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ABSTRACT 

The optical propenies of glow discharge ( GO ) produced p-. i-. and n- layers 

of hydrogenated amorphous Silicon a - Si : H. thin films have been investigated 

over a wide photon energy range 1.24 eV < E < 3.54 eV using room temperature 

reflectance ( R ) and transmittance ( T) measurements. The data is compared 

with room temperature Rand T measurements done on the same samples in the 

laboratory of lSI - PV in Forschungszentrum, Jue/ich. Germany over an energy 

range of 1. 13 eV < E < 4. 13 eV. The similarities and dffferences between 

individual Rand T measurements done in the two laboratories and optical 

functions deduced from the measurements are discussed. A common value for 

the optical energy gap within the va lue ( up to .:': 0.04 eV) is obtained. As a solar 

cell component. the investigated sample p- layer does not harvest effectively 

photons from the visible sunlight energy spectrum. The possibility of the 

measurement of optical constants in the Addis Ababa University Department of 

Physics is verified for the first time . 
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\. INTRODUCTION 

S\l lar energy. which is cl ean and pra..:t icall y unlimit ed. is expected to be a des ir.lhle 

d e('lril.:al lmlput in remole areas where the s~ttd ,.:m~nl is in s ... an ;"r~·d habi lati lln t:ons isting vf 

a numb.:r of huts IH ..... l."ss i laleS th ~' nzed lOr thl" sl) I:U' COl'fgy n;~ l\un.:e, This is the ,:asc. t~r 

needed. 

PhlJlovultaic( PV ) ... e 1l5 Of s01ar ..: etl s are pn}babily th~ 1II0st effective melihJd 1\lf 

ge m:raling electri c ity. 

A PY system is a modular, fully so lid stale e lectricity gCIlIT'Jl (')f. Its d c..:tri,al output can 

is expected 10 expand en(lnnl'l lis ly \vhen e lectri c ity ffllm il ~' an be feed in 10 electri..:iry 

stations at costs Ihal:Me comparable to genr':rali,ln e(lst of ek,:tn \,' ity from other sow-ces. Thi s 

can be done iflhe total PV ~:'st ems costs are r-.:duced s ign ili cantly I :! 1J. 

For thi s r-.: ason scientists and eng ineen; Ihr,Jughout the world are working on the 

d~w l t}plllent of PVsyslems w ith a bene-r ~osl l pc:n(lnna1K~ ra1 i\l. This is dt}oe by i n~n:.asing 

the e Hici encv l)f ce ll s and nh)duie s. hv rcdu~in2 thei r e\lsl \lr h,)lh .. -\part ffllJlllcduhllogieal 
~ . - -

impl\)vement. seal iog up of produ~'l i u ll is a pre· requi sile ti.)r reali.: illg low ~ost. 

As it is elsewhr.::re [l - 29] slaled th (,! knl)\\'l edge t}f \'pli~- J.I .,:" ' lb1anls Llf a film fnHIl a 

glvcn malerial is of a basic importance in dctcnnining th e ~'haracl eri ~1ics of l ight 
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(ran~mi ss i t ," ;md hence in des igning devices such ali so lar ce ll s. The basic method for 

\'a h:'ul::u ing the t'pti\'al Ct1nstants of a thin fi lm in which int erfer en(e phenc'rm."Tt3 c;m ~ 

t'bserved when it is cxpt)sed to light clms ists 1'1' re ler ing 10 rdkctance and lr.Ul::.m inanc e 

measurements frOIll whidl l'plical par-:un ~' iI:rs such as n: fr..h:ti ve index. ab:;orpl it'4l 

~t\c Oiei ~nl. ext int.:li lill t.: !.'c llit.:i cnt. t'ptit.:al cl1cgy gap t.:an be dd ennincd, 

TIIC need fu r the optit.:aJ measun:lllC'nl sr.: t up . 10 h:arn the method o f' dC'(cnnilling the opti t.,; aJ 

CLl Il i) tants Jlld proJlIl!,Hing the klllJwkdgr.: !~lr the us;: is unlju::sti lJuabl e, Optil,:a1 

dl :u'act eri : at iun vi' thin lilms fl>r so l' lf \'c ll us~' ha"e slaJ1c d in Addi s :\baba l 'niwrsiry 

Dt'ParlIlWllt uf Phys it.:s filr the first time, Ttl slar1 ,." ilh, measurements arr dim~' on th.· 

s;unpk s whi\'h are already invcstigated by Aill Challa Bekele in the Jabt'r.l1t'ry " f ISI- PV in 

Ftlrsd ulIlgs: entnun. Jue lich (GenuaJly), 

Frlllll Ih;: re l1 ;:l'Iant.:c :UlJ tr:Ulsmin;Ul\'l' Il1l·a .. ;ur~' rn ;: 1l1S dllll:: al rtlulTl k mpl'r.uur.= th:: t' pl i\'al 

filO\'li llll:, fl1r the g l.JW di s\'h,u-gl' proJlIL~'d hydrl',g"oax::'d ;U1ll'1'phllIlS sili ello a· Si H. thm 

films have b;:en t1btained !.lVcr Ihe ;:nergv r.ulge 1..!4 ::V ~- E , 3,54 ~v. In thi s thes is w ork. 

the fl'111ll tcmpcr,uure mcasurements Jlm~ un Ih ese sampl es lIVer the energy range b::lween 

J, J 3 eV and -'. J 3 t:-V in till' Judich lalh1rah1"Y art: p~:;t· nl t.' d I ~l r t.:vmp;lfi soll. 
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2. THIN FILM SEMICONDl"CTORS 

2. 1 Amorphous Silicon T hin Film Semicond uctors 

2. \.I General 

A material I,:an empirically be defined 10 be amorphous if its x- ray diffraction pattern 

t.:onsisls of dittus~ J rings ur ( halos) ralht':f (han sharpl y ddint"u Bragg rings ",r SplHS whidl 

are characteristics 1)1' po lycrysla ll ine (If s ingle crystals [21 . 

Aml)rph0us semiconductors. sili ..;!.lO ( Si ) and the t)tilers, ar: metastable thin solid film 

materials [1.2) . They ru-e solids in th~ir intemal equilibrium in which there is. just as in the 

t.:r)' !:.1aJline solids. a definite set ofequilibritUll positions about whi\:h the aloms osc illate. But 

in con~1 It) the +'-'1j'slaJ line solids the enviromllcnt t)f each ah)(J) dl\Csn'l repeat itse lf in pre­

ci se peri"dic ity. It di(fl;!rs f;-(lm sile 10 s ite ultimately leading h' the illS5 t)fthe lilng- range 

order translati onal periodicity ",f the ir ':1\JIstitu..:nt .Uoms. I-kn~': th.:re : xist a di s0rd..:r whi.:h 

is inherited ill them. With di sorder itll1eans: there will unavoidably b..: atoms with h)c;u ':0n­

figurJlions ~1J,h as, stretched or "ol1lpn: ss~d bond lengths .u,d dish,ned bond angles. lbis 

gives ri se h) tai I states [I , 31 to th e vaJen.: c b;uld ;Uld ("ondu",'ti \'1I band structures ( i.e. ex­

tended states ) which ~e generally similar Il' that I,fthe ~TY~1aJline s('llids except for SI)me 

l.k t!'p slales, sharpened upper edge of the vak'll.:e b,u}{.i and relali"dy rcalurckss appearJJKC 

(lfthe conduction band [3]. There are al so errors in co-ordinariI'" which are intrinsic and ex­

trinsic to the amorphous solids. These arc atoms whose neru-est o;: ighbour is not sati sfi ed ac­

cording to the ir chemi,al va l en",")'. The intrins ic ones are for instance, Si atoms bonded to 

only three of tht!'ir nearest aloms instead of lour giving ri se to " unlill ed" or dangling bonds 

and hen.: e defect stales or traps which are deep bel ow th..: tail !=taI es [3-51. lbc addition 0f 

filre ign aloms also introduces additional deep de le .:t stal es. 

B0th die tai l stat es and defect rclaled stales kao to the major di :'1inguishing feature ora-Si. 

11le l,.':olllinuuJU of 101,.':al ized stal es, in which a t.:harg..: t.:arrier I'..:\-upying them, has thercfl)f'C 
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nu chanc~ of moving a\\':ty or it is gett ing trapped (:cro mobil iry ) in the energy r....ngl! is 

len lled as mOb ility gap. l 11is has an infl uence on the ir optical prop;:-n i:s. 

2. 1.2 ;\'t obility Cap 

'Ille energy band gap of the cryslall inc counter p ~U1 is replaced by an energy r.ulge in 

which there are local ized stales typica lly with thl!' order in the r.mge betw een ( 10'3 . JO '; ) 

of the number of slal es in one or lhc e~ended S l ~\le b;ul(is ( 10:: cm,3 eV ·1 ) [4]. Eve n though 

it soun ds a ..... ery small (raCli on it has an influence ( )H th e quality of th l.' materi al. Loc<1!i: ed :l.:i 

dUCl iull ;md the val ence band edges. Dillerenl b:U\J !1lt1Jcis li a ..... .: b'.':cn proposl!:d \0 ,;lh)W lil.: 

di stributi on of these states [I , 12J . l 11c figure bdow ( Fig. Z. ~ J show s one of th;: models. 

proposed by 'I ou :lnd Dav is in 1968. 

~'I)' slalline .. .-ounl;:r part , th:: lorbidd':l1 gap is .:quaJ to the (j ptl~'3. ! band gap of the lo: r; s,aU i:.: 

sil i..: on {Ll2J. 

< .... ! 

, ----_. ------_ .. _----
.. , 

, '~'.~'. 

Fig. 2.1 Bauu llIoJ cl 0fa 11011 cI)"sta ll inc semi~Olldu(t 0r. E ~ ;uld E", are thl.: mobili ty edg~' ~' 

\,1ft he va!ell~e band and 0f thc ~ o llu[J~ t i LlII b~uJd. r :? s p~·l· tiydy. 



1 

2.1.3 Density or 51ales 

The dctcnnination of dens ity of stales (DOS ) ~1nJcture of:1 Iliv::-n m31erial gencraJly reo 

qui res a knowledge of the atomic structure . the phonNI ~1ruc~ . and the derivation or tile 

~x ..::il ed e lectron;(.' structure. Thi s is m~)re diOinll1 ' ;" f ,unOrph\' US silicon because of the ab­

St'lIl~ \! of tht:: Illllg-rangt; urd t!: r pt"rilldi..:ily III. Sew",1 fal'h)~ su .. ~ h a:; th~ inkralomi..: 

di stances. the ctl-vrdinati lJn Illlmbt!: f. and Iht!: typ t!: Ilrlhe .,;:hemical b\lOding dclennine the DOS 

for a given materi aL 

Energy band theory has reli ed lin !hI.! deriv:Ui on llr lhe E ( f: I l"'.? iaI j ... .lIl Ship. In thi s treat­

ment, the concept o f periodil' ity is v ital. P~·ri lJd i \.: iIY a SSl:llS lha! !lllly the primit ive unit cell 

needs 10 be .,;:onsidercd. 'nli s is the approximati l)f1 whi.,;:h .,;:an aid ill sulvt!: the prublem oflh l.': 

DO!) delcnninal io!l ill crystalline silicI)1l (C-Si ) b;L .. ~ d fI ll translal illnal :;ymmetry, "")wever; 

the ~hor1-range iJrd~r i~ apparent ly lIIiJre illl~.h)11 ;:U I1 Ih,UI the l ad~ ,-If the liJlIg -range IJrdcr. 

s in..: e several fa":lurs as the inh:rahl l1li~' d i ~ t:VI": t.·s. th.: ~'u - urJ i nal L,I [J IIl111lber :Vld Ih.: typ~ Ilf 

(hemi eal bonding dClennine the DOS of a given materia] fll . 'Ill~ di:;1ribution of deep local­

ized stales has been mure controvers ial. P,U1 of the reasl)Jl is thaI the deep stale dens ity is 

mu..:h Illl're sensitive h I the detail s \l rthe depositi llJl, and 51) ther.:' are real ditlcfCn..: cs in the 

sampks made under diOi-rent (IlnditiIIIlS. 'nit: typit.:al value n.-Pl1r1.:- d is I'll th~ \)Hler \If 

101\'m '3 eV·1 to 1017\.-1n,3cV ,1 14j. 

2,1.4 Preparation or a-Si Thin ~1lms 

Films of amorphous silicon prepared by react ive spunering I'r evapClraJion revea led thai 

the delts ity of the l Lll' aliu d stal es in the 1Il,-lbility gap Wii."i ';11' hIll hig.h It) be of any use in de­

v ice applicalion [1 ,2J. 

By introducing hydrogen into the evaporal ed (Ir into the sputt ;"r.:'d films. e itht.~r during the 

preparalion or the subsequent infils ion of atomi.: hytlrog;:n. it is poss ible ILl redu .... e the-
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dens ity of the locaJizcd stales. Deposit ion of S i by plasma enhanced chemica! vapor depos i­

tion ( PEC'ID ) Of glow di scharge ( GO) (fom silane Si1-l <l' gas has a similar effect ;f the tern-

It was found thal the hydrogen t,;on~cntrali on in hydr(lgcllal ed amorphous sili con a-Si ; 1-1 

~an be as high as 4 0 UfO -50 U/ (,I depending 1m the depositi on c('Indi lions ( .! ). However, 

"device quality" a-Si : H material s genera.l ly have an hydf{lgen conccntrJli 0n of Ir.:ss than 

10 % [1 ,2 ), 

2. 1.5 Hydrogemdion of a-Si Thin films 

Amorph\lus s ili c\lO ""hen ni1minally pur~ h'l,): dangling btlOds. It is the accidental di scover)' 

by rese.u-chers at the Standard Tekphone Lalx walory and University of Dundee in the U. K. 

in the ;oarly 1970's reveakd th.u th e GO \ l [ PECVD depm;ilt:d a-Si thin lilms prepared from 

s ilane gas possessed a low DOS 11 ,21 . Subscqul.'ntly it was di s~~lw~n.'d IhaI lht'se films ~'un~ 

tainl!d apprl1x imaIcly 10 al omi c p~r~e TlI hydnlgt.:11 ;UJd hen~e apprl1priaId y refered as a-Si : 

H typ:: all uys. 

Here hydrugl!n takes the oPPul1unity of pairing Ih t.: dangli ng Si bonds wh idl ..:annot bl.': 

paired to e~h other. Othr.:r atoms t.: .g.. oxyg.:n, nitrogl.': ll. fluorinl!, etc .. may a id also in the 

passivalion process. The add ition of H and subsequent rcn1l)val of dangling bonds is pro­

vided by ',: ;:u-ious indirect mcasuremenls. 111e peak in the ph0Iolumincs:;."11cc spectrum will 

shift to higher energies ( 1.35 eV ) as the DOS is reduced f ~ .9J , while unhydrogenated mal e~ 

rials show a much reduc ed l uminesc en~'c peak at lower energies. Addition of hydrogen en­

I;:u-ges the band gap besides the passivatil)T} (\fthe gap slates. 

• 
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2.1.6 Doped ..... Si Thin Jillms 

The possibility of SUb!)1itutionaJ doping in "'T)'!)1aJline s(-rnicondu,,1ors, has been one of the 

most important fa('1ors in the deve lopment of semicflnductor physics. Semiconductors can 

cflndm:t e lectricity if free carriers are introduced inl (l the l"llndu .. :li on band. One way of doing 

thi s is by dop ing the semicomJuchlr with impurities I. 121. 

Tne lack ilra simi 1M se ns itive contro l in the case (lf anh1rpthlUS semiconducl(lrs had been 

a scril)Us I imital ion in thi s fi eld. "nit: pr'~scncC' \1 f a ClllltinuulTl llf 1\1 .. :al ized stales throughout 

the mobil ity gap has the eUec! Ihallhe dllPing Ii li s IOl"ali : ed stal es with e lectrons or holes. 

Onl y part orme impurity aloms are buill in the 1II!lwork:.L'l substitutional tJr inlerstit ial donors 

or acccph)rs [21. 

Generally, o· and p. type lh)ping is a~hi evcd by the addi'i ... ," o r phusphi ne, PI~ and di· 

:,13Jes within th:! nh,";lity gap. 

2.2 a-Si Solar Ce{ls 

Solar ..::e ll ~lperaIilJll is based 011 the abi lity uf Ihe SCl1li": Ulldu~'lor lu ..:0nVC11 sunl ight di· 

~: ident ener2V or light cre ates holc· electron pairs in the semi conductor which are then 

sepru-ated by the dev ice stmcture and afterwards cflll ecicd by cflntacting e lectrodes to pro-

duc-c an e lectric current I 12l-

Semi..::ondudl'r material s used h) rabri..::ah." s ... , lar ('dis are St"llSiliw It, th~ ..::o lor oflhc sun-

light. Certain material s absorb sunlight nhlre dfecti ... ·c ly than others PI-1 3 J. Ami'l1'hous 

sili con is 3nwng the dfit.: ient absorbers. nllL~ only thin layers of sut.:h material s are needed 

to produce the same :unount of ei eclrit.: puw er til.u a Ihil'~ er layer of maler ial silch as 

I 

\ 

!..1 II 
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,.:ry~1allinc s il icon wtlu ld produce. A thi ckness r.t1i ,) ,)fahoUi 500 : 1 for crystalline s il icon 

~1)l11pared 10 amorphous s il i~'oll (a-Si ) is observed 113}. 

\lOly wasteful heat in Ihe marerial 11 31. For ex;unp lc. for crystalline s ilicon wi lh a band gap 

of 1. 12 t:V, th t: light .:n~.,.K" ~' \ ' rn:spllndil1g hi Ihe: long wav::kngth l,;ul-o£l' ,Old shllrt wav::-

length cut-ulr are rcspectiw ly 1. 13 e: V ,uld 3. k V 18. 131. 

rl! lativcJy low tcmp .; ratLlr~ ( 200 0
(, . JOO 0(' ) I ~ I c.g.., glass 151. 

j unction dt:vices s im ilar 1,1 Ihal fi\mlcd fi·I' lIIlhe ~'rystall in ~' silic\11l I ~] . 

d ) It is easy 10 produ~e alh'ys with otht:r gr(1 UP IV ek lllenlS all\lw ing the opti cal gap 10 be 

rai sed or to be Itlw -:rcd f8) . 

2.2. 1 p- n and p- i- n Stru ct ure Solar- Cells 

Bulh p- and n- material s uf amurphllus s i li~'on haw pOllr transport prop::rti es ~l\1I1pared 10 

thai of s ingle ~rystall ine s ili~ on and Ihe simple p- n jun~t i \ln so lar cd Is have a low eft i-
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ri ~rs in th;: a-Si is limil~J III ;lbs ~\'1)[il)n tlial 0~~urs within 11t::- :ipa .. :~ ..:harg~ regi01l. 111:: 

~>..1ra stal;:: s with in the energy gap leading 10 a d:xrea..; ;:: ill the "rvera!! ..: uilel'l j .. m widlh [91. 

Tll-.:rd orc, thi s simple so lar l'cH Simcturc is nll cd \) ul fv r us..:. 

qui r..:mcnt is th~ ihe p- and Ihe 11- layers slwuld U.:- {h id, ~·Il\.1Ugh 10 sustai n Ill..: i.L:pl.::i .. ',n 

p:.:rJ vllnan..:..: of Sv l;u' ..: ..::1 1:;. 

sp::..:tnun. 

-----
1:0;::,,( b.:c ~ ccr:a:: 

, 

Fig.. 2.2 p- j -II solar cell structure [J 5J . 

• 

! 
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To avoi d thi s loss. wide gap (1. 76 eV · 2.2 cV) ;Ulh1rphl11lS lIIaterial s ..: omp\)sed \1 ( 51 C 

B H has been de, .. elopt:'d and used 19. 22 1. An i- 13)'l:f which is nlll in fact compictely intrin­

sic but whi,,'h is s lightly n· type is IIsed I D I. FI..lf light ~~ rJt C'rillg a ",-e lllllf ("l Ugh a !:."UUi..;iently 

thin heav ily dl)ped p- layer . so that llUly lilli e \If th ~' light is absl' rbl!d by it. there will be a 

ma.ximulll phoi llgencr.llil)fl llfth t: ..:harge ,,;;uTiers in tilt' j- layt'r. MI1rt:lwer, the d l.'clric lidJ 

bdwcen the heavily doped p i - layer and vcry slightl y 11- doped" i " layer is highest. II is 

therefore. in the region of m:tXimulll phohlgcncr:.Lli oll . p ' ; i illierface. there exists a sufJj· 

..;i cntly maximum d eelfi..: li eld f'lf the separalil11l (Iflhe plhlhlg~· T1\."rat::d ch~U"ge carricrs. 

The llptimum slruchlre' "fthe a·Si is Ihen, Ih l.! p ' . i· n stnll'Ulre, having a transparent (I'n· 

1;1.:t hl Ihe pt . layer and an olmlic ':llnla.:1 hl lhe 11· layer. 

2,2,2 Erricicncy (If Solar Cells 

Sunlight absorbed by sCllIil'ondul'lLl rs is l' tl llw r1 t: d illt n DC .;- kL'lri l' ptlv.::r through rela· 

li \i ~' illl'rease s in Ihe pLllential t~ nerg i es Ilf the mi.lIlrilY l~ alTi l'rs . 'l1le ek L·tn\Jl- Iwil: pair gen-

minority (.uTi ers, lh~ (OIKellh:rati ,11l gradient that exisl wi ll til ,,11 .:xcn a fl)r(e Oil the nltlbi lt: 

charged (<UTi ers inlhe neulral rcgil)Us, 111is gradient Ii.lrl·'" .:h,ulg::s (harg::d (;UTi er ptll::ntial 

energi es wilh di stance deep into neutral regions from the depletion region edge, by implca· 

lion with concentralion (If the minority carriers .. 

Elc(trl'Os and h(l les have 1ft be- st'parated spatially and (" Hected in (lrd::r 10 liSt' Iht' ent'rgy 

Iha! t"ach pa ir rcp~st." nt s. TIl adli::Ye separati\lll. Ihe milh1rily l'arri r:rs haw hI diOilse or drift 

to the j unel; ('In, where they wi ll be swepl away by th e built in declri..: ti eld 1('I lhe regions 

where they be..:tl11le majl' rity carriers. It is thi s maj \Jrity "::UTi ers lh;;u ultimalely fhm's thn1ugh 

the two melal l'onla,-'ts to an extemal cireui!. In op;:-n c ircuit ( llllditill!1. thi s prl)l'ess wi ll 



~----------------------~~~~, 
II 

k arl III a build up ofa potential difference Voe between the front and back contru.lS and in 

Sh\lJ1 L"ircuit condtions to a CUJTC"n! ~ . The- chal lenge is h~ C(lnven the non-equilibrium mi ­

nl1r ity ,' iUTier CtlOL'entrati (ln in III maj ority L';UTi ers wi lh as link h:-oss (lflhe;r added pOlential 

-flit' :'>11\1n L';n:uit current dt.: lIsily J:x . Ih l>' \lpr.:n ,' ifnli! Vl1 11 agr.: Voc ' ;VH.J th l." fill-!:tdl1f, FT' 

""nstitut e Ihl;! thre \! rnaj,\f solar cdl par.ul1d l."r"S. -nl l."St' thl'\'\." ;If\: rdah:d Itl Ihl" sillar cdl dli -

~' ienL)' T1 lIl , I:!. 20 1. An etlident s \ll;u- ,'c ll requires that the Jx . Vee ' and the- FF are all 

maximized. These par..unelcrs .u-e interrel at ed thn1ugh ,' \ITllPk'X rclat i,mshi ps iuv(l lving the 

s,l l;u- ..: d lmah:ria ls. Based \111 thC\lfdi ... 'al studi es limiting s\llar c::ll perlimn:ull' C'S have been 

predi\.'ted, lllcse ha ..... e provided hclptill guidance I ~lr impnwing (he pCl1i1ml:Ulce and f\lr as ­

s;:s~ ing th l;! potential benefits Ilf us ing maleri al s with \lther band gaps, A ~'lnver.iion d li· 

\.-ien\.·y between 6 0'0 -1 9 °'0 191 has been estimated 1'01' ;ulIorphoJus siliclln solar ~e ll s. '11lese 

.... iJ ~' Ji ~ \.Tepan~i o::-s in estimali tln ari ses mainl y dOl: It) the JiUi\.·ul ty thal ex ists in 1'Ollnula.ling: 

the ... xa~t transpoJrt bt:havi llr in these Jev i ~es. EWIl tll\'Ugh il is an ullstablizeJ result an 

;u:hi ;-wd e tli~i clKY of 12.7°/1) is reccnte ly rClh1rt t!' J L 141. 

F011nally the cd! voltage is dett:llllincJ by the U:U1J gap minus the quas i·Pcl111i level spac­

ing fhlm the banJ eJg\! s al the edges of the depkli \lT1 n:g:i\lTl. S11!ar ce ll \.·tuTenl is fund:ullen­

tal ly limitcJ , by quantum nalure of light, II.) one colkcted electron-hok pair per incident 

ph Non energy grealer than the band gap. 

The band gap gives the maximum Jx . It and the mint1fity f::uTi er ~ (\ncelrati on define Ihe 

max imlm1 Voe ' \ .. 'hit,;h then gives Ihe FF. llie perl \II1I1:u\c c of s,l lar ce ll s bdow the theoreli· 

.:a l ' .. alue can be separnled inlll deficil in current. \i\l liage and fiJ1faclor. The fi rst \I f thi s is 

du;: 10 imperfect qlk1Jltum efficiency and non·zcro refl ection th;: sec\JIld is duc to low minor· 

ity c;:UTier concentrations, which may be ~;ulse d duc to both radiJ.li ve ;:Uld Ilt)ll-radiali vc re­

( ombinali llOs and the third one is due III cx\.'css leakage cllrrents. 
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2.3 Optical Propert ies of Solar Cells 

2.3. 1 Delcfmin.ltiun of Oplic;t1 P,) .... lmeters 

Opli o:al m~aslJrcm-;:1lf cOllstitute's 1hz I1hJSI impol1:ull rnc;u lS (I f dCIC'nnining 1hz band ~lnlc , 

lures " flh in fi lm scmi.;ondu .. 10rs. \\llcn J beam oflighl is incidelll on a thin fi !n:.th: light re -

fh.·cl;-d Of transmillcd bv the- thin lilln has a ccr1ain lhara~l l.: r whidl ( vult.! be d:scrib-:tl b\' . . 

,:i:lli k, and 'Jplical en~rgy gJP, E ,cP':'. 
o 

'\];::asurem'::lll ofc;';l1aiu qu:ullilics wh ich ch;U"a .. :l ';'ri: : Ill;,; re ll \"\ (l~J \ll' ;11;.: !ra.;l sl;li!!~J Eght 

v i.:: ::;: s IKh :l!; so lar ,,;;:1Is. R.:Il;;-d:Ul";~ alll.llr:Ulsmitt:llh:: \\hi.:l , ar~ u.:fill;;u :!.S :l r.r.:u 0ri.:~: 

rdL":I.:J light intensity 10 Ih.: ilKiJ':1lI light il! l .: n ~ jt~ :U!J trall ~mill..:d light ink.::;i!y Iv !h: i" , 

Fig. 2. 3 ;\lulIipk inlerfer:no:c by rdJc ~· tioll Of Ir;Ulsmiss iof! vflight through ih in fiim I'i~a 

C(HISider a plane- para!kl lhin fi lm ofthickncss d \1 11 ~ thick;:: r tr.Ulsp ~\r;?nl sLibstr:lte on 

ill\gk 8
1

. TIle substrate is as s tJm~d 10 bl;; finite tr.Ulsparcnt ;U1d ofnegl igi bJ e r.:tl~O:lioll . 

• 
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in pral:tice such a narrow beam cannol be used and the Var1 0US reDel:ted and lransmined 

comp(mcnt overlap each other. Interference of light rays will OCi.:ur. Indeed, interfermce 

phen\'mena in the fi lm O",'Ctmi it"'r a ~'main wavelr: ngth l, f1ight falling (In the film fiJ f ..... ilieh 

Ih.: r.: is no abs0rpti \.)n and unly til .... ~a1 part n. uf the ( IJmp Jex r.:fr.u:tive index. n - n + ik is 

tak en inl(l acclmnl. 

TIle s uc~essive interfe r ing rays dOll't all have the s a.m ~· intensity because c<lI;h success ive 

relkelilll1 ;uld transmiss ion ( interfen:lh':c fflllll Ihin tilms (.UI al so be seen in the Iransmincd 

light ) deueases ils intensity. By adding up all the amplilud\."s. taking into account the !"C Ia-

live phases of components the INal r.:- f1 c-ct:Ulce and translIlinJllce aI ni'tOllJl incidence may 

be expressed as ll7] , 

f. = (n- no )' + k ' 
(1l + llo ) 2 .... k 2 

T 
4 fl ~ 

oc " (/1 .. /1 0 ) - k-

(l. I ) 

(2.l) 

' nI t; film refl ~cts IWI) paral k l b~;Ul1S of! ighl rays. One uf lh;-m was fomled as a resull \) f 

rdlection from the air \ lilm interface and th t;; se":tmd as a result ... ,r~llecliun frOIl! lilm \ sub-

Strale interface. The second beam is r r fi-acl ('d when il enters UJ ;:- lilm. Part ufil is transmined 

thflHlgh Ih~ substra1 e while part d il is re flr.:cled :uld again il gels rd racl ed when it leaves 

lhe film before il n1;:-ets the fi rst bet:un. l1le piuh diU~rence bctv.een the two re necled rays 

before they meet is [23J 

(2.3) 

where n is real part (If th e re fracli ve index, 9, is angle I)f in ~' i dence and il is zero f()r 

[lummI inc idence. 
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In ~-ah:ul al.lng the phase din~r~nce bel\\e't' ll the Iw() su ... ·cl;s;:i ive reflected ra~ s il is r.:" ~e . 

ssafY ill :lllJi li on 10 the opli"al path diU:' rencc tr..:.~. hi take into ,\C,,:ounllhe poss ibility (I: !he 

llpli~'ally less J ense and optically denser medillm ;Uld vice versa. A ph3SC differ,:nc.:- .;.( ;: 

;;X iSIS alth;; air / film int e rf ~l l'c ~td o(';.:(' r\1 at Iht.' Ii 1m I substrate inter1:!Cc. 1l\ll~ [h,;- ,,- ndi . 

I!lh:rf::r :.:rh.:': minima ;U1J v i ..::,; wrsa. AI rh1nllal illl"id:.:n,,'';: llt~ ... ·\lndi ti \l!ls ar .;: L' 7.18] : 

~ = 2../'1 = {m + ~)/.. , ( maximum rd !c":li .. m. miniJllul1l lr3J1Smissi0Jl) 

.:::..;..~ = ?.fn = mi. , , , . - -

\H.;n \ \ lIil.: liglJ! is ilKiut:"1l1 \llllho film. Ih .: n: Ih: .. :h:J lighl .. ,UI h.: di :,p l.;r:,~·J U ~ H'.; J .1 .: ... '. 

Fig. :!.3 a.) i.e. interfcn' Ih: ';: Ij'om trallsmiss iull thruugh Iwo pl:Ul ': - p;u'alklllljJT0r~ \\ itl: ';0J1 -

s l:UJI s..:p aralivll d i sJ;lJl":~ or resullat ur kuglh d, 

I -. ~ 

-~. ~-

- ---, 
.... 

Per(\{ re SO J1ator. 
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The optical paJh length between '''''0 ~"Uccessjve transmiss ion or refl eclance maxima is 

knll\vrJ as free spectral range ov. When it is expressed in tenns of wave IIwnbcr the cquali on 

is identical to the free spectral range of a gralillg mOllocrn-omalor 1241. Graling monot.:hroma· 

tors pass mort' than one order of ditlr.h;ted light. -nlal is. fOf any counler reading I . . th~ 

IIILlllochromatlJr al so transmits the wa .... e length A / 11 • where II is an integer. Irthe 11'" order of 

A cuincides with the ( 'I • I r llrder Llf A + .6.)' , the wawlcngth band dA , describes the free 

liv (1.6) 

wh::re to: = 2.988 '0' I 0 3 ~ is spet:d of light in V;t\."uum 

\Vh~n the above' expre-ss il'fl is expressed in tenns of energy ;md substituting tlS fnlfll cqn. 

2.5 at IIvmlal in..:idenc.: Dv bC ": 0I1WS [231 : 

, he 
hov = -

2dn 

where h = 6.626 ',10-3-1 J 5 is Pl;ulck' s colI!)1ant. 

(2.7) 

TIle rali \) afthe (fee 5pectraJ range (iv, III Ih~ fidl- widlh half- maximullI ( FWHM ) L\ V . Ill' 

the spe..:tral di stribution (If a s ingle millhl..:hr0111a1.i..: line mea.<:ure s th..: fine-ness. or " fine!'se" 

(lfthe fringe s and the "::1)cOicient finesse Nr, f~lr ideal plane - parallel mirror surface is de-

fined by [24 J 

(2.8) 

The c(leffici ent of finesse ..:an he interpreted a.<; the cffc..:tjvc number 0finterfering beams. 

In a Fabry-Perot resonaIur the roughness of tile mirrurs as well as diffra,,;ti onallosses. which 

\)..:..:urs wilh mirrors of finite length. reduc es the lvtal finesse. 
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2.3.2 Absorption CharActeristics 

An optical absorption in semiconducting mazeda] is IIsually observed f\)r photon with en­

ergies grearcr or equaJlo their optical band gap energy. Here both the forbidden gap orc- Si 

and the mobility gap of the a-Si arc taken 10 be equal to the oplil'aJ band gaps of C-Si and 

a-Si rcspectiwly (3). Phol\'Ils with ent,,"Tgy less than the I'plical band gap energy will only be 

lransmined through it Wilhilut being absllrbed. "The fillld;uneniai \lpli,al absorpfi ilO gives the 

ITIC:l'iUre of thi s optical band gap. But in a-Si sr.!"micondlh:tClr then: is an optical absllrptioll 

even lor photons with energies less than the optical band gap energy. lbis give ri se 10 a tail­

ing, like that is seen in the eXh:nded Slai t'S. to the Ii.md:ullcnlal absorption edge 131. Again 

these appears 10 be relaled to the prescn~e ofh\~aJizcd Slal cS in thc mobi lily gap 13, 91 . 

l 'llc inclusion ofhydrogcn l(l renlt)vc dangling bonos will decre:L,)c the \lptical ah~(lrpti\)n 

below the fundamental edge. But thi s is nol directly re lated to the hydrogen con~'entralion 

rather it is n:J,ded to lht! prescllct! oJf dangling. boJnds 121. l11is hydrog.:!n in .. -Iusi(l ll has al stl illl 

drect of removing stales frimt the top of the valence band illid thus in .. -rca.s ing lhe optical 

band gap_ 

Bl\th a-Si and C-Si ~'an absorb all lhe vi siblc light spc~tnlln . Hllwcver. the t1pti..:aJ ab­

slJrpti !Jn coefficient, whi..:h d..:-scribt:s the rd:divc number (If pilllh1llS absl1rut' J pt'r unit di s­

tance by the semiconducting malerial is more than an order of magnitude larger than Ihal of 

C-Si over the most of lhe vi sible light range [4 .l lj. 11ms mllst of the so lar radialion wilh 

wavelength less than 0.7 ~lm CiUI be absorbed within appr(lx imalcly 1 ~vn thi ck film of 

a- Si : H [9]. The absorption codJicient for photon energies near the biUld gap is usually de­

tennined from R and T measurements by using I-I ishikawa's re lat ion which removes inter­

ference effects from the absorpli !Jn spectra 11 6,301· 

a =- I /d In (T/ I-R) 

where d is the thi~kness !Jfthc single Ihin film layer. 

(2.9) 
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3. Experimental Set Up 

In thi s chapter, all the- expcnmentaJ apparalus whi,:h has be::n u.,)l!d arc listed, dcscribt:d.. 

and the procedures are briefly described. 

3.1 Experimental Apparalus 

Every arrangemc1lt out of llpti caJ components requires a mt1lUlt ing stru..:lure in addition to 

light s tJun;es, spectral instrumt!'nls and olher optical ~·Lll1Jpom:"ts. ln ~ optical bc:nch used was 

a tmdilionaJ piece 158.8 em long with II "':111 wiJth and J 5 em height. Five of the Illl)UIlIS call 

be nJnvcd and fi xed along its length whil e two Ilf them .;.m alStl be IIhlved ,uld fixed 

transversally. 

, 
Rand T measuremenlS 011 the samples over illuminaJi (l ll SPlIt sizt' t1f _ 10.4 nun ' wen: 

performed us ing a Spex MinimaJe-2 Model 1681 B Spectro- meter with inlemaJ slep drive 

.. : ir~·uitry thal ,.-ouples directly to a computer. Oth~'r I.',lmp"lllents us;"d with it arc : 

( 1 ) Halogen lamp raled to 130 w. It has au ap::f1un' of 18 mm di:ullctcr. 

( :! ) Powt!"r supply fi)r hal ogt.!n lamp p~rl\Jnning th~ ~tJlnnt stabili zat ioll. 

( 3 ) Lenses. 

TW(l bi/ I.:onvex lenses \l f 50 min f(l,al l ~ng:th wi th di;unet:::rs ono nun :U1d 38 /Tl1ll. 

Two bi/convex knses ea.,;h of 71 11 1111 <iimnl!lt:T :uld with 15 11 111111 fl\.,;a l kngth. Oil \.' bil 

concave lens of71 mm diameter with 100 111m f'lcal kngth. Each I::ns is wilh a ho lder. 

( 4 ) M irro". 

11Iree plane glass milTors silvered at the bal.:k, with hll ld:::rs were used. Two IJf 

them are to ensure the near nomlaJ incidence re fl ectance measUJ""';"m:::nt and the other is for the 

Ih1rmali zati,l n \lfthe refleclan.:e l11 t:asuremcnl. All the mim.lrs W~ uncalibrared. 

( 5) LEYBOLD-HERAUS measuring amplifier D. 

It is a de currenl measuring amplifi er whil.:h is in ,:onn :: ~·ti on with a vIlltmcler as 

indicator is used for the mea.'Sllremenl ofvo ilage . II has an tlUlpUl range bet\vcen 0. 3 V and 

3 V ( max.lOV). The CUlTent range se lector on its Iront panel which is in the I-mge 1O·" A -

lO~A is used tll adjust th t!" current gain. The zero adjuslment kntlt-- ar il:'i input is lISt'd hI adjust 

for the background measuremenl. 
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(6) M(ldel M- 4650 CR dig.ila.llllull iml!ler. 

It is a (1)Uf digits mullimeter with !~J)-'(lllve' r1 er un it. A ,,:omputer interfa...~ e ~orme\.· . 

li (ll1 were used to input the vo ltage signal !..lU1 (1/" Ih t.' 111 ~'asurillg ampli li er and feed III the 

coJllIputer storing our data 

( 7 ) Detector. 

A 3 i p-j-n pholodiodc wi th a pla.'ili c, home made housing. [I has a sensiti v(,- area \1 (' 

lllUll" with n!)mmlized ddC(li"'ity \1 1' 0 '" .==. 5 )( 

850 nm. 

( 8 ) Samples. 

IOI2 <-fo 
IV . It s maxi mulII St"1lSil ivily is aI 

l l le samples were p- and n- layers or ~UI approxi mafely 1000 nm Ih i~'kness, intrinsic 

layers of 100 nm and 1000 run thickness. "111e layers arc \I f a-Si H dcpllS itcd in giClw 

dis \.'harge method over ( lIming glass ofr.:fr.l",1ivc index. n = 1.5. The glass s id::s wcr.: 

( 9 ) PC Cl1Illpute.f'$ hI be h)aJcd wilh software: 

a ) 232_SCAN.BAS sp .:~tromCler c{lntrol pr\lgr.Ul\ \\Tiuen in GWBASIC. 

It is a SUpp0l1 srJftwan: suppli ~ J from tht: SPEX ( \)mpany. Ou \."\lmmano the spl:~[r\l llle ! ;: r 

IS made to S~:ln the des ired spe(lral range with a step drive system that is lineal' with 

wavelength. This spe'lral inslmmenl, th e SPEX Spe ~"lrometer , is a stepper drive grnJing 

gral ing bl 3.7.:e 500 run and :KWra.:y of ± 0.5 11111 for a standard 1200 gr/nnn graJing. The r::;w· 

llut of the ~e'tromClcr is a four digit wavdcngth nluntt'r (alibr.ll t:d in nanomet~·rs that 

di splays the I."=entral wave k ngth oflight that wi ll pass through th..: spe..:: tr\lmeter fo r a 

I ZOO grimm gr.uing. 

b) Digiscop multimaJe graphics prognun. 

To recllrd a spew1Jrn you need to acquire iUld store a Ivl \If data sels whidl usually 
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include the sp::ctra.I position and the appropriaIC ..:orresponding physicaJ quant ity. Tne daza 

3cquisili ctn c·fthe incoming vo ltage signal from the digilalmul1 imalc were pcn onncd by this 

St
1
fty.'art . This sp\!" ~·tral data from the spc ~'lral s .. :an were li led as ASCU fil es. MiC'roCai 

(9) Cables, 

Standard BNC cab les and tHht!f w ires arc us~d for r.:I ectrical c(lnnr.:cti Ll fl . 

3.2 Experimental Procedures 

3.2. 1 Renf'Ctance Measuremenl at Near Nonnallnridence 

M.A. 

« 

PC. 
2 

P.S. 

f ig. 3. 1. Experimental arrangement fIJf re ne.;t~llH:e measurement. 

\1 .A . : measuring amplifi er , M .1. : measuring instn.llm:nt (multimctcr). 

P.D. : photodeteclor, Me. : l1lonlldtrtlm;Ut1r, SP. : sample, M : mirror, 

P.S. : power supp ly, PC. : personal computer, L : lens. S : lamp. 
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I) A 50 mm diameter bilcollVcx: lens l) f 50 mm focal length ( 1.,) was placed a1 a 

di stance ofl h :m to cl)ndensc lig.lu trom th l.' hah>gelllump (S). 

horizontal. M: was placed '-'n the opposite s id!;!; Of;Ul adja~'e llt 1..1pl ical belll;h aI a di slaJlI:e of 

3.08 ell1 trllm the sampl e holder ( SP.) III ensure near 111.mnal incidence. 

3) A bik ,mvex lens ( L) of 71 II1J1l di ;un r.:: ter with Illcal kngth 150 nlln was plact'd at 

20.9 elll trolll the samp le to ("(11kel [he tight beam rc lkclcd Ir\ lllI our s;unpl cs. 

-1. ) A bil ( \Jnvex kns o r 38 nUll diameter ( L.., ) wi lh l il~' al length 50 IlWI W;L'i pla,:eJ al 

13. 2 ,; 111 [f,lm L: III Cl l l1dense ;md focus th e I ighl 1111 the cnh-;Ulc e slit whidl is ,111 the lalt:ral 

side of the spe •• :tromeler ( M.C.). 

:,:;p cctromelcr. 

6) TIle computers. amplifier. and power supply Ill' the I;unp were ~'o llllecli:-d It' the 

mains supply sod:~ t . 

<lmp litit:r (M.A.) II) amplity the illl;oming phOIl)~u rn!ll 1. "Ill t: oW put ofth:! amplifier was 

conne ~·ted to the input of the digital multim~ t er ( l\U.). 

8) The output of the digitaJ muitimeler w~ i"onnecled 10 the li rst persl,"al ~'omlmt (;"r 

( PCI ) as shown in the figure above ( Fig. 3. 1) whidl is to be- loaded wilh the digi s~' l'p 

lIluitimaIe graphi~s program softw~. 

9) The amplifier and the digilal llluilimeter were p\lwered \10 and then dlceked f~) r the 

conne-.:tion ofthe ~'omputer w ilh the llIullil1l t.:: tcr. Tlle ~lIrrell l range was se l t.:: ~l ed 10 he 10" r\ 

for the maximum of 2 V out put and (.II.: min imum ba~k ground rt.:: ading 0 11 the IlllJ lt iml! tl! r wt!re 

adjusted. 
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10) The spectrometer was (onnccted with the scc\lnd p~· r.iOllaJ CllITlpuh:r ( PC.) whi,h 

is 10 be loaded with the 232_SCA.:.'l.BAS program. Th" c oJlUlc .. ,ion was .. :hccked by starting 

the cClmputer and running the program. 

11 ) The halogen lamp was powered on and the s lit widths ofbOlh the cntr.mce and the 

exit s lit of lhe spectrometer was set to be I mm. The poss ible Pl1sililms to be sci for the 

llplical comp .. ments is checked by the maximulII reading.lli1 till" di g.ital 111l1ltilllclcr. 

12) Finally, sening the tv.·o computers at a lime the data ..... ere ShlfCd. copied on the 

!loppy di sc. and Imer on worked within the M icroCaJ Origin Wimhl\v program software. 

3.2.2 Transmittance Measurement at Near Nonnall.n ridence 

M.A-

• 

PC. 
I 

Wi 

M.e. 

PC. 
2 

L SP. di ph. 
J 

P.s. 

Fig. 3. 2 Experimental amUlgement C,.lf transminarK: measurement. 

M.A. : measuring amplifier, M.1. : measuring instrument ( Illultimclcr). 

P.O. : pholodelector, MC. : mlmod'lnmtal oJr. SP. : s aJ1lp~e , 
P .S. : power supply, PC. : personal ..:omputer. L : kons, S : lamp. 

diph. diphr.lgJn. 

I) A 71 mm diameter bil c\' nC3"'C lens ( ~) : f f\'~' al kn~h 100 nUll w~ pla~ed aI a 

d· f 15 . fr t of the halogen lamp A b l! CN1VCX I:n~ ( 1...,) of the same diameter Istance 11 em III on ,., . . . 
with foca l length 150 nun was placed after ( L1) altoJg.ether to make the light beam paralle\. 
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2) A diaphragm ( diph.) apertured with 60 mm di ;m eler was placed ill 4 1.65 mm from 
the second lens ( Lz) to make a n<VTowed beam lit.ll on our sampl e. 

3) A sample holder (SP. ) with d ips was placed aI 7.44 em after the diaphragm 

4) A 38 nun diameter hi! convex lens ,If 50 mm focaJ length ( l..., ) was pia.(C'd II .;.-m 

from the diaphragm ( diph. ) 10 co ll ect and focus the tranl>mincd light beam on the ,:ntrance 

slit of the spectrometer. 

5) The dete(:tor (P.O.) was placed j ust allhe exit slit or lhc spcctr(lmctcr ( M.C. ). 

6) All the steps from ( 7 ) up to ( 12) taken in the re lh'cl;ulce IIIca.-;uremt"nIS were 

repeated. 

3.3 Experimental Notes 

Like any other measurements both the re flectance and the Iransminance TlIt.:asur-.::m::nts an:: 

measured re lalive to some reference. The rtfercnce sample fo r the rcflectaw . .-c measurements 

w ere ilf) un,aJibraled glass mi rror while for the- tr.ulsmin;uKe lIJC'asun:lIl::-nts the base 

subSlrale, ~ l)ming glass were used. lis opli cal C(.) IlSI;»ll is Olll absolut t! ly ktW\'l1. F\lr these 

reasons the rt! fl ectance and th t! translilinance values are giveo in arbitral), lU1its. 

In the reflectance measurements or tr.Ulsmitt:Ul\;e measurements, the spe~tra \lf the samples 

were taken by puning them one after <Uh)lher in the s<Ullp le ho lder alter the ref~'r~l1~e sample 

spectra is taken In doing so, each time there wi ll be a slight ,·hangc in the angul :n- positi on of 

the sample holder. As optical measurements are sensiti ve to slighl change in the pos ilion of 

one of the optical components the reading for the maximum radi ant beam which has changed 

in to an electrical siginal were checked by the digital multimeter each time the sample has 

changed. 

Further improvment for the experimental sct up : 

a) calibr.l!ed reference mirror. 

b) use oflight-fiber opti cs to avo id rt:"adjustclllcnt after ch;»lgi ng of samples and refC"n.~m·e 

sanlples. 
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4. Reflectance and Transrnillanre ~1~lsur('mcnlS 

of Thin Film a-Si : B Sa m pies 

The basi,,- method for evaluating the optical constant s of a thin fi lm in whifh inl crfen."1lce 

phen .. \mena can be I)bseTVed when it is exp\'sed 10 light cons ists of refemng Ii' I~ 

re fl ectance ( R ) and transmittance ( T ) measurements. 

111.: sampks tor investigation were depos ited using plasma t.:nhanced chemical "'''p .. .lUr 

depoJs ition ( PECVD ) or glow di scharge ( GD ) deposition al radio Ircquclli.:Y ( RF ) in the 

resear.,;h centre Judich ( Gcnnany ) in the LnslilulC for 111;0 Films and Ion Technique 

Photovoltaic ( 131- PV). Table 4.1 gives the type :U1d thi ckness of the fi lms. 

Th:: \)pti,,:aJ properties of these sounpJr!s were investigated in £wo differeml laborJlori cs. 

This was done by the same tedUlique, but with a di fferent experimental set up. Rand T 

measurements of thl! samples in the Dcpartmcnt of Physi..:s of thc .. \ ddis .. \ baba Uni Yersi ly 

(A-\ U ) were carried out o ... ·: r an energy range of 1. :!4 eV < E < 3.4 3 eV while in the Judich 

I labctratory the samples we-re investigated over an energy IlUlge of I. 13 eV < E < 4.13 eV. 

lnt' \)btJined results to be (" 'Jmpared arc described in the following sc(; ti ons. 

Tabk 4.1 Typl! and thi..::kness of sampks iTlvt: stig:ded inlhe twt1 lai)ilraillnes: AAU 

and luelich. 

Sampl ' Sample Type Tlucl7less (= d) (nm ) 

lName 

I> 1000 p doped 3·Si : H 1.000 

in 1000 intrinsic 3·Si : H 1,000 

in 100 intrinsic 3·Si : H 100 

In 1000 n doped J·Si : H 1,000 

4.1 Rene<tance Measurements 

4.2.1 T ht p- Layer 
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Fig.. 4.1 Reflectance spe..:tra IJf d ;: 1000 tUn thick p. layer ..,f RF PECVD pfoJduccd 

a-Si : H as measured in the two dilferentl ablJraI\Jn es : AA U and Jucli..:h. 

'Ill;! above graph di splays the rdh~ctance spectra of an approx imaIely 1000 mil thick p-

d~)pcd a-Si : H thin film. The d31a is laken from the rclkclarh.-e mcasurenn:nts done in the 

t\.\'o different laboratori es aI r(lom lempcrarure : 

A.--\ U - Addis Ababa Univers ity FJ\,:ulty of Science in the Department of Physics. 

Juelich _ Institute for Thin Films ;md Ion Technique photoJvo ltaic ( lSI - PV ) Juelich. 

Gennany. 

TIle two spectra have a simi lru- trend with respect to the energy r.ulge llf inVe1,1igarion 

except for the dilferent periodic ity of the refl ectance maxima. 

The interference fringes seen in the energy region of 1.25 eV < E < 2.27 eV for the dala 

from the AAU and in the energy region 1. 22 eV < E <: 2.23 eV f()r the dala from the JueJ i..:h 

are due to the thickness of the film. TIle amplitudes ..,f the reOe('tan..:e maxima de..:reascs from 

lower energies to higher energ.ies . The decrease in amp litude is re laaively I:u-ge in the energy 

range between 1.7 eV < E <: 2. t eV ror the dala taken rrom the AAU lab\Jr.1lory and in U1e 

energy range of 1. 7 eV < E < 2.2 eV for Ih~ d.'l1a taken from the Jueli..:!1 lablH";lI olj' . The 
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decrease ranges from 4 % ~ 18 % of the maximwn value for the dala from AA U and from 

4 % -22 % for the data from Juelich. The hal f widths of the interference fringes are al so 

smaller in thi s energy r.mge. No intenereTh;e fringes are seen in the energy ranges which are 

abow 2.27 eV for the measurements done in both labt)raJori es. 1111: ~;pC'clral positions of lhe 

refl ectance maxima with the ir corresponding errors of measurement are gi ... ·cn in Tab le 4.2. 

Table 4.2 Reflectance maxima values for an approximate ly 1000 11m thi ckness p- Iaycr of 

a- Si : H with thi er corrc~;ponding at:!:ur.4-)' of 1Tl t.:<lSw-cm cnl as mca<;urcd in the 

two different laboral0ries : AAU and Judich. 

Reflectance maxima (eV ) 

Maxima no. AAU Juelich 

I 1.346 +/~ 0.13 1.334 +/- 0.14 

2 uzz +1- O. \0 1.536 +\- 0.12 

3 1. 683 +/- 0. 11 I. 74 7 .,. /- O. II 

4 1.830 +/- 0.08 1.914 +/- 0.09 

5 1.972 +/- 0.07 2.072 +/- 0.08 

6 ! .090 +/- 0.09 2.206 .... ,. 0.09 

4.1.2 Tht Thick i- La)'tr 

1.0 

~ 0.8 I 

" AA U 
'" .l/ Juelld, 
~ 

0.6 .. 
~~Il " 

, , , , , ' 'I 

~. 
U 
~ .' , OJ 

0.4 
. , , , ' ' -u 

" .;::: 

~ 0.2 , 
0.0 

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2 .• 2.8 3.0 

Energy ( eV ) 

.- fd - 1000 run thi~k j. layer ofRF PEC\'D produced Fig. 4.2 Refl ectance spec.,,, 0 = 

S · . 1.1" "".:ured in the lwo diO"crenllabllr;lhl ri cs: AAU ;md Juc lich. a· J . ,asmt: .... 
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In Fig. 4.2 the refl ectance spectra of appro xi mal ely 1000 nm thick intrinsic layer of 

a·Si : H thin film is disp layed The dara is taken from the refl ectance measurement done in 

the two diOerent laboratories aI room temperarure : AAU and Juelich 

The two spectra have a similar trend with re~l>(:ct h) I!ach COl-rgy ranges of invC!)1igaJion 

ex..::ept for the different periodicity of the refl cct:mcc maxima 

The! interference fringes are seen in thc 1!'nergy rcgi\IO of 1. 24 eV < E < 2.01 t:V for the 

data from the AAU laboratory. For the data from the Jue li ch laboratory the interference 

fri nges are seen in the energy region of 1.1 6 cV < E < 2.0 1 eV. "Illesc interference fringes 

are due to the thi ckness orlhe film. lbe amplitude of the refl ectance maxima del. Teases from 

IlJwer energies to higher energies. The de,,-rea.'ie in amplitude is re latively large in the cnergy 

range IJf 1. 7 e V < E < 1. 98 e V [oJf the data from the AAU and in the energy r.ulge of l. 7 e V <: 

E c 1. 96 cV for the data fr~lm Judich. The decrease r.Ulges fi-om 7 % . 30 % of the maxi llllmi 

value for the data fi-om AAU and fi-om 3 % • 19 ii 'll of the maxi mum value f(l r th:: data 

fromJuel ich. The half w idths of the interference fi- inges arc broader fo r lower ~nerg. i es as 

~' t)mp~cd to higher energies. No interferen(' e fi'inges ~c seen in the energy r.mge whi('h is 

abtlVe 2.0 1 eV for the measurements dtm~ in both la.lWraIories. Th e spedral positil\fls \)fthe 

re n ectance maxima with their corresponding errors ofmea'iurement arc given in Table 4 .~ . 
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Table 4.3 Reflectance maxima .. -alues for art approximately 1000 om thidmcss i . 1;'Yer 

of a- 3i : H with their corresponding :lCcur.ll"J' of rn C'Jsun:mcnt as measured 

in the two ditn:rcnllaboralori cs . AAU and Juclich 

Rcnecl;mce maxima (eV ) 
lMaxima no. AAU JII: lich 

0 1.259 +/ - 0. 10 J. 23! ---/- 0. 10 

1 1. 388 +/-0.12 1.35h/- 0.09 

2 1.504 +/- 0.09 1.4 77 +/- 0.09 

J 1.6 10 +1- 0.09 1.l93 +1- 0.Q7 

4 1.712 +1- 0.06 1.700 +1-0.06 

5 1.805 +1- 0.06 1. 788 ·1- 0.05 

6 1.889 +1- 0.04 1.876 -/- 0.06 

7 1.981 +1- 0.Q7 1.964 - 1- 0.06 

4. 1.3 The Thin i- Layer 

In figure below ( Fig. 4.3 ) the reOc..::lan..:e spc..::tr.t llf an appr0x imaJely 100 11111 thicknl!ss 

intrinsi ..:: layer 1,)[ a-Si : H thin film is di splayed. 11lc data is laken fru llI Ihe rdlccl:llh."c 

mcasureml!nts dl1ne in the two laboralories. 

b"lool 
1.0 

~ 

" 0.8 

'" AA U ~ 

/' -. 
" 0.6 

, 
.------' Juellm ~ 

, 
.. 

" 0.4 " 0: 

~ 
0.2 

0.0 0 
I. 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3 0 

Energy ( cV ) 

Fig. 4. 3 Refl edance spectra of d :: 100 11m thick i-layer ofRF PECVD pn1du..:cd 

a-Si : H as ml.!asured in the two difterenl lab,lr.ll l)ries: AAU and Judi(:h. 
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The two spectra have a similar characterist ics with respect 10 the energy r.mge of 

investigation except for the mismah:-h of the r.: fl c-clancc max ima energy positions. lnc 

re fl ectance maximum for the data from the AA U laboratory shift s by 0. 17 cV 10 lower 

energy with respcf.:1 to the reflectance maximum ml!3sured in Judieh. 

Unlike the thicker j. layer here we have only one reflectance maximum. Th e width of thc 

interference fringe is aJ so the broadest mea:;lU'ed than all ofthc oth l.:"r samp les. II is 0.63 cV 

lor the data from the AA U laboratory and 0.88 eV for tha.I Ir .. nll Judich labor.llory. 111C 

spe l,':tral pos itions of the refl ectance maxima with the ir corresponding accura..-y of 

mcasurem\!'nl are given in Tab le 4.4 for the measurement done in both labOr.\lorics. 

Tab le 4.4 Refl ectance maxima vaJucs for an approx imalcJy 100 mn thiclmcss j. layer \) f 

a· Si : H with their c\)rre sponding accuracy of I1lCasureml!nt as 1ll ~ ;L'i un:d 

in the two differenllabOralori es : AAU ;uld JUl;: lidl 

Refl e l,':lan ~c maxima (eV ) 

Maximwnno. 
J.-.:.: A~U lucli~h 

1 1.989 +/- 0.63 2. 156 ' / - 0.88 

4.1.4 Th~ n - Layer 

In Fig. 4.4 the refl ectance spectra of an approx illlalcly 1000 om thi\:klless 11- layer of 

a-Si : H thin film is displayed. The data is taken &om the refl eclance me;]Sut'Cm(,llls done ill 

the t\Vo different laboralon es: AAU and lueli ch. lllc measurrntents are done at room 

ectra have a similar trend wilh respecl 10 each energy r.ulges of temperature. The two sp 

investigation except for the different peri odicity of the refl ectance maxima. 

, 
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Fig.. 4.4 Reflectance spectra of d :: 1000 nm thi ck n- Iayer ofRF PECVO produ..:cd 

a-S; : H as measured in the two ditlcrenl laboralori es : AAU and Jud idl. 

The! interferen..::e fringes are seen in the energy regiull of 1. 2 .. eY < E <.. 2.06 eY fi)f UI I.: 

dala from the AAU laboratory. For the data fr(lm the Judi..:h labOr.U(ll')' the maxi ma of 

inlenerence fringes are seen in the energy region of 1. 20 eY <. E < 2.06 cY. "Illcst: 

illt ;:rference fringe s are due 10 the thickness ll f the flint "Ille ;Ullplitudc Ilf the rc fl e..:l;ult.:1;! 

maxima decreases from lower energies to higher energies. 1h! dClTease in amp litude is 

reimively more pronounced in the energy rang!.! (If 1. 70 eV < E < 1.99 eV fo r the dala frolll 

the .'\AU laboratory and in the energy range of 1.69 eV < E < 1.99 cV for th:: dala from 

Judich. The dCI.Tease ranges from 16 % . 29 % (If the maximum value for the dala taken 

from the AA.U laboratory and from 15 % • 30 % of the maximum value for the dala from thai 

of the Jue lich laboratory. The half w idths of the interference fringes arc broader for lower 

ene-rgies as comparcd to thai aI higher energie-s. No interference fringes ~ s.;en in the 

en~rgy range which is above 2.06 eV for the measurements done in b(l!h laboratori es. 

TIle halfwidths of the inlerferen, e fringes of thi s layer are broader thall thai \)f the thid :er 

intrins ic layer and the p_ layer. This is tnlC for the dala taken from btJ th laborat ories. 
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The spectral positions of the reflectance maxima with their correspondi ng errOrli of 

measurements are given in Table 4.5. 

Table 4.5 Rellectance maxima vaJues for an approximalely lOOO run thidalcSS n. layer 

of a- Si : H with thier corresponding accw-ac:y \,r measurements as mCa'.ored 

in the two different labOralories : :o\.AU and Juelich. 

Reflectance maxima (eV) 
axima nQ. AAU Juclich 

0 1.3)4 +/- 0.16 1.294 ~i- 0. 18 

I 1.536 +/- 0.15 1.51 2 +/- 0. 13 

2 1.708 +/· 0.12 1.692 T/ _ 0. 12 

3 1.860 +/- 0. 09 1. 849 - , -0.09 

4 1.997 +/- 0.13 1.995 -1-0. 14 

4.2 Transmittance Measurements 

4.2 .1 Thr p- Layn-

1.0 

0.9 
~ 0.8 

" 0.7 

'" ~ 0.6 

" 0.5 u 

" is 0.4 
.'=' 

.. ~ . 

AA U 

: r- Juellch 

\V \I •. 

- 0.3 " ~ iii 0.2 
w 

0.1 f-o 
0.0 

1.0 1.6 1.8 2.0 2.2 2.4 2.6 t .2 1.4 
Energy (eV ) 

of d == 1000 lUD thick P - layer of RF PECVD produced Fig. 4.5 Transmittance spe.;tra 

'

·0 the two di fferent laboralones : AA.U and Juelich. a-3 i : H as measured 
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The above graph ( Fig. 4.5 ) shows the transminance !!.l1ectr.l of an approximately 1000 IlJTI 

thickness p- layer of a-Si : H thin film. 'The dala is taken from the mcasurcmc-nt done in the 

two laboraIories at room lemperalure. Similar to the refl ectance spectra. the ir.lnsmiltance 

spectra from the twll labftr.uories, have a similar char.u:tcristics except fllf the diOi:rcnl 

periodic ity of the transminance maxima. 

lnlcrferenee fringes arc seen in the cn~rgy r.:U1gC of 1. 24 eV < E < 2.02 eV (oJr the 

transminance m:.:':a5urement done in the AAU laboralory. For the dala II"om Jueli ch the 

interferenl.':c fringes are secn in tht: energy r.ulgc of 1.13 eV < E 

interferen\.~e fringes are again due to the thi ckness of the films. lhe ~llp l ilUdc (If the 

transmittance maxima de\.leases from lower energies to higher energies whidl is similar to 

the behaviour ofIhe reflectance maxima. TIle decrease in amp litude is relaIively lou-ger in the 

enl;!rgy range (If 1.63 eV < E < 1.93 eV for the daIa fnlm AA U and ill the t'ncrgy r.ulge Ilf 

1.64 eV < E < 1.98 eV fo r thai from Juelich. lbc decre:L'iC ill amp litude r.ulges from 7 u~ 10 

47 010 of the maximum transminance amplitude f(lr the daIa from the AA U labfl raI ory while it 

is from 4 0;(, t0 43 0 /0 of the maximum transminance for the daIa takcn from thaI of the Juclirh 

lahoralOry . N t) interference jj-inges are seen 1111 the average al)llve 2.07 cV and llil 

transminance is seen aI higher energies above 2.4 cV. lbe' lran s.miltam~e, al thi s energy limil , 

abov!;;': which no tran~1llinance could be detected by the dctcdor has a non~zero value (E -

0.0 1 eV ) for the daia from the AA U laboraIory while it is ( E - 0.004 eV ) for the 

measurement done in thai of the Juelich labor.llory. 

The spectral pos itions of the transminance maxima wi th their corresponding errors of 

measumlent are given in Table 4.6. 
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Table 4.6 Transmittance maxima vaJues for an approximalely 1000 run thickness p-Iaycr 

of a- Si : H with their corresponding accuracy of measurement as measured 

in th:e two different laboratories : AAU and luelich. 

T rntIsminiU1~e max ima (eV ) 
1axima RQ. M U Juei ich 

1 1.285 +/- 0.Q7 1.220 +/- 0.08 
2 1.470 +/- 0.06 1.438 +/- 0.Q7 
3 1.636 +/- 0.06 1.641 +/- 0.Q7 
4 1.792 +/- 0.05 1. 822 +/- 0.Q7 
5 1.933 +/- 0.08 1.985 +/- 0.09 

4.2.2 Thr Thick i- Layer 

lllt! figure below (Fig. 4.6. ) shows the transmittance spectra of approximately 1000 IUtI 

th ick i- layer of a-Si : H thin film. Both data arc taken from the mca~urclllent done in the two 

laboralories aJ. room temperature. 

1.0 ~-----_______ -, 

.. . -; 0.8 

0.6 

0.' 

0.2 

o~ . LO--l~.2--1.' 1.6 1.8 2.0 

Energy ( eV ) 
2.2 2.' 

Of d:: 1000 run thick i-layer llf RF PECVD produced Fig.4.6 Transminance spectra 

a-Si : H as measured in the [\Nt) different lab{lr.tlllri es : AA.. U and Juclich 
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The rwo transmin;mce speC1r.1 have a similar trend except for the diflerent periodicity of 

the transminanc;e maxima As compared 10 the tr.msminancc maxima of the other samples 

iny~sl igated the mismalch is relat ively very smaJ l. 

Inlt!'r1~rence fringes are setm in the I!nt:rgy range of 1.13 eV < E 

transminance measurement done in the Juelich laboralory. For the dala taken fWIll thal of the 

AAU the interference fringt:s are seen ill the energy r;U1gc or 1.26 r;V ... F. ...: 1.90 cV. 

DitJerenl from thai of the data from the Juelich labora.lory one oflhe lr.U1smill:ln.,; c maxi ma is 

abS\!,1l1 in the transminance spe.,;tra of the dala frlJm that orlhe A>\ U due 10 the Ilcar· j"Ij-~d 

limitati on of the experimental set-up. The amplitude IJfthe tr.ulsminanct' maxima dc\'reascs 

from luwcr eoer-gics 10 higher energies whit.:h is of tile s:une bcaviour as observed fllr the 

r;: fl eclan(:e ma..xima. The decrease in ;unplitude is relatively large in the cnergy r.ulge oJf 

1.66 eV ~ E < 1.84 eV fllr Ih l:!' data from the A-\U laboralory and in tht' :."11\:r.&.y rangt" Ilf 

1.64 eV .-: E < 1.83 eV fl1r thai from Jue lieh. These de..:re;L~c in :unplitude ranges Irlllll 8 ... ~ III 

27 °'0 of the maximum transminancc amp linldc f(lr the dala takcn from AA U and fr(l lll 5 u~ to 

14 % (If the maximum transminance lor the data taken from Juc l i~'h labi1r.UMY. llll' half 

width l1f the interference fringes are small ( b,v - 0.04 r:V) unlike the tl lher s;unp k s :uld are 

ne:u-Iy equal. No interference fringes are seen abl)Ve 1.90 eV and no transmitt arKc is St'cn at 

th~ higher energies above ;U5 eV. The tran~'l1inatlce atllplilUde at thi s \!ll:."rgy limil. ab\lVc 

w hich no transminance (:ould be detected by the detector has a non· zero ..... alue (E - 0.0 l eV) 

for the data fr(lm the AAU labOrall1f)' while it is ( E - 0.001 eV) fil r th:: m::aSl1n:m::nl iJ II I1 C 

in Iha! of Juelid1. 

The spectral . . f Ih 1~.sml· n"'I··e maxima with their ..:orreslh1nd in2. t:TTI'T"S Ilf pos llwns (I e , ... , ... .. • ~ 

m\!a5un:menl are given in Table 4.7 . 
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Table 4.7 Transmittance maxim a values for an approximalely J 000 nm lhidcrtess i- layer of 
3- Si : H with their f::0ITe sponding accura...)1 of mea.surements as measured in the 

n es: AAU and Juel ich. two different laboralo 

is absent due to the in vestigation range, 

• - Transminance spectra whi~'h 

Transmittance max ima (eV ) 

axima nQ AAU luelich 

0 • 1.1 61 +/- 0.01 
I 1.3 21 +/- 0.04 1.294 +/- 0.04 

2 1.447 +/- 0.03 1.4 22 +1- 0.04 

3 1.511 +/- 0.04 1.536 +/- 0.04 

4 1.664 +/- 0.03 1.648 +/- 0.03 

I 1.711 +/- 0.Q3 1.747 +1- 0.04 

4.2.3 Th~ Thin i- Layer 

In figure be low ( Fig. 4,7 ) the transmittance spectra of approximately 100 fUll mid 

intrinsic layer of a-Si : H thin film is di !:.1J1ayed The data is I;tken fr('ltn m \! <ls uretnelll s d\l llC 

in th l:: two laboratori es at room temperature. 

IIn1 001 
1.0 ~-

0.8 
' / Juclkh .. '. 

'. . 
AA U 0.6 

0.' " 

" 

0.2 

0.0 2 
1.0 1. 1.. 1.6 1.8 2.0 2,2 2.' 2.6 2.8 

Energy ( eV ) 

f d- 100 nmthick i-layer ofRF PECVD produced 
spectra 0 :: . . 

. d 'ffi t labor.t! fln es : A."- U and Juch ch. 
Fig. 4.7 T ransminance 

a-Si : H as measure d In the two I cren , • 

The two spectra have a sim 
- t fi)r the reiroively large mismah:h ( - O. II ~V ) ilar trend cx..:ep , ' 

. 

I 
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(l fthe maximum energy position and a non-zero ampl itude ( _ 0.04 eV ) at the higher ellergy 

limit above which no transminance is seen in thi s invcSl igmi on. Diffcring from the other 

samples, a non-zero amplitude vaJue ( - 0.01 eV ) is al so l)bserved for the daJ a obtained 

from the luelkh laboratory. 

FlJr thi s sample, which is approximately len limes IhilUlef th.U1 the (' thers, Imly one 

maximum is obtained The spectral position llfthig tr.ulsmilt:ulce rnaxinltUlI is giw n in Table 

4.8 with its uncertainity of measurement. 

Tab!:: 4.8 Transmittance maximum value fOf apprl)x imatd y 100 IIIl1lhid i- layer of 

a- Si : H with their corresponding a,,;cura .. :y \) r meaSUfCment a.<; Iln::a.':iured 

in the two different laboratori es: AAU and Jucl ich. 

Transmittance max imum (eV) 

M aximlllD nQ. AAU Juelieh 

I 1.\64 +/- 0.39 1.692 +/- 0.3 1 

4.2." Th~ n- Laytr 

1.0 

~ 0.8 ;\ 
V M U " : : 

'" . 
~ Juellch 

" 0.6 

\P 
u 
0: , 
S V ", ;' ·.V ·E 0., '. 

v; 

~ 
a 0.2 ~ ..... 

0.0 
1.0 1.2 I.. 1.6 1.8 2.0 2.2 2.' 2.6 

Energy ( cV ) 

. f d :::: 1000 run thick n- layc:: r of RF PECVD produced Fig. 4.8 Transmittance spectra 0 -

. d ' \he two different laboratori es : AA U and Jucl ich. a-31 : H as measure 111 
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The above fi,gun: ( Fig.. 4.8 ) shows the transminance spectra of an approximalely 1000 run 

thickness n- layer ofa-Si : H thin film. The data is laken from lh:.- mea.'mrcmrnts done in the 

two laboratories at room temperature. The transminance spectra have a similar trend except 

for the di fferen t pmodil.!i ty oflht: tran))m inance maxima 

Interference fringes are seen in the energy range of 1. 24 eV < E <. 1.85 eV fi)f the 

transmittance mea';; lIremenl done in the AAU laboralory. For lhe dala fmlll Jucli..:!l tht,;y an: 

seen in the energy range of 1. 13 eV < E < 1.85 eV. DiOercnl from thal ofthc data taken Irolll 

the Juelich lab0ra1ury line 0f tht: transminance maxima is absenl in the lr.ulsl1lin;uu:~ spl.!clr.J 

fur the data laken from AAU. The amplitude of the Iransminance de\' r~ascs from lower 

alcrgies 10 higher energies which is the simil;u- to that for the rcne..:l<lncc rn;uillla. l 11c 

decrease in amplitude is re latively large in the energy range of 1.61 eV < E < 1.77 eV !()r th t: 

data frllm the .,\ :\ U laborahJry and ill the energy r.ulgc of 1.60 eV c::: E < 1.77 cV filr thai from 

Juelich. These decrease in amplitude ranges from 5 \I t 10 35 \t ~ of the maximum Ir.ulslll illance 

amplitude for the data taken from Ihe AAU and from 5 % Iv 25 u~ of the maximuIII 

Ir.msminance for the data taken from that of JueJich. No interfe-re-flcc fringes <U1: seen ab(we 

1 85 eV ;md no transminance is seen tUthe higher energies (Ill Ihe aVt."arag~· abtIVe 2.25 cV. 

loe Iransminance ampJirude, aI this energy limit above which 11ft tr.ulsmillance Ct1uld be 

detected by the detector has a non - zero vaJue ( E - 0.01 eV) fv r the dala frolll the AAU 

laboralory while it is ( E .... O.OO l eV ) for the measurement done ill Ihat tJf the Juelich 

labor.l1ory. 

. . f th ·-·sminanc" maxima with their cvrresponding errors of The spectral pos it IOns 0 e u ..... , ... 

measurement are given below in Table 4.9 . 
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Tabl e 4 .9 Transmittance maxima values fo 
ran approximaxely 1000 om thi ckness n· layer 

of a- Si : H with thier COJTesponding ac\.~uracy of measurement as measured in 

the two different labOraIories: At\ U <md Jueli ,"-h. 

Transmin anee maxima (eV ) 
aximanQ. M U Juclich 

0 • 1.201 >1· 0.07 
1.432 + 1-0.06 1.41 H /- 0.07 

2 1.614 + 1- 0.06 1.600 +1- 0.06 
3 I. 777 + 1- 0.D7 I. 771 +1- 0.07 

4.3 Absorption Coefficient or p- , i- , and n- Layers or a-Si : 1:1 

Th~ absorpt ion coefficient ( u. ) is ~'akula1ed for all of the samples us ing J-lishikawa's 

rel:Jl ion (given in section two ) from the R and T data oblajned from both labor.uories. -nil.' 

absorpti on spectra for the iflYestigalcd samp les arc sh..,wn with the absc issa III the 

logari thmiC" scale ( to compare the orde~ ofrnagJlitudc) of the absorpli oll codliciclll in I h ~' 

units of em' l and the ordinal ;;! axi s in a linear scale ofener!O' in the units of eV. 

The energy ranges shown in Ihe spectra are only what considered as medium and stnmgly 

absorbing regions. These are the regi ons where the curves in their absorption ~l'cClra arc 

smooth. There is al so an absorption even in the energy ranges be low the Eg ope wh ich is 

direr; tly re lated to the localazed energy stales or traps in the mob ility gap [21. 

4.3. 1 The p- Layer 

1lle absorplil1n spectra \)fthe p- layer of a-Si : H is shown in the figure ( Fig. 4.9 ) be lt\w. 

The data is laken from the R and T measurements done in the two labOraiori es at nwm 

temperature. 

The 1\\'0 absorpti on spectra h;n.·c a similar trend in the energy range 1. 8 eV < E < 1.4 eV. 

NevcI1he less, the absorpti on spe~'lrWn from Rand T data obtained from the AAU lal>oraJ ory 
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is slightly at higher values with respect 10 Ut . 
at trom Jucllch. lhe residual non· linear parts in 

the spectra which are seen below 2 05 eV . 
. are re latively medium absorbing regions. 

106r-______________________ ~[P~'OOO~I ____ ~ 

lOS 

/
Jucl lrtJ 

/ AAU 

Fig. 4.9 Abs(lrptj~ln coefficient [llf the 1000 nmlhiek p. laya \If a-Si ; H :L<i mC;L-; lIred ill 

the two different laboratori es. 

' nll~ amplitud~ s 0fth~ maxima ur lhe interferenct: stmclure secn in Ih is regi(llJ are relali \-c Jy 

hi gher for the data from the AAU laboratory than that frum the Juididl I;uw r.llury. 

4.3.2 Tht Thick i- Layer 

The absorption spectra of the thicker i- J3)'er ofa-Si ; H is sho\'n in the figure ( Fig. 4.10 ) 

below. TIle data is taken fiwn the Rand T mea5unnenls done i lllh~ tv.' \) lalh1raIlwies a1 rt"lIJIII 

temperature. The two absorpti on spectra have a simi lar trend in the ene-rgy range (If 1.6 eV " 

E < 2. 15 eV and they are even equal in the energy range of ( 1.90 eV < E < 2.15 eV ) . 111~ 

ampl itude of the maximum of the res idual interference stro.;lure in the re lali vc ly meJiullI 

absorbing regions, below 1.90 eV are relati vely higher for tlle data frll ill tlle AA U than tllat 
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Fig. 4.10 Absorpt ion ..:oellicient for the 1000 11111 thid: illlrinsi( layer ora-Si : II :l-; 

measured in the t\No different JaboraJ (lri es. 

4.3.3 The Ttun i- Laytr' 

The absorpti l)n spectra of the thinner j. layer of :\-Si : H is disp lay::d inlhc ligurc 

( Fig. 4.11 ) below. The data is laken frOIll the Rand T m:-asuremenlS dune in the two 

labllr.:lIori es. Both data are tak~n at nh)1I11el1lp~ralun: . Tht: IWll absorplilHl :O;V~ ,"' lra hilYC a 

similar trend in the energy range 1.6 eV < E < 2.60 eV CK(X"PI that the spectrum obtained 

(i-()Jn the R and T data from the AA U laboralory is slightly higher with rcspcCllO thaI (r('lm 

the Jueli(;h laboratory. The spacing between the two spectra is larger as compared 10 other 

samples. DiBerenl from the Ihicker laym no inlerferellCe SlnKIl.IJ"eS ;n SI:'C'n i'll the ~"e l· lr.L 
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Fig. 4.11 Absorption coefficient for the J 00 run thick intrinsic layer of a-Si : II ;t.1j 

m~asured in the t\N\ 1 diOm nl labt>ralori es. 

4.3.4 The n- Layer 

The graph beit)w ( Fig.4.12 ) di splays the absorption SPC';lrJ ofll1e 11- layer for Ihe Rand 

T measurements done in the [wo labvralori es at roolll tcmper<.Uure. 111(: two abSOIVl ioll 

spe..:tra have a similar ~haracter in the :!nergy r.mgc (I f 1. 84 eV < E < 2.25 eV. lI u\,,'cver. the 

absorption spectrum frUIn Rand T data obtained from the AA U laboratory is slightly high!;:: r 

with respect to that from luelich. 
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lo5 1 --_ _ ____ ~I ,,=0C\l=_J ~ 
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I. 2~ 22 

EnelgY (eV) 

Fig.4.12 Absorption coefficient for the 1000 nm thick n· layer of a-Si : I-I as 

measl.lTed in the w o differelll labor.th1ri es. 

nl~ amplitud.: of the maximum ll fthe inlerf~n!Il~l!' structure ie-en in Ihe spef,.'tra bduw 

1.85 eV is relatively higher fiJ f the dala from the AAU Ihanlhal from JUdieh. 

4.4 Optical Band Gaps or po, i-, and n- Layers 

OUI \If the yarivus ways of presenting the optical gaps, Ihal flf Tau~'s. which is a Ilhlr e 

f,.-OIl\'cnti llllal appro~b and where the optical band gap is obtained by extrapolal ing the pl ol of 

(unE ) l. : versus energy to zero ordinate {ISl were used. Of emlrSe. extrapolation llf the 1'1 \11 

of (aE ) In \'vt1ich is probably ffillst llften used to evalUaie the opl i ~' al £'JP from the Rand T 

data had also been uSl!'d for the thin i- layer optical gap detm ninalion rIJr the reason having 

no interf~ren~e fringes pattern seen frl)m which the n.: fracli ve ind::x. n ~an be cakulaJed. 

The re fi-a("tive index lor all sampks except for the thin i- layer is calculaJe-d from both R 

and T data obtained in the two laboraJories. The cprrcsponding TalK'S pIp! fr(lm whi\.·h !he 

optical gaps are determined is shown fp r all layers for cornpari st' n. Tallc's plo! from R d3la 

" 
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and T data are shown separnlely for each l;syers except for the thin i· layer . III detemlining 

the refi-a.;ti,"c indt:x at energies where the refl ectance or Iransminance maxima arc seen we 

had used the interference fringe maxima which arc cmrunon for both energy r.mges !,)f 

inwstigalion used in the lwo labllrahlr1 l!'s. "Ill t! line;u-i ly rJJ1ges shlwm in th!;! p!tIIS an: tht: 

oncs which are ';(lmmon in both laboralories. 

4.4 .1 The p- Layer 

As it is sl;!':;!n in figure bdow ( Fig. 4.13 ) the two TallC'S pitHS have a similar In:nd. As il 

is only a tr.u1sfonnati on of the absorpt ion spectra, the plol fr .. )m the dala obtained Irolll the 

AA.U JabOralory is slightly higher ( giving rise 10 relatively lower optical bandgap value) 

than that from the Jue li ch JabOrJIory. Interference structure with larger ampliwdcs compared 

hl lht! ir absl1rplion ~l'eclra are al st) S ~l;!n l\O thl;! two pints in th l;! rdalivdy IIl t'JiulIl absorbing 

regillns. 
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'" -~ 600 
E 
u 
:> 

<1) 400 
~ 

~ 

<;J 
'3 200 

(\ - -
~ . L6~~~--:'-';. 8~---;2".0;---'2'.2;-----i.2 .• 

Energy ( eV) 

Fig.4 .13 Tauc's plot f(l r the p. layer using rcfra..:t ive ind~x. n from the room 

lemperature refl ectance data obtained in the 1""(1 laboratori es. 
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Jue'K:h 

AA U 

P 
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Energy ( eV) 
-

- layer Ilsing refractive index. n from room tempcralurc Fig.4 .14 Tau,'s plot for me p 

transmittance data 0 blained in the two labor.llories. 

I). refracti ve indices nlJ • average rc fra~tj ve index Tabl" ~ .I 0 Fre , spectral r.mg' OV 
na •. opli..::a1 gap Ei.f, w ilh their ";OITeSI:hlnding elTon; of measurement); fi) f the 

v: I 

, ~ ) 

v-, > . 

'l ~ 

" v<l 3 

- 4 3 . V,. 
-,. . V" 
'61 

"' 
g 

a-Si : H p- layer. 

I rangt:s, 
, ctive 

Re fle~tance free spectra 
opti cal gap in eV and refrn 
indices. 

AW 

0.176 +' - 0. 16 

3.50 +/· 0. 16 

0. 160 +/- 0. 15 

3.86 +/. 0. 15 

0. 146 +/. 0. 14 

4.Z2 +/- 0.14 

0. 14 1 +/· 0. 11 

4.36 +/. 0. 11 

0. 11 8 +/- 0.11 

5.22 +/. 0. 11 

4.23 +/. 0.06 

1. 79 +/. 0.44 
( 2.06 , Y-2. 32 eV) 

Ju e1ich 
/- 0.1 8 0. 201 + 

3. 07 +1 - 0.18 

0.211 + /·0.16 

2.93 +/. 0.16 

/·0.14 0.167 + 

3.69 +/. 0.14 

0.157 + /· 0.12 

3.92 +/. 0.12 

0. 133 + /· 0.12 

4.63 +/. 0. 12 

3.65 +/. 0.06 

1.82 +/. 0.40 
(2.06,Y. 2.n,y ) 

Transminan.,;c free spectral r.u:tges, 
tJptical gap in eV and refractive 
indices. 

,\,\ U 

0. 184 +1- 0.09 

3.35 +/- 0.09 

0.166 +/. 0.08 

3. 71 +/. 0.08 

0.155 +/. 0.08 

3.98 +/- 0.08 

0.140 +/. 0.09 

4.40 +/. 0.09 

-
3.86 +/. 0.04 

1. 78 +/. 0.44 
(2.06 , Y-2..12 , V) 

Juelich 

0.218 ./- 0.11 

2.84 +/- 0. 11 

0.203 +/. 0.10 

3.05 +/. 0.10 

0.180 +/. 0. 10 

3.42 +/. 0.10 

0. 162 +/. 0.11 

3.80 +/. 0.11 

3.28 +/. 0.05 

1. 82 +/. 0.39 
( 2.08 , Y·D! cY ) 

II: 

, 

II 
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As we move from lower energies to higher energies the free spectraJ range decreases. In 

(:llntrast 10 thi s the refhb.1ive index is larger for higher rnergics. This is truc for the 

measurements done in the two laboratori es. 

Table 4.10 gi..,·cs the fi-e~ spe~lral r.mge OV belWecn two su..:;..:;ess i .. 'c rcfl e..:; lanc tW 
'J' 

transmittance maxima considered, the ..:;orresp\)nding refracti ve indi..:es n the ..:;aJcul ;ued 
'1' 

average value nav_ oflhe refractive indices which is taken to be the rcfi"<Klive index orlhe p_ 

layer of a-Si : H sampl e. and th!;! opli.:al gap E
s
CP\ detemlined in the staled r .. U1ge l) f 

cxtrapolati llfl from R and T measurements done. 

In Fig. .t . 14 the Tauc's plot for the 1000 run thi ck: p- layer is di splayed. 1b c retrn..:tivc 

index used is the one obtained from transminance dala at rthllll ICmperalurc. lll t:' pll115 Ir l11ll 

the data obtained in the two laboratori es have a similar tre nd except thai plot froUl the Rand 

T data obtaim:d from the .'\...'\U laboratory is slightly high~r th.ul the plot from R ;uld T dala 

obtained from the luelich labor.lIory. 

4.4.2 The- Thick i- Laytr 

As it is seen in Fig. 4.15 the two Time's plots fl~r the 1000 11m thif,,~k i- layer haw a simi lar 

trend and Ih~y are e .... en equal ( different frllm the other samples) ~x", :,; pl for the C).1CIISillli 1'1' 

th . I· ·k The _o_··,,·ve index used is the \)IIe llbtaincd from rO\11l11Cmpcr.uun.: e lr mear-!.)· range. , ,, u~ 

rcfl ectan..::e measurement. The optical gap dctennincd from the two pl('lts are al so equal 

(1.70 eV ) 
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Fig. 4. 15 Tauc's plot for the- 1000 IUl1lhick j. layer us ing refractive index from 

fOtlm lemperarure refle(t<lrKe daIa oblain::d in the Iwo laboralori es. 

Tab le 4. 1l gives the free spectral range between two succeSSfve re ll c':lance \)f 

transminaJl~e maxima, the corresponding refr.Klive indices calt: ulaI ~d , the average value of 

the ~fra.;ti\o· e indices which is taken 10 be the refractive index (1 flh:: i- layer \If a-Si : 1-1, ;uld 

the optical gap detennined in the staled raIlg.: of extrapo ial ioll lr\l lll Rand T measurclll t:n!s ill 
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Table 4.11 Free ~'Pe ctra1 range ov .. refractive indices n aYM":lOC refractive index I' 
IJ !J' - . "'e> "v' 

Items 

~,\' \ IJ 

r: i 0 

0v; ) 

r: : ! 

ilvJ:! 

["" 

(. v .o 

k" 
oVj4 

k~ 4 
0\165 

>: 65 

0 V i6 

"=76 

' .,:" 

-"" ':: g 

optical gap EgOP' , and its range of cxtrapolali (ln. wilh their correspunding t: ITors 

of mea::.llTemenls for the thick intrinsic layer ofa-Si : H. -. Trnnsminance 

maximium which is absent in the spectra \)fth!: dala from the AAU wilh rcspc\.'! 

10 that from the Jue li ch due to the range of extrJpolalion. 

Refl ectance fre: spectral ranges, T ransminance free speclr.ll r.ulgCS. 
Llptical gap in eV and refra,tive opti,a1 gap in eV and refracti ve 
indices indices. 

AAU lueli ch AAU Juclidl 

0.129 +\- 0. 16 0.lZ5 +1- 0. 13 • 0.128 +1-

4.80 -1- 0. 16 4.96 +1- 0.13 -
0116 +1- 0.15 0.12 +1- 0.13 0.122 +1- 0.05 0.128 +1- 0.06 

5.34 +1- 0. 15 5.16 +1- 0.13 5.08 +1- 0.05 4.81 .1- 0.06 

0.106 +1- 0. 13 0.11 6 +1- 0. 11 0.108 +1- 0.05 0.11 3.1- 0.06 

5. 84 +1- 0.13 5.34 +1- 0.11 5.74 .1 0.05 5.47 1, /- 0.06 

0.102 +/- 0. 11 0. 107 +1- 0. 09 0.109 +1- 0.05 0.112 +/- 0.05 

6.07 +1- 0.1 1 5.79 +1- 0. 09 5.68 +1- 0.05 5.53 +/. 0.05 

0.093 +1- 0.08 0.088 +1- 0. 08 0.09 1 +1- 0.04 0.099 . 1- 0.05 

6.66 +1- 0.08 7.04 +1- 0.08 6.8 1 +1- 0.04 6.26 ,./- 0.05 

0.084 +1-0.07 0.088 +1- 0.08 

7.3 8 +/ . 0.07 7. 04 +1- 0.08 

o.on +1- 0.08 0.088 +1- 0.08 

6.73 +1- 0.08 6.98 +1- 0.08 -
6.11 +1- 0.04 6.04 +1- 0.04 5.83 +1- 0.02 5.52 -+ /- 0.03 

1.70 +1- 0.56 \.69 +/ . 0.28 
1.70 +1- 0.57 1.70 +1- 0.57 

) (1.89 eY-2.07 eY) (1. 88 oY-! .07eY ( 1. 88 eY-2.07 , y (1.89 eV-2.07 , Y) 
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Fig.4.16 Tauc's plot for the thi ck j. layer using refractive index from r ('lillll 

temperarure transminanc~ dala oblaim:d in lhc 1\'10 labomhlri es. 

Ln Fig. .t .16 lh~ Taue's plot by induding the re fra.:tive index detennined tr()1II Ih~' 

trallsmittan ,;~ sp,;-,;tra (lflhe 1000 nm thi ck j. lay~r is Ji splayed 1111: twv plots have a simi lar 

trend and an! ,;-quaJ except fo r the eX1ensi0n of 111 l.": i .. lincarity r.Ulge. 'I'be "plical gap 

del~ l1ni ne d fr (lm the t\Vtl dala are equal with in the value 0.0 1 eV. 

4.4 .3 Tht n- L ayn-

In Fig. 4 .17 Tauc's plots for the n- layer, to delennine the opli cal gap fnllll Ih~ 

e).1rapo laI on t,f (cmE)112 versus E using the refractive index from the room tempe-rawre 

re n e ~. taIK e daIa 0btained in the t\\'O labot<Uori es are di splayed. 11le (\-\'0 ph)IS have a similar 

trend exc;:-pt filr th::: ext:::nsion of their linearity range. For the dal3 frClm the AAU labilralory 

the linearity rnng~ extends from 1.97 eV to 2. 23 eV while for the dal3 from thai. oflhe Jud ich 

labOr.UOfY it cX1 ends from 1.97 eV 10 2.33 eV. 
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Fig. 4.17 TalK's plot for the n· la)"er . l'_ . . us mg rcu ..active IIIdcx from the room tcmpCralun: 

refl ectance data obtained from the two l aboraJ ori ~s 
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Fig. 4. 18 Tauc's plot for th:: n- lay::r using refj-a(live index lroJm room tcmper.llure 

tr<U1sm inance data obtain::d in the two labvralori es. 

Tab le 4. 12 gives the free spe~traI range between two successive refl ect:U1ce ,)r 

transminant:e max ima, the cOITesponding rd fai:tive ind ices ca] , uialed. the aver.lgc value of 

the rdractive indices which is taken II) be the re fractive index of the 1000 run thick n- layt'f 
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(I f a-Si : H, and the opticaJ gap det . . enmned In the staled ran ge of extrapoiaIion from R and T 

measurements dc,"c in both I~I..- . <Wv .... on es. 

Table 4.12 Free spectral range " 1"_ ", • • 
OVij ' reuou::tlve IOdice s Ol) . average refracti ve index 

terns 

olalioo. with their correspond· 

f a-Si : H . • , T ransmitlan~c 

0av. opticaJ gap Eg°P! • and its r.ulge of extrap 

ing errors of measw-ement for the n- layer 0 

maximium which is absent in the spectra. of 

respect to that from the Jueiich due 10 th i,! ran 

the daIa from the AA U with 

gc (If extrapolation. 

Rdlectance free 
opti.;al gap in eV 
indices. 

AAU 
0.202 +/ . O.ll 

3.07 +/. O.ll 

O. ln +/. 0. 19 

3. 60 +/. 0. 19 

0.1 52 +/. 0. 15 

4.09 +/. 0. 15 

0.1) 7 +/. 0.16 

spectral ranges, 
and refractive 

Jueli.;h 

0./ 18 +/. OB 

1.84 +1· O.ll 

0. 180 ~/. 0. 18 

3.43 +1- 0. 18 

0. 15h/· 0. 15 

3.96 +/. 0.15 

0. 147 +/· 0.17 

Transminan 
optical gap 
indices. 

ce free 
in eV 

AA U . 

0.181 ~/. 0.08 

3041 +/. 0.08 

0. 167 +/- 0.09 

3. 70 +·· 0.09 

-

spectral ranges. 
and re fractive 

Jue l j ~'h 

0.111 

0.188 +/. 0.09 

3.29 +/. 0.09 

0.171 t/. 0.09 

3.61 +/. 0.09 

-
." 4.52 +/. 0. 16 4.l3 +/. 0. 17 

." 3. 82 +/. 0.09 3. 61 +/. 0.09 3. 55 +i· 0.06 3.4 5 t i· 0.06 

t / - 0.40 1.72 +'·0.45 
1.1;,Y) (1.91 eY· l .15,Y) 

, 1.73 +/.0.29 1.76 +/. 0.33 1.69 
(1.91 , V·2. 15 eV) (1. 91 ,V·2. 15 eY) (1. 91 ,Y· 

In Fig. 4. 18 the Tauc's plots for the n- layer 10 detcnn ine the opti ca! gap from the 

eX1rapoialon of (anE)112 versus E are displayed The re frac live index from the roolTl 

lemperalure transminance dala obtained in the two laboralories 
is used The rwo pi (lIS have :l 

similar trend except for the extension of their linearity range. 
F~'r the data from the AA U 

laboratllry the linearity range ext~nds from 1.87 eV to 2.20 eV y;hll o: fur th~ dala frum that of 

the Juei ich laborah1ry it extends from 1.84 eV to 2.30 eV. TIle \lpl ical gap detenni ncd frOIll 

the data \lbtained in both lab0ralories are the same with in the v3.1 ue of( ± 0.03 cV ). 

I 

I 

I 

I ;1 

! I 
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This is seen using the values of refract ive indi ces obtained from both re flectance and 

trarlsminance spectra of the n· layer. 

4.4.4 The Thin i- Layer 

In Fig, 4.19 the Tau,', plots for an ap . I . proximate y 100 nrn thl..:k intrinsic layer o.>f a-S i : J-I 

~ p es approxlIT1;ucly ten times th icker ) the vpti -..:al gap is is displayed. Unlike the thi cker sam I ( . 

detelmined from the extrapolaton of (u.E) 1/2 versus E. 

~ 
1200 

'" - 1000 
~ 

E 
u 800 

Juelkh 

:> ' :-.. 

" ~\U/ 
~ 600 
~ 

'" 
//' 

'" ~ . 00 
10 
iii 

200 #~ ,.' .... ' 

0 
1.6 1.8 2.0 2.2 2.' 2.6 

Energy (eV ) 

fig. 4.19 laue's plol for approx imately 100 run thick i- layer oJf a-Si : H. 

The h \'o plots have a similar trend except fOf the c)"1ension (lftheir linearity range. F(lr the 

dala from the AI\U laboralory the linc3I'ity range extends from 1.94 eV h") 2.51 eV wh ile ff'f 

the data from that of the l uelich labor.:uory it extends from 2.08 eV 10 2.93 eV. The opt ical 

gap is dCh:nnined in the eXlrapol:ui\)!1 range of (1. 93 eV - 2.27 eV) fllr the dala \Iotained 

! 
I 
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obtained from the luelich lab rat Th o ory. e optical g~s determined in these C:).1rapolati l1n 

ranges are l. 75 --- :. 0.3 5 eV and 1.83 +/. 0.18 eV respectiVely. 

4.5 AHuraCY of the Method Used 

E<u:h of the inleTference fringes in the n:O ~clance \ ) f lr.ul:';lI1iltaJh.~ c: !:.l }cclra Ilf tlw s;unpl l"s 

have a G<U.lss ian di stribUlion with mean position charael!;:rized by their maXil11l1l11. 'nle hal f 

width of their distribUli0n is taken 10 be the full width of the: di stribulillll at the half Ilf ils 

maxi mum value. II is denoted by lull width half maximulII ( FWHM ). 'nli s valuc is theu 

taken roughly as the a..;c~y with which CaL'h oflh (' given illlerf::TclKC max imum's j nlh~' ir 

The refractive index n, is cakulated using eqn.2. 7 in s ;:- cl i~l n two whidl is thc ratio ll f a 

l' llnstant valu~ ,~ ~ 2 tv th! fr~c: spt!clral rang's (ov ), b' twe::n Iw\) su~ .. ' r;: ss iVt.: ill l t:rfen:: lI ~e 
a v! ""l ) ~ 

fringes, where the values ~lf the free spectral r.ulges ;u-e give!1 in lenns (I f energy in the ullit s 

of eV. lndeed. Ihe finesse has assumed 10 be ~onS I ;ult fo r a pa/1 i~ular tJI::asurcl1lt:nt. "l1lUs the 

detennined fr(lm them and hence the accuracy with which Ihe refracti ve indi .. 'cs arc 

measured. 

The TalK'S plots, for the detenninalion of the optil'al g.ap Ei QPI ofthe sa/llples, have a least 

squru-es straight line fit (1 9J in the energy ranges which;u-e Cllnsiderd to be highly abs\lrbing 

r-.:gHJIlS. 

In Tauc's appnKh th! optical gap is delmnined by c).1r.lpl' lating the pl(11 tv Ih:: : er(l 

d
' B h d I ' aJ 'o d 'p" ,ds on the enerov range 'If C}l..1r.:q:)(llali\11l 121). Di llt-fcnl 

t1f mate. ut t ee ! nmn I n t: e.; ~ 

I b b
' d r d'.',o'nl ranges llf cX1r.1polation. By defining the ~·Xl r.lP('Ilali ll l1 

va lies can e (' taille l('If III , .. , ~ 

. 1""\.... . a.. , e window pro2fanun for fining curves fit s a ~1r.Jighl line 
range the Mlcroca1 VIIg.1fl SOll l\ ru- ~ 
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and di splays the intercept on the ordinnIe axis, the number of data points lying on thl:' fined 

line, and the standard deviation (assuming a common error for the data points scanc-rcd ab(lU! 

the tined line) of the measured data po ints frClm the tined linc. Tne accurary with which the 

inten;:~1 of the fined line on the ordinate axis is detennined is then taken to be the a~· l· ur." .. y 

of the opti cal gap detennined from the extrapolat ion of the Tauc's piotto the ~r\l value \\f 

the ordi nate axi s. 
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s. DISCUSSION 

The results of the measurements donI! in the AA U d th · 0 an e Juellch lab~ones are already 

described in section four. In thi s section the s' ' I 0 0 0 Iml antrcs and the dltfer:nces of the obtained 

re sults are discussed. In addition th 'bOlO 0 0 

, C' POSS I I Ity of USing the Inve'!l1igaled a-Si : H thin film 

samples as component layers for a solar ce ll structure is di scussed. 

5.1 Reflecta nce Measurements 

5.1. 1 Comparison between Samples or the Same Thickness 

In s~ct i on 4.1 the reflectance specti.l of Ihe p. , i-, and 11- layers of a-Si : H with an 

approximately 1000 run thickness as measured in the two different laboralories at rtlorn 

temperature are di spl;JYed 

These samples show more reflectance maxima than the thinner sample ( 100 11m thick 

i-layer). However, the number ofretle';I<UlCe maxima arc diflerent Illr lh~ din~rent sampk s. 

The j • • p. , and n- layers have 8, 6, and 5 maxima's respe'livcly. This is bec;Ulsc (If the 

bn\aJn~ ss 1clrlhe intl;;!rfercn~c fringes. The n- layer has Ih t: broader inlo;:rfer.:rh':;: fringe wiJth 

( lip IlI.1.v = 0. 16 eV) compared to lhe p-Iayer ( lip 10 ~v = 0.13 eV ) and the i- layer 

( up 10.1.v = 0. 12 eV). These differences an:: attributed to the difli:ren, es if) the refra..:tive 

indices between the different samples. The samp le with the broader inl t:rferen..:e fringe h:L<; a 

small er r~fra,.;tive index.. This result is consistent with equaIions re laling th:: rcfrJ., live inJ cx 

and Ihi,,-kness of the sample in quest ion 10 the width and the finesse of the int erference 

lfillge. Keeping the finesse to be constant for a gi .... ·el1 measurement, the interference lfinge 

width u v, is in ..... erse ly proportional to the produ,t of the relfa£tivc index n. and the thickness 

d, of the sample ( eqn. 2.8 in section lWO ). It al so explains why the widths of the 

interference fringes of a given samp le are broader at I\lwer energies. 
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The refractive index ofa medium, which is the ratio of the speed oflight in VJA..UJftI 

( 3" I 08 ~ ) to thal in a given mediwn 14) is spe~1rJJ dependent 11 is smal l for hm8 

wavelength light ( lower energies). The method used for determining the refractive index at 

.:n..:-rgies whe~ the R or T maxima are seen is mlher slmightforward Different vaJues .., 1" 

reli<K:tiyc indices for the same sample are obtained in the two different laboratori es. llii s is 

due to the inhomogeneous layer thickness at the spot ofi llwllinatioll while the sauIC' nominal 

thickness is used for the delenninillion in equation ( eqn. 2.7 ). Nevertheless, its effect , 111 tht: 

tlpti~al gap detennination is negligib le ( see Tables 4.10 . 4.12.). 

The amplitudes of the refl ectance maxima:u-c de~reasing from lower to higher cncrgil!s. 

This de .. n:ase is relatively large at higher energies. on the average in the r.mgc ( 1.6 cV . 

2.2 eV ). This is the energy region where hydrogenated amorphous silicon has re latively high 

absorptil1n. The above explanations are equally val id for the measurements done in the two 

laboratories at room temperature. 

5. 1.2 Comparison between Samples or Different Thickness 

TIle effect oJf the thi ckness of a sample 011 the oplical lilllclions is sel:1l bl:SI wh~1I 

, h' , ' I 'eo"<:' of thickness 1000 run and 100 nm. TIle refl ect;ulce spectra \I f 
~'(1mparmg t e mtnnslC a) I " 

I d ' the two laboratories are di splayed in the figures ( Fig 4.2 
th~ two samp es as measure m 

and Fig. .t .3 ) of section 4.1. 

, th h' I ~er ofa-Si . H has (lnly one maximwll with a broader 
Unlike the thicker layer e t UUler -; . 

interference fring;: ha1fwidth (0.63 eV ). 

, ' f I'ght by multiple refl e.;ti lJns from the thin film sampks 
The maximum of '"tenerence 0 I 

, 'ff< e between success ively reflected rays SaI isfi es the 
(l(.,;ur when the optical path dl eret1C 

.. "' ( 2.4 ). As it is seen in Fig. 4.3 for the thinner 
c('Odilion for the constructive mterterent,;c cqn. 

. . lar wave length and interference order. 
film the ';(lndition is sati sfi ed at one part lCll 

, 
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Since the samples have the same '"'--" . r'Cu .u.:llve Index. again rcfcring to ( eqn. 2.8 ), Ihe 

smal lness of the sample thickness has given rise t bad · . . o f O er HnCTfcrence frmge Width 

( 0.63 eY ) compared 10 thaI ofthethicker ( up 10 0. 1 Z ' V). 

5.2 Transmittance Measurements 

In re latively non absorbing regions of the thin lilrn R and T <U"e complementary, they add 

up 10 onc [ 28]. Therefore, what is staled in se~t j on S.l for the refl ectance measurements call 

equally hold true for the t~smittance measurements in the re latively non-absorbing regions. 

These are the regions where the amplitudes of refl ectance or lf3llsminance maxima in their 

corresponding spectra are relatively large. 

However, in the highly absorbing regions, light penelr.ues only a small depth S('I Ihal it 

signifi\."UlI part of the incident light is relWlled The transmittan..:e in th is regions is too slIIall 

~lJ it approdlcs a zero .... alue iflhe layer is lhi~k r:nough in comparison to th t: pcm:tr:llion 

J ~plh l)f the in-.: idenl light energy. The rdle-.:lancr: inlhis regioJ lI ( 1)11 the average above 

2 . .25 ~V ) has a t enden~y to increase. This eno.:rgy ~an be tak\!n as the higher energy limit 

ab0W which 110 transmittance have been dete-.: ted by the photoJdi \)de. All the light ;Wow thi s 

energy range is cvmpletely absorbed. 

Transmittance is strongly related to the absorption coeOicient and penetrnlion depth of the 

semiconducting film [12]. The decrease in the amplitude of the tran~mittance maxi ma of the 

th icker films, which is re lalively high in the energy range ( 1,6 c\'- 2.25 eV) is because of 

the re latively high absorption coeffici enl (a ::: 10
4
cm'l ) ora-Si : H in Ihi s range, 

11 f
· · Ih lraclsml'nance s;pectra are smaller than thai in the reOectance 

1e mnnber 0 maxima tn e ' 

d
. I ·l1te m~s which are above 1.9 eV are missing , 111is is 

spectra of the correspon tng ayer, \ t: 

. . . h I 'n thi s "ncrgy range so thai the tr.Ulsmi tt ~lfKe max ima 
because of the absl)rpllon tn t e ayers I t: 

I 
. I all 10 have '1npreciable amplitudes in the spectra. 

an! re al lve-y very SOl ''Y 
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Comparison between Measurements Done in the Two 

Laboratories 

5.3.1 ReOectance Measurements 

[n the refl ectance spectra of the samples invest igared. ( Fig. 4.1- Fig. 4.4 ) there is a 

ditference in periodicity of their maxima with respecllo e;u;h measurement done in the fWo 

labl1rahlri es at room lemperarure Th,·s per·od· .. , d · ~ 0 Ih . .. . . I 1,,1 Y luefCnec 10 C rnaxun:l (If II1U1l1n:! IS 

0riginaled from the difference in the layer thid:ness within Ihl! illwtl inalcd SpOI (Ill the same 

sampks in ..... estigated in the two lab()f1110ries. Different layer lhid:ness al the illumin:.lIil1ll 

spot will ha',:e different energy values for the ,"oodilion oj" ,onstrucli,,'e int erference 10 b~' 

sati sfi ed. hence different spectral positions for the maxima or minima This 'an be seen by 

cLlmparing the free spectral range oV,a quaruity which can be directly measured Ii-om the R 

\)r T spe-..:tra. For instance, for the p. layer the Ih:e spe.:traJ r.ulges of the inlerfer:nl'c fr inges 

as llbtained from the AAU labor.l1ory are slight ly smaller thim those obtained ffllm the 

Juelidl laboratory. This shows the film thickness lIfthe p·layer at the illullIinat ill ll spot of 

th.: rl;! f1edance measurement ill the AAU lalwrahJry is slightly thid.:cr than I h~ film thil'kness 

ax the il lumination spot invest igaled on the same sample in the Jllcli ch laboratory. 

The ratio of the free spectral range OV , 1(1 the fu ll width half maximum ( FWlL'" ).1v . 

measures the fine.ness or " finesse " of interference fringes (eqn. 2.8 ). l h c coelTicient of 

fi nesses fo r adjacent interference fringes which corresponds to the mearuremcnts done in th ::-

two labtmuori es are given in Table 5. 1. Finesse depends on the layer thickness within the R 

T
Oil O. , DOO·,-' illumination spOI<: on the same sample can IDW ri se to a ll r I IIm1llat IOn spo. I , ... .. ' v' -

d
· tt I f fi du '0 ,'nhomogenC\lus film layer thi ckness. 'Ille area under luerent va ue 0 messe e . 

illuminat ion for the refl ectance measurement in the AAU labflr.UOry was - lOA mm: while in 

o 0 0 I 003 14 mnl Whcn the area of the ill uminalion is very large tit :.: 
JlIehch ]1 was approximate y . ' . 
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probabi lity of encountering a varying film thickness increases and hence the cocftici ent of 

finesse decreases which shows a decrease in the spectral free r.I:rlgc. 

Table 5.1 Coefficient af tinesse Nr• half width maximum !J. v, and free spectr.1l r.mge bV, 

for the adjru:ent interference fringes in the reflectance spcctr.l of each of the 

samples as calculated from the data taken from the two laboralori es. 

a) p-Iayer. b) thick i-layer. 0) n- layer. 

a) 

AAU lueli ch 

"'v(eV) ov(eV) NJ "'v(eV) ov(e V) Nf 

0.13 0.176 1.35 0.14 0.201 U 3 

0.1 0.16 1.6 0.12 0.21 1 1.75 

0.11 0.146 1.33 0. 11 0.167 1.51 

0.08 0.141 1.76 0.09 0.117 I. 74 

0.07 0.11 8 1.68 0.08 0.133 1.61 

b) 

AAU Jucli ..:h 

~v(e V) ov(eV) Nf "'v(eV) ov(eV) Nf 

0.1 0.129 1.29 0.1 0.121 1.25 

0.12 0. 11 6 0.96 0.09 0.12 1.)3 

0.Q9 0.106 1.1 7 0.09 0. 11 6 1.!8 

0.09 0.102 1.1 3 0.07 0.107 1.5 1 

0.06 0.093 Ul 0.06 0.088 1.31 

1.4 0.01 0.088 I. 76 
0.06 0.084 

2.J 0.06 0.88 1.3 1 
0.04 0.092 

c) 

AAU Juclich 

ov(e V) NJ ,.,v(eV) ov(e V) Nf 
bv(eV) 

0.18 0.218 1. 21 
0.16 0.202 1.26 

0.18 1.38 
0.172 1.32 0.13 

0.15 
1.26 0.12 0.157 1.31 

0.12 0.112 
0.09 0.147 1.63 

0.137 LIZ 0.09 
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The amplitudes of the reflectance maxima in the refl ectance spectr.J. of all the same 

samph:s as measured in the AAU laboralory ::Ire different from that measured in Juei ic:tt 

These differences in the amplitudes are negligibly small in the relalively high absorbing 

regions . These differences arises because of the type of reft:T'e11ce mirror usl.!d ft)r the 

normaJizalion of the reflectance meas1Jf'etnents. 

The type of mirror used to nonnaJize the reflectance measun..lllents of the samples in the 

AAU laboratory was;m Wlcalibrated commercial glass milTor. In the Juclich laborawry they 

ha\.e used an aluminum mirror which was calibraled with OJ ~1anJard refl ector. Bccausi,! of 

thi s difference in the type of mirror used, the refl ectance amplitud;:s of the g;Ul1 C samples arc 

differenl The amplitudes in the refle,,1ance spectra of the sampks as measured relative to 

the glass mirror ( used in the AAU labor.uory) are generally larger than the amplitudes ill the 

refk ",tan,,'e spectra oflhe same samples as measured in Jue l i ~h . 

:- .3.2 Transmittance Measurements 

In the transmittance spectra of the samples ( Fig. 4.6 . 4.9 ) like in that of the rd lect;ulce 

I 
" " d" ""ty d"flier-ce ,"n their transmittance maxima with respect to cach 

sp e~tra. t lere IS a peno 11.,:1 I .. " • 

tJf th~ measurements done in the ""0 laboralori es. 

Th wh
o h " ' or the periodicity difference of tile n:l1cclance maxima in the 

e reasons IC are given II 

f h
" -pie with respect to the measurements di1ne in the twu 

refl ectance spectra 0 t e given s .. ", 

" " d" "ty d'fference of the tranSmittance maxima in their 
lalwratori es can also expiam the pen o let I 

ffi 
. t ffinesse N the halfwidlh max imum av and the free 

transmittance spectra The coe !Clen 0 f ' 

. . erli rence fringes whkh ~orrespollds h) measurements 
sp.:ctral range ov, for the adjacent lOt e 

. '.. Table 5.2. The slight di ffe.n:nces in their rITe 
dlme in the twO laboralones are gl\oen 10 

. . f the same samples as measured in th e two 
in the trarlsrmnance spe!,;tra 0 

" " from inhomogeneous fi lm layer thickness. The free spectral 
agam artse 

spectral ranges 

laboratories are 
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r.:mges of the p- and n- layers as measured in the AAU labor.1lory are slightly smaller than 

thai measured in the Jud ich laborat Dry showing a slightly thicker fi lm l3)'cr thi ckness of each 

layer at the illumination spot of their tramiminance measurement in the AAU laboralory in 

comparison to thai in the Juelicb I aboralory. 

Table 5.2 Coefficient of fines se Nf , half width maximmn .1v, and free spectral range av, 

of adjacent interferen ec fr inges in the trnnsminance spectra of each orlhl! 

samples as calculate d from the data taken from the Iwo laboratories. 

a) p -layer. b) thi ck i -l ayer. c) n . layer. 

a) 

AAU Juelich 

v(eV) liv(eV) Nj IIv(eV) ov(eV) Nj 

0.07 0. 184 2.62 0.08 0.1I8 2.72 

0.06 0.16 6 2.76 0.Q7 0.203 2.9 

0.06 0.1 55 2.58 0.Q7 0.18 2.57 

0.05 O. 14 2.8 0.Q7 0. 162 2.3 I 

b) 

AAU Juelich 

v(eV) ov(eV) Nf /\V(eV) ov(eV) Nf 

0.04 0.1 22 3.05 0.04 0.128 3. 2 

08 3.6 0.04 0.11 3 2.828 , I 
09 2.725 0.04 0.112 2.8 

0.03 0.1 

0.04 0.1 

3.03 0.03 0.099 2.3 
91 0.0 0.03 

Juelich 
c) 

A~U 

Nf lIv(eV) ov(eV) Nf 

3.03 0.07 0.188 2.68 
82 

2.78 0.06 0. 171 2.85 

I \ 
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v(eV) liv(eV) 

0.06 0.1 

0.06 0. 1 

Here too, there are amplitude 
. , b' the maxima in the tr.ulsminance spcctr.! dIfferences elWccn II 

ofc<n:h oflhc samples as measure 
. laboratories. lu the A-' U laboralory, the light d In the two 

. lass) has been used for n()nnaiizaIiIJn ()f 
transmined through the base substrale ( C0111I118 g 
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the transmittance measlU"'eOlents while in J . ucllch the reference has been the direct light 

incident on the sample. This diffcrc . h nee 10 t :: refe~ce light intensity used in the 

transmittance measurements of the s I . ;unp es In th:: twl' labor.:JJ.ori ~s is responsib le for the 

observed amplitude di fferences in the com:s;punding . tran~mlnance maxima The glass 

e r<U1SRllllan.;;c llfthe samples mC:L<; ltrCd re lative J(l substrate is not I\.ltaJly transparent and Ih I . 

, as In e labor.tlory, have lugher :unplitudes in the transmittance through the glass . th AAU . 

comparison 10 that from the Juelich lal.)(lratol), which is mC<lsun:d rdali ve h.l the direct 

inci dent light intensity. 

5.3.3 The Absorplion Coefficient , a 

The absorption coefficient, given in the logarithmi' s,ale vcI'$us the phoh)fl energy for 

each of the samples is ShO\l,.l1 in the figur'.!s ( Fig. -1.9 . ~ . 1 2 ). Ea~h phll sh\)ws the spectral 

d~pendence of the absorption coeffident in the absorbing regions a.<; measured in the two 

absorpli flO fo lhlwed by a gradual increase and then a un if\lnn absorlllion (;haracter. 

The absorpti on coefficient values of each of the sarnp les obtained lor the data [rPIll the 

A...-\LJ laborat~'I)' is higher than or equal ( thi ck i- layer ) to th;U obtained from the Jucli~'h 

l abOraIl1ry in the tner~ ranges whi ch are on the average be low 1..35 eV. Tn cn: an: S\)I11C 

parts in the energy range of the re latively medium abs~\rbing regi!,"s ( regiuns IlYcr whi .... h 

interferen(;e fringes with rdatively !.lllail amplitudes are seen in their T spectra ) when: 

interference structures are seen in the absorption spe..:tra "1l1C maxima seen in thi s cu..:rgy 

region of the spe..::tra have re latively higher amplitudes as compared to thai. of the 

measurement done in the Jueli ch labor.tlory. 

It was mentioned in s.:ction 5.3 thai transmittance is strongly re lated 10 the penclr.Ui llJ1 

depth of the illuminating light and the absOIl)tion coeflic ient . 111is can al so be seen from the 
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Hishikawa's rel.,ion (eqn 2 9 ) wh' h ' d . . Ie IS use for the dctenninalion of the absorption 

coeffi cient. In Hishikawa's rehnion the tcnn T I I R -" th d .. . m.ul.es c et~maJ.lon free of 

interference struaures pO}. But this is true if and only if T and R arc measured aI eX<l(;lly 

the same pos ition on the sample. If the two spots on a given sample aI which R and T are 

measw-ed are identical , then no error is caused on the measurement due to variali on in film 

thickness over the inhomogeneous film layer. In thi s case T I 1- R is free of inlcrferclU.:e 

fringes. The interference structures seen in the absorption spectra of the s;ullpl es as 

detennined in the rwo laboralories are -.;aused due to the di_tJerence in the spot of 

ill umination f()r the R and T measurement on these samples which have inhlJmogcncous film 

layer thi ckness. The r:latively large amplitudes in the interference Slrtlctur.: of the absorption 

spectra obtained from the AAU laboratory in compari son to that obtained from the Jucl ich 

labllralOry shows that there is a re lalively large difference on the spot of illtqniOalil1n fo r the 

R ;;md T measurem::nt (If the same samples in the A"\U laborJlory. This is mainly caused 

from the large area of illumination for the measuremC111 done in the AA U laboratory 

(- lOA nun2) in comparison to that in luelich ( - 0.0314 nun
2

) in which case the prllbab ility 

of encountering varying film layer thickness is relative ly small . 

The spectroswpic set up used for the m~asurements done in the .'-\AU laborat..,ry has an 

additional effect on the R and T measurements hence an additional cause for the ..,bserved 

interference strucn.n-e on the absorption spectra The sample and the reference sample fo r the 

reO:::ctance measurements or the transminance measurements WeT": not placed on the sample 

h Id 
' Th pIes and the reference sample are placed on::: after another. But 

o IT at same hme. e sam 

, d ' h I s,, 'on of the sample holder would be changed and hence the angle 
In olngso ! e anguarpo 11 

, ' 'tt d I'gilt beam hits the Of":'I'ing in the n1l1nod trlllllahJf. lllUS 
aI which the refl ected or tran::>ml e I ~ -

the spectral 
, , f h . a 'n the refl ectance spcctfil and the min ima in the 

POSItiOns 0 t e maxim I 

J 
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transmittance spectra will not " d d comel e an giving ri se to interference !l1rocture In the 

absorpti on spectra. 

The higher absorption coefficient values obtained from the AAU laboratory with respect 

to that obtained from the lue lich laboratory are due to the dillerem:e in the actual ~;pQl of 

illuminat ion on the same samples and hence a diff\!rent layer thickness for tlleir 

corresponding R or T measurements. The higher absorption coefficient values shows thaI a 

slightly thicker layer thickness a1 the actual spot is illuminated on each ofthc same s:unplcs 

except for the thicker j- layer in the R tJr T measurements done in the AAU laboralory in 

~l)mpari so[] to that in Juelich. 

The absorption coefficient val ues of the thicker j. layer are more than an order of 

magnitude higher than those of lhe thin j- layer as il is measured in the two laboralori es. -Illis 

is because (If relat ively small thickness ofth: thin i- layer cl)mpared t<ltht;: pl:nclraJi l)n depth 

(If the illuminaIing light. 

5.3.4 The Optical Band Gap, Eg'" 

Thl: 0pticai energy band gap for the thick~ films arc delennincd frolllihe extrJp,)iatiull t)r 

the plot of (a.nE) ln yt;:rsus t;:nergy 10 ZI!fO ord inaIt;:. 111;: rcfr.ll.:tive i ndi~cs Ir\J1lI th;: 

renectance measurements in the twO laboratories are used in the figures ( Fig. 4.13. 4. 15. 

4 17 h
'I ' th fi ( F·g. 4 14 4 16 4 18 ) the refractive indices obtained fr(llll 

. )w l e m e 1gures 1 ·,'" 

. t" are used Sine"" the abscissa in the Tal!C's plot contains Ih \."! 
transilunance measuremen:s . ... 

d 
. a1 · t t " u. and n all tht;: dft;:dS st;:cn in th;:ir dt;: lenninaIi \J1I will 

spectral depen ent optIC cons an :s , ' . 

ctlntribute to the optical band gap detenninali tJll 

. . I' d . faxiffia in th e relatively nwdium abstJrbi ng regions can 
The dIfference tn the amp ltu es 0 ffi 

. . d r til absorT'l tion coeffici ent values in section 5.3 because 
be explatned by what IS slale lor e . t'" 

. . fthe abs )rT'I ll on sl,cctr3. In addition 10 what is seen in 
tral1sfonnatlons 0 • t, t' these pluts are only 
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the absorption spectra. the refractive index n. has an add '!, aI ~ • . lion CucCI lor the apparrnl shift 

.. amp es 10 I er values With re~;pcct 10 that obtained from of me TalK', plot of ea.:h or lbo s I h'gh . 

If) h.es 0 e same samples as obtamed In Juelich. Again these differences in the refractive ' d' · fib . . 

;:,... e I. eren",e In e actual l\lwmnaled !:.1'ots of ea..:h of lhe Ih~ WI) laboratori es ari -"'s from th d' tIi · . Ib . ' 

same samples. 

Th~ method used to determine the refractive indices from R or T maxima is not re liab le 

specially at higher energies because there the R or T maxima is af:lected by absorption in th t,; 

thin film. 

The transminance and refk~tan,e spectra of a given sample may give ri se 10 di fferent 

values of the refrac:ti',;! indices ( see Tables 4.10 . 4.12 ) due to the f"il("e poss ibil ity of 

illuminating identicaJ spots for both reflectance and transminance mea<>urcment on ;1 

n\lll-homogeneous sarnpl: . These di fferent values of refr.ll:ti''::: indi \.·es may give ri s~ to 

different values for the optical gap of a given sampl e. A difference in the opti cal gap 

detenn ination ( up to = 0.04 eV, ± 4% ) is obtained fo r the measure'ment done in both 

laboratories by using r:fra..:tive indices obtained from R and T spectra. This diOc-renl.'c is 

nr.1 significant and it is in the limit of the experimental deten11inali lm. 

Depending on the :!11::rgy range used fi)r extrapolalion. esp;:-cially the lower end \If the 

energy range, significant differences in the optical energy gap detcnnlnation can be obtained 

for a- Si : H. As long as lauc's approach of the optical gap detennillation employs relatively 

low energy R and T data centered on (l. = lo4cm" [l1l , the opti.:al gap detcmlined from R 

and T data from the Al.C laboratory and the Juelich laboratory have a difference ( up to 

O ()4 V) Th
· . b _0 m.'nly of the di fferences in the film layer Ihi..:kness aI. the a..:tual 

. e . IS IS ecaus... <>ill 

illum inated spots of m;:asurements of each of the same sampks irr.·estigJlcd in \h;: 1\-1.' 0 

laboratories, 
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For the thin i- layer the optical gap is determined from the extrapolarion or the (a.E) ln 

versus energy plot to the zero ordinale. Here n is not induded in the detCrTllin31ioo. t\ 

difference ( up to 0.05 eV ) is seen for the daIa from the AAU laboratory while a difference 

of - 0.1 eV is obtained from thai of the luelicb labor.llory if n from refl ectance or 

transmittance spectra is included Therefore. these differences are only due to the differences 

in the absorption spectra. However, thi s difference in the absorpt i0n spectrum. for a given 

sample of different nominal thi ckness has negligib le eHect on the optical gap dctennined 

from Tauc's plot. 

In the detennination oflhe opti caJ gap of the i- layer from the data obtained from the two 

laboralon es a difference of( - 0.08 eV) is seen differing from optical gap value obtained 

when fl, from the transminance spectra is inc luded which is (- 0.01 ~V ). Again this arises 

fn1m the difference in the film layer thickness at the actual illwninated spot (lfmcJ.',"llretnenl 

ll n the s am~ sampl ~. The re lativdy large diO~rence in the optit.:al gap delemlined in the IWO 

laborat(lries for the thinner layer ari ses from relatively large diffcrent.:e in the a.:.-tua1 fi lm 

layer thickness at the illwnination spot ofmcasuremcnt in the two labflralories. 

5.4 Possibility of Using the Sample Layers as a Solar Cell Component 

The p_ i- njunction stfllCbJre was the assumed solar cell stru..:rure and a typit.:al strul,."tUn:: of 

h 
"I" " n solar cell is shoYlt1 in section two ( Fig. 2.2 ) ...... ilen:: the light 

amorp ous Sl Icon p- I -

enters the solar cell along the p_ side. When light falls on 3 semiconducting film, pan. of it 

. ' . ater than the band !lap energy E. of the film ) wi ll be 
( light With photon energtes gre ~ g 

I,"gbt w,"th photon energies less than E, . will be lransmined 
absorbed whi Ie part of it, 

througb it [11 ,12 J. 
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The p- layer has compar.J1ively wider optical gap ( 1.19 eV ) than the i- layer ( I. 70 eV ) 

and the n- layer (1.73 eV). To pass much of the incident ligtn where it is collected. the 

intrinsic layer, light should enter through the p- side. Thus the p- side has a windoweUect. 

The p- layer of a- Si : H as measured in the AAU labornlory has an lIptical gap ..,f E op1 = • 
1.79 eV. But its window effect is only for photons with an en\!rg)' less than 1.79 eV in which 

case only part of tile light in the near infrared of the visib le light spectrum will pass through 

the p- layer and then to the i- layer where it is nceded to be collected. lbc solar !'-pcctnllll 1)11 

the earth's surface has a relatively large spectral irr.u.liance in the vi sible rJrlge 11 2. 221· The 

maximum occurs in the green. Thus there will be a loss in the phot{lgtncr.lli,1n due 10 

incomplete absorption of the incident light energy in the vi sible r.mge oJfthe spectrum. For 

thi s reason a p_ layer with a relalively wider opti.;;al band gap is n~~ded SoJ thai there will be 

no loss even aI the blue :od of the spe.;;trum. P- layers \,f a· Si : H .... ith an (lpti,aI gap 

E"OPT :: 1.92 eV detennined from TaLJC's approach, which would be much more eflicicnt , 

ha .... e been reported (6, 16]. 

The n- layer has an opti cal gap Eg OPI = 1. 73 eV, whi,h is alm051 equaJ 10 thJ1 of the i-

layer E
g
OPT = 1. 71 eV. This enables the lighl with ph!JlOn energies less than its 'l!n .. 'l'g)' gap 

(1.71 eV) not to be absorbed in the n-Iayer, but transmined through it. :\ suitable re fl ecting 

' al h' h ' I .,-,'ng as an otunic ~ont3ct ~an reflect the phOl(lnS ba,k again through 
maten , w Ie IS a so .... I 

the n-Iayer so that they ultimately reach the i- layer for anoth:r prflbable ,hance of 

collection. 

_ ' h' -h c uld be generated by part \lr lhe visibk light spectrum 
TIle loss of the ,,;uT1ers W II,. 0 

" th I II ",d the long wavelength light. ill particular those just above the 
1Il~ldent on e so ar t;;e ... 

" H w,'11 reduce the short cin:uit ,urrent ~. and the oJpen .:ir,uit 
band gap edge of a -S i 

voltage Vee These will reduce the effici ency oftne solar cell . 
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6. CONCLUSION 

Based on room temperature reflectance and '-sm,·nanc, 
U "'" me3.')"1.JT"entents the opl icaJ 

functicms for glow discharge produced a - Si : H thin films have been obtained over the 

energy range 1.24 eV < E < 3.54 eV. These measurements, on the same sarnp lcs were al so 

performed previously by Ato Challa Sekele [29] in the tabOr.Jlory or lSI • PV In 

F0rschungszentrum, luelich (Genmmy) and are presented in thi s W fll1; lor comparison. 

11lC optical spectra of each of the samp les obtained in the two labllrJ10ri es show the same 

trends except from the periodicity differences in the maxima oJf minima and 3mpl ilUdc 

differences with respect to each of the correspond ing mcasl.lT'emenlS. Ttlese diOcrcnccs are 

anriblUed 10 : a) the different reference samples used for the o..nmaJiz:llion of lhc reflcctann:: 

or transmittance measurements b) the different spots of illuminal ion on a given sample 

whose thickness is inhoJrnogeneous c) the lad: of adequate "'l\ndensing IJpti~s in Ih~ 

spe ..:troscopi..: setup for the measurement done in A.,,-U, 

These differences have an effect on both opti..:al fun,,1ions 0:. and n wh i..:h in tum affect die 

optical gap detennination, However, the same optical gap values within the value ( up 10 

.: 0.04 ~V) are obtained from the measurements done in the two laborJlori cs. 

A purely homogeneous film surface or a compar.ll ivc ly small illuminaling spot size on a 

sample, such thal ideally a homogeneous surface is illuminaIed, could reduce these 

. . aI b h ··.l.ich makes the real ne<U" n\\nnal incidence refl eCI;Ulce 
differences. A bener ophC ene , WlI ' 

possible and adequate condensing optical components would provide a bener resul l 

The possibility of the measurement of oplical constants in the Addis Ababa Univers ity 

Department of-Physics, is verified for the fi rst time. 
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