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LA oIy Afwl @ 0 A qndl o] guo dll egi
rauf loh (GaAs) ogulall aAyiyj Jio 6clasll dulle
gu—iellg (sslall gpall Jilglg gupuell gyall jalgl
6 Loy L1 Juall go duo i Ll jgah LA
Quantum) drog oAll dhadillg eyld wagpull elly
draslill LAlallg ((Nanowire) (sgilill ell wllg (dot
3G e al Oill (o]l war ai 4illg (Tandem)
clilg .ggatlill o lc dailall ayy glaill al yiaill
Jadd ol s il aily @l alla il oda @i o
Glhill g wlg slaicl jo .6cladll runig caylla il
dylaillg dyid wll alaghill duwe dll LUAIL gl
.Gdlpoll gl hi gleg

J5 Jjg-hill (oa 6y oiwo diwa gl LMAI elljlo
aliidig slgo alaiwl gle eVl j15) 7 go .og )
ol | io 6337 al duhi o Latoyg 63 3a
drwo Gl dal hll a lgil al oghioy 63gjoll
((Building-integrated (BIPV)
(EV) dpwo gll ddlhlly Jo9i il alisallg
Jgo allell JLaiivl gd o wlall [@jgy 253) Loo
[2,1] .62 aiall aldlall o] dijg_aall alalhll
LAl daliaall JLnll pe dlay ga @lhii g Jd
dpuo il @l Al Layei Vgl pa diw dpwa il
aa i il diljiall alyleell a_alg Laijg4ig
ol diwo il délhall Jygai g thiwi ¢4 Laya
:duy a4 ddlh

duigB-dnigisll dh i oa dnun il &l Al

photovoltaics

olLuil alg o o g ini (Optoelectronic Device)

0gdi (1) Ja il Los ggaylpull J_io llng all
guo_ il de il go dvignll dalhll plnioly dulall
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Jo dlay Lallaig dpwo sl LyMAll jg i J ioy

dalall dcg axo 4 gddill pa dillg qolell 14 il
od @l oda alxy dolxiwall ddlhll Jgla o]
- Ju alpiito o gg-inll jgh Loxic 1954 plc
Jal - ggwup A lluag p1ga gallag gulaii Jyls
2o .gg-atliull o lc daild dil ac dpwo i dil A
i 3 Sl gl 1AVl e JA b 67 agldi 6el a4
ol gng loo .ddl wll aivglaelly dijlédo 1jn4
eIy oleg .aiy Al dig ngadll dalhll dclinl
Gl JAA 183 ] dpno il LA slaicl awiél ada
wsAlall gpall go ailyipuoall pAlgl o clAdll
aliiV lagigo lja_no annl rda Laijg dail 1j_ig
jodll Jio diclinll jLadlll d_ic o_i¢ V ddl_hll
oa Atul Al (Vanguard 1) 1 ylLaila gl inll

Small solar) dfwo_sdl LAl jo 6J19n dag_dno
LA ciund vaa 13a g .ddliall aLiiy (cell Array
cLnall calw4iny dpul wll dol el dpua_ sl
6o enlall gyéll go al tirenullg Gl il Jila
o chall @l c adlhll Jg-lal laililo] o lc o)

10N dpo i LAl dag ano .die nll alipll
gl go JgUl A dell Jilgl ol alyitiladll go
Mgall ple g4 - aljghill elga el gl
go drwo il LA - 8el a4l (uui 2ig @ tinillg
aliiV dpw 1) Jghh (ol dnniio alduhi ap a0
aly dpwo il QAAI yghi calnl A _dg .ddl ll
go alyijenull ga (Thin-Film) dawdy Il dpgel
Jio dpuo il LAl dol @ aljio gunloll gydll

algoll ply ATl (qd  dgg Jadh Lab .dig)all
6j4j0ll drigngasll dal_hll do_hil ciold Loiy
plaiol 6:3Lj! 63131 alyjldo (Concentrated PV)
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go Ligho LAtijo LAgj aioall gg-igall couii -
gAYl o wl ap of wqdig ggpial]

oda 4 aii dpwe gl LA o hoo ga -
aligyial]) 6ja dindd alloln od] dcy u ailiginu4|
el ilyadll Jlaoll w  (ug-dig
:(Charge Separation) diauull Jna .3

dlngll Jnlall all s ic gupasll Jlaall qe 1y
pg-d) eyn Lo wla ljgy dywe gl &l All d p-n
wgdtllg aligialyl J nd)

Charge Carrier) dinull alMola J di 4
(Transport

aligyialVl) dal naiall din ill allol A elp ATy -
ailyasll alhaVl gai Jaill aldih pe (g-dillg
aut go dllwll déhll gai cilighialyl g 4y pi o
aligialyl Jéi adiny LAy wayo) Lo gi (n) Jngall
Electron Transport Layer, ETL)

qwl go angall ddln 1l gai wgdlll gas piy Lo o
Hole Transport) wg_dill Jdi ddih gi «(p) J—ngall
(Layer, HTL

allola (Drift) walpil JAA o dil ooll oAd &nab -«
JLiidl o § ily@sll Jlaally Jiliall din_uill
jap il alagad ge Qalill (Diffusion)

Collection of Charge) din sull aMoly g 10§ .5
(Carriers

sic aligialyl gyoni pi) ayilpasil ulhall s ic
ilall gl el All cjall gle 6alc) wllwll uhadll
aly Las (n J—ngall dwir go adlwll &dyh 1l go
le 63l c) uag all wh dll A ic alg aall g taai
go dagall @dth 1l o euilall gl (g0l oVl cjall
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> Antreflactica ceatng
6 contact
. Transparent
Exteenal Conducting Oxide
ad

Jenction former

Faar contact

Aol ddlall LAAT dplwd! dgidl 1 J4umll
LAl JgVl Juall duidi gle aoiel @il diaglaill
(sygdl ggarliwll o deginall dyuoill
-ailigyialyl go algjl o] Lalgai o (¢aligigall)
jli @GLlAy o ulhaVl vic g oaig Jnai ug df

.adlyas ddlh JLillg 13aag

[3] dpwuouiall adall Jals apilyjuall aloell
wedgngadll yilill gle 2l duuonill LAAIL Jooi
gaod .clpas ol guo il egny Jigaly pgdi e
aall Jaly anai @il abjall al ool ppudi
‘i) alghi 6ac ol dpwa il

:(Photon Absorption) aligigall jalniol .1
(ailigigall o calgall) guo il cgn iy Lodic *
ol aligigall (alniol iy ,dpuo il dyAll gle
cMlngoll oluil 8alo dhn_wlgs drals ddlh ¢l ling
(ggatlwll Jio)

aligyialyl ol ddlhll dnioall aligigall J_dif «
Glhi oJl galaill Glhi go lapi) loo 83l all o4
agdtllg aligyialyl go LAlgjl Gl 1ha . ] 1ngill
( Ephoton=hv ) gg_igall dal b jglaii gl aay -
h ¢ allngall olubl ( Eg) Glhill 6gaa délh
cgall Ny Tgavgelily eyl 1 ga

Exciton Generation) (jginwAVl claaig ailgi .2

(and Dissociation
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(optical losses) dip il

dadoil drilyjuall alileell el 1 paaiwi gl g4 oy
(S dpa sl LA

dllol wollg  aValeoll ol ai aig-ai
atue il

anell éleljo o] alini drwa vl dlAll dado i
4] aruidl aValoollg alloleall o

v aall dileall oda wn | :jgwlg dil oo
ol il 8ilo sa (Electrostatic) sigi wgjasll
aMling oll

d*y i .
- = ;[P n+ Np— Ny)

dx?

g2 g g «sdgawgiasll yaxll ga ¢ dn
i@l Jjedlcul i g a €gg.9g)ialyl din ik
HApga ng.ugdill oy g pg.gg-atiwll
N, g .dxilall alAll 19y i g @ Np g.aligjial)l
Al atwall aljMl 4 g-a

wan’ ((Continuity Equations) dyjljeiwMl aldal oo
alg_aallg alligialyl aljlyi haa avaleall oda
lngoll ol pil (g4

dn 1d.J,

—=-———+G—-R
dt q dx

i 1dJ, )
P e R
dt q dx

wgdillg aligyialyl )Ly adlis Lea ), g J, éun
alighialyl 2lgjf x1lgi Ja2o 98 G g o lgill (oL

il 8alc| Jaoo ga R g .wg-dillg
:(Current Density Equations) jlill dalia ¢aValeo
giallelly agalllg aligialyll juill adlis ghe

dn
Jn = gnu, E + qD,, —
dz
d
Jp = qpp E ’1D,""—p
dx
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loo .6 1IMI @ tonill A& (J 04) (p J—ngoll aui
Joay dlnio dil All ggai boaic jUill (Gariy aa
(A

:(Power Generation) dadllall a1lgi .6

od (1) Liflyas [fLyg din ol allol a @5y~ 3 gd
@38 ey (V) 130 dul Al QI dungLall 6y 1l
ailyadll aja_all ohei .p-n dlngll |ic y anll
P=IxV dalle Il dail il

Key Supporting) diw 1ijll doclall aliloell
(Processes

:(Recombination) «u4yill 6alc]

aall Jals laus ugégo pé dilac oa
(Undesirable Process)

ugdillg aligiialyl cie 8ad 13] dil_oell oda@ ¢
Athdll ol Jg-ngll go g4 0ii gl J1d 63 Igall
o)l Jabr ole @dlinll x_Gai el Ig .ablyasll

cgn gl
((Types of recombination) w4yill 81lc] glgil
Radiative)  (ocle Ml cusp il 8alc

cgn J4 i olc dalhll gl i ;(recombination
Non-radiative) gcle mMl j 1€ iy il 6alcl -
8l JA it ole dal hll gl hi :(recombination
‘(Thermalization) )ljall rdall

6gad o j 141 ddlh el liaj il ciligigall 3gi
6 ilj addl lh (gMh| o] (Ephoton > Eg ) gL hill
Beladll go Jlaf Loo .8jlpa Ja i glc
Reflection) diilaillg yula <iVl gy il ill A dall

(and Transmission Losses
jai gl @l All phwr ge aligigall ae y gu 4oii +
Aluwall oa palwf Lao o iof gf ggy Lapc
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:(Current Density) jLill dalis
alloly aleyjgi pladiul J; g J, JLill dalis cuwni
dule Jgoall pi Ml i@l Jlaollg dinuill
:(IV Characteristics) aaallg jluill gailnAa
a@all allad ol 1Ll sl jLill alalis goa i
(A@allg juill (ailnA) (Guhall
any oo gl dd Al gle delAyl | yili alwal
il Gugdlllg aligyialyl algjl algi Ja oo Al
Jhic)l gé egnll ol niol e

G(z) = alpe ™
6y 1l ga Iyg (plnioll Joled J ioJ a ¢un
x g dua gl all All ah w gle hal wll eg All
il dh_aill o) al Al b w go dal woll o
alyl jlicyl oa 33g7 . galnioll Lasic gul 4
-ol8g i1 ggi go iy ill éale] Jio AL aivl 8l
6alelg i scle Ml Al 6alelg  (SRH) Jg-a-1y)
JA2o dadai g4 oy (Auger) ajagl dil ool byl
il g aill gle R ALAivl 83l c]

np — n’
ny) + m(p + p1)

Ta(1

aligyialll) ain gl allola Iy 8c Lo 1, g T, cun
oMol ju5y 7 g & ng (ellgill sl g dillg
(Intrinsic Carrier) aull din sill

alall anlol 2o s lc Jg-nall piy dylaill sag
Jig Voo dng-Taall ANl 3 & :Jio dpua gl
6cladllg (FF) c¢Joll Joleg (Vo) &) tndll 65 Il
(n)

clyjpal wl wl Léaa ol yaill pa il 13a | ag)
Jhunig ptoni od Acl g (Devices) o ilill
olid i ailol oo gle Jgnall dyuo il LA
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aligyialJl (Mobility) dia) 2 Loaa pp g, én
JLaiivl Aoleo loay Dy g D .sllgill (ol \wgdillg
olc g dillg aligyialll (Diffusion Coefficient)
JgVl jla_dall . sily@sll JLaall g & E g .odlgill
cobili gag (Drift) walppivl ge poy dlileo J5 o4
g ped Ll jladall Lol eypa4ll JLaall ge
HAJ 22T (ole 2 ooy sAllg (Diffusion) jLiiiVl
dinudl allola
:(Boundary Conditions) aiaall lhgpiull
p-n dlngl duuliall dix all gy ill Ay jaad o i)
(Depletion) wg nill dih io walga yic dilc
Vii Al x anll:allill gy dull o) At e
(Quasi-Fermi) g0} 1a alygiwog .dlngll j1c
allngll aic diy Al gy diillg .wgdillg aligyialill
ail i aljpay i gay_iar) (Ohmic Contacts) diogll
(din il cidlolal
:adlill alghAall ghili pgdi AT alaleall Jal
:(Depletion Approximation) ugnill wujai
din il adlola o dadla ugnill ddhio i yay_ia)
wgaill ddh io o4 din il dali4 ghef .y All
(Ionized Dopants) difga Il wilg il alyag

plx) = q(Np — Ny)
s wg Aill adh io (od gg-wlg dlsl oo (J AT
(EX) and ¢(X) »aallg up-asll JLaall

dy

E(zx) = -
:(Carrier Distribution) diadull aMola gijgi
wgnill ddh io ayLa dylyoiwyl avsleo A
dypaiwall Alall wagp b alial
( (dn/dt=0 and dp/dt=0)).
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:¢lgill

‘gl je ggatliw i(a-Si) jg-Liall pe gg-Aatlpll «
Jél 6elasd g3 didlg gjgl cararg gpo

Jnal 6elas | agj :(CdTe) pg_toslall x_yjglyi *

L duiy GaglAo il dUi4lg dndiio aald g

oLl pg_1oslA4ll

Copper Indium) :pg_ule oginil gul iy yilw -
dpicll oa dylle 6clas (Gallium Selenide, CIGS
sJall gg-4uliull go Jndl digy o go ddré) ||
:ay il aljall

JoVl Juall Ll dijléo (6-207) Jal 6clas »
wilall ga Jolaill auif loo .g)0g gjg Il caLdi
dlgoaall 6j@allg

ajlg Jawl guini alilac -

:alauhill

aldphillg Glhill ao wlg aliia Il gllio
diniall gl gjg I aarar ah wil J io ,dlg aoll
doadiallg dlblill dpuouill LA e il Jaall
:aangll

Ao il Lyaall go el il Jall casid iy
6cladll 3gud (o le wleill doadio p_1aldog I3lg o
adylull Juall o4 aals illg

digjog 6clas (g1ani o] vl 1idill oda wax af -
6330 cullwl plariuwly g lcl dola iwlg
:doutipll glgiVl

sl enlawagyudl LA

ayy ald alyball go dla @ eyld wagpull algo
en ABX3 deun Il lbgac wid i 63318 dyjg
oatigoVl J1lio J fo) gala ill salal g iils) A
(Cs) pgyjiudl gl (FA) pgtiinolojga gl (MA)
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lallialg dua sl LA jghi e lifla T 1i gVlg
afulill

[5] dpusouiall LUAIL JLai

drodll dyglull ggdluwll LA :JgVl Juall
:aangll

&)oLl gg-ailull JgVl Juall Lyda py AT »
liill planll di ol aoioig .dpulwl 8304
(1) Jau) p-n dyr laill

:¢lgiVl

6)gls o gg-ino :(c-Si) 8)glll alal gygAylpwll -
LAl (o 6elas o lcl yagy lao .63 1lg gg-Auliw
JoVl Juall

go gg-aiy i(poly-Si) aljgLll ax oio yg Ayl -
Al d Jal 6cl b g 0 /631 2io gygAtliw aljgL
Jal aLiil cagla iy g4 Ig

syl aljuodl

(15-27%) dullc dclal -

.dulc (stability and durability) diliog jlyaiwl
dalhll

:alauhill

adlhll A gi oa gulg Glhi o lc pr Al
Galjall gl hi olcg dyjlaillg diig wll @il oll
Thin-) adydy Il dpuo il LA il 1 J gl
(Film

:aangll

Mgall plxiiwl Jilai gle dL il Jpall LA j4) i -
aarapll antell danidai plaaiml pliiyl cagll4ig
o adyd) aldih o4 dh mill Mg all cwy i -
Lyl g gy eall gl alajll J-io jil5
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claijll dlylall ailyigyialyl od J—ol4ill pyif Lao
(BIPV) sdliall (od daor 8lI diigngpasll LyAallg
o—c :(Defect Tolerance) ug—1ell g o pol will *
Ly o Loy aillng all ol il go 3 _prell ju Ac
wle an Jady enls wagpll Joei gl
Jai Loo Laya adl oll ugyell dal is go o ¢yl
dalqdll slg_oll daii ol aalall

w@d eyls agpll dalgi il alyaaill ge Lol
Stability and) g wqill dil ildg jlpdiwMl Jo i
(Scalability

((0SCs) dygnell darill LAl -

Jio digac alpailgr gl 6)1on alijy pa Aiwi o
(P3HT-PCBM)

alelad ald g uinill dla wg dijog gjgll daiar o
(PM6:Y6, PM6:Y7)Jio18% oll J_ni

:donilll drogaill hldill LA

cgAll (alniol jjeil dogaill alpilill Joiwi o
AAdiio aald ig dll c dclad Guan i dyld ol o
an i Jalo oa JIji U Laidl

:allngll 6aaeio dyuarll LAl -

lniol alg all o 633 @io al dih oy AT 0
cg Al go dal ito dpag o Jlghl

dhal laidl) . 7(40) go j14l alell dyle dela’ o
(godll

(DSSCs) dounlly dutinall dyuarill LAl «
A1lgig guo sl egi plniol glunl py Aiwi o
ailigpialyl

107 go Jal alelas ald laialg eiinill daw o
redlill Juall dpayi gl aljroll

40% ;o j141) Ian ddlc 6el_as Gudn i duila ol
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(Pb) yalofl J-io) galaill oL il il a gg1ils) B
(Sn) pandll gi

(Br) atogyl gl (C) xyglall Jfo) » ylla gguil) X
(1) xaxgyll gi

sd [104 Loloial Lipa algall 0da e i8] 3 dl
dyndl lanilnal [ hi diigngiasll LAl Jlho
dalq ill yadiio L anliilg 6jlinall diigy i4l)lg
lavilolaaiwl 3 _Qig

enlwagpll algal dpuyifl gailnAll

eyld wagpll gaiai igllc galniol Joloo -
lhii g el ady gua il cgir go & wlg Layh
phoo hlaily (}iogili 300 ~) adidy aldih (§g-w
aligigall

(Tunable Bandgap) hwnll al ilg gl hi 6g-2ad -+
JIaiwl Jliall Juw gLe) cudyill juei iy b ge
6gad hin Jaof (ddaeall aliguildll gi aladlall
wtlga ggyiall 2.3 ¢ 1.2 gu cula wagull Gl hill
LAl Jio 63318 alduhil guu il o wy loo
dpaslyill ol

sloyl dgillig ayilif algo laio :dal ivo wyAly i«
GVl go urag

Ao il enld wagpull BAA cddn ddle 6elas «
Alpivall aliy od 257 jglaii dalh Jigai alelas
daldill dpo sull ggaulil LA gualil

daildll alilosll G4 ol :dal4 ill aaiio g ting «
c\llh Jio (Solution Processing) J—tloll o lc
alii] go &pauull eMing piall ewdi del ihg gljgal
Hghill Jldg cals 6 pe

culd wagpll Guhi g4 o] :alolsAiwyl 3o «
aiyall Mg oll ¢l 13 od Lay.dal 146 jil4) o lc
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Gilé) o] @il ggdaliull &4 i ghal p 1 -
drlo e\lwl puilio plx Aiwly (Wafers)
Juldil aalapl ala i (Texturing) h_yaii o iy *
cg All plniol pjo ig yula <ill
alygldl 6aa0io drwodill (jgarluwll LiMlA
(Casting and Solidification) wlnillg unll :diidill
Al djidg WLa 06 janiall ggaulnl ad wj -
6a12io 8p9n aljgl JA s oo
i) o] il il
gni ¢ s lc
anlaVl aljg i
ab ol bl
Jrail o yohillg
(p-n) dlng
Jgll Juall giini o dpuuyigll alghall
dcgonoll (jo dilg i JLAs] :(Doping) o_tehill -
gaill ugail ggygdl Jio (gygall Jgaall qa dillill
Jgawgall Jio du olall deg oall o wilgii gl p
N gaill ug Ail
(Anti-Reflective Coating)yulaei\ll slrall cAlhhll «
J—uldil gg-ailpll y yiti Jio slgo pa Alwi:
cghll jula oil
dal n| :(Metallic Contacts)duyr <all aMing |l -
adyhg (golol (spwo) dl ngo @4 i hg hi
(0dl A () uio) dpal A dgia 2o
Glagl calloil pariuy ((Encapsulation)carl oill «
dloall alpodgul gi elimlllg alajll J-io slgo
ol aalill o
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draslp il LAl oa

Agaldill pe 8j@allg ahwll o JolAill -
.dipll ddjang 6jag algo pladiwl

:alaphill

(BIPV) (qilioll go dlol4iall drighgasll LAl »
claijl abléll ailyigyialyl -

dnnAiall alolaaiwVlg claall caliqiwl -

Arowoui | AR Al LJL.L:.\:AJI CHt OpniAe dijldo (pu (Jgan

ol LA JUal grini alyiai

Jiall o dpwa il LAl @ tind al_jiai cal iAi
Lol Laya)i o le el iy allillg il illg Jal
B2 ol lowa .aay aiwdll laildnhig Laldiag
Jin JA 1 doraiwdll @ inill adl wl J_1naill
&)l gl dpuonill JgUI Juall Lala

g9 Akl da il JgVl Joall LjdA oy AT
plaiuly Laetini o iyg sdwl wl 83las5 jgLull

aldoc jiioig goj Ao Layle wajloio al lac
6aalg oda jiigig caiis JA du ddlhll da laiuo
JaVl Jall ugic go

6jglul dalai dpwwoaitll ggirluldl LA
((Czochralski (CZ) L_g\ﬁ_LU_”_JAg_LJJ_I dilac :aiidaill
Seed) 83 6)g_L go 63 alg gg Al &g L g)ji +
fanis gg-alm ploa sa (Crystal

64


https://magazine.arabphysicalsociety.org/
https://arabphysicalsociety.org/
https://arabphysicalsociety.org/

2024 Jglll ygilS/rramua

ulhdl4 (TCOs) dalair dl_ngo awlsi pa At «
(Front Contact) drol ol (uolli

L7 ¢
W AU
S sy i

Janall .CSS I éyidi padiuy jlan

(CIGS) pgylle pgynil gulai 3 yiglpw Lyl
dtwo_uill

Co-) whuaall yip Il gl elyiiall | Ayill :arl yigill
(evaporation or Sputtering

Metal) duir_eall dilgVl slg oll yiny gl p1Ari o iy *
(pg—lallg ogiaiMlg yulaill a_ag) (precursors
CIGS .ddaih (Jua il (selenization)

Joaiq . eolol yuolli cthds TCO ddih pa At -
latall clidl dral Al diix eall gu oMill ddih

/&g oy
skl il gl il plaiiuly dfuodt Lls gin

Anall
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il jyoii Lo4 gyinill ddlihg slgall ply Alwl o4
oIl el Jall LA logpw)g .6 4ito alagani
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(culd wagpllg

dalai eraaril gl p o gle readl&ill plaail o
JAady dywa dull LA glinig gg-Alwll L]
panll allnidlg (sag giaill padill a1y 1g
(economies of scale)
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LAl phhoal dl aadll ealall gg 4iluull J olgell
dliy algo jgah go o ¢l gle aylill dpwa dll
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(Abundance and Availability) jaqillg 6agll .1
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I3 dogadaoll Algall (pilna .2

ddlhy ggailinll giaiy :aiMlng all oluiil (nilni o
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dararlp il LyMAllg ((and rear contact (PERC
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deaijo [@1lii] dald i gf ua o4 .13 ago Il akog
dalwo 6aag JAl @ilall dalhall alii] gf V) L i
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(pirall cagyhy o6 277 (ol] Jni) dylle 8clad -
(9910 180-200) ¢liog ciln -
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o\a Jaal dicl inllg dylaill ah will alubyi -

il gyl il 1§l [jLaA ailjg Ll 83y _gio
04T U loxic anl A ,dal4ill gcly T il dyjlaillg
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