2 PD?*
S8 esliiul 590 (ol yo> slashe ;o Ve o8 Jlo yo b sl sln )98
Olgreay oolitul (gl gy n Vb sl ¥-Y Jlo o [\W]cs s
Sl 0o, Vel LYY Lo o gond s b sko Lsle o Lil>
Sty ColSng 2 (e (595 sl sl el (o Tilom [V Pl
o33b LSI p e sowdyen slaoke 514 ol adly a3l ZYOIY &
g ol can cacs Jo o VY8

CIGS’

Transparent Conductive Oxide "
Flourine Tin Oxide(FTO) "
Electron Transport Layer *



Vel b ol

YFT 50l oF o )leds OF Al 3 55 oRiils (3 (gwidigee dloxa [ YV F

sy olesily 5l lSle e Sl 2l 5l s 95 se 1B o)
PS5 e Sty S Sl plenily & 55k 93,5 o0 ST (29 9
FESS e @l 9)9] Cews & Sl G A8L gl Ceons 1 lenil &
JBl g 0y saims Jlasl s Gl sy cwls YL Lol 4
797 Ol 9 bl (595 2 S8 SIB anbge i ] (9 58Ul Buims
o8 R CoS andyed Joho (5 LSl S e 09 odalin Jol
GRS S e 8 i pse |y Olejee psbar sl ol e 5 oy
) ek albedo <o po lp 1) Wy Gly 9 sWsglz Jloges som

g el Gehod IS (6 pSamel (it e el (R 9 Nshioe

Jsbw jLste -V

VS s e cda b oaddl)l (29 90 (e n Joko IS LSLe

52510, S35 Ly BY S Eous g0 Jsho &Y sl el ond sl olis
L bae (Sogll aisSye 5l 65l sl &5 can gandypn sk )
5 595 0,bso SbiL 5l s puSsle sl ¥V el sus coliul hary Casliess
Oy90 il Blad sbable, « Blad 09 uSUl laicdy oolaiwl yuzen
ol 00,5 o)lal FTO g ITO & lgs oo Loyl 51 a8 0,05 o 1,3 solial
St 29580 olgiear izen 5 "Bk ws &Y Glsieas ITO I Jlisle
saces Jll &Y g walss hare il y Q] ColBes a5 Cawl oo oolawl
S lo @le e mizmen 5 5k« plewil )3 (oulil Jlons (25 (9 58Ul
S8 e Sl g g S @reas wge 1) o)l G0t 55 Jobe
ITO Glas 3955 5 CulSugn il &Y o olod v 5o bao i
5 gm0 0528 j3loty Ky st y95 (slaslo Lo 53 035
3 ool Jg ¥V 1095 oo solitul oo 2SIl saims Jisl &Y lyeas TIO,
a3 &gy o GRIBl cge Yol ol olen 4 1 (gl coles 03l
TiO, J&ddsito 930 &Y (SLas &Y (6l (izmen 20 5 (o0 Joho cbo 0l
Iy oole oyl as” cnl 5o g0 o )5 il &z 0 FO« 0> o oYL Jles sloo
TiO; o3le Ll .53 Lus o camliol Cilanis § caadyls | slo sl el (sl
9ot &5 3l Collagn O3l &Y (55, 2 (598 Selilsigd SIS
©oedy95 Joho olnly el el g 0nd S ColSug p &Y &S cge
4 Gle o TIO2 sobe colae ;00 51 00,8 o D Yol jo Sulwgp
Py 5> 45 alm oole (al 5)ILL 5 Laals (YL S ol ailage
Ol ilise slge [PV 5,5 o 81 ol on 0,5 o 1 Gkl 53 sl
Syge Falwgn 6Byt lashe JLSle ;o (59 28Ul sasas Jlixl &Y
aS .9 Coo WS; ZnO PCBM Spiro-OMeTAD uils «0,.5 o ool
Olyeds oolial (sl an3S (n e SN0z ools wondiplnl glaom, &b
&l SN0z sole I¥Y] il oo Jobo [l ;o (9,580l oams Jlasl 40Y
I¥fles 8 )8 eolinal 090 o)) Kan 5 Sols awgs Yo VY Jloo ,0 ,b ol
5 00,8 Wil GIs (emVIST Ve ) YU anlase sl oole ol
S SN0z (reizmed et (Syo 59 Toadob 8L 50 Vb Codlid (pizen
Gl )3 s g iz slashe )5 esliiul sl ceslis o 3550
hert Cwles b g, Sl sacas Jlas! &Y lsieds SN0z oole 51 5 155
osle 5l 45 Caed CulSsg SOl LY am &Y [TY] canl sud oolil
Olagdod iy )0 00,8 jsbay a5 Conl oals eolawl Y (| )5 MAPDI;
6551888 55 iz 95le (5 ke SLlse Shlo 5 025 oo 1,8 ooliiul 550
Ol gilooslel 5 (laBgs 5l JUml o Vsb el jes oS Lol

Finite element method (FEM) ™
Anti-reflection layer *

@ g Sol Il 50 Sty (429 99 GO p9> slagile sl
agp alS sty 93 S )ye> Joile 5l B a8 ax BB B s
e ol a9 Sl ange e 0 YL pleadl) 5 Jgile oS Le
a5 b ol esls oLttt g5 a1y sudyi sladsbo il 5l 55
aS 09 g0 083 (padd . Jgane 655 L L anglas o LCOE's Jusbeus! 4
o Sles \ USS 0s8 ply 4w Yo¥e Jlo s g 99 PV slassle 5k
e oo b 1) (79 90 St ye Jeke SO

s 9 Gyt sladske LSl 6y, n il Sl
Oleeds IN0siH g M0Osz Y10 Jlo o (Jloylacas .cowl onisplxl
el gl Jsko olensl, a5 28,5 15 soliiuls g0 Jolo sl o 5,250
oy &S Sy doy P a4 Gl G g a0 VTIY 4 gl o )
S asdlan sl G55 enl del s & BVIS il sl o T g 90
oY glsiedy Collug 5l ol 0 o5 0 (s 50 b sledsbe s,
Y Gen sl S W Yevs Jlo L IVY] sg ens oslinal [y Ol
1Y il ity o 51 plaaily T 0 a8 al b me 0ya> oaims Jla]
SV A Jle o IV¥] as 515 ssss AITY il ol G 5l Fasye
6l Jsbes Lol a8 0y 5 bl o,a> socms JUes! 4Y lgieas CUSCN
IVE] sy ao s A IVE 5 0o s VYUY @ (ol ity 5 (sl (b
oledily a5 ws ssliul CsPbBray/carbon/CsPbBrs wil> sl 51 d¥al s
SO adlae S ol 515 we o VITY gus,0 VOOl Jele
Slesly a5 a0 )3 eolawl sty 99 5S lgicdy MOO/AG/WO, (MAW)
Spiro- 51 YY) Jlo jo ad (5,55 auoye AV 5 ao 0 VOIF ply Jole
Jsb lewsly aS 050 )3 oolaswl 0,8 oams Jlil 4Y lgica; OMeTAD
O35 0 OMEF Ll a9 59 cuyd a5 Sy B VIF 5 0o, VY 4
Sl o 6yie saims JUsl aY olgiedr 0315 oSt VY] o [vslas
053 ol cul 53 45 ST 15 esliiulsyge ey 38 Sy sk
9902, VFO 5 0o 0 WY IFA i cod b & (i g ol 0 ln Jsko
Joko & VoYY Jlo jo ol s a AVVY Ll azs 50 wayo
398U (sl ol o 45w (Byme sty 99 Ll b (g (soud 0>
oy 9 2oy V0N g a0 VWWIEA ledily (4T 50 45 050, eoliiw! ITO
b b sl o o Jlo clea o IYAIws (3155 0o ,0 4100 429 g0
Qo3 WIY (YL Gleaily sl)ls a5 00,5 (Syme CM?+/+Q Colu b g VL
Spiro- 5 WS, oS5 5l Ko adlhe S o [Y8ogy asys VEIY
WYL Hlewsly 4 a5 ol solawl 6,85 sasms Jlan! 4Y lsicay OMeTAD
Ive] catess 30 2o, 3 VO/FA g oo, VAIAY

P9y 3l sty Jske 59, Slllas 25T 50 el S8 4 a3y
Ded g0 oolaiwl JguSle w¥olre J> 5 (Sl (gjlwands gl FDTD
J= 5 sl o oo (oS gla Shg adlllas § (o) n slp ouizen
Siley wile Gansy slegiloans jI (Siusn 5 Opwln Yol
adlas 511, Loopoml cds 5 odle a5 098 oo oolawl SCAPS-1D
F380 s 0o )s] s @ sl leon g e dm a5 b (sla S
Sy anlllas (sl w Tagamme lodl oy, 5l ellie ) 45 cgoman Sl 1o
1 L as ol oad sslital Jobo S oS sla S5 aslllas (sl o2
leicee )b 1S g &)

oo il (slo il (St 5 (S slaThas oG5 ol o
390 dgaome Lol gy 4 1) Solite Slge b Y Cude (g9 93 0S5

Levelized Cost Of Electricity '
Bifacial factor '



Vel b ol

YFT 50l oF o leds OF Al 3 55 olKiils (5, qwdigee dloea / YV

9 X Sz ;0 LSl S 50 45 S35 JF (o) p 3590 d905me Gledl 2, )
S5 S8 56 S &S Y cde ) i (L Sy ad valys 1SSy
&5 iz e wile b Joho o Shos g (ol (o) 10 9 005 ()b
slheadadss ol Gliee B3k E5 Ggee Ol c0yim09 5l wdos il
22 )90 Dglite Lgad wizr g (oSS lane @398 £ 9 brpygisd i
Voo geedsb 5l ondyss U sleancd Gl gl goe 285 13
Jobo & cety Sao 51 LG g sl S5k 5l LSy jegili Vev e B gl
dle (pized g el po g sl S 5l o8 (235L £ b sl
5 oi gy sl Johe (Seul sla SRy 9 woS Jleel (29 99wl
D3l &Y Wl SIS ol egl Aee B el Yoo zae ekl e
05 ORU Sz )2 285 8 3550 Cend @VVIBD il aS ZulSs
! periodic condition 3l 550 cqz ;0 9 03,5 Jleel PML' s g5
s ool Syog s 5l Jlas!

i e aile S50 Jsbo sl Syl olie dulxe )y
S¥olee (b g SB3L 25 g Oliee w0 = 09 Sl wdgisl &5
S50 blyd o sgaze Glall oy, leslitul b JuSle @¥olae &) pgus o
dmsloo L B (1 D (S0 2 e @95 JB ol 9 apslons Jlais 590
Lyl o gy o3l &Y i 55 0,5 Al JguSTle ¥oles
bl s e Coons | o 5 slr Coons 5| o2 AMLSG w3 55 il
YY) arubre BB Y Dolre 3 ool b (S5l o a9
1 we, Im(s(r, @) [E(r, )
2 P
€0 «slgly (B @ ¢ Jobo Jula )3 JlE0 50 e Rl 1 clslas cal )
59 U Olgs el bame (S S (20,05 b 8 g Sy Sl Sl
Vero il AMVOG 5yluibiul b aS 0033,5 Jlos! Py el b s yo5

A(r, ) = m

JREIY dolee 51 sl Q3 Y )0 0yh> 49 2SIl 0y (e Al
b ply Colugn 3l &Y 50 D (5 25 elul (ren 290 485
L¥v]og arles ¥ doles

9 olg>

P + N +aps

P +hyry

Aolal = .[7; IZY A(X. Y, Z, ﬂ.)dXdde (Y)
R

Er @ iy Collugn LY 50 Cda oliee gd oo canlin o5 joboplen
s & gl bl (et S 58 D3 BY o (S S laee @595
e Jsbo D3l &Y 50 (S S lave g8 5 (el e i (5]
Vodolas 5l Qda 255 5l 0y — e S g Gl dnale gl 008
1r¥]ss,5 o ooliial

G(x, y,z,w):%A(x,y,z,a)) ")
o9 DM Y Qi 5 @ aaly SolSug p &Y (0 0yhe g Sl adgi £
D> &Y 53 i £ (Sl 0yiz 9 Ul g e Gl 6l e
&5 b Rl (Sl by Oliee el e 2 Bl (21531 ok
o3litul b jaglb A+ b jogilb ¥e ool o3l 10 058 (g 2SIl i S
:[Y‘V]aa)fgo dwle ¥ dlolas 5

800nm
G = [, G(xY,2,2)d2 49)

90 g p oo Johw (SO Sl Sloslme (glp § doles dms
H b slp g 09 walys oz Sjgody Cudy o 5l g gl o 51 10

0> gaend dinksg 45 Cund o,i saims JWESI LY (gam Y [Y0lcen
Sy90 aliBre Slge 35 Y cpl o ol cage 4 1) e 2SIl s Slawl g
5 Syl s Fins s M0Og asle ¢ s (! 51 45 5,5 o )3 el
35 @YU Sl )b sls M0Og 83l o oslin Sl S0 2SI
WS S8 Glagn Jobe (IS k4 S Cen g Lane
b olos plln )0 (nlin s la S 5 Vb aikage s (o
5l ol A Ced s 55 oo S5l o sloa
oy oamps Jlanl LY lgeds Koo dlge b anslin [0 ool () colaiul 4
Syge ciharie 6)8 Slalad cEle 3 008 jeba 5 0og Fomlb sl
4 Si0; 5 ITO 63bs 38 55 Jokw ;58 Caoms o [¥Fl el 48,5 13 ool
S5l GrSslr caz 5 Sk as sole 5 Blad 09 2SIl lsiedy (i
g ) slite sla,lislu ol 53 4 p3Y ol 48,5 15 sslizil 5 g0
bl SIY Jgaz ;0 des oS WSS JIF () 3590 )luk g plendl,

el o osls Lz Y SE jo oled Sl a5l e 9 <l

Direct Sunlight

*TA\I\\\"m / h
Reflected Light " hmA =

9 9% S 98 Jokw (M5 LSl Y USS
9395 Jodw duwaid 53 oLl 3590 (S yiolyl Comd - Jgixr

9 90 o Kwy g

slie Iy
Oloepsgs (nm) Ceolses
» oole

har: Sogll s LY culxs Sio, Y.

5 b3l wb BY Cales
harz - ITO 70

Blas og,uSl

sotms Uil LY culks

hem SnO, YO < hgp, <)oo
e

havs | elSosy il Y Culis | MAPbLy | 7+ < hypg <Y+ -
harL | o> sasas Jll LY cwlxs | MoO, froo< hyp Vo
Wh o>l Joko (2 9 Jsb - Yo

Gilwamds (g5 5 G3lwae =T
k=9 95 g sk 5l 5 Gleaily w0 Shoe ) 5 56T sl
o 2o b (Sl il 503 5k 5 (Sl ileaned Lo Wb
ol sl anl cess @ i Sliie b s e jsba @l 0,5 o050
gy oy ok S 5l Saogs 5 9xly (gamans Jlsle S8

izl b (S50 a5l o 5 (Sl 5 oo Wi o 5 Jsbo b s 50

perfectly matched layers |



YFT 50l oF o leds OF Al 3 55 olKiils (5, owdigee dloea / YA

\’q Lf‘L"' o)Lo.i-‘
a(g):m o)
GHI(2)

Saie il Db Gl ol RHI()albedo o po ply a() ol o o
AMISG b b JS Jaa ply GHIQA) 5 o5 Lasma sans 5l o
Al r ey Coo l Joho (Lo (B Suld el e oS Sl
33,5 oo 4Ll o 28l 3 6 S JS sk oy Lous a5 ol
ooliial YA 5 1V S¥olas §1 Jsbo Sabyy ey 5 ol drlone (sl

:[f\]..\,yf;‘so
P FF xV, J
5= e XVoc XJsc )
Pn Pavisc
P
FF =—m AA)
Voc % Jsc

0% b A Jshe 4 6999 Ol Szl Pmax &¥olae o
5 Vo Lules g Wm2 Voo e il aS 059 AML5SG o jlaslinl Gl o g5
612,551 51 (S e Joboo obsS Jlash- b2 5 5l e 55 o 5 4 e
Cand 85 Cel (479 99 rS (k79 90 95595 Sk amle 15 ot
Ored p Sesl gl b 2ow Johoo (o233k 4 Eety (b 25 ok (205

I¥alos 8 o i x5 19 dolae & jp0h (g 95 cupd ol

¢:hx100 9)

n front
-¥

T (o)
a5 Sl S Spge sy (s S S, 1 5588 glolen
59 U (il (pl )3 EEF 5 (cmyp 990 sty 90 Solngn
@ Sy Coomw 1 o 5 9l Ceows 1AL AML/SG o jlasbin] Budo ols o5
=95 Obedily by 5l IS 52 30 50305 Jlesl jlais j50 Jobus LSl
P O JURGI FLO - T bE R [P FON SRV KU R VRS g DO E Dy 1Y
45 0 ey ol 553 o Ml s olewsl, 5 Ll Al oSyl
Sn02 6@&.@ A.:..Su;n oudline aS )B.IGULQ.Q ol 00 od)BT A\ J9~.\> BN
0 o> oo JWsl Y lsiedy M0OO; ool g 49 xSl oaims Jlasl Y lgica
Gl b )bsle 48 a4 Cowd e s 0 Slee gl 0 a8 S S5 4
Ol ani e Joho LSl ;0 oole g0 cpl 5l eolainl puizan ans o
9 33bese wal 2 1) lanie 835k g (Biugn ot yo> sl sk cLe
e L (sl amse IS s> B, sk cl Ll dije
Ss e 4L TIO, wiile golye 31 a5 baylisle Ly 4 S 50 Jskos

el oy Sl ey
(Sl gl @oj asle (Sel Sl gand e Jobe o Sles
(soter sl GRS 0302 = (59 3 a5 Gliee 9 WSS 55 e 5 03
Wwm?2y... ol b CJa.....A T S S e 45l el Lol o
JSs j0 a5 el oasn F Jlesel Johos 4 oty a5 LSS 5 sl o
BY 55 0y s oSI adsi ¢ ,SLAS Gl g Y IS 43 00 5 oo &l ¥
Joko J21 55 (S8l (oo @595 £ 0 gl 5 009 CulSmgy O3l
Cqz &4 AMLSEG g b ghae zgo S 500 b aes e olad )
peal ¥ SS 5o sl 00,8 Jlos!l Jolos ay iy a5l 20l (g jloancds
Az ok B2l o0 Sollagn Q3 &Y 50 0jio—gg Sl ads 25
JE 5o (oSl lase @385 £ 0 pgal j0 9 Culy Ceaw Sl 58 G
il lal e sl oals ols jlis Sy Cows 5l g8 il 31 ol
Saonw 51 GG 50 03 49 2SI adg liae 9 WSSl Blis 900 £ i
Ol 958 50 0adline ;o a5 el Lo .ol ool ools ylas ¥ S o ol

Non- radiative Recombination
Shockley-Read-Hall Recombination (SRH) *

dwlors 5l Gy 00,8 o0 dnuloe iz albedo olpo Lo iy Coon
5 a5 alfin Jobo SupSIl clsbre gy oble Sl oo S
b aisd Jo omlsy S¥olee (il 0505 o0 )18 008 )95 )58 (b (5
2l Ces g gleaaily 5 5By Glgi g Sl lages wiile (s polie
YA wgd o Gy &0l 4 7 5 0 SYoles wlol e
V.(-£,6VV)=p )
p=0q(p—n+N;-N,) @
€0=5 & ood 23,0 (Slialy 2SI Jeily Vo o¥olee ol o
b ol Siwgn SY¥olre Sl yizred .Cwwn 8/85 X 10712 F-m™!
walys ygo pl A gV oVolae (g w35 o Laoja> 5 925l sl

IrAlog
vJ,+G-R=0 )
-V.J,+G-R=0 )

G d baoyi> by S8 2l e g Lape S 0br S8 2l o
e g Camd Syt 98 GBS 50 ey 9 iSUl ade 5 lhee
5 M) DYl e rojiz g 9 SIS 55k 55 e I R bl

AL s 8 oo dlone VY 1A S¥olas degasre )l oaliinl b 55 3gi

D, = 1, KT Q)
D, = £, KT )
J, =dng,E+qgD,Vn am
J, =apu,E—qD,Vp on

(©NExN "l T s a5 cans b axly ol g wVolas ol o
5 wBlboe Wojyi> g (9S4 by e slaaiduge oS 4 g oSt
565 Kb sl o boo i g o yg 2S04y Logs yo 355 gl ys o 4 Dy 5 Do
JEo 5o oS5k Ay s Lz slod T g o0gy ejidsy <ol il
w553k gl 0k Ojpe (ilie g0 Wl oo sy sl obe
5 Tl S5k Cejsl S Sk ) Wl le sk ypn sladshe s
a0 g0 &y (Sloj o5sl S 5k Hoals Sl S ik b g T st 0l oS 3k
oo JUl 6,503 Jel> w1y 355 550 S Sk pls 4 el oS
bse GBIl ool (JB (I3 L odsl e5i 5] w5k go8y Jloxo!
L eeS 55k 5l eg nl oS o i S cxge (oAbt eSSk
Ol Z9s5 9 oo o3l JIo y0 Lol )b glgl b g (Lallsl 0g2g Jo
2 8l S nlpln g walys Joke IS a0k 2l 5 LS O p0n
b 09l oS5k pln 55 (26 S 5k o Job a3l a8
205 (o0 0FP JeeS cxge <S5kl ey (nl g og walys lae i
el g baali ) bagyg 28Ul Gt asSSly s 4 beals oy oS 55k
U315 55 S 55k el 5T 5 (o) sl w020 00 & o9 Sl yoe Jsbo

dralwgs o 8, 1510 o)V FAY SYslee ¢ lais g0 L

Rrad :Copt(npfniz)p (\Y‘)
np —n’

Rep = : Ve

S (e n) 7, (p+ py) an

Rauger = Co(PN? —nn?) +C_ (np? — pn?) )

Sz 2l prgnecens boyi> jas Jsb ol Ty (59,58 jee Jobo pln Ty
Gy pei VP ol Ojge a4 0l yes maw 5l B S as s il

:[\°~]a.>)fso

Auger Recombination
Radiative Recombination



Vel b ol

YFY 5l o o leds OF Al 3 55 olKils 5, (owdigee aloea / Y14

79 99 ol y9 Jokw woldie LS Wiz duglie -Y Jouz

PCE PCE Bifaciality
ETL HTL (front) (rear) factor
Spiro- .
SnO2 OMeTAD VE/-Y7 | VIOYYS INVAIN
TiO2 CuScN VE/VED \YIAYE av/ay
TiO2 MO3 VE/A0)N \WIYEY ANF Y
Spiro- .
ZnO OMeTAD \Y/0FQ | VIVeYY IATAR]

. Spiro- . .
TiO2 OMeTAD \YWIVYS | £14-YA ARYAN
SnO2 MoOs VY250 \Y/agy SINART

Generation Rate (m’s®) &
2=600 nm x10%
2
18
16
14
12
1
0.8
0.6
0.4
Electric Field Distribution
2.=600 nm 3
600
600
550
400 500
E 450
&
N 400
200 350
300
e 250
200 ——J' 0

s
100 0 200

y(nm) L (i)

g o3 093 jlade pSTas 53 egli e (JIFe e zaeob )5 Johe o
SN 3 000 B 0w+ zaadsb ) 5 0pi> (9 2SI A (e izeen
S8 098I Sl s S sla sl LSl yo andl s 055 ke
LY 5load jsee 555 0)kgd QUL crge a5 355 oo oolitul o )85 L Mo aiile
sty Se Jobe (233k o9 i cage el (nl 5 S9dioe ulSgp
Collagn D3 &Y 4 )9 99,9 (97 (K79 90 Sladobe 0 (Jg 005 o
S a2 09 SSI o g e 45 00,5 0 Sl ol Cl i Caons 93
55 Sdshe ol e 55 395 (0 (s 93 (Llmgn sladshe 5o
e bl gy So sl 4 Cod s 203k Sl s
Blid das slasho 4 powge (b9 90 Slodsho 5l (ol> £95 )3 uizmen
BLd o crge ol (nl g 039 i Jolo slaaY I joe o Glie

205 o0 Jobo conlio Glanil) (e )3 Jsho 092

Generation Rate (m’s’) &I

2=600 nm *120”

400 _ 18

350 E 16

300 & 14

250

200 1~12

y(nm) 100 100 200 o5

x(nm) o

0.6

0.4

Electric Field Distribution
2=600 nm
c

600 650
600

550

1400 26

E 450

~ 400

200 350

300

250

200 9 0
y(nm) 100 “509 200
x(nm)

ogli For oo Job )0 sl o 5l (9 99 (g Jobw 4 AMLEG Ayl coxi o i (9 Sl g & 55 (g5l dnid (I Y STl
Al (7 - ol Foe oo ol 0 gl Coomw I (k29 99 (o uwgp Jobw 4 AMLEG (il cond (S sl (sloso @0 595 (55w s (&
&% Gilw duds (3 yiogili Fov mgaab 53 Culy Coomw 3l (429 99 (g p Jobw 4 AMLEG (fuli Coxd o i (49 iUl algi & 55 55w
gl Foo TanJob 30 Calley Cuomw I (429 90 (s 1 Jobw 4 AMLEG il comd (S Sl ylone

3 [d < 107 all
0A5| 1 1 ]
| Reflection for front illumination | l wess Reflection for front illumination J | wmm Absorption for front illumination | | 12 ‘ we=s Generation for front illumination |
0.8 0.8
0.4 10
c To
c ?
c 2 5] £
o 7 0.6 2 0.6 =g
503 2 a c
g g 3 £
% g 2 g
7] H 2 L6
-5 ~ 0.4 < 0.4 [
= c
0.2 [
o
4
0.2 0.2
0.1 2
0 [
300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800

Wavelength (nm) Wavelength (nm)

Wavelength (nm)

Wavelength (nm)

oo 3l 043 (9,580l Al g & 55 &1 bgrpo b (Al (429 99 (0 wg 1 Gl y95 oo 4 93295 oo I b &1 bgypo b —F ST
C P b (0.0 wgp &Y 5l 595 soue 55 4 by po ciub (7 9 02 £5 4 by po b (0 (o479 99 (3 Swg ) (Gl yo3 Jokw 41 9309,

<UL



YFY 50l o o leds OF Al o5 55 oKiils (5, gwidigeo dloea / YY

& < Al
9% 1 19 1.06] 2 3
e PCE for front 1000Wm’* illumination s V. for front 1000Wm’” illumination 23l | = for front 1000Wm™ illumination
s PCE for rear 1000Wm” illumination s V/,, for rear 1000Wm’ illumination | s |, for rear 1000Wm illumination
18
g
e -
B )| 17 L3
=3 —_— E
& | <
.‘Z. = 16 .E
= 1 b4
2 a3
£
@ 15
14
200 300 400 500 600 200 300 400 500 600 el Sl h 400 Ly e L h 400 S
h,.. (nm) h,., (nm) e (NM) . (NM)
= 9 ¥
95.5, 155 1.058; 17.2
mes PCE for front 1000Wm™ illumination s\, for front 1000Wm™ illumination 17 || — J,. for front 10000Wm* illumination
95 e PCE for rear 1000Wm* illumination w— V/,,_for rear 1000Wm illumination ], for rear 1000Wm* illumination
- 15 16.8
E\S 94.5 1.056
5 /\_/ ,:“16'6.
£ % _ b E16.4,
8 Fus = <
2 935 = $1.054 £162
= > -
© %16
G 93 =306
£ L 15.8/
@ 925 1.05 ’
15.6! ]
92 135 15~4\/-\
91.5] 1.05 15.2
100 150 200 250 300 350 100 150 200 250 300 350 100 150 200 250 300 350 100 150 200 250 300 350
he, (nm) h,,. (nm) her (nm) hr (nm)
J S s b
96 16 1.058 18
mes PCE for front 1000Wm™ illumination s V. for front 1000Wm’” illumination s | for front 1000Wm” illumination
94 | wemm PCE for rear 1000Wm" illumination s V/,,_for rear 1000Wm?* illumination wn |, for rear 1000Wm” illumination |
- 15 1.056 47,
§' . N
S I — N
E o«
S 9% - S € 16
& X1 <1.054 2
E: 88 & >g £
I %
2 =15
£ g A
@ 13 52
84
14
82 12 1.05
150 200 250 300 350 400 150 200 250 300 350 400 150 200 250 300 350 400 150 200 250 300 350 400

h, (nm) hyr (nm)

hyq (nm) hy (nm)

GOl LY Cuoltd Ol ypuadd’ 51 Aillas © g0 gl g Cully Cooms 1 Gl 51y obgs Jlail b o Ol i ol 50 (A1 -0 JSCi
OOl LY Cwlid Ol i J1 g AlBloe O g0 glor g Culy oo 51 Gl gl Jobw 5 i Sl Ol pudd e (& o Swg
(0 Sy wg y @il LY Caoldd Ol kil JF1 p Aillas @ jgod ol g Sl Cuomw 31 WU 1 Jodbow lovily Ol i (3l 50 (7 oy

o (0 .oy uwg p @3l LY Cwld Ol i J1 g Al @ )god ol g Culy oo 31 Gl Gl (79 99 o 30 Ol it Gl 0
Ol (309,551 basws JUisl &Y LY Colins Ol i il ailflas © 504 slo 5 Coly Cow j Gl g1y obsS JUast oyl y2 @l puosis

Ol (5 .0y9 580 Bucdd JLEG! &Y Caolds Ol pudi 51 9 Ao g0t el 9 Sl S j1 il gl Jokuw 30 o jLdg Wl puis
Oyt oyl 3o (7 99 ) s JLEGT &Y Coolbns Ol i’ J1 g ailflas O ygod olo g Caly oo jl il (6l Jobw lously Ol poss

Ol Sl o0 (b .0y 51 i JUisl &Y Canlind Ol puis 1 1 4z & j90a ol 9 Coly Caoms 31 b 61y (9 99 05
30 sl 5Ldg Ol jadi oyl ((5 .0 40> sucdd JLEI LY Cooltnd Wl i Ji1 p ailflos O g0d gl § Culy Caouw 31 il 5l olgS JLail
&l Jokw Glowdly il s oyl juo (S0 yao o JWEG! &Y Cuoldns Ol pudi J1 9 AilFlas & jg0a ol g Culy Coom 1 Gl gl Jobw

S U Sl (9 99 0 08 Ol (50 (J w082 S JULT &Y Cooldd Oyt 51 aillaz ©)godr glor 9 Sy Caow 31

0 yho s JWEG! &Y Cuolins Ol i 51 9 dilflos W jgoa oo g Cly o

Sl l Bl VL lacalis oS col ol Sl 5wl oo oS 59500
o 31 g Sy o 5| 53 o oo S G005l o (o5 Sl S
o obsS Jlal by Sl Jlased sl Jly) ool oetls walss gl
oSen pobas Jlg; crl 5l sy Sl jlages jo Ll s jsboiren
Jokor b lae 55 53 (pwgmme 2815 (03l &Y Culis (IBIL 5 005
Caales ol 3l somli 6l 058 o canlive S 93 o 3l L2l sl
5 79 95 e bl Syl 59, » 09l Bues Jlsl &Y
Rl 09 Sl saas Jlasil &Y Cualses e 5Ly 5 obsS Jlasl oL >

ol oad ool lis = (Jlod Ceond 0SSy a5 al ooy

A Sltand & o e (bl 2 5t o
JLasl bz 5 5l 5Wg caezg 95 upe e b Olowsly 9 23,5 ok
LY 5 colugy wilr LY« cbaY oly Glike clacubis o obisS
eyl Oluss olise 0 JSKS 000 )8 o dnlre 03> basas Jla!
LY s « ColKugy wils LY Culis Sl s sl cilize
am3 o L5 | o yi saims JU! &Y 5 oy, soims D!
2 kT 90 wepd TP S (e oaline OSSO 0 a5 jebles
Doy oo 99> lade JiSTas 4 CulSlugy @l Y gl OV culbks

G AY culbes Ol s Jl e 205b Ol jleged b ol puizren



Vel b ol

YFT 50l o o lads OF Al 5 55 oKiils (5, gwidige dloea / YY)

Gl s S5 a5 bilan 08 5 s ae Olpis S 1,
Wb oo iali8l o am— s xSl adgs & 5 albedo g o
[fY] albedo jlais of yor & cilisee b mobaw 5l diges diz — ¥ Jyax

<UL o

albedo ,lais

ooz ax Jeve
& R
cdla] Y Jeeo

sl A Jeed
all
35 y
30
25 L L 12 J .I-II-II-II-..\
{71 -----------.----~‘|
E 2
< »
‘g' 15
=
s albedo=0.2
10 = = = = albedo=0.3
albedo=0.4
5 == = = mm albedo=0.5
albedo=0.6
0
0 0.2 0.4 0.6 0.8 1 1.2
Voltage (V)
<
35
3o e albed0=0.2
== = == = albedo=0.3
albedo=0.4
25 == = w mm albedo=0.5
albedo=0.6 ,-’\
v

P (mWcm?)

0 02 04 0.6 08 1 1.2
Voltage (V)

e G131 g S5l 2 51905 &l (1 -V JSC
w381 L g 5Ldg—ylei Hloged Wl pudi (& .#/# G +/Y 3lalbedo
+[# G +]Y jlalbedo <o po
&= b oads &l Hlis L dawnlio-F Jouar

Bifaciality Nfront Nrear )L,.,L“,
factor
90.55 17.68 16.01 [26] &2 yo
97.09 17.68 16.7 [27] &> yo
77.9 19.87 15.48 [28] &> yo
95.65 18.01 17.227 Suls 4_;‘)‘ )u_;’u

GrSams -8
B oz 990 (79 95 (HlSwsn Jshe JolS LSl S dlie 5
Glids 05,2501 Sy 3l o, b Mo aile (5308 54,155 (gl lia o y0 5,8
Sledl g, Sl eslaul b Tanl Lo )8 eolanul giy 99 xSl leicay ITO
23z wile Joho (Sl o ally (ow)yn sl (Sl 5luannd gaze
gy 9 Ogley SYolas plosily Ao (gl s 9 2855 plnil g
S 2 Caslies wilizeo gladY Ceslins Sk 1 oy 6l prizan
il slajlogas )0 9 L8l yusd alllaz el Joho alise sl iz |

5 ol Caons 5l Gl sl o s VA +2 B Jshoo cnl lewsl g taps 5 il

5O 29 90 eyt iy Sl odl ool las iz pl jo &S jebyles
Sogei b ol izred Cowd 355 Jlade STy jegl Ve Culs
Sygody 9,58l oasms Jlal &Y cwlbs Glpess Sl e eoil Ol s
Omed A 3 ey S 3l 10 003l (gl Ol L ie 00gs Slag
ssbomes 55 olgS Jlail ol Slis Jloges sl Jlg; onl el 13
5 sl Caams 5l LIl 90 2 (gl b slae sy Sl s Sloged Ho Ll s
Geid 9 009 Coli (g ,xSdl Baums Jlasl &Y culs Ol s il jo cuty
AY cubrs olnss Sl Ll 0sd g canlin Joku jL-jlae sy o
Sl 48,3 )18 ) 0,590 Jobo (S S sl ol )l 50 0,0 sacas ]
Feoo U0 Cules 5l g ma 0,0 bains JEsl LY cwlbs 5 ol gly g
59 0y bauas Jlnl LY cwls Ol s mli .cwl adly yil58 egil
el oas &3l ] b slossy 00 S
50 b P Sl oad ool las J it O JSS j0 oS jebles
Sade mSlas )0 0,0 cauas Jl LY gl yegl V0. Culs ;o 42
Culbrs Ol s Sl s ool Oless Jloged bas ol ioren S 395
Coowo 5l 1ol 033k (6l Slpess (plCuwd sy Slwgl O jseds Q3> &Y
Mg sln gyl wbos 28l 9yt g Cud Jo5 Ojot Sty
3y Slass Jloged o Lol siunn b e 5 obigS Jlas! b o ol pss
LY Cwbros Ol Sl o cuiy 5 gl G 5l 20l 90 2 gl 5L-law
oanlie Jolw jL-jlae 5lds j0 (6mtd g 009 ol 00> dusms Jlaul
Wy ol e aiile Gl sla asme euils co 45 jgbylon .09 sod
Lo 5l Jle wiz ¥ Jgaz j0 alil oo gslaie albedo lyls g ez
IS lesily o yel ol a8 [FY]casl ot 00T albedo lade b cilises (sla
Ol oz lr 08 oo 36 0,8 (0 S8 (g Lanmme 50 &5 alKim Jokoo
Uil S5 AMLSG o jlaslin] b gl Coons 5l ol 9 ;9 (il pKe
IS5 53 e slaggadsh 5 0ya> 98 g Gl 55 2 O R0

Gl 00l 00l UL‘“’ 4

x1027
15
wess Generation for front illumination
rﬂ: === Generation for albedo=0.2
£
-
o 10
=1
T
-4
c
°
=}
S5
[
c
[}
o
0

300 400 500 600 700 800
Wavelength (nm)

69y »2albedo=0.2 cu pi b Codiy Caom 3 il il -5 Ui
iz sz gadsb 53 0 yh>— 9 il udgi l5ae

TF Ol ety S 5l 20 L ol e oanlie oS jsbles o ISS 5o
Oypets yoglh VO« B yiogl YO+ zgoolo 85l ;0 0pi> -9 iUl oy
S 2l s sk pleily Gl e pol nl il o (il oo
S (oo pleie byl plo 5l (g 99 sladshe 5 905 0
sl s albedo wulys sl We-0ly 5 5ol Jloges Lol
Sl gl Voo Cualid b (g 99 (g ardye Jobe JLSLo
10+ 5 oyl b JUil Y (gl yiagi V-
ol 00ls 03,91 QY ol Jloges j0 00> baias JEnl Y (glp iegl

WolSug 59 il &Y

albedo o o Lial33l L 5g s 5 5s = olym loges Sl i ¥ S5 o
Joboo oSSl slo dmdeiin Sl yis b ol 0l o0l (Lt +/8 b5 +/Y |



Vel b ol

YFT 50l o o leds OF Al 3 55 olKils 5, (owdigee aloea [ YYY

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

S. Gan, H. Sun, C. Li, D. Dou, and L. Li, "Bifacial perovskite solar
cells: a universal component that goes beyond albedo utilization,"
Science Bulletin, 2023.

F. Fuetal., "Low-temperature-processed efficient semi-transparent
planar perovskite solar cells for bifacial and tandem applications,"
Nature communications, vol. 6, no. 1, p. 8932, 2015.

Y. Xiao, G. Han, J. Wu, and J.-Y. Lin, "Efficient bifacial perovskite
solar cell based on a highly transparent poly (3, 4-
ethylenedioxythiophene) as the p-type hole-transporting material,"
Journal of Power Sources, vol. 306, pp. 171-177, 2016.

L. Fan et al., "Delayed annealing treatment for high-quality
CuSCN: Exploring its impact on bifacial semitransparent nip planar
perovskite solar cells," ACS Applied Energy Materials, vol. 1, no.
4, pp. 1575-1584, 2018.

Y. Li, J. Duan, Y. Zhao, and Q. Tang, "All-inorganic bifacial
CsPbBr 3 perovskite solar cells with a 98.5%-bifacial factor,"
Chemical communications, vol. 54, no. 59, pp. 8237-8240, 2018.
M. A. Truong et al., "Near-ultraviolet transparent organic hole-
transporting materials containing partially oxygen-bridged
triphenylamine skeletons for efficient perovskite solar cells," ACS
Applied Energy Materials, vol. 4, no. 2, pp. 1484-1495, 2021.
M.-A. Park et al., "Bifunctional graphene oxide hole-transporting
and barrier layers for transparent bifacial flexible perovskite solar
cells," ACS Applied Energy Materials, vol. 4, no. 9, pp. 8824-8831,
2021.

J. Heo et al., "Highly Efficient Bifacial Color-Tunable Perovskite
Solar Cells," Advanced Optical Materials, vol. 10, no. 2, p.
2101696, 2022.

M. Najafi et al., "Light-Soak Stable Semitransparent and Bifacial
Perovskite Solar Cells for Single-Junction and Tandem
Architectures," Solar RRL, vol. 6, no. 4, p. 2100621, 2022.

L. Fan et al., "Enhanced photovoltaic output of bifacial perovskite
solar cells via tailoring photoelectric balance in rear window layers
with 1T-WS 2 nanosheet engineering,” Materials Chemistry
Frontiers, vol. 6, no. 15, pp. 2061-2071, 2022.

A. Ali, J. H. Kang, J. H. Seo, and B. Walker, "Effect of plasmonic
Ag nanoparticles on the performance of inverted perovskite solar
cells," Advanced Engineering Materials, vol. 22, no. 3, p. 1900976,
2020.

H. Zhu et al., "Preparation of TiO2 electron transport layer by
magnetron sputtering and its effect on the properties of perovskite
solar cells," Energy Reports, vol. 8, pp. 3166-3175, 2022.

M. K. Hossain et al., "Photovoltaic performance investigation of
Cs3Bi219-based perovskite solar cells with various charge transport
channels using DFT and SCAPS-1D frameworks," Energy & Fuels,
vol. 37, no. 10, pp. 7380-7400, 2023.

Q. Dong et al., "Insight into perovskite solar cells based on ShnO2
compact electron-selective layer,” The Journal of Physical
Chemistry C, vol. 119, no. 19, pp. 10212-10217, 2015.

Y. Zhang, Z. Jiang, W. Zhang, L. Yan, C. Lu, and C. Ni, "Pre-
crystallisation applied in sequential deposition approaches to
improve the photovoltaic performance of perovskite solar cells,”
Journal of Alloys and Compounds, vol. 832, p. 153616, 2020.

Y. Gong, Y. Dong, B. Zhao, R. Yu, S. Hu, and Z. a. Tan, "Diverse
applications of MoO 3 for high performance organic photovoltaics:
fundamentals, processes and optimization strategies,” Journal of
Materials Chemistry A, vol. 8, no. 3, pp. 978-1009, 2020.

A. Jangjoy and S. Matloub, "Theoretical study of Ag and Au triple
core-shell spherical plasmonic nanoparticles in ultra-thin film
perovskite solar cells," Optics Express, vol. 31, no. 12, pp. 19102-
19115, 2023.

P. K. Patel, "Device simulation of highly efficient eco-friendly
CH3NH3SnI3 perovskite solar cell," Scientific Reports, vol. 11, no.
1, p. 3082, 2021.

N. Jaiswal, V. P. Singh, D. Kumari, and S. K. Pandey, "Performance
Analysis of Triple-Cation Mixed-Halide Bifacial Perovskite Solar
Cell with 17% Rear and 25% Front Efficiency,” Energy
Technology, vol. 12, no. 2, p. 2300639, 2024.

A. Garrod and A. Ghosh, "A review of bifacial solar photovoltaic
applications," Frontiers in Energy, vol. 17, no. 6, pp. 704-726,
2023.

D. Du, C. Gao, H. Wang, and W. Shen, "Photovoltaic performance
of bifacial perovskite/c-Si tandem solar cells,” Journal of Power
Sources, vol. 540, p. 231622, 2022.

A. H. Duhis, M. Aljanabi, and M. S. S. Al-Kafaji, "Increasing
photovoltaic system power output with white paint albedo-a
scenario in Al-Mausaib City using PVSyst. software," International
Journal of Power Electronics and Drive Systems (IJPEDS), vol. 14,
no. 2, pp. 1149-1159, 2023.

Glp oae cpl a8 asl asls axgalbedo = 1 cdl> (gl Yoo, VYIYYY
Q,Q,?lé,.aJioq‘dbélxpﬁjwljubwangﬂ;&udu%

el LBl Sgugy iy Coos 51 (sl 00 00 )51 439 99 gy draslme

00 ao)ﬂ ¥ Joaz )0 onds R 8‘)“’ L ooas @il sl SQQ)L s’
@Y )3 000009 i8I 0 £ 53 (59, p Sty Seoms 5l BT ST s ]
£ oo ety o )5 2,5 L oS S osalie oy il

Syl 4 byiye slayloges s iligo Gl 0yi 2SIl s

25 Jslo b5 Jlail ol o 4 sanlie 5 000,5 al) Jsbo (S0

e Gial33 MACMR YVIYE B 5YL () o

&=l

JrsS gy sleslatwl b Yesle (odaw iz Jos 5! oolazwl" S e [l
oige Alme "l 4 Jate Solggid slapiacas )0 i

AYAY L5 oKy 5y

P kLo e GAAS (suds e Jsbo o33k il obelie .S [2]
AYAA "0 S8 4l 0 INAS egilsS blis bawg Sl wibi-n

(3]

(4]
(5]

(6]

(7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

M. A. Green, A. Ho-Baillie, and H. J. Snaith, "The emergence of
perovskite solar cells," Nature photonics, vol. 8, no. 7, pp. 506-514,
2014.

G. Hodes and D. Cahen, "Perovskite cells roll forward," Nature
Photonics, vol. 8, no. 2, pp. 87-88, 2014.

J. Britt and C. Ferekides, "Thin-film CdS/CdTe solar cell with
15.8% efficiency," Applied physics letters, vol. 62, no. 22, pp. 2851-
2852, 1993.

1. Repins et al., "19- 9%-efficient ZnO/CdS/CulnGaSe2 solar cell
with 81- 2% fill factor," Progress in Photovoltaics: Research and
applications, vol. 16, no. 3, pp. 235-239, 2008.

M. Graetzel, R. A. Janssen, D. B. Mitzi, and E. H. Sargent,
"Materials interface  engineering for  solution-processed
photovoltaics," Nature, vol. 488, no. 7411, pp. 304-312, 2012.

J. Halls et al., "Efficient photodiodes from interpenetrating polymer
networks," Nature, vol. 376, no. 6540, pp. 498-500, 1995.

B. O'regan and M. Grétzel, "A low-cost, high-efficiency solar cell
based on dye-sensitized colloidal TiO2 films," nature, vol. 353, no.
6346, pp. 737-740, 1991.

C. W. Tang, "Two-layer organic photovoltaic cell," Applied physics
letters, vol. 48, no. 2, pp. 183-185, 1986.

T. K. Todorov, K. B. Reuter, and D. B. Mitzi, "High-efficiency
solar cell with earth-abundant liquid-processed absorber,"
Advanced materials, vol. 22, no. 20, pp. E156-E159, 2010.

G. Li et al., "High-efficiency solution processable polymer
photovoltaic cells by self-organization of polymer blends," Nature
materials, vol. 4, no. 11, pp. 864-868, 2005.

A. Kojima, K. Teshima, Y. Shirai, and T. Miyasaka, "Organometal
halide perovskites as visible-light sensitizers for photovoltaic cells,"”
Journal of the american chemical society, vol. 131, no. 17, pp.
6050-6051, 2009.

H.-S. Kim et al., "Lead iodide perovskite sensitized all-solid-state
submicron thin film mesoscopic solar cell with efficiency
exceeding 9%," Scientific reports, vol. 2, no. 1, p. 591, 2012.

R. Siavash Moakhar et al., "Recent advances in plasmonic
perovskite solar cells," Advanced science, vol. 7, no. 13, p.
1902448, 2020.

C. Hu, M. Li, J. Qiu, and Y.-P. Sun, "Design and fabrication of
carbon dots for energy conversion and storage,” Chemical Society
Reviews, vol. 48, no. 8, pp. 2315-2337, 2019.

L. JanRen, H. Windgassen, D. Bétzner, B. Bitnar, and H. Neuhaus,
"Silicon nitride passivated bifacial Cz-silicon solar cells," Solar
Energy Materials and Solar Cells, vol. 93, no. 8, pp. 1435-1439,
2009.

A. Romeo, G. Khrypunov, S. Galassini, H. Zogg, and A. Tiwari,
"Bifacial configurations for CdTe solar cells," Solar energy
materials and solar cells, vol. 91, no. 15-16, pp. 1388-1391, 2007.
J. Pang et al., "Preparation and characteristics of MoSe2 interlayer
in bifacial Cu (In, Ga) Se2 solar cells," Physics Procedia, vol. 32,
pp. 372-378, 2012.

J. Park et al., "Controlled growth of perovskite layers with volatile
alkylammonium chlorides," Nature, vol. 616, no. 7958, pp. 724-
730, 2023.



