)y ZU"?%/)

Chapter 11 - 1



Sty 5 sl J g

Chapter1 - 2



(e by o5 Jshu

O 55,8 o 1 Aoy g 534S ol (S5 ;S0 andad S S > J e
LS o bSO 4 Leniens |

s w8 4 WS SO s S o3l s gk a0
el 2l bl ol Ky w0

b 685 ladsly 5 ks o oa & Vsome Glidy o Sladshe

PR - LN S PTG PN S PR Y BRI v WP BRT-N W g P

o S e sdalie adls S i g5, S ol Lol glaasin
s (G 9>

el sl S bl IS8 b Wl e sl ke imen 0
il Jews glacsle 5 o ol il il S S Ly &,

Chapter1- 3



Chapter1 - 4






Sl g 18 g glid

o Sl (S sS s Dlmio bug by g (SSU 8 g k8 o 0
o s ate Sl bl

xﬁ@bbouﬁj&jwijbbs&;wjﬂéudw o
JASJAJ{.M%JJQ‘MJJADJ@LL&)W ¢

oduliilh S SeS a4 Iy Ady e 8 lanl ediS S e gl e Js 0
S o Cylda ey g5 J g Ce 1) OT e 5 5 jas

Chapter1- 6



S jLd (3 6 0315 e sl Sl 6l p 0
v.;.bb c'..,bjs' ‘J‘Adéuw

A e 580

W

™~ ; : 7 //

\?-;\ %//

- -

s OIS S3aid 5 9 (sLa sl

Chapter1 - 7



¢ Ay

lasla Sble, fm G Ol Slle, &5 tes (o5lge b (g3ls aas @
la gola asd .ol (Lm&:a\]w Lile) b ple b lagesla o 5 (ol 5 Cel)
L oesiley Ml el obe Lol Sl SLS 5 iy
N

3,5 Ghoatas 5y Dyse 4 Oly ol e (gols ang

13 sl ang =)

S e gols el =Y

Chapter1- 8



US\S AL Mﬁl

JGe fj.gLoJJ w\oMJ&WWCf s o) s eolaaas ol @
A J15 golaaa jole pll s dslneST o S

- ITRN VNS e S W< | K WA VTIPS VIR W PR Fe PR PR
CS S s Llsll M\ngjﬁ\és\wcﬁ&murﬂ;)j}f
Jyda;bu\w&sj}(ojv-)‘ju\wyﬁ el pls s

LS 0 SGS (oladas s ans S ol 4 al3T glas s 5 Lo xS ol @

T 9,581
o U blita ajim

(v ()

° - 8)i> ‘ e = (SN Sy Cym
0- wzss D s 0)a CaS)s Cags

3523 p32 g0 3 (L) SuSI Olise 96 53 (i) SIS Gl gHlBans Culda IS  jlus
P T4 | IS KV
Chapter1- 9



US\.S e oA Ayl

bl Ol 5 o oL (‘L’ b b Sl Lgl.mr;\)\ oS dldas 055580 L
i 3 e o 1 by (gols 4l

S Ko b OaYl el gslades w PIEL slaas! Q.bjj.e‘ SV VR
OMUAJBL: LSL’L"'“JW DL cJS V..:‘ U \' DL v.:‘ &.i.: .b.ﬂﬁ ‘ij JjMLSA
35 Ghuaib 53 Oy 4 Olg e | G138 @alaaas SO s gt e Sl

N £ 5 Soladas ®
P £ 5 Solada s @

Chapter1 - 10



N g5 slhdan

me A L g (psile)) b 0S0) Salls (eolaans S oS LK
Lt e LSl LGE 0y Sl

J\)\djj‘gj‘&g_f’a'“}“’("’\‘gf"j’b Jﬁ»&)b\&j)djﬂ‘ ®
Oyl slass S ol . 55 o oduel sas 5 das 0 aASS S ;_,_:\M LS‘f

ol Bl e 5L gl el bl e Sl LIl O3l L 5151
Sy g SN g gslaans O 4 5yl 5 Aol 0

Chapter1 - 11



P g5 ¢ilhday

AL s b e Ll L el ol SoaS K

s o L golaans 05l Sl Sl 0 Sl

o.ma.s(_,.albls
L) o (e} |
¢ @/ ¢ @
o ; o o : o
" 4 oo
0 @) ol ® .
o o
o ® 8 o o- 9 o o
o ® ¢ o ® °
(s} (&)
ngEg P&y

It @3l aass glgil

Lguv.ﬂ pl msd s 2l s (o) Oy S s pde el ol cpl @
WP VR VRN (W S VPP P PR | RSN VRN P B SO [ P

3

g

Chapter1 - 12



A e S Al sy sa J el

Sl O S lizes Y 52 31 g sl SO Gy J gk
oL o.)jj'_é‘ ‘_fﬁ.‘\?-\.s LAQT 4.:) Llo oJﬁV‘ u.,a\?- )j.la ¥ ny
(!

P s 0sho 0V S 6o LN p5 050w oY SO 85
e ol 8

Chapter1 - 13



s A Jola (3 2l g8 Jal

as o JLl b dde G b S 55 (6550 (55 slaes 5) a5 53
A 2P e 55 Sl 4N 0o Gae slaes ) oy Sl a1 500 (551 a0 5 58

Sl 5l s S 4N fp B Y @ de b Sl S Gl 5 crl O el Sl
.M@ebu.’;ﬂ‘

JASL}ALJ.JJ})‘JWYJ\JJJJ&JJ?LLAQ)J&M .&

Chapter1 - 14



J9 ded a8 sl J sl

ke 5k SO
IR CIWSONIINIE

Chapter1 - 15



Gosh S0 sl

e sdh s gla Jake 5l s s g6k 0SS ew sla Jshee 0

a5 el b o&ubesT 531408 e 53 g5k 03Khew Jgbae sl @
ool sale 5 lalesliad 4 s gde b koo ol 5 5 )18 0 22 VAA aas U 5 Ul
A e la

sl 4 BV Jle sl o a3l s, L8 s s b plamw s L0

3 ush SO0 S gla U gl il Lyl 5 557 YO el
S 85 C«M‘oML’L&L}

Chapter1 - 16



G SR A ¢ ¢Sl

L oS Ll @b o a0 0580 sl Soshdbir 5w gl e sk B5ls
Lpd e sl Olde O S0ew Hleds 5 281 S IB s 0 S S

oo 05 (nf By ol J= 5o goshdr S8k gty ls Jole @
Al Al o sla

Sy OsSkew b o5 0 35de Jseme G sladsile DKL Y Wp gl

Chapter 1 - 17



S s STy 5 S s, iy oyl

Sl Slle g5 50 Dol (W8l s s s gl g sl
Ll e ke

i Sl 4S5 shailes Jles S 50 (g hd) 2 Gla S ol s 0
ol dobe oS Jss 5pd e eslitad e Jls ST S ST o
Aisd o ale Jsbe S s oo Jl S i pess el S

(a) Monocrystalline (b) Multicrystalline

Chapter1- 18



55w Sl S S 5 b S50 ko diy o IS 50 a5 skailen 0
Qj)b@'}b@@‘js@lﬁij'ﬁ\&bwb@jo.hlwu%)%
5355 o M P R S GOSN S e 5 S 28 > b
Al e SRl Bl gl e Ly Oledl

o2 5 S8k dle S S LSS pde s 4 Jli S L Jole s Ll
S s oS iy b 0 S sl (gls Jliy S 51 eslinl -
Shaiy s Jo Qbekily 555l o 8 (5 S (SO SN (655 S )

ol s S5 sla ity 33l 5 ke e S Sl s
a5 g adl tals Jlg S L gl el b Ol sl 548 e
S JUdl (g S gl

Chapter1 - 19



e Ll palS LB e Al s gige s b gdd, el sl
o o ) s 534S b Oleacils 01 Ky Coulss asds i,
S J- 53 bed 055 oI 5 ol Vsans Jliy S5 g0 sy sls o
Aes s ol da Jley S L

)'\osu@\ﬁ\bjgu.)d\)Qsﬁ’ﬁpé\ﬁdl:w.i;jjjﬁL;LAJ:%);Q,:;%-V.a *

Sl Lol 53 (Jlng Ssi 50 O 5Shew A 55 a8 Lol Bl Ll cas Abs ) L

L e IS0 4 Vsame ol S5ige sla J sl (5ol JS0 a5 L
el Sls asly gls as S

Chapter1- 20



Mono

To make sells for
monocrystalline
panels, silicon is
formed into bars
and cut into wafers

Poly

To make cells

for polycrystalline
panels, fragments
of silicon are melted

toghether to form the

&
&

Chapter1 - 21



J‘"G"(’JS LS‘.}“J‘-" 2 Sy sl g a8 W00l ol B s e
Sy 9 sla ﬂw,:w‘dw|u;|dwu|.u5wh}a&
ol ey 5 A6 Ol g Al s Sl S g Sl

SAIL 25l ) sler 5o g 05 Ls Bl 5 Jle S e sl 0
6“}3JD‘MS&QQ&JQMJQQJSJ‘DLhdb.wa;db ‘Uh:'ww-s

:ydaw‘yd\*«a;yﬁéu‘}u}‘uu«n‘w‘ LSJ“

Chapter 1 - 22



99 Juud (g2l 93 s J gl (1 5 aga

Sosel Ok S3U Y

SYPPIVIRVECESIHE

S Sl ik TFSC il ol syt Jibo -
35 g0 okl 55 TFPV

oY o LSS 0l L8 Gl S cnl gl gladsle e LS

Sl i 3 gl o, S sl SITE SHE 2a s

Dl o e )s b

S P 5SS S eslinad b SHU Wb gl o slad e (ol Bl

L gi o il alises

A

Chapter1 - 23



i el (gl S LAY

wa\ Jg.al s LSL«.!J “ C,J.J‘)J”L_é‘)jﬂ?‘ ‘\.QJNS

Wl 5SS el sl 8 Gl Gl i) sladshe
sl 0l By g0l O sSas § 5L 5y a5
il e el oles dl b deil esle i g o

o o

sl ey B s Caduolanl 5 Caegd Ol slpe Sl eslinul w4 ax g L 0

AL a oS 5S35 L3l

olowdt wilie L o Sy JHES |
X7 AL ledye Yoy Shos 5 ol (o5 S5

\ . eS8y Shoc 5 ol P gLpdigza iy Sy
Y-y ol o, Slac god3l oy Sllanilg Joo W S ay

Chapter 1 - 24 \\ﬂ_\/)



el e gl Ve 5l S glacales LP 5 N p 5 058w S glaaY

N iyt gbadshe 3l ats ol g3 el 4 S 8 4 SHL glaaY Ko
culbes LITO B ol ST Y el Yoo culis b 1 0 S
Voo Cubes LAZO  ppmadl boad (2VT (o) dnST Y el Vo0
Liod o gl Ve Cules Lo 5 Sy e 6

Sl Yo Bl o dshe pl aily peddSlipe oo oy ol ol
AL S o5k Sk glad sl &

s Wile (6 gla sy Sl Vseme el S 5L 0 4 6l 0
e 3 5 g0 odlanul PECVD Lol KRS 4 b 56 51 slend o8

Plasma Enhanced Chemical Vapor Deposition (PECVD)

Chapter1 - 25



> +—>

> <

20 nm <

300 nm

20 nm <

200 nm

300 nm

Chapter 1 -

« &)



b0 aradlsS S U ALY

S O3S V0 Sl b gl g 2 slad sk Shans ol O3l Y0

ST Oske 50 pseslS Gy 5 slad sl s ) )8 4 ladY

R L] oY ol laacis 31 Vaems ooy ULe, ais =) ®

-’j*:‘u-"‘ oslau] LS’J'L?. ij'lg\ Q\j& MITO

Voo Culea LN @Jtﬁ;ddeS thﬁyﬁsts@uw—‘r °
S o Jos oy N Olge 4 &S e 5L

Voo Cubro U oglaY gdd e sladda 5l oaas ol O Y T e
ClP f 5 515 8 ol e Doy g an L5l e eSO S

Syher SU Ym0 i Olge 4 oS el 00 Culbi s L -8 e

Chapter 1 - 27



gl &+ Mo

j.aL@gjybdbﬁﬁj%fw\fucjﬁﬁ@w@su&C}jw\,\?}jj
ol 4 ol (gls s o OWICAlYXO oS i 5 S sIFIrSt Solar s
Wlos S U Jiy 5l g 55 ol

Chapter 1 - 28



L5t anedlS J gl ilaa g L) S

ol L s gl fy SaLsL sl 2 b SCFIFSt Solar es o e
slaaiil doyn A 5 ooladal 3lge o3 40 U &S (gysb 4wl ox S
osbizal 0T 31 o olss cotle (gl s odd <al3b e J 5 ealizal 540
35 5

5 oS Grae opde ale AL glos O 514 ek
Lokl s 35T al el Mg spde el 8 ol aKLS]
3 g axl e (g3laBl IS

Chapter1 - 29



g Joud (22l j 03 s J gl (1 5 aga

S 4ol el gud 3 sl J sk

boaslie 53 K5 L edd ule ey sldsbe Sy 5l (IS sk«
Slasl (o 5 K5 g8 S oml s A @ Olme K sl sl
S ool Sy S 5 S

Slsbe & ol K L sk b i b S il J sl e
Syt st P BB osb 4 ol Y a8 s DL 6 mal el s gk
3 g o3y

Sl oo i (o3l 5l Wes s s Ledd les i Jke 0
w“")"MJLS)L”LSJBJLSd}.jo‘\"dj“sudsw‘é‘)"‘“’)j}

Chapter1- 30



i) 4o ol gy 55 5 g 3 ot i S

FRRSUEENENPENT P PURPTRINE (V5 S PICN S YR N W SPET
S e a5 Sl 1 ol glag s S

Y/0 s5d> as gas Sl b Ulojaad WL s o WL ool Loy Sl
o] CJJOJJJ-Q\

Ol amgs 53 5 SSUl Ol Bk 5 o asgean Sl s oS
Lo JUS 515t 5 odd le 3505 b o ol LS e slol 0L >

s S s 1 s S 5 3ol 55 555U EE samen (oSN o
3l Loy Sl oobss wds S s plens STy Gk 51 B S
SYPSRENRIPNpY

wl S a5 el iS5k gl oY oS Mg s oy S i
sl Jsle wue Vb s Shee opl plo el SonS0l 5 agl 3 1SS

C;wv\ Q}fﬁ‘ﬁ@&@‘j@‘ﬁ)boﬁ LJ.»LN}LSJ.:.JAJP

(MPI1) & padylial Loy p-T= L =) Sy S
e v v ” Chapter1- 31



&JQO»\.& ‘J.»Lw?- 6%3)35- 6“3.\”3);1&.9 NKA

3=+ 2e  — 3|7 o

m—
FE e

QW ¥ Electrolyte

e /N

(= Counter Electrode

Chapter1 - 32



o

11114

External current

load
N

Transparent conductive oxide (TCO)

Chapter 1

'33



CO,H B gy 1=
t:r@ )
e
:.:L::" 2 s ]*
' I sy
o |
_ I
a - | g
N-719 CssHasMN=20zRus2 Maol ""\Lf'-
Wit: 1188.55 P \‘
[ Q:"";a;-l

HOLC

M-3 CaosH1sNs0sRuS2 Mol Wi
705.64

X

Z-907 CazHsazNsO04RuS2 Mol
Wit: 370,10

Figure 2. Ruthenium-based MN-3, N-719 and Z-20/ dyes.
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