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Solar cell

A solar cell made from a monocrystalline silicon wafer

L
QJ ".lnvedgr-m

O ool bl
2l AT

(Apmuadd DAY Adat g8 63 i) LMANLadas] cilillaia
SJ):"“J LaUaY UJA.A AEJ.\@J\A&U 3.\5.\9.“ LaUaY X.QA 5;1.3)@53 SJUJ :J.\aa.d\

Yory dﬁﬁ\&M\ﬁMéﬁ)ﬂ‘@)&lCJﬁde@M\

el A 80Dy saty dsedll LDIAY Al o i
el LAY alas e LaS (Al oS A8l ) 5 il
gy 5UY1 Gl eV sanaial Alal) cligls Juadl e
el 53 all Jlaal) culd 4t ghbially sludl)
alai Vo jaatig Al oSl Al (e sl 3 il
el A ladl Ll il 4SS 4y ganay

A e=Yo  dear 53 ol Y

Al LYY e %80 M oa o SAL spaal) e
ol OsShull LA e A L ol 53S0 aadiiuy

e Ll e 3 Akl g 5 il LDIAD it e



s el o) 3ad) dikaie o 5 S5 2uiall ey ¢ Y]
A ) G au) dias o dsais Ll 8 jeas o
UL dgad) eadd

o) il ghaie g caldplail 40 calnlaidy) )
S| S OO > WA G NP PRRVE S VPR I WO
sl Bla DU Ly e Al A8 8 sac L
5 gosiaY) ashsl Mi i e el il dpalal) ALY
A B LY A8 el 8 okl gl Y] e
A8 L ladial (55 el (e raal (Al S
5 ouall gadl e 46K J8Y) el d8UAY (Fie saaaid)
Al dalks g5 0, SV

Gy Ay el DAY Slasinly ol jeSl) A4S aaas
Cp— L A8l 028 > ol 555 g (Wait Peak) 393 <l gl 2l 63
=) Al e s Y ki N Y0 Y0
b Jaiy cald) i (8 AT Y olSe e di A
il dadiy o8 0 1385 ¢ Y 90,1 (It e (Y jeas
Oe diaiie allas 43l (i by lad) s 48l S ey
Sl | IS Ji 8L Jaaie IS 51 Lol 38,20

L wadll 15 V1 50 L 68 Cadlaaly dalall Calias LS
L wadl) A8l ~) 5 B saneia s dilide e US ellia
JSalgYor Hvee gnle A 5 gl 8 Al
i Lpualll #1501 e e sie IS o gl e sie
Bl illge o il (b wn g Yoo M Ve v Loadg
Gl (B LAy caling prd) Lk g "daial) 4S i)
e 1.Y0 agaa b o dalie <3 2 ol 6 jead)
Gy ehan A lie sl 215l g S HAD aladd o e
e s J s Yoo A ) ke Lgialle

A_Laill a5 (Grid Parity) ASuil) (8lSa xllaias llia
LAY (e sl siall el oSl AdSH Led Jiy o (5 sldiy A
e Lgll Jsa sl Sy 40l L sl (oo Al

k_\J)“ j‘f-\AUQ:\\uALI}J}‘ k_:\ALu;\A.m:\A\_\A\Su)SJ

L d:\-.\kﬂb J:‘)M‘J Gl 5 gie o @llyy dpadl)
Jae—aiis LgieliS 32l 55 b o (s ) Jguas)

LS cpmsall Badaill g 2 LD Bae) 5 Ledean sy Lgalid) (30
Sl N B ES (e Bl 3.;\9\.1.».4:]\ djﬂ\ IRYY e T
Voo s ) g 1) AR (midan ) ekl

-J\}I}J

Apadd) MLH\ &J\)A

raa b add) LAY £l S cljsball)
el oS ) el dndl Jysad Sy M) gl
e S JB) S dlaal) (8 (i IS0 GlSa ) (B
Al JC 8 S a5 shalie 8 ladan 5 Jla
ol el Axily L o gaaiiall 5 o5 gh 5 A8l (e
& eladll e Lol vie dadall A8 e a8 B s



A ) Cpdigal) dnan dlaa

Ao wadl) A 8Y a3l ) ol eSU danilly
LS ) 8 ned ) AU o) 8 el o Sl ol
(D¥53 + 1Y) LB AEA Gefaii Joaalls mase g8
e—dsiadl e A 3l g Ual) sl el ol LS
sradl Jemys ol bS5 ke o et (gl 3,08 35 Y
Aol il IS (5 2 810 Y.0 ) Ll dsy a4
Lo clglane 00 5 Vo G lgipad ol Al ap )Ll
(A Yo) sleill sae J) oha A36 () S Ay il A o
aie 2 J gl e g el ol fan Gy el Ciniiy S
el o3 Baly By A gall Wy of el glaga 0
O aall 13 (e el im cile 5 i e of daiidl
2ood Gdae DA

O DA (e Gl lae Yo 2l de Kol Chagindi
Vo as s sl 0 (el i) Z U (plail)
sale) ata 4 LS o(@lslage 00 I Y ey g Lo
3ay o cpele ey ALid) cile g Haall Ayl &kl
Lo Maa) doms el g e Lagdd Adagianall 43Sl (3
Ll 48U e aalyy e siladll 2o S8 Cangiud
A Pays Ladan 55 s ol ad W) Ll age YY)
e gll A0 3 Ly salaiy)

88y b oSl 8y Al diaidic DA Hladi
(Ll s WiLadlS) A0l oy gl adi o Ady oty dpunads
V) Ll dndiie ASE) 44 5 CilS gy el Ay
55y (O ) el Jland e poall pdy aay ad
(6 shaad) clebuy ouwadll g lady) 4uaS) dysedl) dilL)
«(Grid Parity) 48 &l ¢ AL <o L Jsa ol XS5l (e aild
Al e oL 3 Galal) g Uaill 48 jLie caaal
s 13 1l ¢l 5350 Lealid sy Apesadl

gl dala)

Lo sSal) i Al lenl) e elyeSll 5 ) 5y cuiled
saaal) iUl Alasiuly salsall oL 5eSl ol s Las s
o) s Slgiandd) (e bl puadll dals s Baraiall
A el By cpalall g Ul i€y S JSlal e 1518
Ay el gS o) DYl g Z Y] G b sadl
50 3l P JAleS) lall 5 S5 cileUal) Y
Al Ay et (e Ciagll s canall sl (S dals
i baaaial) A8 jolias e daiiall ol oS ¢l
e ngima b 8 Jladll 138 4 alal)l L)
8 pall 2,30 A4y o5 chnerdiad Mg ¢ Jad) il o g8 )
g VY g b Ws L s Wilall 3 1Y)

#1080 Gl Lgle (3819 A A4y

Yoo e g8
Cglage 00 fa Yo Sl gaga Vo iag .04 1 e EANE e Aaal 58
sdons ad Y.
Doy La g Aol g/t €76 | Jolag Lo of dobu godlfcia VYT | 8 AV | (B840 |/ G AELA Aa yinal) 44, )
ielu .J.ﬁ/oﬂﬁ\d’.ﬁ (E\.GLM.J.ﬂ i av.y) lﬁLu.J.ﬁ/ :\.GLM.J.ﬂ/ delu.g.& (kl.u G\\,\,.\,\S/L;)é)

slgsl 5l s 1 yiad

i Cym T 5 ALy el Ll iy Lyslal 43a)
Y] oLyl b aeliiy dalall ol 5eSl culSus AdlSs
claall e laal Ly glall
SEVRVIN R ST PIpF U ¥ PYE PN IGHEN SWON
Aaic) LA 30 (4o grhassall (580 dum cliplail) 53]
i S e i L Sl (Risne Sk ilioa lae

* Lynadl) LAY (pe 50 gal) ABUAY i’y cilel aiiu)
G aad el pin oSl JRY e slaa¥) S5

il Til) gl Ay i Y1 il 3 32005
Geliwally ay Ll y daally (Sl pUad & plazia)

il pain g e il azin¥) 6 L e g dadil 5 del 3l
(Yo Ar= Yo0Y) cobad) oSl Basadiall g Sauaat) A8Ual) Al coly gl 3 ) g *

Aas A dpeadd) dBUal) a)adiad s gda Audya s Yode (uple VE Cuad) if glaga
Gl oluag ds) 309 (s ol b glal) sal) slsa




Calaas) Jai 5 U0 ¢ saal /e Lians) Apmadall ilpenall 5 03]
g ol el ¥l B L) dag pud) &yl jpaall 6ok
(A pual)l GV Ja shad 20335 ¢y gl janal) (3l AslS)
8 s—endl) il il S 50 )l Adas s
Ol Al oal Al claaladl o add Jelas
Z 8 s oy it Glaaly el Jaraall 21yl a5 )
oan e g Ui U Gadaill 138 223ty Jeais

Aguadl) A8 Clipdas aladinly VLAY g Uad o siy
Lliys, €A o Lo alaiey) 4alSay ks elly,
JaeY) Al b Lol i Ll LS cAiluall Lealiial
8 o ae Akl g g gdll LAY axd gedilall el
Lale baea 3 adde alae) (Ko ) Jitad) aa gl
el i) @l 3S) 5 A gancal) i sidill Jio ¥ Laiy)
85—l Jls Y1y JUsi V) (5 s ) shall il giili
Jaclicall LU duca Y1 clanall g 5ol 1 g 4 g el
VLY g Ul any 135 J ganal) () saalill 4y 585 llana g
DAy ¢ a8 dplal 8 6 gl LOAN et )l cllgid)
Vo san VL Al gl 8 4 ) ddlhal s
RETPRRS

3l al gl e S5 oS IS 5 jals aa
sl ol sell (8 i L) Cun Galadll L (i e
st 35S Alaats Jllaaddl (b Al hans cns
L U e 5 gl aladinly Al ciliad L caled)
Diaey Al ay Al 5 2 A o a5 TSI Sia
Akl 8 5 gall LDlal) oo 85 Cum e )8 (0 56S LS
Ly ha 63Kl dleal 4o DU A8l Lall saladl
BYPULpYE b WA PUPPHNT, PN JPRECIE U LS
Iyl g Uniy 3oLl 5 c¥LasV) dadaiy 4o 0 28k
Joo—ill gldad 8 aoais ) A€ el d8al) jas
S gshs oo My

Nl e ATse e o Jid diad cilind Jia g a)
Lala) daghiny dilie s Lonndid) (358 81 G Leilaa]
Szl e A5LE) BacliS Jed 3805 diga g ALY (g
S e Galal vie il oAl S dala ) Gl
cPana el Dl g 4l 5eS Aliay (§g3ka Lelle

Al esl 5,0l (305 Cliplaill aaaty Caual (Say
il il e

duadiia § a8 ) gt —
230N e ghaiall 6 3 jealY) Jadii
cele Ll g A g ST latYy claalal) -
308l dasl g clial 55 de gawuall Aol 3 jeal —
RICRECN
Ao gia b a8 < culigdat -
S e glaiall it
LAl il = Ayl el s eal — 3Ly -
i) 7 gl e =AY g el ol HLE) —Jladyl
et S L) il —¢5 ) shall Cinl g — (4 5630))
i Sy gl sl Blaall zladl oy Cus
e il SBY) e Lgaial il guall

— Ay el Cila gl VLl clans = sluall G =
dagall 4B — A V) dcliall L) cilass
— Sl e dpaaad)l cilind) g 3Ll 5 Jasall il dlaal
alal) ol Sl A< dudas

Ay g Sl DAY oda (e Lol xSl dalha)
Lol sad (S5 il jlaall 8 Leiy 533 o 5 pins Al oo
3 e Jandi b Lol oSy Cum 23500 i
Gl il e Gkl 1 aadi g
olbsall Aty s g ) 5l 5 (5 8 30U ol Y sean
O s Y ¢y s 8l 5 Aty A o8 cllas
L9l clala Y 5L i) jaall okl cildle )
¢Jsoll a4 S dlaal) ¢y gl janall kI



A ) Cpdigal) dnan dlaa

A O oLy Sl b 5l ddal 68 g5 gall LAY aaaiud
s Gdaill 138 o aad Cua Ldle ) eila gl sl
i Jie) 5 Sl Al pgad @l clalaig le g SV
il DleY) Jlae 84S el A8l a5 Akl
G2 PN T I
Lonsadd) 5N Baesl g iyl ol g8 —

LAl culipdatl) aal (e dpadl] J5lal) dalail e
2 elesl e claliaV) 855 Cua Akl 4 g3 gl
el el pUai g A0l e sased) 5 450 Blalial
3 pSalag dyjllays e LS Gl VY (e B jle s
Sl aale g dslal oy 5an clas gy DL 5 cilianl)
G—e aall Jandi (S Cum (Al oS il 5 Al
O 22e 5 O 3l 5 ol H) Jie 480 568 3 jeaY)
B Aa g je g Belial) Claag

30y aac] 8 Ayl gh i gal) DAY aladind oSy LS
Ui SUT g ol Sanall 5 g saill 5 s 5UY Apnadd
L2 P [RCIVONS FURY [P VO 5 Y I P [P O
By an Ao JS laalag &b dua GBS e A0S )
Tt PRIty
Ll o b dad g9 3 ) (soby ) 72 5eiS g g e )
3080 ooy sl Aalg el W i Akl 58 53 il
3L i g s el sS g (7 sohae Aaila) 5 s Aa) 5

A e Bl ep ) sl sl agee €0 53 Ve 2

olsall gl oLy el 2l 5 (8 dpenadl) A8l padius
£ ) —al 305 el 30 ol Y1 g5 Ll A DU
ALl 8 gy dpkal 8 53 odl) LOAY) o 5838 (AU Blaliall b
el 5 LV e B S ol claaS a1 A U
s del 30 gl b 4 pal) Al i ¢ Yl
sl e olidl Fual & 5 e a8 5 2l g g 4lS Voo
Oh Yo iy L)y B oa okl o s Y
AL=Yh g YY (5 ol foia (bsin ¢ A J 50
il e gy xS i VY )

il dal) da ) 8 dudal 68 g5 68l LAY aadid
3 2l el yeSIL AL 5 4dy 5l Bhalially ol
4 DU Jaaal g cilagabaill g 4y oY) Jads 8 addiiay
S Jis dady ) dpaaa Ban g Yaae 5L &3 s 240 o3 A
A8l 5 ¢ ada o Bra ¥ 5 Jladd Jada 4205 Youe
S Y e () pay daall g U 6 AS
Aol A DU AU ad gy ddal gb g sl DA o s
a3l clidaill apead diaiade Glaraaiy pdadll
LS cadle aaing &l jaas ) dule el o5& Cua

A S e b Al LAY aladtd o
Belayl (85 Ayl jauall (3 hally duali V) a5l
SR L PRGN PRI W RS FU P AR

O v pady Jaill gl 8 A pall AL g ey U

Rl PRANS




ey el alaw o diandl JShel) & Leas 55

ot 2 gl A o Loyl 5 A8 e 5 2eal

53 al 383l A6y Apuedll BBUAIL kel 32ac) 3
ptan b 43 L3 BY) S g gl 138y el VY
e 5l 5 dpa sSal) Clgall 5 oL el S i il
OS i)l ) gen gl da gl acal ol 3y
Akl g8 5 gdl) LA s alasiuly ol Sl (Sleins LS
bl g 4

A laadl e w3l agee Yoo 22e 31 g g e =Y
Ay cial) L gSal o ¢y latlly ey S Ayuna
Ao wadll 3 )Y daac) g iyl el jeS e AS jall ddlL)

gl Yo N enn
LA o b aladt w4y el & baa g 5 e =Y
Jaal (e e 3 0l <l LS £ 0XY 3 508 4kl 68 g gl

saach Vo 2ae 5 U0 iy (ply 360 5 ) 55 pana e
o Lt a1 97T e Ll S5 5 sl BELLLL

ol sall (4 g ALY dlial o 6 iy ol Ll o 5 il Lasalil] LIRS e Ly julai) il asile s Losi 35
(il S o Aol SLia¥) 5 4y 0] i 53758 IS pis Ao gans (st ) o il 3 pana ) 53800 Slind) ) dsin Y

A solar cell (aso caled photovoltaic cell or photoelectric cell) is a solid state electrical device that
converts the energy of light directly into electricity by the photovoltaic effect.

Assemblies of solar cells are used to make solar
modules which are used to capture energy from
sunlight. When multiple modules are assembled
together (such as prior to instalation on a pole-
mounted tracker system), the resulting integrated
group of modules al oriented in one plane is
referred to in the solar industry as a solar panel.
The genera public and some casual writers often
refer to solar modules incorrectly as solar panels;
technically this is not the correct usage of
terminology. Nevertheless, both designations are
seen in regular use, in reference to what are
actually solar modules. The distinction between a
module and a panel is that a module cannot be
disassembled into smaller re-usable components in
the field, whereas a solar panel is assembled from,
and can be disassembled back into a stack of solar
modules. The electrical energy generated from
solar modules, referred to as solar power, is an

example of solar energy.

Photovoltaics is the field of technology and
research related to the practical application of
photovoltaic cells in producing electricity from
light, though it is often used specificaly to refer to
the generation of electricity from sunlight. Cells
are described as photovoltaic cells when the light
source is not necessarily sunlight. These are used
for detecting light or other electromagnetic
radiation near the visible range, for example

infrared detectors, or measurement of light
intensity.

Theory
The solar cell worksin three steps:

1- Photons in sunlight hit the solar panel and are
absorbed by semiconducting materials, such as
silicon.

2- Electrons (negatively charged) are knocked
loose from their atoms, causing an electric
potential difference. Current starts flowing through
the material to cancel the potentia and this
electricity is captured. Due to the specia
composition of solar cells, the electrons are only
allowed to move in asingle direction.

An array of solar cells converts solar energy
into a usable amount of direct current (DC)
electricity.

Devices with photovoltaic modules

Further information:
Solar panels on spacecraft and Solar charger

Electric devices that includes solar panels:

* Solar cell phone: Sharp announced that its first
solar-powered cell phone would be released in
summer, 2009.

* Solar lamp
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* Solar notebook: IUNIKA makes the first Solar
Powered Netbook, the Gyy.

* Solar-pumped |aser
* Solar vehicle
* Solar plane

Space stations and various spacecraft employ,
or have employed photovoltaic panels to generate

power.

* Soyuz spacecraft
* | nternational Space Station

* Skylab space laboratory
* Mir space station
Mounting systems

Trackers

Solar trackers increase the amount of energy
produced per panel at a cost of mechanical
complexity and need for maintenance. They sense
the direction of the Sun and tilt the panels as
needed for maximum exposure to the light.

Fixed racks

Fixed racks hold panels stationary as the sun
moves across the sky. The fixed rack sets the angle
at which the panel is held. Tilt angles equivalent to
an installation's latitude are common.

Ground mounted

A ground mounted solar panel system
installation using precast concrete ballasted
footings.

Ground mounted solar power systems consist of
solar panels held in place by racks or frames that
are attached to ground based mounting supports.

Ground based mounting supportsinclude:

* Pole mounts which are driven directly into the
ground or embedded in concrete.

* Foundation mounts, such as concrete slabs or
poured footings

* Ballasted footing mounts, such as concrete or
steel bases that use weight to secure the solar panel
system in position and do not require ground
penetration. This type of mounting system allows
for decommissioning or relocation of solar panel
systems with no ground excavation.

A roof mounted solar pane system installed
using flat roof precast concrete ballasted footings.

Roof mounted

Roof mounted solar power systems consist of
solar panels held in place by racks or frames
attached to roof based mounting supports.

Roof based mounting supportsinclude:

* Pole mounts which are attached directly to the
roof structure and may use additiona rails for
attaching the panel racking or frames.

* Ballasted footing mounts, such as concrete or
steel bases that use weight to secure the panel
system in position and do not require through
penetration. This mounting method allows for
decommissioning or relocation of solar panel
systems with no adverse effect on the roof
structure.



