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THE CHARGED DEFECT EXISTS?
Ke Taeka
Degpatmant of Applied Pryd cs Feauty of Engineaiing, Haka do University, Sepparo 060-8628, Jgoen

Theaign of ggp datesin dndlaoganide glasses hes ban Sudied onthe besisof opticel gosdradataned for AsS; Lusing
phaduminesoene photahamd ddfledion, and (resonant) Ramen sttaing. These reults combined with ather
deavatios g thet thewesk-absaption tal aisesfram ggp datesbdow theaondudion bend, which arepraduced by
AsAswrag bads The bond dansty is edimeted & (1 &%, whichis much greeter then thet of the dherged defet
proposed by Mt é &, Theseindghtsimply thet, nat thecherged defeet, but thewrang bond govemsdedranic prapattiesin
ovdat deagaidedasses

(Reoavad May 25, 2001; anogpted Jne 11, 2001)
Kepords Crelooganidedlass AsS, Optical absarption eclge, Urbech enige. Week-absorptiontall

1. Introduction

Fonegingwork ypon drd coganidedassssdatadintheidd edf 20 cantury; and now & thebegiming of 21 oartury,
wehavedatanad afar anount of eqpaimantd deta, severd hypatheses and afew bedcidess[ 1-3]. Among the hypathesss ane
of themoat frepuently employed far covd et drd cogenide dassss auch assAsSsisthe drergadkddfet and vd encesdtaretion peir
modds praposed by Sredt and Mat [4] ad Kesner @ d. [5]. Using these dargedkddied conogats they and Sucoessive
ressrdhers have assatad thet unigque dedronic propaties can be undadiood in adherat ways [1,3). For ingance the
photduminesoance (PL) with large Stokes shifts hes bean intapreted as arestion of D°from D' andlar D (in Matts notetion).
Howeve, snceD” and D™ areinhaently ESR-inediveand thedansity isedimeted to beppmleves[1,3-5), diret evidenceof the
edgence hes nat been datainad On the ather hend, ather possihiliies far ggp dates have bean suggested by severd ressrchars
[610].

| heve sudied the arigin of gpticdl absaption gpedrain covd et chalcoganide glassss with two maives Oreisto
undardand themecherismaof Subggp phatainduoad phenomang, whicharein some casssmarepraminant then thoseinduced by
benogep light [11]. Since the SUbggp phenomanaare induiced by light with photon enargiesin Urbedhrede regions which are
eqresedasa [ e (finEy), whereEy=50meV inAs$[1,3], sndurd aigins of the Urbech edge shoud beundarstood The
aheristogaptheaignof wesk-ebsaptiontals (WATS), whichextand bdow theUrbech edgeas o [ e4p (ialEy), whereEy=
300meV inAsS[L3]. Tacd d. havedemondrated thet Feimpunities enhencethe WAT [12). Hoveve, eveninhighly-puified
ingatsthetallsdill remein, which becomesto beasaious prddemin goplications to IR-tranamitting opticd fibers[13]. Therdfareg
theaignshaudbeearinadinnoreddals

Tounderdtend gaticd absorption madheniaTs it is necessary to resdvethe padtraiinio dendtiesof-dates Thet i the
apticd asarption oedtrum alaw) inamorphous samicondudars is governad by the dendities of oooypied and unoooupied Stetes

DYE)andD(E), a8[ 1.3
a(fie) O] Do(E+) DYE) G, @
ad acordngy, DYE) ad DJE) mugt be knoamn We mey expedt thet these dandities can dredly be datained through
phatoarisson dudies while nevathdess the sangtivity of phatoamisson messiramants ssans to beirauffident & presart for
evdudion of ggp dates[1,3]. Then, anather way to know the ggp datesreparsblefar DW(E) and DAE) isto erploy avaidy of
eqaimants andto condrudt amodd fromtheresits If ssverd dosarvationscan beunderstood coherently by asnplemodd, we
anasuneittobepasble
Previady,; it hes bem suggested thet the Urbech edge aiisss fram tal dates above the vdence band [7,14.15).
Ciraurgtartid evidence far this suggedtion is thet the so-cdled Urbech enagy E is Sl to the dreradeidic enagy of the
vdencebandtall [15], whichisdatained frompul sed phatocondudion messramantsthrough somessaumpions
Inthe presat wark, | will dow thet the WAT in AsS; aises from unocoupied gep gates bdow the condudion bend
and thet the datesarepraduced by AsAswrang bonds Itsdarsity is edimeted a paroat levds whichaemuch gedter trenthet
of the dnarged ddfedts Adudly; theexistence of meny homopdar bonds searsto beinharant to covdlent glasses and aooordingly;
| bievethet thedharged ddfeds cannat governdedranicpropati esindhd coganided assss
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2. Experiments

Saples erployad were AsS; gasses of two purity levds Onewas those prepared previody [16]. Here aningat
was synthesized from Asand S chunks with 6-nine purity through the convertiondl mat-quendning proosolre Then, linters
chtained from the ingat were seeled aggin info quertz ampoules, hested to 1000 °C, and then rapidy-quenched (10° K/9) o
doMy-coded (10 K/9) to room tarpaature The ather was ahighpurity ingat, which wes prepared for optical fibers, the
dddls o puification and synthess proosures beng urknown [17]. Sicad sarples were pdished to sTel disks ad then
anededa 180°C beforequticd messuramants In addition, AsSx Jassswith x = 1743 whichwereprepared through the
convatiord mdt-quendiing proosdure wered oinvedtigated

Sarple compasitios werei ngoated using an X+ay fluaresoance sygam (MESA-500, HORIBAY). Canparison of
AsS; dasss with aysdline AsS (apimatt) demondirated thet the compaditiond ratio betwean As and Swes hdd a 40060
within 1 & % aoouracy: Forimpuities theconvertiond ingat might contain Feby ~10 ppm, whichwasaddedionlinit of the
X+ay sysem whilethehighpurityingat ddnat show any tracesexagpt Asand S. The 10 pominpurity leve issimilar tothoseof
Taucs sples[12].

Three kinds of gpticd messLremants were pafarmed These were PL, phatathend ddfledion spedrosoopy; and
(resonent) Ramen-scettaring goedtrosoapy.

L wes exdted & 5 - 300 K wsng sverd lasas ad a Xe lamp filtered by a monodromeor. AL gpadtra ware
manitared by apdydrometar atached with alinesr INGaAs detedar. For PL-exdtation Spedra i.e depandencedf AL intendties
on exdtaion phatonanages AL tad intesties & a phatonenagy region of 0.7 - 1.3 v wae meeared usng an InGaAs
Odedor fittedwithwavdenghfilters

Srdl absaption in thin AsS; sampes wes evduated Lsing the phatathemd defledion spedrasoopy [18). The
Spedra ware dataned & room tamperaiure Ling a Sydtam desaribed by Nonomura g dl. [19]. In bridf, the absoption of
maonodrondicligh, thewavdength bang vaied, in assnplewes monitared ss addfleding Sgrd (iregeeffedt) of prabelight
which propecgted neatby the sanple surface: The ddfledting Sgnds were converted to absoption codffidents by fdlowning the
convertiorel procecire[18,19]. Then, the absdlute velues were deierrined by fitling the spedraat - = 107 am” to absaption
spedra dotainad from subddiary opticd traremission messlremants Anorg ssved kinds of phatahemd mahods the
Odfl edtion spedrosoopy gopearsto possesstheh ghest sandtivity & roomtarpaaure[18,19].

Ramen-s=taing spedra were dataned a room tamperaure using atripe dgparsng system fitted with a coded
derge-coupleddevi e(TB4000, Joain Yvan). Severd |aser sourossweareamployed tomanitor resonent Ramentscattaing spedtra
Thelas ligt coud provide phataiinduced denges in some cases [11], and acoardingly, samples weare moved during spectrd
messrarats Rdaizaion o scattered light wesunerdlyzed

3. Results and discussion
A. Eledronicdate

Fg 1 shons a AL-exdtaion spedrum far a ighypuity sample with athickness of (1 mm For compaison, two
soedraaedso pated anebang agpadtrum datainad by the corgtant-phatocurent method far asanple datained fromthe same
ingat [15 and theathe baing an apticd absoption aurve, inwhich sl asamtion is evdlLeted Lsing Highounity AsSs optical
fibers[13]. These photoourent and ebsorption Spedraaredatained a room tarpearature and the PL-exdtation goedtrum hes ben
messrad a 5 K. Accord gy, the PL-exdtation spedrumis reckhifted, teking the tamperature dependence[20] of theabsamption
mbeirtoa?cut Thevaticd podtion of the PL-exdtation gpedrumistentaivdy fixed by fitting it to the absorption pedrum et
a =10am-.

Weseinthefigurethet the PL-exdtation soedrumd o shows aWATHike exqponatid reponsed 7w <26V, This
fedtureisthesameasthose previoldy reparted far conventiond-purity sarples[21]. A dreradgistic enargy of theexonantid tal
is~300 meV, whichis dmilar to By of the WAT [13). It ismentioned here thet, dthough the WAT levd of the PL-exdtation
seedrum gppearsito behigher thentheredl WAT, thePL levd depands onthe P gpedrd regjon detlected (desaribed late) and dso
on aha eaimatd condtians uch ss sample thidaness [21]. In addition, the difference may partly be dueto differat ingais
Aacordngy, we neged the quartitetive dfference of the WAT levds bawemn the PL-exatation gpedrum and the optical

aoption pedrum
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Fg 1 Depadanced PLinendtiesontheexdtaion phaon enagy (FLE) inhigounity AsS, Alsodoan aea
phatooondudive gpedium (CPM) [15) andan ebsorption gpedrum o[ 13) & roomitarparaiure

Whet oud beundadined hereisthet anly thephatocurrent oedrum does nat mernifest the WAT. Thenonrexdgtence
of thephatocondudive WAT sugpeststhet theWAT arisesfrom aptical absomption proossseswhich cannat produce maallecarriars
i.e hdesinAsS; (Alsoin Seand AsSe, WATs arenct detected by the congtant-phatocurrent method [15].) Then, whet dedronic
dandty caussstheWAT?
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Fg 2 Proposad densitiesof-Setesand rdeted b ggp dedronhd eganaration processes (alh) and thednarged-defiect modd

(9. In (), baththe Urbech edge and the WAT bdang tothevelencebend. In (), the Urbech edgeandthe WAT aisefrom

thevdenceandthecondudionbend, repadtivey: Datted and deehadlineshow thendility edgeinthe vdencebend and
theFamiled.

Heg sncethe WAT shonsa broed eqponattid aurve asthesimplest cases we can assumetwo possihilitiesfor the
enagy locaion of the dandity-of-gates reporsible far the WAT. Thet is asillusrated in FHg 2, the WAT ey aise from the
vdencehand (ccoupied) tal (8) ar from thecondudiorHoend (unocoupied) tal (b) [15]. Intheseilludrations fdlowingtheprevious
idea[7,10,14,15], wehaveloceted the darsity-of-dates g ving riseto the Urbech edgeat thevd enceband edge Thenohlity edge
isindicatedthere[22).

Thefdlowing three reesons syppart the modd inwhich the WAT dates eddt bdow the candudion bend, Hg 2(0).
Hrd, itisdamorgrated thet the ddlcoganide dass behaves as anlintringic samicondudar [1,3),i.e theFami enargy baing pimned
ner the oater of the bendgep. Thisfedture is inoonggat with the modd (g, in which the Femi levd tends to goproech the
condudion bend, and as aresut, nitype behaviars may emerge Second, it is d o demondrated thet hdes are more mabile then
deadransin conventiond drelcoganidedassss[ 1,3 15], which suggests the edgtence of desp trgpping dates for dedrons Thetall
gatesbdow the condudion bard in () canwark essuch trgps Third, asnmplecdaddion srowsthe if tal dates edded & ebove
thevdencebard, asin(g), thesecould give phatocurrant Sgrels[23]. But, nosuch sgrdlscan beddedted ssshowninHg 1 This
dssgeamat is nective far the modd (g). For the case of (D), dedronthde pairs in the condudiontbend tal (WAT) and the
vdencebandtal (Urbech edge) may gairetdy reconbing and acoordingly photoaurents cannat gopesr, incorsidat withthe
dsndios With these three ressors, we an assune thet the ggp dates which goven the WAT, ae located & the
condudiorHoend tall, asillugrated inFHg 2(b). Itismartioned herethet inamaphous hydrogareted S thedarsity-of-dates hesthe
(@ fom whchiscoragat with nitypecondudionbehaviars[ 1,3]
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B. Srudurdaign

Fg 3dowsaatica absoption goadtra datainad using the phatathermd defledtion padtrosoopy far rgady-quenchad
anddomMy-coded Asmantionedin2, thesesanmpleswearemedefram anearigirdl ingat, and acoardingly, thepurity levdsof these
samples ae assumed to be conparable Hanos we may negedt inpurity effedts ypon the WATS [12). Far each ssnples; two
seedmanswith thidknessss of 0.2 - 04 mm have bean exaninad, and thetwo detashow sttifadtary agreamants Thedpsa 14
&V aeatifidd nasssaisng fromfilte exdenge Ndethet, Shoequenched dassss arenecessarily aadked into sl peceswith
mm e it isdffict to evduate lowv gatical absaption without using such sendtive mathods as the phatathed ddfledion
spectrosaopy [1819].

Inthisreat, themoet remarkad ed fferencebawen thetwo kinds of samd esisthelevd of the WATS Thegquenched
sarplesexibitthe WAT whichishighe by onearde thenthet inthedom y-coded ssnples

With regard to srudurd differences betwean the rapidy-quendhed and domy-coded sarples; the modt natiosehle
anegppaarsto bethe dangity of wrong bonds Thepreviaus[16] and thepresart (FI(IJ, 4) Ramensataing oedraindcatethet the
conoartraionof As-Asbands which cenbeedimeted fromtheintensity of 230 ami™ peek [24], inthequendhed s esisgrester
thenthet inthedomy-coded sarples Althoughthe S S pesk a 490 ani* [24] isweek, thepresat Ramen pedtrain Fig, 4 how
thet itissronge dsninthequenched ssrples Thet is thesedosavetions damorgtrdethet thewrongbond dansity ishigher inthe
quenchad smples Heag dthough quentitative evdugtion of the concartration difference is nat draghtfarwerd, a gauste
dffaenceistypicly Stimes[29).

Theegpticdl and drudurd carespondences imply thet thewwrong bonds (AsAs andlar S-S) arerepongblefar the
WAT. Thehigher concantration of thewrong bonds in the quenched samples gopearsto cause the gredter WAT. Then, doesthe
WAT aiefromAsAsa fronSS?
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wng te phadhamd  ddledion (uppa) ad rggdy-quendad (love) sarpes
sedrosoy fo AsS desss prepaed datained usng pracelight of 7ieo = 20V, Theinset
thraugh repdy-quenching (iandey ad dons megified views far the
domy-coding (drdesand soperey) provesses 490 a* peek.

Thelines

FHg 5 dgdays a saies of Ramentscattaing spedra with the phaton enargy of praoe light. Hearg the intengity is
nomreized with apesk & 340 ari’, whichisidartified to AsSvibraions [24]. We ssethet the As:As pesk (230 ami’) inressss
withaninaessein thephatonenagy, whilethe S Spesk (490 ai’) doesnat show gppredisbledrenges Theddalsaresownin
theinsd, inwhichthe AsAspesk equonantidlyinaresssswith the phaton enargy inthespedrd reangedt 1.5- 24 6V, which covers
theWAT. Inaortragt, the SSpesk ramainsat agdl leve. It shoud beundadinedthet theresLits aataned for the convertiond and
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Hg 5 A sziesd Ramen Settaing edraditeined far ahighyournity AsSs asafundion of thephaton enargy of probelight.

Theinst showstheintensities of 230 and 490 ani® Ramen pesks as afundion of the phaton enargy of praelight. The

intensity is nomelized with thet of the meinpeska 340ami”. The two symbdsshow thetwokindsd sarples high—
purity sarples(+) endaonventionel - puity samples(O).

Tret is these phatonenergy dependences areintriric to AsS; gass Thepresant resuit may be cond et with thet
reparted for 1.96- 2616V prabeligt by Kawezoed d. [29).

Theeqonatid dgpadence of the AsAs paek intasity on the phaton enargy inplies aresonart Ramenscattaing
proosss[27]. Canvartiord andyses of resonant Ramen scatteing show thet, whenthephaton energy of prabelight cainddeswith
an dedranic exdtaion enagy , Ramen cataing proossses essodatad with the dedronic trangtion enhence drandicaly;
resuiting in the srengthening o rdated Ramen pesks [27]. The resonance aurve may be written as Rjaw - B), whidch hes a
prominet peek & 7w = B. Hae in adsordaad sygem E is praoebly ddribuied, and we may intuitivdy eassume thet the
resonat Ramen Sattaing messres EiRiw - B). Thisrgresatsthededranic dasty-of-dates of theresonant Stes, provided
thet Risrgdlaced by thed-fundion, whichwetekehareasaraugh gopraximetion

Then weeanasumethat AsAsbonds causethe WAT. Aduly, thedreradteisticenargy rqpresanting theeqponentid
inoeseintheAs-AsRaren pesk (theinsg inFg. 5) is~ 700 meV, whichiscomperableto By (= 300 meV) inthe WAT [28).

Ontheahe hend, the phaton-enagy indgpendance of the S'S pesk ingliesthet itsresonence feetureissimilar to thet
of AsShands Sneethe bendggp in AsSs is cordrudted betwean lonepar dedron dates of S and arnti-bonding gates of AsS
[1,3], thesesimilar resnencebdraviasaredausbde Inather words itisinfared thet S-Swrong bonds are nat repongblefor the
WAT.

Todaansomemareindght inotheaton cgrudurerepongblefa theWAT, | havedsoinvedtigated thedgpendance
of PL gpedraupon exdtation phatorrenagy, whichisvaied a 1.5-266V. Then, asimilar resut tothet repatedby Tedad d. [29]
hesbemn dataingd, i.e whentheexatation phaton-enargy ishigher (Urbech edige) andlowver (WAT regjon) then (12 €V, abroed PL
peek gopearsa aound 7w = 11 6V ad 09 V. Tach e d. intapra onthebeds of thar compasitiord dudy thet the09 eV FL
aignaesfrom AsAsbonds Thisintepraaioniscorgdeat withthepresant ideg, which assumesthecorespondencebewenthe
WAT ad AsAs bonds Honveve, Tedes intapraiaion maey be incorsigat with a reuit dotained usng apticaly induced
deadrongain resonence [30]. In addition, | have dso dosaved thet aher sanrples such as ayddline AsS; (apimen), which
rnomirdly hes no AsAs bonds give rise to broed peeks a 7w = 09 V. Thadare it isfar to condude thet, dthough Tedks
astioniscondgat withthepresartideg, the0.9 6V AL pesk cannat beafirmevidenceind cating theed denceof AsAsbonds
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C. Enegylevd andatamicdrudure

Wehavedataned twoidees and thecomnedion of thetwoistherned abjed. Thet is inA, it hesbemirfared thet the
WAT aises fromtal detes bdow the condudion berd. In B, some dosarvations supggedt thet the WAT is produced by AsAs
wrongboncs Then, eanthetall detesbdow
thecondudion bend be praduced by AsAsbonds ?Hg 6 dowssevad levds o intaet in AsSs. Inthisillugraion, the energy
dfferance bewemn the outemcet p levds of Asand S aonsisedimeted & (125 €V [31]. Thelonepar pdedronlevd of S
broedasto famthetop of thevdencebend (LP), thewidth of whichisdamoretrated tobe 2- 36V [1,3]. Ontheather hend, the
condudionbendisproduced by theanti-bonding tatec* of AsSbonds and thegep gvingrisetotheso-caled Tauc opticd ggp o
[(124¢V gpeas[13].

We now conddar the enargy levds of wrong bonds AsAs bands exdding in AsS; gass mu dso produce the
bonding andanti-bonding states andtheenergy Slit canbeetineted et 3- 46V fromeqaimantd sudesonsdid As[32]. Then,
ween predd thet theAs:Asc* datesarel ocated & just bdow (ar & around thebattomaf) thecondudionbend[ 33]. SneAsAs
bonds arewesker then As-S bonds [6,34], which farm disordered environmants the AsAs bond digance (R inFHg 7) proebly
fluduates at aroundatypica vaue25 A [32). Rdated dhedrd anglesmay dso fluduete Then it isplausiblethet such fludugtion
casss a broed enargy digribuion o AsAs o* dates which gopears as the WAT. (Howeve, why the didribution hes the
eqonatid faomrareinstobedudal) Onthe ahe hend itisknown thet Sdme's possess exdtaion enagy of ~ 106V [35),
and acoordingly the antibonding dates are praoebly ind uded in the condudiion bend, i.e these cannat provideany contribution to
o|p dates (InAsSe;, SeSec* bondsmay aontributeto the WAT, sncethe enagy dffeencebawemn thep-dedronlevdsd As
and Seis~20eV [31], andtheexdtdion enagy of Sed massearsto beconpardd etothet of Asdmas)

FHg 7 gvesanimegedf damic fruduresin AsS; dass As sugpestad previoldy [7,14,15], wehaeassumethet the
Urbech edge aisss fram an eqonantid dandty-of-dates a thetap of the vdlenoe bend. Such an equonatid edoe may gopesr,
sincethevdencebaend isfarmead by lonepar dedron daesof S aoms[1,3] and theinteradtion bawean theloneypair dedrarsis
oovanad by dsorderddinelayer dganoss (Rinthefigure). Inaddtion, thecovdat aaric sruduresarein favar of produdion of
homopdar bonds AsAsand S-S ad the eqanatid edge may dso beinfluenced by inrdayer SSintgradion On theather
hend AsAsbondsareassumedtoberespongblefar theWAT asdestribed above

Fig.6. (eft) BeoranicdruduresinAsS; Fg 7.(ig) Ashemdicdnudured AsSdass
aonianingAsAsand SSwrangbands R R, adR' dandte repativdy, theintariayer
LPdandesthelonepar dedtrangate dganee inrdaya As-As ddance ad

inrdayer SSddance
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D. Othe rdaedfestures

Thepresat modd seasto becond et with temperature depandence of WATS Taucd d. have damorstrated for
AsSsthe, withaninaresseintempaaurefrom 100 to 600 K, the Urbach edpesubgtantialy reckhiftswhil ethe WAT drengeslittie
[36]. Thistamperatureindgpendencedf the WAT iscorddat with the presant mocd, SncethevwrongrHoond density cannat chenge
a tarpaauesbdow themdtingtempaaure 580K [2,16]. Ontheathe hand, themd dsordaing maey governtheUrbechredge
baraviar[37].

Thepresat modd isdsoin hammony with thefadt thet, in ayddline AsS(S8s, dedrons aemarenhilethen hdes
[3&]. Inthese aydds AsAswrang bonds do nat edd under idedl Stuetions and acoordingy, in the presart view, no traps for
dedraseds

Thepresat modd preddsthet dementd drd cogenide dassss, inwhich nowrang bonds eddt, do nat show WATS
whilereportad reuts gopear to beinoondusve Among meny optical pedrargparted for amanphous S theaTdlet atenuetion
mey be 107 ani* & 7iw =1 &V with WAT-ike spedtrd feetures [39]. The photo-aooutic spedtrosoopy [40] and the presart
phatatharmd defledion speatrosonpy for Selayers (unpublished) dso damorgirate absaption levds of 10° it a 1 eV with
WAHikefertures Theseattenugtion ar bsoption levds gopear tobecomparatively srdl e then thosein compound gassss uch
A (0 = 10" o)) [1], whileWAHike festures ill raein Howeve, we canrat idkrtify the arigin of these atteruetions
which may be govemed by surfaceandior bulk scattaing Altemetively; it may be dueto absamtion caused by inpuiiesandar
defects Liouid Sdsoshonsabsaption of ~ 10" ami* with WATHikefestures[41].

Thepresat mocd d<o predi ds thet, inthe AsS gass sygam the WAT beoomes Srdller with aninoreeeinthe S
contert, SnceAs-Asbarts bacomefenve. Fg 8 showsrdatad absaption spedrafar ASSimy (X =17 ~43), whichweredatained
weing the phatatherndl deflection spedtrasoopy: Theinst shows compasition dependenceof the bsorption codffidents evauated
a, tataivey, 7im = 1.5 V. We see thdt, with aninoressein S aontent, thelevd of WAT decresses which is conddtat with the
predidion Wedso s howeve, thet thelevd becomes sTdle in AseSs. Thisresut may indicatethat meny AsAsbondsfarm
exdtended setes Itismertioned heretret s psdary X-ray fluoresoence messLrementsdd nat show merked impurity differencein
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In contregt to delcoganide gasses, it hes ben repestedy demondraed thet SO, glass possesses no WAT [42).
Alterelivey, opticd atteugtion bdow the Urbach edge is govamed by ligt scettaing aising from dansity fludugtion This
utimetetrangparancy can beundarstood coharently with the presant modd, Snoe S-O bordsarefanyionic[31], and acoardingly
thewrong bonds (S-S ad O-O) arefew. Silar stugtions may beeqeded far ioric dd cogandedasss ach as GaSNaS
whilethegassishygrosoga cand residud absoptiontill rereins[43].

E. Canment onthecdhargad-ddet madd

It ssasvdughleto corsdar aconsguence of the presart mood Lpon the dhergeckdfe moddsproposad by Sregt
and Matt [4] and Kasner & d[5]. The dnarged-defedt moods assat [1,3] thet, in delaogenide dassss D™ ad D' (in Matts
natation) becometo beintrindc ggp dates and thar dedronic datesarel ocated, repadtivey; & abovethevd encebend andbdow
thecondudionband (see Fig. 20). Thedersityisestimeted a pomlevds ~ 108 an®

Thesemodds shoud bere corddered, & e, intwo repadts Oneisthet themodds presumethet the delcogenide
dassisomplady trangoarart [45], i.e no midggp dates Howeve, we have ssn thet thareisresdud bsoptionin highlypure
AsS; dasss inwhich noimpuities are ddeded, i.e less then 10 pom Theather isthet recant dudies ugpedt thet the P with
lage Sokes shifts whichwasintapreted asarestionof D fromD* andlar D[ 1,3), hesbeen demorstrated using optically-deteted
ESRtobecausad by Hf-trgppead exdtons[44). Thetis no dnerged ddfedsarenesdad

Thepresat nodd assumesthededrani cdansity-of-gateswiththefamof Fig. 2(h). Here thecondudiontbend tail is
composad with the AsAsbonds of 01 - 1 &% [25), which govan the WAT. On the ather hend, it hes been infared thet the
vdenceband tal is govamned by the dsorderad interadtion betwean lonepeir dedrons of S dams [7,10,14,15]. No unpeired
dedronsedg inthepresant modd, whichiscondsant with dosavations[ 1,3).

The two modds may be inconpdtidle Since the exidance of a lage nurber of As-As bonds hes bem firmly
demordratad by severd expaimats [25], and since the bonds gppear to produice gep dates as dsaussad in 3C, it is diffiat to
avispethd thedharged dfeds goven mearasoopic dedronic propaties, & leed, inred ASSSEs; glasses It searsthet modt of
deadtronic propartiesin covalat dhd cogenide gasses can be undargood with honopdlar bords and interlayer interadtion. For
ingiance, thephatainduoed ESR [1,3] can beundastood by assuming arestion of DP states through photainduced bond sdssion of
homo- andheteropdar bonds whichispredidedthearetically[45].

4. Summary

Theexdiganced WATs gapearsto beinherart to dhd cogenide dlasses and undarstending of itsarigin hesbean desired
Theudadandng hesd sobem reguiradfromavienpant of godicationsto |R-rangperent optic fibars

We have duded the WAT usng AsS; dass asasarple and have presated some dosavaians, which gve the
fdloningtwoidees
i) TReWAT aigretesframtall datesbdow thecondudion bend
i AsAswrongbonds(0.1- 1 &%) aerepongdefar the WAT.
Thesetwo idess have been undardood coherently with an dedroniclevd dagram inwhich theantibonding datesof AsAsae
located bdow the condudtion bend. Firelly; it hesbean assarted thet the wrong bonds bareve s maredaminart ggp Satesthenthe
dheged ddfeds
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