
0;ptically Active Defects Induced by SiN, PECVD 
Deposition on InGaAs-An SRPL Study 

Development. of ii-iotlerii op~oelectroiiic iiit,egraí,ed circuits (OEICS) for telecomimmications 
widely eiiiploys IiiP and relat,ecl coiiipounds as a. s t a t i n g  mat,erial. Duriiig OEICS fabrica- 
tion, surfaces and i~it~erfaccs are in gencial cxposed t,o a number of differei-it processiiig steps, 
ancl a.niong theni. Silicoii Nit.ride (SiN,) deposition IIJ' Plasma Enhanced Chemical Vapor 
Dcposit.ion (Pl?C\Tl) t,eclinique is widely ci-i~ployed. Spa.t.ia.lly Resolved Photolun~inescence 
(SRPL) was used as a to01 t,o stutly í,he effcct. of SiN,: cleposition by PECVD in 11-type 
I i iGr~hs  hyers grolvn o11 TnP sul)st,rntes 11y LPE ancl MOCVD tecliniques. Wit,h tlie SiN, 
tleposit,ioii parairieters fixecl, llic "recovery" of tAe pliotolumiiiescence (PL) signal (bancl 
edgc) was monitorcd as a. fiiiict,ioii of t,licrma.l a.nnea.ling a.nd iiicident laser beam power, 
blierefore investigatiiig the optical da.iiia.ge incluced 11y t.he SiN, depo~i t~ion and annealing 
process iiifluencc. \Ire observed a lowcriiig of tlie orcler of 10 times on the intensity of the 
SRPL signal coiniiig froiii t-lie IiiGa.As layer after tl-ie SiN, deposition iii subsequent clielectric 
rliemical removal. Successive etcliiiigs of the InGaAs epilayer followed by PL measureinents 
iuggest t1ia.t t.lie deptli of tlie optical tla.mii.ge as iilclicated by PL int.eiisity signal recovery 
s a fuiiction of epilaycir cryst.al qualit,y and depends o11 whetlier theriiial a.iinealing is per- 

-òrmed or not. Sa.iiiplcs wit,li no therma.l a.niiealing sliowed a fa.st recovery of the PL signal, 
iitlica.t~ing a. veiy sliallon? da.ma,gcd 1ayt:r. Experiiiients of PL sigi-ial recovery as a function of 

inciclcilt liglit power iiidicat.ed t.1ia.t t,lierinal annealing of t,lie samples 1-i-ia.y not only change 
t.lie opt,ical clia.raclferistfics of tlie defect.~ but. also cxtend tlieir act*ioii hy as n-iuch as 1000 
.i deeper iiit,o the sa.iiiples. Resu1t.s indica.ted t,lia.t t.lie combiiiat,io~i of t.lierinal annealing 
ii.iid poorer cryst,alograpliic qualit,y 1ea.d~ t,o a. significa.nt. increase oii tlie number of inducecl 
tlefects tliat hehave as non-radiat.ivc rccoi-iihinatioii cent,crs. 

InP  a.nd InGaAs liave being widely eniployed by t,he 

researcli a.nd development. lal~orat~ories to inanufact.iire 

opt,oeletroiiic ii~tegrat~ed circuit,s (OEICÇ) iii t,he last 

few years. A:; tlie circuits aiid devices grow iii funct,ion- 

ing complexi ty so does t-lie processiiig s k p s  required t,o 

coiiform the material t.o t,lie proper clesign anel struc- 

ture. Ainong the  severa1 processiilg steps, SiN cleposi- 

tion 11y Plasrna Enlianced Clieiiiical Vapor Deposilioii 

(PECVD) st,:i.iids out as oiie of t.lie t,ecliiiiques ii-iost of- 

tJen usecl for pa.ssivation, as a contaiiiinat,ioii ha.rrier, 

and as mechanical protection of seiniconcluctor surfaces. 

The use of semiconductor dielect.ric interfaces hy tlie 

sen-iiconc~uctcr industry is liii-iit,ecl oii Iiow effect,ive t,he 

tcclinology einployed is in ininimizing t,he elect,rica.llg 

and optically active defects a t  these interfaces. The 

presencc of such defects can strongly lirnits the device 

lifetirrie and lower it,s rehbi l i ty .  Tlierefore it is of great 

inkrest  t,o chracterizc these defects and to identify the 

physical priiiciples tha t  govern their behavior. 

Device ma,nufacturing requires mid-process non- 

destruct,ive probes for bulk and surface characteriza- 

tioii. Pliotoluii-iiriescence (PL) has for a long time been 

recognizecl as one of such prohes. Having a shallow pen- 

etra,tion deptli, for iincident pliotons witli energy bigger 

tliaii t,he material's band-gap most of the photogener- 

a.t,ecl electron liole p i r s  origina.t,e froi1.1 near the sample 

surface. Tlierefore PL can he used as a very sensitive 

probe for chariges of the surface density of states, sur- 

fa.ce recoriibiiia.tion velocity, and to detect the presence 

of defect,s a.t t,he dielectric seiniconductor interface, a11 
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IiiGaiIs la.ttice niatchctl epilriyers Twre gromii on 

IiiF'[S] (100) siibstrates by st,ai~ditrtl LI'T;. a.iitl atmo- 

spheric pressurc h:IOC\7D t ccliiiiqi.i<:s. S- l h y  nic:n.sure- 

me1it.s iiiclica.ted n latt,ice par;irriet.c:r iiisiilatcli ( A u l a )  

of - 1 . 2 ~  ancl -3.8 x 10'' for tlic 1IOCA'D and LPE 

sainples respectivcily. Tlici saii.iples ineasurecl 6 1)). S mni 

oii t,he sitlti witli a 2 t1o 3 i-iiicrons of epilayer t,liiclwess. 

IJEC:VI> was iisetl fo tltiposit ÇiN oii t,lic s:iiiipIes 

i11 a. single b a t d .  1)cposition was perforincd i17it.h t.hc 

substrate 1 q l  a.t. 30U0('. 5H:3/SiITtl gas rat,io of 80/3 

aiid RF power of 50 matt,s. Lllipsoiiint.ry nirasureiileiits 

iiitlicated ai1 iiidex of rcfractio~i of 1 .0:3 antl a 3% varia- 

t,ion o11 filin tliiclíiiess of 150 iiaiioi~iet~crs. Saiiiple t,her- 

ma.1 a.niiea.lii~g after diclet,ric deposi1,ioii was perfoiiietl 

oii a st,a.ndard oveii ai. 53U°C tluriiig 10 iiiiiiutcis, ~vlieii 

iieetlecl. 

Spatially resolvrd pliotoluminescence (SRPL) mea- 

sumiieiits n w e  coiidiuct,ed witli astandarcl lock-in tech- 

i i i q ~ i ~ .  An Ar+ la.ser Iight beam (X=S I4  nanorneters) 

wit,li an incident. p o w r  of 100inW was fociised (off nor- 

iiial iiiciclcnce) t1o a spot of wit,li a chn ie t e r  of 200 nii- 

croiiict,crs. Lasei light of tliis n;a.velength is t,otally ah- 

sorbccl iii  a.ljout, 1 imicronmeter of InGaAs. Room tem- 

pci.at,urc pliot~ol~iiiiiiit-sceilct; inteiisity and wavelengtli 

inalx~\. i t l i  a 200 ancl 2000 micrometers step resolution 

r~spectively, were obt.aii~etl hy placirig tlie samples in a 

coiiipiit,er coiltmllcd S-Y tmnslation stage and having 

tJie liglit dctected with a refrigerated Ge detector at- 

t.achccl to a 1 /4  meter spec.trometer. Signal acquisition 

nntl processiiig tooli aljout 300 msec for each data  point 

of tlie SRPI, intci1sit.y map. S R P L  measurernents a t  77 

I< were pcrformecl i11 a glass cryostat. 

The  followiiig procedurc was employed in order to 

cvalua.t,e t.he pIiot,oluniinesceiice intensity profile as a 

fuiiction of sa.niple etched depth: first, the sa.mples were 

clea.vetl and cleaiiecl iii n HF solutioii and SRPL rnea- 

sureinents performed 1.0 obta.iii a refercnce intensity sig- 

na.1. Nest., SiN, wn.s tleposited ancl annealed when de- 

sirtxl. The depositecl (dielectric was then completely re- 

iiiovcd froim lialf of t.he sainple and SRPL rneasutements 

pcrforniecl. MTit,li t,he left, lialf covered, the InGaAs epi- 

hycx of tlie sample was etched in H 3 P 0 4 : H 2 0 2 : H 2 0  

(1  : 1:50) a.iid t.lie SRPL rneasurenient perforrned. These 

Iast two st.eps were then sistemat,ically repeated so as 

to  st,udy how tlie pliotolumiilesce~ice intensity clianges 

as the InGaAs epilayer is etched a1va.y. Etched depth 

iiieasurenieilts were performed on a Tencor Alpha Step 

100: iiiciicaí,iiig a c ~ ~ e r r i i c a ~  etcli rate of 1000 A/rnin. 

Pa.rticular a.t1tcnt.ion was given to tlie 111-V surface 

coi~dition sirice it is kiiown['] that  the PL intensity is 

highly sensitive to t,he surface density of states. Each 

repmted step wa followed by a final clcaiiing in HF for 

30 seconds, riasiiig in DI wa.t,er and Nz blow dried to 

ensure thc saine initial conditions just prior to  every PL 

mcasurenieiit. I'hotolrii~~inescence measurements after 



succcssive :;ainple cleanings wit,h FIF sho~retl no iiiflu- 

erice of siicli cleaniiig oii tlie olm-rvc:cl rehiilts. 

Pliot,oluiiiii~escence wn~elciigt li iiiaps a t  77 I< wcw 

pcrformed on eacli s a ~ n p l e  to xwify t . 1 ~  stoicliionletry 

~lniforinit,y. An a.vera.ge of t.wclvci spcctra on different 

positions wcire talíen froiii mcli saiiiple Iiaviiig t,lie peali 

position a.nd t.he F'WIfM of t,lie Imid eclgri Iuiriiiiescencc 

transition r~xordecl. Tlie obt.aiiic:tl rcisult.s iiiclicatetl a 

0.05 pcrceiit, varia.tion on t,lie Gii coiiccintmtion t,liro~igli- 

out  tlie 11iG~tils epihyer in all siiniplc~s. l'he sairie maps 

werc tdieii at. rooin tenipc?ralurç~ t.o find oul t.he eiic:i.gy 

posit,ion of tlie rac1ia.tive t,raiisist.ioii pcak associateci l,o 

the  hand ed,:e: deterininiiig in  t.liis wa.y t,he wavcleiigtli 

for the acquisitioii of t,lic pliot.oluiiliilesce11ce i~it~ensity 

i i iaps PL iiit.eilsit,y nmps wcre t,al<eii ncxt by fixiiig t,he 

spect,roinct,ei. t,o this wa.velciigtli a.nd liaving t-l-ic sa.mple 

sca.nnecl in t!ic X a.nd Y dircctioiis as t loscri ld ahovo. 

Figure 1 sliobvs a typica.1 result,. Tlie lovcr iiilensit,y re- 

gion corresponcls t,o tlie area. of t.he saiilplc where t,lie 

SiN, 1vas rernoved. Tlie average of Ilie iilte11sit.y sigilal 

in tliis regioi: wa.s taken as t,lie correspoildiiig P L  int.en- 

sit.y signnl as::ociated to t.lie epilayer aftcr ÇiN, reniova.1. 

Tlie ÇR.PI, intensity signa.1 acqiiired as describetl 

al~ovc. wiis ~nonit.ore(l as a functiori of lhe et.ched cl~ptl i  

of tlic. 1 n G a . h  1ayci.r for hoth sets of sarnples. Figure 

2 sliows t,lic ol>taiiiecl resu1i.s. We ol>served a loweririg 

of í,lie ortler of 10 t.imes on t,lie int,ensit,y of t,he ÇRPL 

signal coming froiii tlie 11iC~aAs layer after tlie SiN, de- 

position m d  subsequent dielect,ric removal, followed by 

a pa.rt.ia.1 or alinost total recovery of the PL intensity 

signal as lhe sairiple is etclied a.way. 

a - MOCVD f HEAT)  r 
o - L P E  (HEAT)  

O - MOCVD (NO HEAT) 
o - LPE /NO HEAT) 

A C O  500 1000 150Q 2000 
E7CHED DEPTH ( A )  

Figiire 2: SRPL intensity signal as a function of etched 
deptli of tlie InGaAs epilayer measiired as described i11 the 
text. Position -4, C and O indicate tlie result of PL measure- 
nients for tlie sample as received, after dielectric deposition, 
and irnniediatelg after dielectric film removal, respectively. 

Figure 1: TI  pical result of a SRPL ineasiirement of 
SiN,InGaAs simple afkr partia1 silicon nitride filrri re- 
moval. The Iiiglier intensit,y regi011 correspoiids t,o tlie area 
wliere t,lie diclcctric filrn reniainç. 

Two distinct behaviors were ohserved. For sa,mples 

wit,li no thermal a,iiiiea.liiig after trhe SiN, deposition, 

tlie SRPJ, intensit,y lias restablished to  its original value 

withiii less t(1ia.n 500 X of epilayer cliemica,l etch. For 

samples with thermal annealing, on tlie other hand, it 

takes ahout 1000 A of etched depth to have the SRPL 

intensity to  increa.se a.nd s a t u r a k ,  altliough it never 

rccovcrs it,s starting iiiagnit~ude. 

MOCVD samples present a systematically lower PL 

efriciency than LPE sa.niples. This inay be relaied to 

t,lic larger la.t,t,ice in is i~~at~cl i  of the MOCVD sainples as 

coiilparcd to t>he LPE sainples. 

From Fig. 2 we cai1 see t,ha.t thermal annealing 

also recluces tlie PL intensit,y, meaning tliat heating en- 

hanccs the noi~ra.diative transit,ions deep into t,he In-  
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GaAs epilayer, i~iia.liling t lie l-'Lint.eiisit,y to rise back 

to its sta.rting ma.giiit.utle e \ ~ i i  aft.cr 2000 of et,chcxl 

depth.  Comparing t.lit: rcsult,s froin tlie LI'E a.iid 

MOCVD samples wc? scc t1ia.t t.lie coii~l~iiiat.ioii of t.htir- 

mal aiiiiealing a.nd poowr crystal cliialit,y soiaewllii(. en- 

1ia.iices tlie opt,ical claiiiagc iiicluced I)y t.lie PECIrD pro- 

ccss in t h  sample. 

Tlie ol~servecl results ca.i.1 liardly I,e tixplaiiicd wit,li 
.. . a siriglc pliysical process or iilccliaiiism. l h e  tleposi- 

t.io1.1 of a. tlielect.ric tliin film on t,op oí' a 111-V seniicon- 

duct.oi sigiiificant.ly rediiccs tlic refiect.a.nce of t.hc seini- 

condiict,or surfa.cc. Tllis aiit,irefiectiiig p rope~ ty  sliould 

enliance t,he PL int,ensit.y ~ i g i i a l [ ~ ] .  Ncvert~lielcss tlie es- 

p(:riiiieiita,l results sliow exact.ly t,lic opposit ,~! siiice t,lie 

PS, sigiia.1 is qiiit,c rediiccd ;i.ftrcr dielect,ric deposition 

and remains so a.fter cliemical reiiiova.1 of tlie dielcctric 

film. This belmvior is ohservecl iii a.11 sa.iiiples, regarcl- 

less of Ilicrmal a.n~iealiiig. This c a i  be a.cco~iiit.ecl for 

ljy a.ii increase i11 t,he iiat,ive ositlc l,Iiicliiicss! t,lirougli 

tlie ilitroduction of traps t,liat woulcl worli as 11011 ra- 

diative rec.oriibiiia.tion ceiitcrs. Tlie exist,ence of sricli 

superficial defect,s iiicrcases tlie surfkce recoml~iria.tsioi~ 

velocit,y, loweriiig t,he I'L iiit,cnsity. With  Ii-iGaiis tlie 

iiiost commoii nat,ive oxides t1i;t.t. cai1 lower t.he intensity 
[SI of tlie PI, signal are 11i203, a.nd C;a.203, a.iid As203 . 

Tliis hypotliesis cai1 expla.iii t.lie lowering of t,lie PL in- 

tensity aftxr clielectric tlcposit.io~i. Nevertlieless tlie low 

PI, intc~isity pcrsist,s c x r i  ;~ft,cr clielectric rcino\.al arid 

surface cleaiiiiig wit,li H17 soliitioii. Sa.mplc deeping iiito 

DI water aild t,lie a.ir exposure bet,ween cleaniiig and 

da.ta acquisition ~vould allow for ai1 oxide layer foriiia- 

t,ion about. 15 .& t,liicli. Tliis is iiot. enougli to accoiiiit 

for tlie no recovery of tlie PL intensity iini~icdiat~elly 

after IIF cleaiiiiig. IIence tlie most. liliclg explamtion 

for the suppressioii of t,lie I'S, iiit,eiisity a.t. t.lie siirfa.ce 

Inyer is tlie clama.ge inducetl 11y heavy ioiis impirigiiig 

on the surface leadiiig t.o tlie format~ioii of iioii d i a t i v e  

recombina.tion ceiiters. 

Tlie persist,iilg low PIA eficiency clcep into tlie tl-ier- 

mally a.nnealed samples needs some a.dtlit,ioiia.l explana.- 

t,ory meclianisrn. Tt. is lmorvn that  low temperature de- 

posit,ion plasriia. proctwm using SI13 and SiH4 gases 

ocriir i11 a.11 vcry tIytlrogm ricli atriiosphere leading to 

tlic:lectric filiiis wit,li 15 (.o 30% concentration of Hydro- 

gen and prodiicing a sigiiificant coiicentration of Hy- 

drogen atoiils a.t. tlie InGahs  surface. These Hyclrogen 

atoiiis ca.n coiiibiiie 1)rimarily with As dangling bonds 

leadiiig t80 tlie formatioii of gas a t  the surface wl-iile 

tlici diele~t~ric film is l~eing deposited. Siriiilarly to the 

Iiil-' case, wliere Bytlrogeii atonis can lead to  P vacancy 

format ion[~] ,  PECVD in InGaAs can lead to the  forma- 

tio11 of Ti1 vacaiicies, In /Ga vacancies complexes, and 

ot,lier st,ruct,ural defects due to tlie G a  leftover. The 

cr&ion of siich cryst,a.llographic defect,s caused by the 

reduction of InGaAs by Hydrogen at.oms and damage 

incliiced by energctic ions takes place a t  the surface or 

witliin a few atomic layers of tlie surface. Thernial an- 

iicaliiig ca.n trigger t,he diffusion of the defects created 

iri t,liis wa.y cleep iiiLo tlie bullc forming non radiative 

rccoii~bination centers t.hat coiild explain the ohserved 

belia.vior of the PL intensity as a function of etclied 

deptli. Prelirninary r e s ~ l t ~ s [ ' ~ ]  of tlie optical damage 

iiiduced by Hz plasma on 1iiGa.A~ support this hypotli- 

esis. 

Studies of t,he iilfluence of the light power on t,he 

clia.iiges of the PL intensity signal seem to indicate tha t  

for sa.mples witli tlieriiial aniiealing the PL signal is in- 

clcpencleiit of t,he iilcident light power; t,liis means that  

wlmtever clefccts are preseiit, they are insensitive to 

clianges 011 the incident. light power. For samples tha t  

Iiave imdergone tliernial annealing, on the other hand, 

the PL intensities are slrongly dependent on the  inci- 

deiit liglit power, sliowing that  the induced defects orig- 

iilate noii-radiative t,ra.nsition paths tha t  are not satu- 

r d c d  for u p  to 100 111W of incident liglit power a t  least 

up t,o 750 A, and for more than 1000 of etched depth 

for sainples grown by LPE and MOCVD respectively. 

Tliese resiilts will be discussed in detail elsewhere["]. 

IV. Conclusion 

We have shomn that  SRPL cai1 be used as a to01 
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