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The p hotol lnihe tcen k eabi l itt of the pora,s siticon praduce.t br lase dtctt
etchihe ofsilicon has been studktl. t:te hoe e pt.,/et a ntethatl b;nprcv nt pt,
stobiiity af lE potous rtuute lhe porots sbuctwe was coate.t bf o thjh paunul
tulv trhich i\ transpdtehl la thc risible lij.ht entte.l br the Si na otrtajties rhl
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lilicon haroc,ystallitcs doe' nal rcduce ||hh the azks tjne. I has beeh oble ed ha1
llE p.lrhu taated IA Nahpks arc che Xa r :labi ahd that teatls tb inFow the
phatoltnikeeare stabilit! otthe parcus liliattuth aqihq tine.
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lJ--is ct;*,t L; /:i../11 f.1.44 oJ4tlJt qJr4t ab!)l ilrtJij-l Oq b,J rtr
ntt!--,11 e.h* ).,,th einJ q4..8 ;rfi- AlU 'n Ot a!, ,L_*!Jt 14L )JA. g

Cryshuine silicon has consilered
rs an essenrial matrial in the electronic
induslries, bu iE lFplication is lnnited
n1 oploeleclronics due ro its i.dte.r
ba.d Alp vhich makes lhe ratcnal
nr.ii.ienr liglrr emifl,ff ill. lhe
discolery of ifiense visible
phoroluninescen.. ar rooh remFeulur€
tu,n siljcon nmocryrilllitcs and pools
silicon nas alftacted a gnrt inleEsl last
deGde [2-51 Mudr elloll Las 6een
focused on rhl co rcl of llE linhr
emission p.openles dd the nabiliry of
nE elc.to md photohmjnescence oflhc
conshtent silicon haiocas1allires [6 8]

Porous silicon (PS) is r complex
n.tqort of porcs scFaraod b! 6ii walh
consnting silicon danocrysrallnds of
diiidox sizs f9l uslalll, ls is

fab cated by electrochemical ebning ot
siricon $!fer in H[ acid flo ll] ,rar
Civs bmad phololmine$encc (Pl)
bed chmctdislics due lo rhe large

l,horocbeniml elching by hser lt2-171
provides an altemaiilc nrelhod ro
produce and conlrol lhe size and the
enrission clDrac&nsdcs of PS. lhc
phoroluninescoce ton silicon
nanocryslallires is onen allribured ro
qwrum connncncnt eaieor. )he
qu,ntuD confinemcn nrodel su$ests
lhal eledon confine.ur within drc
n oneter sizc cr!$allites lelds io
cnlaigc rhe b d sap md also blle shiar
rhe b.nd gap towlrd the vhible resion
ll8l. Hosevq, other model rlis
explained the phololuminescmce liom
sili.on n&ocr,vstallites s a resull of
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lanometer siued crrslallilej lhe sulface
efecE becone moE enbanced as rhe
size oa thc nmocrysralhe d.s!aed.
Therefoe, rhe arhosphqic storace of
porous sili@n leaG ro fom m oxide
laya at rhc lorous sudace. h particular,
oxYsen aloms at lhe sMa.e firically
nodiry rhe el@ftnic srrucnrcolsilhon

clEnical coopounds lormation at the

The fr.shl, lrepared norcus
silicon is bydrogen passivared md
ooDtxins essenLially no orfgen and
exposuE lo aftbient an Esulls in
pogre$ivc .rodinqiioo of hydride
rurt cc Jnd o\idah.n oj tS [20] \'rl]r 2.
Itrae surraceroioumc ,ar;- ;--- *

 in of fiis plper is to inrpbve
Ue phorolu.rjncsoence srabiliq ot
porous silicon sanples Ferrared b!
laser-induced dchins pmcess rl orghonr
coalilg the porons silicon surface with a
[anspde.r polynd layd,

_Lb-crpctnental ro.k
Porcus silicon was prepared bt

laseFinducei ercling ot nlype silicon
wnn reshdviE, of l0 O cn.'fhe silioon
wa{er was imne^ed in HF acid of 40%
.o..enrration atul iEadiated *irtr
Nd:YAG laser (wavelenstl l.06 }lnr.
Tne lser beao ks aocused N a le.s i.
produe power densny of20 /cm'?.1hc
expeinental sei up is shoM in lis. l.
Tne poro6 silicon sanples bave been
pr?trcd for nEdi,lion liae of 60

The coati,rg soludon is made
ilhetr a polyfter (polyhethyl
hethacrylole PMMA) ms dissoluEd nr
a cllorofonl, then, lhe polrher solurion
has been pul al the surfae ol dre lieshly
pEp.{ed PS and tlre sahpl€s were
subjecled to a hmt riearnenr jn a lumae

. - of.about.4o oC lor !,ll !D hour. Thc
polrner layer tlichess wa nearly 200
ph aDd drh Iayer was tdsF!rent 1o dr.
visible lisht emiited len ibe lS laycr
The treatcd smples wee investisatcd
under oplical oicDscole We have
obseNcd lhai the polymcr layer has
covered the PS sudace and filled the
pores ol lhe porcus sxmture as sho\h nr
Fig.2

3. R€sulls lnd discu$ion
TIE PL desradarion with a bluc

shil} oidre peak losilion subseqnenl lo
lhe mmal preparaion of the porous
silicon is bclieved ro o sinale fron the
chemicsl instabnnv ol dre lorous silico.

\\,e hlvc srudicd lhe Pt
deEEdation ot our frshly piepred PS
smples she. those samples m srored

[2 ]-:]t.
atmosphereitoEd porous sahples
.xhibits mtable lhorolunirescence
en*sion $hde rbc PL i ensiry
dccrcases drasrically wilh agins iime
acconpanied by the blue shift of PL

Mmy authon [24-27] hale
studied tie phorolumincs.ene sl,bility
ol porous silicon produed by
elelrochenical ercning. Q Chen,€t eL
[24] havc pr€pared poious silicon by
iydlotlernal dchine .r silicon in a
turDace md srudi.d tbe Ii, irolabilily.
whrle, D. Zhtr er ar l25l hsve studied
rbe stabiliry of the non lassivated of
electrochenically etohed porous silico.
dd louM dral a srable PL !e.h of
e..r$/ - 1 8 eV codd be obse(ed foto
lhose smrples. Then sdrples shov oDly
snBll clr&ges ia nee nMocq5talhe
sizes ahei one year indicarjns thar lhe
PL dcgradation \ra lery slow.
Moreov{, c. chen cr al 126l bav.
reponed lhal when porous silicon
sarples F€paed by electro chehical
eicung Fa$ivaLed by sold (Au-
passivared)! stro.s and stable red
plorolrninescence have iren obser\td



ltmosphere lor 40 days. the speeltum- -iJot'lm @rgd pS samlto od thal
slDwn infie.I (b) indicarcs t\e tL lqk nreaDs ttre Si neocrystatinc lizc h!!e
posiiion at L95 eV wilh a smlter nor afected by dre poiymer tarer and no(FVHM) oI aboul 240 nev. oxide layer was ,bmed at 11. pS

sud.tce. Figure 5 shows the relarion
bcnnen rhe expeimenral\' obseNed PL
pclk posilion as a lunction wirh lhe
asirs timc. 'thn iechrique povides !
cleo evidence 10 thc orisin of the PI- i.
silioon mnocrystallnes aDd snppons ihe
qobtum connnemc.t model. Othcnvire.

io llre an !ig.I sho\vs the PL spcctra of
lhe lrcsh), pEpared PS smple !s a
function oa nuDber or days oa cxposure
to ai.. Fjs. 3 (a) shows th. slecrrun ol
pcalposnion ai 1.9 ev wnha tull widh
at hall maxnnum (lwHV) ofl0o me\:.
Alicr the snnrple rvas exposcd !o

Funhemore. !,ith an nrcreasc i. rhe
nLmber of dals for cxposurc nr air, rhc
PL pcak posnion nroDolonically shins
ro*!d hiehereneBjes and rhe (FWHM)
becones saller as shown in ris. 3 (c)
bd (d). Aller eiposing rhe sanple in air
lo. 120 d!ys, tbe PL Feal alnosr
dGappea^ as shoNn in FiC.I (e),

\!e bavc exani.ed dre Pl
cdission of the polymelcoarcd porols
saDrplcs and $€ found that aldrorgh
ilere yas a sligh dc6elsnrB in the PL
riFnsny duD to the weal litsht
absorylion xitliin tne polynd later. Tbe
PL derradarion can be n Fped by thh
techniqnc sincc there is n. v{riation for
moE rhan five monrhs aRe. pEparins

We bavc recorded rhe PL spectra
$nh on eacitation eneuy ol 2.41 ev
(rv{vel.ngth or 514.5 nn for e aigon
ion lase, The laer lighr ol fiis photon
energy has a \€ry small dcpdl ol
p.lclration i. the porlus $rucrue (0.2

!r, [28] and tnis lelps tu srudy ihe
enntr ol the polyrtr layd on the PS
sDrf..e since lhe polymer layer h
@nspaEnr lo visible lislt. fisure 4
rho$s lbc P! ol tle polymer lieated
po,lus satoFles The fresNr pEpded PS
sarDlcs PS is given in rlF .uNe (!).
w,1i1. (b),(c),(d) and (c) rpEsell rhe pt
e.rission ol the fEsh polrner haled
sarnple and aner 40, 70 and 120 dats.
rcspe.$cly. llre PL intensny is alnlo$
the srne for lhe Nlymer rre.red smplc
Irhen this sample $orid in lhe

atnoslhft lor moro rha. rour nronrhs
and lnrt indicatcs rhal rere is no
degradation rhere fie polymcr hyer
pEvenls the oxidc layer lom.Lion.
i\loreover, ir conlrsl virh urEared
porous silicon. no b[Le shili i. rlre i,L
peal.p.sllion las bee. obscned for rhe

photolumircscence lner rhe poithd
coaring il fie oisin of the Pl rvas rhe

Tne quntum connnerneni hodel
l29l has been uscd r, frr our
oxlerioentai PL speclF to osrinrate ih.
silicon nanocrystallile si2e. Tablej gives
valnes &e nrean mootsGlli!e size (1,.)
.Dd rhe experimenially obses,ed PL
Feal posilion ed lwUM ibr the lrcshly
piepded and rhe po\meFcoaled PS
satnples. The value of (L.) decrcases
vilh lne exposure dnc which iIli.atcs
the naoorysdhe sizc rcJucroi due to
the oridd layer lornarioh, *hile rhls
laluc rehains alDosr rhe constanl whe.
rhc Ps sunplc colted *nh pollrer.

I has b€en found lhal
ahosFheric srohle ol lresnly prcpared

lor.us silicondoes altc! de PL beh.vior
dd ll clanses lhe PLpeakposilion iionl
1.9 10 2.2 eV, while the Pl inlensnt
rcduccs dniicatly. Polyh€. cootinr o1'
porons silicon could cnectively sloF nre

phoroluninescencc wnl[u btc nrin
to$ari highq eDe+ies has hccx
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Table-I Tbe e\perin,entally osetued Pr
peak position md IrwH\,lofPL for lhe
polyner coai€d poious sili.on Rith thc
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m.o.ryslallite size lsnrs lhs quadum

liisure 1: Theexpernnehlal setupof thc
laseFiDduced etching proces.
irigurc 2iMiciosraph of thc oplical
lnicos.ope fo. the polynE coated
Doro.s silicon.
Eigur. 3:Th. PL spectB of porons
silicon prepared by hser induued etchirg
and stored in aLnosphere as a lunction of

rigurc 4: lhe P! emission ollhe las.r
erched silicon samplc morded \!nh dre
pl]clon cnesy oI2 ?l ev. (a) PL olrhe
fieshly prcpared !S slmrle and (h) PJ,
oldr. fresh polyme. tEatcd PS sampte
a G), (d) ord G) ffiq40, i0, and l:0
dars. rspeclivel). The do[ed .tr^,.s

::-i6mFiha-cxperimentauy ob*^,cd
drta rhile solid lnres EpEsert rhe
fitliq .unes usins a qulnninr

Figure 5: rhe rclalion belucen lhe PL
pcat posirion with agirg lime for PS md
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