
Luminescence Degradat ion and Fatigue 
Effects in Porous Silicon 

'\é rrport rcwilts of ~)liotoliiiiiiiic~scc~11c(~ (1'1.) fat igue i n  aiiodizt~tl porolis silicon (PS) samples 
:tgecl in ais for ;i fow iiiont 11s. T l i ~  c:xt,c3i-tt of fatiguei is foiiti(l t,o br st.ronger in t.lir short light 
\vavt:leiigt li wiiig. conipai.wl 1 o t li(, loiig wavc.leiigt li PI, sitie: rrvealing tlifferent, tlominating 
I'L nieclianisnis i11 ~ í i c l i  r~gioi i .  .\ 11ossi1)lr c:splaiiai,ioii for th r  I'L tlegradation anti fatigue 

(:tlSSc, iiiicrocrystals e rnbdded  in a glass rnatrix[lO]. 

Fiii t l i ~ i  iiiiderstantling of t h ~ s t ,  effects is important for 

hotli 1 l i ( ,  t l t-vic~ devrlopiiit~it and for tlic pl-tysical inter- 

p r ~ t  at ion of i h r  1'1, rnr3chaiiihrit in E'S. In this paper we 

rc,l)ort t Iit. rt'3ults of inwst igat ions of permanent as well 

a$ rionpc,rmanent (fatigue) degradation of PL intensity 

froiii t'S l a y t n  

I'S 1ayt.r~ w r e  piepa.red o11 p-type crystallirie 1-10 

f2crii  Si wafers. ciit in thr. (100) direction, arid usirig 

staritliirtl anotlic c.tctiirig i i i  HF:IILO solution (48 wt,% 

solutioii of I I F ) .  In orc-ler to  prepare an assortrrient of 

I'S 1ayt.r~ wit,h t1iffi:rei:t PI, peak positions we varied 

t.lit, aiiodic ciirrt:iit tIensit,y: ó!15 and 60 m.4/crn2 for 

saiiiplrs A .  B and rrsprct,ively. Etching time (5 rnin.) 

\vil,s l r t y t  tlie sarne for ;i11 sariiples. Note tha t  sample 

(' u7as preparcvl wit.h alkalincl t1opant.s (100 mg/l Rb or 

('s fli,oi.itlt>s in c\tcliing s d u t  ion)[lll. After preparation, 

sai-iiplcs w t w  washcd in deionized water, dried and aged 

in í~ml)ic~iit a,ir for 6-8 rriont 11s in order to stabilize the 

coiriposition of t,he surface s t ruc t i~ re [ ' "~~] .  Samples A 

liatl a PI, peak a.t. 720-720 nni. sarnples B at 600-650 rim 

and saii-iples (' a grwn 1'1, wit,li rriaxiinum at. 530-550 

pni. The t,hickness of t,lie ohtairicd saniples, rneasured 

hy opt ira1 riiicroscopc, was in t.he range of 2 - 5 pm. 

Tht: ahsorpt ion c~eff ic i~r i t  at tlie excitation wavelerigth 

varictl l ~ ( ~ t \ v w i i  80 - 1C)OO em-' for aged T'S of porosity 
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8,5 - 60 %ii4] .  

I'L iiieasureiiient.s were perfori~iwl using a 0.+5 In 

gratiiig spectroinet~er a.nd a. coolecl S-1 t.ypc pliotoii~ul- 

tiplier t,ube. The uiifociisrxl .\i. Insrr 1,t:ain (A = 437.9 

niii) was iisecl as t.he sourcc for hot,h F'L excita.tion 

iiieasuremeiit. and for clrgradat.ioii in\.estigatioiis. The 

P L  signal was detect.ecl I)y coi~vc~iltional loclc-iii trcli- 

iiique. 1rratlia.tioii-iiid~icetl 1'1, t.raiisieiits 1ia.v~ Iwcii 

iiieasured in the iiioderatc: tixcit,at,ion iiitkiisity raiigc 

(- 300 mll'/cniL). PI, tlecay t.iiiic was nieasiirecl with 

ali avcra.giiig tligitnl oscilloscopc. 12(:spoiis(- iiii~c, of t.lie 

syst,ei-ii mas less t,liaii 10 ps. 'I'lie details of F'I'IR ab- 

sorpt,ion iiivestigatioiis mere report.d e l se~rhe re [ '~ ] .  

111. R c s u l t s  

A f k r  t,hc first irra.diat,ion cyclc t.yp(, .\ and type I3 

saniples exhil~ited different beliavioi.. ' f y p ~  A sa.mples, 

a.ft.er t,lie first expositioi~ t.o .\r-liisci. liglit. hml tl ic-  r(:d 

sliiftecl PL antl iii soine srt~nples t.11~ PI, i~it~eilsity, a.fter 

1íec:ping tlie saniplc i i i  111~ clark for approsii-i~a.t.c:ly 12- 

48 li! iiicreases (fig.1.a.). the c?iiliauceiiieiit st,art.iiig at X 
= (i30 iini ancl iiicreasing u p  1.0 a factor of 2.4 at. X = 
8íj0 iim. The 1 3 ' 1 ~  B miiipl(~sl a f k r  t,l~c, lirst. irradia- 

tion cyclc, showed a big drop of Pl, iiiteiisit,y (about 10 

tiiiies) aiid tlie PL pcnk app(?art:d blue sliifterl (fig.1.l)). 
- .  I lie iiest. irradiat,ioii cycles causecl oiily noripí~riiiarieiit 

clegi.a.da.tion (fatigue). 

Fig. 2 slio\vs the temporal c:wliition of t,he PT, pcalí 

iiit,ensit,y in PS A-aiid E-typc sa~iiplc~s uii(ler Ar l;r.srr ir- 

radiation with iva\&ngt.h X = 457.9 niii a.nd iiifmerisit.y 

of -300 iiiR'/cni" Saniples h í ~ l  alrciady lxw~ exposcd 

1.0 liglit of ai1 Ar-laser for t,lic first time iii order (,o cause 

p(?rma.nt:nt degraclation. \I'(; ol~ser~ccl  a significant PL 

cliniige, during severa1 Iitinclred rninuks of ii.radiat,ion. 

Note that  t,lic fa1,igiie is s h n g w  for sa.niplcs Iiiiiiiriesc- 

ing a.t sliortcr wavelengt.li. Tlit: 1'L iiit,<~iisity wliich iii- 

clutlcs thc fatigue tra1isieiit.s iriry 11c rouglily descri11c.d 

I)y tlic exprcssioii: 

wliere t l  and t a .  .3 are fatigite para.ineters for t,lie fa.st 

and t,lic slom decay p r o ~ e s s c ? ~ ~  respect.ively. The fittetl 

t: 5 min (o) 
20 mln (a) 

d 95 min (A) 

Figure I :  a - Evulution of PI, spectra for A-type PS (PL 
peak ai 7 2 5  nm ) for varied illumination times ( A  = 457.9 
nni, 1 = 300 in\.V/ crn"); b - tlie PL spectra of t ype  H 
I'S befòie ( 1 )  and aftrr ( 2 )  90 min illumination (the same 
irradiat.ioii coii<lit,ions as i n  fig.laj. 

parari-ict,ers ( 1  , . i - :  .3) are prrsctit.etl ir1 tahle I. Olir iilvrts- 

t i p t i o n  inr-licates that s t q p i n g  the Ar-laser irio(liat,ion 

for sevrral rniiiutes, causes tlie decwasetl PIA intwsity 

t,o rccover. Ra.pitl rrcovery is ohserved iit R-type I'S 

wliiltx in h- and  C-t,ype. saniples it is slower (riot shown 

in E'ig. la ) .  PL irit,erisit,y would recover its initial valiie 

aftrr aboiit 12-48h wlicn the sample was kppt in the 

clarlí in ambimt  air at room temperature. 

Clycled laser-irraciiation experirnents were per- 

formerl on sevrral srleciecl sariiples. S h e  cyck consisted 

of 90 iiiin exposure at 300 ni\l.'/cni2 followecl hy keepirig 

t.lie sampl. in the  dark for 24 li. Rowever the ohserved 

I'L erilia.ilcenieiit in A-type PS is limited t,o one or two 

cycles of irraclia.tiori. R-t,ype samples during trhe first 

exposuie exliihit a slight rediiction of 3 valiies affect- 

ing the slopc- of PI, drop according to eq. ( I ) ,  over the 

next, illuriiinatioii cycles. Tliis was est.ablished in the 3 

t,o 6 cyclcs tested. It ineaiis t.Iiat PS samples may be 

pIiofoha.rdt~iied, i.e., light irratliation followed by stor- 



age. i11 a.ir produces ii-iore st.ablc luniiiiescing species iii 

t,lie sampl t  s. 

r - irradiation 
L . t  --- dark 

ELAPSED TIME, min. 
Figiirc 2: Sime tvoliit.ioii oT iioiriialized Iiiiiiiiirscencc pcak 
iiit.ensit,y in t.lirec I'S saniplw Ar h e i .  liglit ( A  = 457.9 
nm? I = 300 iii\l~'/ciuy) is t,ririiecl oii a t  t = O and switciieri 
off at. tlie eiiil of tlie solitl curve. 7'wo irratliat.ioii palisrs ( G  
inin aricl 18 iiiin) were intentionally ptodiicetl for t,lic sainple 
witli PI, peak at  6 G O  iim. 1)iscrc.t~ niea~iireiiieiits (sliown 
by symbols) xwre inade willi 50-i.iniw rediicetl cxcit,atioii 
iiit.ensit.y wliile tlie sairiple was kept i11 tlie tlark. 

Figiire 3: Su~ninarg of t.he PI. spect.ra of aged (witli noiire- 
covered (peririzneiit) PL degrada.t,ioii) PS sarnplcs (a) aiid 
tlie coricspoiitliiig fatigue faclor aft.cr 90 inin irradiat.ion Ly 
Iiglit wit,li A=457.9 nni antl iiit,eiisit,g - 300 iriW/ctiiL (1)). 
AI1 dat.a are c~rrect,ctl by l,lie incasiircrnent. appara.tiis rr- 
sponsr fnnct.ioii. 

o A before exp, - . A af ter exp. ---- 

Figiire 4: L~iriiinrscriice rlecay time versus emission wave- 
Iriigt.11 in agrd A-and B-type PS before (open symbols) and 
a f k i  iiiacliatioii cyrlc (full syiiil>olhj. 

sainplcs wcrr irrailiat,ed hy t h r  457.9 nn-i Ar-laser line 

diiring O0 iriin a.t. 300 i~-i iV/ci i i~.  In  all ca.ses we ob- 

servetl oiily t.he reversibl(~ P L  fatigue effect.. T h e  spec- 

t ral  chaiige ca.used by illuiniiiat~ion (Iafter/IbCfore) in Fig.  

3(b). whicli ~ v e  cal1 t h e  fa.tigur fa.ctor, shotved step-like 

behavior for a11 samples a n d  tlie chaiige of P L  intensity 

appcars  t o  I>r s t rongcr  for PL with shorter  wavclengths. 

Fig. 4 sliows P L  tlrcay tiri-ie, which is in fa.ct a re- 

laxatioii  t.irilr, vcrsus eiriission tvavelength. T h e  t i m e  

consta.nt was oht.ained at t.hc PI, decay tai l  where a.ri 

cx1)oiierrti;ll tlt.script,ion riiay hc iisetl. PL dccay t,irne 

i n c r e a x s  wit.11 X p L  aiicl satiirat.es a t  100 p s  and  350 p s  

iii B- aiitl 14-type I'S, respect,ively. A s  sliown in Fig. 

4 ,  tlio PI, decay tiiiir clecreascs u p  to 20% ir1 PS after 

t h e  irraclia.t.ion cycle. Observtd PI, intensity rediiction 

cai1 11e ca.usecl 11y crea.tiori of a riew n ~ n r a d i a t ~ i v e  recorn- 

biiia.tion cliaiinel a n d  I'L interisity d rop  in this  case is 

ca.iisetl l y  decrea.se of thr nuriibcr of carriers tl-iat can 

pa.rt,icipat,e in racliative recomhiiiation. T h e  change of 

iiit,(:nsit.y iii tlie 1011g eniissiori ~ a v e l e n g t h  regiori is less 

sensit.ive t o  th(,  forn-iat,ion of any  riew nonradiat ive re- 

coriibiiia.t.iori channel,  creat.etl by i r radiat ion,  cornpared 

wiili tlic short. wavelrngth wing. T h i s  difference in  t h e  

PI. fatiguc extorit in long aiid short  wavelength wings 
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IV. Siiiiiiiiary 

Jii  siiminary, a noticea1,le fa.tignc fact,or rliffereiice 

iii  thc spectral range of 1'1, ciiiission is ol~servcd wliile 

an í111nost iiegligihle cliaiige iii t,lic: PI, clccay tiiiie oc- 

curs. Tliis sugges1.s tliat. t.lie iionpermailet. liglit iiitli~cetl 

changes (fatigue) acliva.t,c t,lic Si sl;elctoii surfacc laycr's 

revcrsihlc restmcturing. 'Thc followiiig cxpla.iiiat~ioii is 

proposcd: Tlie first irratliation c.ycle of frcslily preprirccl 

samples does cliaiige t,lic cliciuicnl corriposit,ioii of t.liis 

layer. For B-type sainples (1'1, peal; a . k r  t,lic first ir- 

radiat,iori cyclc a.t. 600-(i50 11111) blic olxer~.ed 1,liie sliift 

is caiisecl by Ilie slieletoii sliriiiltagci clliri~ig nn oxida- 

tioii process, wliercas for tlit: san-~ples witli I'L ptial; nt, 

700-740 nin the size tlccrcasc ca.nsed by oxitlat,ion is 

relatively ~veaker lxcaiise of t,lic: higger sim of t.he crj.s- 

t8alliiic pliase clusters. In t,liis casce irratlia1,ioii c.rc:a.t,es ri 

st;iblc surfa.cc la.yer nntl t . 1 1 ~  rii.<liativc: t,ransitjioii!; froin 

crystallitci to tilesc: localizc~tl stíites cíin occiii. and cause 

tlie retl PL line shift,. 'The 1'1, fa.t.ig~ie effect siiggest,?; 

t.1ia.t tlic irraclialio~i a.cli~pa.f.cs niet.a.st.ablc rest.r~tct~uriilg 

wit.liout. ni:ior clianges iil tlic clie~inical composition of 

PS  films. F~ir ther  invcst3igat,ioii ivould l>c, iisef'~i1 to  cle- 

t.crmiiiak t,lie origin of irracIiat.ioii-intliic(:cI clcfec.ts. 

Tliis worli is support.c:tl by FAI'ESI' antl CINPq. 

Braziliaii i\gciicies. J .K. would lilic to acliiiowledge 

CNPq- (RHAE) for a rescu.rcli a.ssociate fellowsliip a.t, 
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Table I .  Spxt>ra l  cl~aractc~rist~ics ii.iitl fatigue i)ara.incit,ers of PS. 

I'L peak I'Cztigrie pa.ra,inetrrs 
t.ype wavelengtli (/liri) t l  (iriiii) 2,  (inin) 

I'S-B 610-720 < 0 . 0 5  5 - 1 0  0 . 1 7 - 0 . 2 1  
I'S-C 540-570 10 - 15 O 3  ! 
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