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A great deal of attention has been dedicated to tlie growth of amorphous silicon carbon alloy 
(+SiC,:H) films because of pot,entia.l applications in the electronic industry, as electrolumi- 
rescent and solar cell devices. In this pa.per tlie main concepts of amorphous tetrahedrally 
1: onded seinicoiiductors a.re reviewed with einphasis in some selccted properties of amorphous 
silicon carbon alloys. 

'Tlie amoi plious materials are well krio\vn since long 

time ago antl gla.ss, per1ia.p~. is t21ie more conspicuous 

exainple. Re:ent,ly, ho~vever, t,he st-udy of tlieir proper- 

ties a.nd a.pplica.tions to microelect.roiiics has been dra- 

niatically iiicreaçed. This followecl tlie success of Spear 

and I,e~omber['I i11 controlling t>lie electrical a.nd opti- 

cal propertie:; of 1iydrogena.t.ed 1" aa.niorplious silicon (a- 

Si:I-I) by tlie inclusion of boron and phospliorous tetara,- 

hedrally hoiided. T h e  inclusion of tlie impurity iii a 

crystalline nt twork leave a free elect,ron (l~hospliorous) 

or a hole boron) provided tliat the foreign atoni is tetra; 

hedially bontled. Conversely, it was suggested t,liat iii 

an~orphoiis niaterials the lack of topological coilstraints 

allows tlie iripurity to  1x2 incorporat,ed sa.tisfying its 

own valence, i.e. t,he so ca.lled Y - Z = N  rule" is met 

antl consequently no tloping effects slioitld bc observed. 

Here Z a.nd K are tlie valence a.nd coordination number 

of t,he impuri-,y, respectively. In tlie at tempts to expla.in 

the doping sc:iisitivity of a-Si:I-I, Spear a.nd LeConiber 

concluded th  zt t,he lom densit,y of states (DOS) witl~in 

the pseudo gap of tlie materia.1 was responsible for the  

efficiency in the observed doping. Moreover, tlie hydro- 

gen incorporated into the semiconductor 1va.s playing a 

twofold role, riainely, passivat,ioii of t.he dangling bonds 

a.iid decrcasiiig tlie disorder. The efíicieiit doping was 

expla.inec1 as iollows. Assuining a. density of states g ( E ) ,  

*hv i t cd  lalb. 

a tlensity of ionized donor impurities ATd+ and neglect- 

iiig tlie free-electron contribution as compared with the 

tra.ppec1 cliarge, the new position of the Fermi level is 

fixed by tlie neutrality conditions, i.e., in the  zero tem- 

pera.ture approximat,ioii: 

Mr1iere we have a.ssumed ~ 7 :  r': N d ,  Af = E f  - Efo is 

tlie Fermi level sliift aiid EJo is the Fermi level posi- 

tion oC the intrinsic material. From this equation it is 

evident tha t  a large displaceinent of the  Fermi level is 

coridit*ioned to a low DOS near the intrinsic Fermi level 

position. We remarlr, also, the conceptual differences of 

doping effects between crystailine materials and amor- 

plious semiconductors. In the former, the extra elec- 

tron (liole) introduced by the  impurity is tliermally 

promoted to the conduction (valence) band produc- 

ing clianges in tlie material conductivity. In the  latter, 

oii the other hand, the phenomenon occurs as follows. 

The extra electron (hole) drops t o  states deeper in the 

pseudo-gap moving up (down) the Fermi level. Thus,  

the  n~ax imum of the convolution of g(E)  aiid the Fermi 

occupat,ion probability distribution shifts up (down) in- 

creasing the  population of charge in extended states a t  

the conduction (valence) band and consequently, vary- 

iilg tlie conductivity of the material. 

Other iniportant properties of a-Si:H is i ts  remark- 

able high a.bsorption coefficient a.nd photoconductivity. 

The first property is due to  the laclr of symmetry which 
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preveiits t-lie conservation of tlie cluantiiiii iiuiilber k .  

Consequent,ly, more optical t.ransit,ions for iiicideiit pho- 

to11 are allonwi and tlie absorptioii coefficieiit iii t . 1 ~  re- 

gion of interest is larger tlian in cryst,alliiie silicoii. S h e  

good pliotoconcluct~ivitg propcrties are due t,o tlie large 

band gap , low deiisit,y of gap stat,es and rela.tivc Inrge 

diffusion lengtli obt,ained iii the niaterials. Incleecl, in 

the darli (at  room t,eiiipera.ture) a larger bancl ga.p iiiat,e- 

ria1 is clepleted of carriers in exteilcled stat,es, prcventing 

tlie elcctiical coiiduction. Sliiiiing liglit upon llie serni- 

conductor increases t,he clectron-liole populat,ion in ex- 

tcncled states. Subsequently, t.hc cairiers sepa.ra.te by 

diffusion, increasing tlie concluct,ivity of tlie iiiat,eria.l. 

The  Iiigh absorptioii coefficient t,ogct,her witli it,s ex- 

cellent photoconductivity 11-iakes the ii1a.teria.l a.dequate 

for iiiexpensive la.rge a.rea solar cells. Otlier applicrit,ioiis 

a.re electropliotogiapl~y copicrs) ra.cliatioii sensors, Vicli- 

cons, etc. and recently, tlie a-Si:H tliin film trmsistor 

secms to  he tlie tcclinological solut,ioiis for a.dclressing 

liqiiid crystal disl~lay[". Indeed, t,lic unicpe possibility 

of depositing large areas of t,lie material iii alii-iost any 

a.vailable substrat,e ~uppor t~ ing  200-300 'C of tcmper- 

ature,  inalíes tlie seinicondiictor siiit,able in electronic 

clevices having 1iuma.n climciisions, sucli as clisplay pan- 

els. 

Thc success obtained with a-Si:H eiicouraged tlhe 

researcliers to 1001; for otlier elemental amorplious 

semiconductors and alloys pot,entially usefiil for opto- 

electronic applications. Aniong t,l.iem, anlorphous 

silicon-carbon alloys is one of tlic most intercstiiig ma- 

t e r i a l ~  to  be used in severa1 applications. S11i.s: is so 

because it.s particular properties siich as coiitrollable 

band gap witli ca.rbon cont,cnt, lia.rdiiess? aiid w1ia.t. is 

very iinportant, coiitrolIabilit~y of it,s conductivity hy 

substitutional doping. The  ma.teria1 lias been used suc- 

cessfully as <'window" contact i11 amorplious silicon so- 

lar cells, light, e~ii i t~ting diodes aiitl bloclíing contact 

in electrophotographic cylinders[". However, alt,liough 

tl-ie band gap of the ma.teria1 ca.n be va.riecl over a large 

range of energies (1.7 eV to -3 eV) t,liere is a con- 

coniitnnt detriment iii its trransport properties. In or- 

dei  to avoicl it,  a.tteii:pt,s 11a.vc. beeii iiiade to find Imr- 

ticular deposition conditioiis to iinprove tlie material. 

Recently, Matsuda and ~ a n a k a [ ~ ]  reported encourag- 

iiig resultjs obta.iiiec1 diluting heavily with hydrogen the 

ga,seous mixture of [C& + SiH4] during the glow dis- 

charge deposition of tlie material. According t o  these 

autliors, tlie a.morplious network is determined by the 

eiiergy relaxation process of the  absorbed species a t  the 

srirface of the growing film. Moreover, a disconnected 

structure is formecl if the surface-diffusion length is so 

sliort tha t  tlie absorbed fragments are frozen on the 

Iancling site before tliey can find a more appropriate po- 

sit.ion. Thus,  a larger diffusion length could be obtained 

selecting tlhe less reactive radicals arriving to  the grow- 

ing film and covering the surface with hydrogen, i.e. 

iiia,ke pa.ssive the surface dangling bonds with hydro- 

g e n  Furtliermore, it is experimentally verified that  the 

plasma structure strongly depends on tlie proportion of 

the gaseous mixture (methane-dane-hydrogen: in our 

ca.se), adding one more complication to  the preparation 

process. Consequent,ly, the appropriate conditions for 

a-SiCx:H preparatioli are different than those used in 

a-Si:H. I t  is not surprising, for iiistance, tha t  higher 

substrate temperatures produce better results than in 

a-Si:H. 

In this work, the influence of hydrogen on some op- 

tical properties of tlie silicoii-carbon alloy is reviewed 

by studying the sub-gap absorption, Urbach tail, infra- 

recl spectra, and low temperature pliotoluminescence 

emission. In section I1 the  preparation method and ex- 

perinient,a.l techiiiques used to  characterize tlie material 

are discussed. 111 section I11 the optical properties are 

discussed. Finally, in section IV the conclusions are 

11. Sample preparation and experimental 

iliques 

Plasma enhaiiced chemical vapor deposition 

tecli- 

(glow 

discharge) has proven to produce the best hydrogenated 

amorplious silicon (a-%H). Pure d a n e  or diluted in 

hydrogen is let into a vacuum chamber and a radio- 

frcyueiicy (rf) plasma is generated in close contact to 

t,lie substrate. Different ionized fragments produced by 

electrons colliding with neutra1 species of the  gaseous 
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n-~ixt.iirc arc clcposit,ecl oi1t.o n he1~1~cI siibstrat,e forining 

tlie :iinorpl oiis seniiconductor. Tlic: large aniount of 

1voi.1; <Ic:clic;~tecl (.o this ma t,erial liave a.llonccl t,o find 

\vcll est,a.bliihcd condit,ions of siil~st,rate t,cniperal,urc, rf 

pon.ci, fluxfs. Iigtlrogen cliliit~ion. rcactor geo~nct.ry, c1.c. 

prodiiciiig t.he best. a-Si:II. 

Iii t,lie c.ise of amorplious silicon-carbori allogs our 

bost iesii1t.s were obt,ained iii saniplcs depositecl from a 

const.niit ra.i.io of gaseoiis giwn 1)'. [H2/[FIa + CIJti + 
ÇiII,I] of -Bj-97% (HD, "liigli cliliition") on sul)st,rat,cs 

~iiaintained ~ i t .  320 'C["]. Thercforc: cliffercnt inat.eria.ls 

\wre obt.ain cha.iiging t-lie giiseous mist.ure im.i~itaining 

it.s rat,io con-;t.aiit,. As it \vas i-emarlíetl in tlic int,rocluc- 

tion, tenipe.ature is ali iinporl.aiit. paran~etcr  ancl \\,e 

foiiiitl t,liat, sarnples clcposit,etl 1 7 - i t h  tlie s m l e  gaseoiis 

iiiist,iircs I I L I ~ .  at. 2íjU°C, do not, preseiit goocl proper- 

t,ies. "St,anclarcl" sainplcs aro iiormally deposit,etl on 

siil~st.ral,c nx.intained at. -260'C froil-i ga.seous iriixt.ures 

cont.aiiiing fi:\v or nonc pcrcciit,iiges of liydi.ogcn (LI>, 

"low cliliitioi!': ). 

Tlic srib-gap rtbsorpt~ion stroiigly tlepencls o i ~  tlie 

dangling boiids: i.e. on thc i~lat~erial tlefecls. Smo 

tliiiigs preveit  t,he iise of st.rintlartl tecliniques (trans- 

mission) to iiieasurc t,lic sul,-gap ;i.bsoiytiori coefficiciit,: 

riairiely t.lie lcw sub-gap rtbsorpt.ioii cocflicient aiid small 

thickness of tlie samples. Pl~ot~o-tliernml cleflcct,ion 

spect.roscopy (PDS)[" ancl l~liot~ocoiidiict.ivitJ~['~ are sen- 

sible tccliniqiies adequa.te t.o ineasure very low absorp- 

t,ion cocfficie its. PDS consist.s o i  t.lii: follo\virig. Tlie 

saiiiple is imniersed in a. licliiid n,liicli is t,ranspa.rent, in 

tlie spectrum regi011 of iiit,erest.. :I cliopped inoilocliro- 

matic beam i:; sliiiied pc~rpencliculn.r to (.he sarnple n~liile 

a Iieliuin laser I~cani  gocs ncarby to t,lici surfa.ce of t,lie 

niateriril. Th: absorbecl racliat,ioii Iicat, iip t,lie sample. 

Tlie 11ea.t is !ubsecluentJy t.ra.nsferrec1 to tlic liquicl 11y 

diffusion generat,ing a teiiipera.t,iirc profilc. The t,emper- 

at,iire cliaiiges locally tlie li(1iiid refract.ivc: iiides clcflcct- 

ing tlie laser Ile,zn~ pioportional to f.lte transfcrred liciat., 

i.e. proport,ional to tlic ahsorption coefficiciit,. Carc 

shoiilcl bc t,nlíc:n wit,h tlie sample t~liicliness. Iritlecel, very 

t,Iiiii sarnplcs liave surface DOS coinp;iial~lc t,o tlie hulk 

DOS[']. TIow ver! t,lici Urbacli t ail: i.e. t,lie espoiient-ia1 

part. of t,lie al:sorpt,ion cocffkierit,. is fa.irly intlependent 

oii tlic surfaces states. Therefore, even in thin samples, 

PDS is a ponwful to01 for analyzing this parameter as- 

sociat,etl wit,li disorder, i.e. tlie Urbach energy. An al- 

ternnt.ive t,cclinicpe which is quite insensitive to surfaces 

st,a.tes is t.he consta.nt pliot,ocurrent method (CPM) or 

sliort,ly, ~I~otocoiicluctivit.y inethod. Tlie method takes 

aclvantage of the correlat,ion between the sub-gap ab- 

sorpt,ion coeificient and the generated photocurrent. In 

order t,o ma.intain the recomhiiiation kinetics invariant; 

the iilt)cnsit,y of tlie monocliromatic illumination is var- 

iccl in siicli a way to' inairitain a constant photocurrent 

for a.ll incidciit plioton frequencies. A disadvantage of 

t,his met,liocl in reIation t o  PDS resides in the necessity 

of clectrica.1 coiitacts. Furthermore, a pliotocond~ictive 

mat,eria.l is obviously necessary, a condition not always 

niet,. \!'e reii~a.rlí tha t  hoth techniques do not give abso- 

lut,e ~i i lues  of a a.nd normalization procedures a.re nec- 

cssarg t>o obtain ineaniiigf~il results. 

The absorpt,ion coefficieilt corresponding t o  high en- 

ergies (> 10" ctn-l) is obt,aiiied by st,andard transmis- 

sion procedures and used t,o define the optical gap. In 

ainorplious serniconductors the optical gap is usually 

ohta.ined hy plotting ( h ~ / a ) ~ / ~  vs. hv. The  interception 

of a. generally well defined straight line with the hv axis 

define t,he optical gap of Tauc["]. As remarked above, 

PDS and CPM are not absoiute measures of a. There- 

fore, t,he absorption coefficient ohtained by standard 

procecliires is &o used t.o x a l e  tlie sub-gap value of by 

nia.t,cliiiig hot,l1 curves in tlie regi011 were they overlap. 

Tlie i~ifra-red (ir) ahsorption spectra is a valuable 

t,ool ir1  the  det,erinination of the local vibrations in the 

ainorphous structure. Incieed, hydrogeii a.toms bonded 

to  silicon (ca.rboii) dangling bonds are the cause of the 

low DOS observed in the  alloy. Furthermore, the  ra- 

tio of t . 1 ~  integrated areas of the stretching absorption 

vibrat.ions (Si-H)/(Si-H2) is a figure of merit of the ma- 

t.eria.1 yiiality. 

A1t~lioiigl-i the pliotoluiiiiiiesceilce (PL) emission 

spectra. in amorphous materia.1~ are featureless, the 

t e c h i q u e  proved to  give inforn~atjon about band tails, 

clisortler anel electron-phonon interaction. The P L  in- 

tensity as function of temperature I (T )  is generally ex- 
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pressed iii the form: 

I(?') = I o  P R.(T)/[PR(T) + P X R ( T ) ]  : (2) 

wliere P R ( T )  antl P,YR(T) are t,lic iadiative a.nd iion- 

racliat,ive transit,ioiis proba.bilities respect,ively, a.nd I. 

is tlie PL intensity a.t. zero tenipcra.t.ure. Sliercfore, a 

plot of Io / I (T)  - I = PArR(T)/YX(7') c a i  be usctl to 

clet~eriiiiiie tlie P L  queiiching wit,li tjeinpera.t,ure. Iii a- 

Si:II ;i. good fit,tiiig to tlie experiiiieiital dat,a is obtaiiied 

wit.11 P X R ( T ) / P R . ( T )  - ~ X ~ ( T / T O ) [ " ~ .  Sliis tempera.- 

ture behavior is found iii clialcolgcilicle inat,cria.ls and is 

explained in terms of t,iiiineliilg recoinl~inat~iori of carri- 

crs to iioil-raciiative centers. ?'o is a. iiiat.erial parameter 

wliich depencl of t,lie Urbacli I~niitl tail,  EU['"]: 

wliere k is tlie Bollzi-riaii coiist,ant,! r" m d  r a.rc tlie 

"atteiiipt to tuniiel pre-factor" antl raclia.t,ive rccoin- 

11iiia.tioii cliaract,erist,ic t,inie of tlie ma.t,criaf, respec- 

t,ively. S h e  recoi~ibiiia.t~ion tfiiiie is expressetl I>y ~ ( 1 % ~ )  = 

TO exp(rur,), wliere Lo = 2/u. a. is t,lie effeclive Bolir 

radius (localizatioii distniice) aiicl 1 3 ,  is thc electron- 

hole tlist,aiice. In Iiydrogciiat,ed ainorplious silicoii these 

quniititics are es t in~at~ed to be 10-12 i'\ a ~ i d  r, 

10-I%: respe~t ively[ '~] .  T'lie crit,ical distance r, be- 

tween tlie electron a.nd tlefect, is defiiied iii sucli a way 

tliat a carrier liaviiig 1% < r,(r > r,) will reconibiiie 

~ion-radiatively (racliat,ively). Sliis critical dist,niice is 

estima.tecl coiisidering llie 1nea.n xralue I.= < r > of a 

dist,ributioii of randomly rlispersed defectrs["] G(r)  = 
.4;1r?Y cxp(-4nr%lr/3)! wlicre :I' is tlie DOS. Loii~bin- 

ing tl-icse ccluations t,hc localization distmce of t,ra.pped 

carricrs in samples wit.h tliffcreiit carbon concciitration 

is estiii~atcd by["] 

111 t,lic iiest. section we 1\41 d i s c ~ s s  lhe espcrin~eiital 

rcsult,s aiid tlie iiiterpreta.t.ioiis of t,liem. 

111. Experiiiieiital r e s u l t s  a i id  disciissioii 

Figure 1 (a,) represent,~ t,he ab~orp t~ ion  coef'ficieiit ob- 

tainecl by ÇPM of two represciitativc ina.teria.ls! corre- 

sponcling to IID (1.93 eV 0pt~ica.1 gap) and LD (staii- 

darcl, 1.00 eV optical gap) saiiiples. A reductsioii of 

a-SiC,:H 

1 o0 

"b.5 1.0 1.5 2.0 2 5 
PHOTON ENERGY, eV 

SQUARES . LD 

I 

m 
LT 
3 501 0 ./-- (b) - - 

1.8 2.0 2.2 

Optical Gap, eV 

Figure 1: (a) Absorption coefficient a vs photon energy for 
BD (1.05 eV) and LD (1.90 eV). (b) Urbach energy vs Op- 
t,ical gap for bot,h type of samples. 

approxima.tely one ordei of magnitude in the  absorp- 

tioii coefiicient d ~ i e  to defects is quite evident. Also, 

sii~aller Urba,ch tails are observed (Figure 1 (h)) indi- 

cat.ing snialler clisorder in HD than in LD saniples with 

siiiii1a.r ga,ps. Also, tlie DOS is smaller in HD than LD 

saniples (non represented). 

In tlie a t tempt  to correlate the good optoelectronic 

properties OS tlie HD material t o  t,he local structure, 

tShe ir spec t run~  of niaterials deposited simultaneously 

o11 a crystalline sribstrate is nornially st,udied. These 

spectra are very rich in struct,ures. The studied sain- 

ples present baiids wliicli a.re conimonly a.ssociated with 

carbon coinplex vibrations and the  dependence with 

optical gap is in agreernent with results found in tlie 

litera.ture['". U~lfort~unately, the overlapping of rnost of 

t,lie bands preveiits a clear individualiza.tion of possible 

at,oinic 1oca.l arraiigements. Tliere are two exceptions, 

iia.ii-iely tlie st,ret,chiiig modes C-H ancl Si-H bonds. The  

formcr, l-ioivever, is extreniely weak and no clear con- 

clusioiis cai1 be obtaiiled from i t .  Tlie Si-H band, on 

t,lie contra.ry, proved t,o be rehtively easy to  ailalyze. 

The  stretching Si-H band OS a-SiC,:H with x < 0.4 can 

lx interpreted in terms of only two independent vibrat- 

ing contribut~ions localized a.pproximately a t  2000 and 

2100 cm-l,  r e s p e c t i ~ e l y [ ~ ~ ] .  These two contribution are 
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due to  Si-H and Si-1311 complex, wliere 11 is a.n integer 

greater t,har one. The  liigher order hydrides are typical 

of porous a r  d less compact structiires wliicli are associ- 

ated t,o poor optoelectroiiic l~ ro l~e r t , i e s [ l " l~ .  111 order t o  

compare thc iníliience of tlie hydrogen dilution oii the 

st,ruct)ural cliaracteristic of the material, the Si-I3 ab- 

sorptioii bar cls of the studiecl samples were fitted wit,l-i 

two Gaussiaris centerecl a t  2000 a.nc1 2085 cm-l.  The 

ratio of the iiitegrated absorption coeficient of t,liose 

bands as a functioii of t,lie opt,ical ga.p were stuclied 

(non represe~lt~ed). I t  wa.s observed rela.tively snialler 

values of the ratio in LD than in JID sainples. 'This re- 

sult is inc1icn:ive of a porous structure aiicl l e s ~  conipact 

structures of LD samples. 

Tlie PL r?mission spectia of the  alloys m e  bioad 

bands centered a t  eiiergies around 0.4 eV below tlie 

energy of the conduction band. There is genera.1 coii- 

seilsiis tliat I he emission is due to recombinat,ioii be- 

tween carriers iocalized i11 band-tail sta.tes. IIowever, 

a coiitroversy aboiit tlie origin of tlie f~i l l  widtli a t  t,he 

half niaximuin (FWHM) a.nd tlie energy sliift between 

the a.bsorption spect,ra ancl the PL emission still exists. 

I11 a-Si:H, antl using cletailed ba.la.i-ice argunients wliicli 

consicler tlie cbsorption and emission spectra, ~ t r e e t [ ' ~ ]  

has concludec that  t,he 1a.rge energy difference between 

the absorptioii aiicl emissioii a.s well a.s tlie ~pec t~ ra .  widt,h 

is mainly due to electroil-phonon intera.ctioii. Furtlier- 

more! Street lias e s t i i n a t d  a Stokes shift of 0.4 cV and a 

F R H M  of 0.25 eV. Dustan arid  oul litro^[^^], liowever, 

claiin t1ia.t thc  ma.iil causes of tlie PL broadening a.nc1 

shifting between tlie absorption a.nd emission, are dis- 

order and ca,rriers tliernialization iil band tails stat,es, 

respectively. Hoth models describe the PL as radiative 

tunneling recombination between t,rapped carriers iii 

baiid-ta.il statcs. Moreover, in 130th n~oclels t,he non ra- 

&tive recornliiiatioii is explained a.s tunneling recom- 

bination to dcfect states (dangling bonds) witliin tlie 

gap.  Receiitly, Searle and . ~ a c l i s o n [ ~ ~ ]  have cont,ributecl 

to this de11a.t~ stuclying t . 1 ~  PL in liydrogenated silicoii 

nitricle conclutling that  disorcler is the inain cause for 

the pointed di:crepancies. We shall ret,urii to this point 

later. 

T h e  lowest temperatiire reachecl in our experiment,~ 

1 
100 150 200 
Temperature (K) 

Figure 2: Plot of Io(T)/I(T) - 1 vs. S. For the sake of 
clarit,y we liave plotted only a few ciirves corresponding to 
I,» sainples. Similar curves are obtained for HD samples. 

40 60 80 1 O0 
Eu, meV 

Figure 3: Localization leiigtli Lo vs Urbacli tail for HD and 
LD sarnples. Tlie valne for a-Si:H is alço indicated. 

was 77 K. Therefore, errors in the determination of the 

T o  paramet,er are mininiized if I 0  is determined as an  

adjust,able pa.ranxter[l". Figure 2 shows the best fit 

of the expression Jo / I (T)  - 1 = P N R ( T ) / P R ( T )  

exp(T/To) applying this procedure. 

Figure 3 are the curves obtained by substituting the 

experiineiltal va.lues of T o ,  E u  and DOS in equation 

4. Tlie dashed curves are fits of A / ( E u  - Eo) hyper- 

bolic functions, with A and E o  being adjustable pa- 

rameters. Severa1 conclusions are obtained from this 

graph. Firstr, t,lie shorter localization lengths obtained 

for LD samples suggest stronger disorder than in HD 

sa.mples. Second, the fabrication parameters used in 

the deposition of tlie LD material seem to produce a 

mat)erial wit(1-i properties similar those of a-Si:H. Tliere- 

fore, fabrication conditions producing good a-Si:H are 

not iiecessarily the best conditions to  be used in the 

fabrication of a-SiCx:H. Tliird, the relatively large val- 

ues of Lo in HD sainples with E u  < 65 meV suggest 

the existente of micro-crystals. 

IVe return to  the probleni of the origin of the  P L  

width. Following a similar analysis applied to  silicon 
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Figure 4: Fii11 midtli at t,lie Iialf riiaxirniirri: FWIIh4 vs. tlie 
Urbacli tail of RD and LD sainples. Tlie daslied liiie is 
tlie best fitting to t.lie expeririient,al data. Tlie straight liiie 
interpolatioii iiitercept,~ tlie y axis at 00 rneV. 

~l i t~r ide  by Searle and . l i l ~ c k s ~ i i [ ~ ~ ] !  we l1a.w plottecl (Fig- 

ure 4) the FF1:Hfvl vs tlie Urhacli t,ail for differcnt sam- 

ples. We note t,ha.t t-he FF1XR.I is clet,ermiiiccl a t  77 K 

while Eu is obtained a t  room teniperat,ure. IIo~vever? we 

thiiili tba t  tenipera.t,ure corre~t~ions will not change the 

inaiii conclusioils. The ;iccuiniilation of tlie LD and HD 

experiment,a.l da.t,a. on an unique st,raiglit l i ix st.roiiglg 

supports the assumpt-ion of ta.il t.o t,ail radiat,ive recom- 

bination. 

From t*liis graph is coiicl~idecl t1ia.t t,he PWHM,  A ,  

is proportional to tlie Grba.ch energy. Furlhemiore, tlie 

quadratic value of tlie FWIIM, 4: coulcl 1x2 en~isa.gecl 

as the sum of two q ~ a d r a t ~ i c  coilt,ributions, i.e. clisor- 

der a.nd electron- phonon i n t e r a c t ~ i o ~ i [ ~ ~ ] .  Calliilg u,,, 

and a d  to these contributions, A 2  = a$ + +";: If wc 

associate the  disorder to the Urbacli t,ail, Eu, the lili- 

earity of Figure 3 suggests tliat, the first term in this 

equatioii must 11e r a t l~e r  small. ilssiiniing t,liat t,lie uep 

coi~t r i l~ut ion is a t  most tlie va.liic: obta.ined hy the ex- 

t,rapola.tion to zero disorder, i.e. 6 1 r  = 0: t . 1 ~  max- 

imum contribution to  tlic electron-plioiion interaction 

is arouncl 90 nieV. Tlie elect,ron phonon 1,roa.clenitig is 

given 11y ri,, = 4/11(2) Eslis;, where 6 s  is tlic Stokes 

Shift and hw is t,he most prolxible plionon e~lergy.[ '~] 

Assunliiig hj: = 70 ineV (t,lie riverage plioiion energy 

between 60 meV of silicon a.nd 80 meV of silicoii ca.r- 

l~ide) a Stolies shift of Es x 0.040 e\[ is obtained. Tliis 

va,lue is siiialler t h n  0.4-0.5 e\' estiinai.cd by Street[17] 

but iicvertheless twice the result of 0.020 eV obt,ainecl 

hy Searle a.nd J a c l i s o ~  in silicon nitjricle[l7]. We remarli, 

liowever, t ha t  the sca thr ing i11 our expcriinent,a.l da.ta. 

prevents a. stra.ight. forward coniparison and more work 

is necessary before final conclusions are pursued. 

IV. Siiininary aild coiiclusions 

Some opt,ical and structural propert,ies of amor- 

phous silicon ca.rbon alloys prepared 11y glow discharge 

from different hyclrogen dilution conditions were stud- 

ied. 

Tlie deiisit,y of gap states and Urbach energies of 

sa.inples ivit,h optical gaps between 1.9-2.15 eV are 

sma1ler i11 sa.mples produced hy hcavily diluting with 

Iiyclrogen tlie iiiethne-silane gaseous mixture. Infra- 

red absorptioii spectra of high diluted with hydrogen 

deposited sa.inples showed that  high order hydrides Si- 

1-111 does not increa.se too much as a function of the 

opt,ica.l gap,  i.e witl-i carbon content. On the contrary, 

in tlie stancla.rd mat~erial t,he ratio of [Si-H]/[Si-Hn] de- 

creases as a function of the optical gap, suggesting a 

less c o n i p x t  structure. 

Pliot,olumiiiescence studies allowed to  gain inside 

about questioiis like disorder and its influente on the 

einissioi~ liiie iuidth. Iildeed, the low temperature l h e  

width of t,Iie PL spectra turned oiit t o  be proport,ional 

to  t,he Grbach energy, a para.nieter relat,ed t,o disorder. 

The  PI, clepeiidence on t,emperat,ure in hoth types of 

sa.niple (diluted and non diluted piepared material) is 

simila.r t o  tliat observed in amorphous s i l i c ~ n . [ ~ ]  Com- 

bined results of PL, Urhach tail and density of states 

show st,ronger localization of carriers in standard sam- 

ples. Furt,hermore, some diluted deposited samples 

show larger localizat,ion length, suggesting the  existence 

of inicro-cryst,als. 

In conclusion, by diluting the gaseous niixture wit,h 

hydrogen the optoelectronic properties of the alloy im- 

prove. This is probahly due to  an increasing surface 

diff~~sing-length of the start,irig fragmentas forming the 

film. A larger diffusion-length allows tthe fragments t o  

inove around on tlie growing film hefore finding an  ener- 

get,icaIly niore favorable sit,e. However, we remark that 

t,he st,ruct,ure of t,lie plasma is also changed rendering 

difficult in t,liis stage to know the exact role of hydrogen 

i11 the iinproven~cnt of t,he materiai. 
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