
248 / CLEO 2000 / WEDNESDAY MORNING 

. . 
E..;, 

~ 

. .  

i 
?+ 
. 1. . .- .. -. 
. .: .? 

. . .. .. . . . _I_ - .. -. . 

half maximuin (PWHM) is 290 meV. ‘I’ll? 1’1. 
intensity of In(;aN QU slrucl i ise is smaller 
than that o l  GaN eiiiissiiin pcak ;it 363 nfn, 
because the volume of In(;aN QD strmturc is 
much less than  that o f  G I N  layer in this 
s‘lmple. 

l’hc micro-1’1, intciisily images ~vcrc taken al 
rooni teiiilicfiiture, using a con\cntinnd opiical 

he samples were excited uni- 
Cormly by a ~ i i e r ~ u r y  Itimp with ilic pcak wave- 
Iciigtli of365 m i ,  and the cxcitatiiiii dcnsivwas 
I Wicm’. l’hc emission passed through a baud- 
pLiss-filter with the band width of 5 I I ~ I  and w a s  
deleclcd by an  electrically-coidcd cliargc ciiupletl 
device (C(:L)) camera. The spatial resolution was 
as liigh as 150 nm. Figure 3 slr i iws the reflective 
image and micro-I’L inlensity iniage ;It the w i v e -  

I n  Fig. 3(b), tlie strong emissioii was 01)- 
served utily from the lop o f thc  skiicture. The 
FWllM is coiiiparddc tu the spalial resolution 
(150 niii). ’l’liis facl iorlicaies tlut the 1oc;dizcd 
s ~ a ~ c s ~ e r c  rc;ilizcd 011 t h e  top ofthelicxagotlal 
pyi-miids and Lliese luc;ilizcd stales are drlc lo 
I iGaN QU stroctiire. 

I n  suminary, we liave fibsicatcil In(;aN QU 
struclurc Iiy SAC Lcchniquc. ‘Ilic micro-I’J. i i i -  

tensity iiilages shour the emission area is only 
the top oftlie slructure, ihercfore, InGiN 0 1 )  
structure is fiirmed oii the tnp ofthe Ihexagiinal 
pyramids. 
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Oxidation enhanced optical response on 
gallium nitride 
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?he wide baiidgap 111-V nitrides have I>cen long 
r e c n g ~ ~ i z c d  as a ~na~crial  system OS notskitiding 
oplo-rlectrmic prriperlics ciimp”rcd with tliosc 
nfgrnup 1V iind 11-VI materials. Rapid develop- 
mcnt io rl ic epiiaxial growth, doping cnnlrol, and 
device pxiccssing oil griiiip 111 nilride has 
brought in a plctl i i ira n(scse;ircli tictivily ranging 
friim material property invrstig;i~i~in lo dcvice 
applicalimi. Al~l iougl i  much attention 1x1s bcm 
einpliiisized 011 the device application, little lias 
been dcviitecl IO t l ie issites of aurfiicc passivatim 
onGaN. L~uci~~rliclackiifnativciixidation lcch- 
iiiqucs on GIN, coiiiiiion practice lias pissiifd 
the nsc silicon nside (Si(),) or silicon nitride 

oating in the processing 
nd dcicctiirs. Ikccnt in- 
vcds  that 111c cleposilcd 

SiO, layer ciin res1111 in a significant degrad;itiii~i 
ofthe pholii~lumiiicscciice (PL) intensity due L i i  
Llic iiiciirpuratii)n doxygcn as noli-ridiaiivc re- 
coiiibinatiiin cciitcrs i n  GIN.#  III ~ ~ l l l ~ J ~ l S i S O 1 1 ,  

ilepsition of Si,N, 1x1s 

high static dielectric coiislaii l , has Ihercliire be- 
cuine a proiiiisiiig wididalc liir resolving the 
issues oisurhcc 1iassivatioil on (;‘IN. 

3’0 (kite, tlicrc 1x1s beeu little siicccss in the 
development ul. ilative oxidation techliiqucs 011 

Ill-V nilrides. llirccl iinid;itiou d G i N  in dry air 
has I ice i i  iiivcstigated but reveals a slow (ixidaiion 
rate 0120 nmlhr ;LI 900“(:.2 ‘There arc, however, 
concertis regarding t he  high tcnlpcraltorc tscat- 
inclit due IO the surLicc dcgradalion issues. In 
this work, w e  rcpui t a use oCpliiito-clicmistry to 
enable a wrt oxidation prncess of (;,IN in phis- 
phiinis acid ( I  13P0,J snlu~ions at rooin tem- 

reaction-rate liniited oxid;itinn process and oli- 
serve e i h n c e n i c i i t  i ] ~  the I’L and pholo-currelit 
(K:) reqmisc on (?IN fiir Llic firs1 linic. We 
attrilxite t l ic liitler IO the surricc p;issivatioii cf- 

pcraturc. w e  thcreby i lre able 111 scvc;1l a 
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IecLs aililiatcd will1 ii gnucl thin film qualiiy ol 
gdlium nxide kirme(l on (;IN. 

‘I’he pliolo-chcmislry process in CaN is that 
tlic ultrdviolct (IJV)-cxciiecl hot carriers at the 
(;aNlelecirolpc intcrfiicc have C X C ~ S S  energy Lo 
access the IT IH, and OH-IO, rcdoxlevcls in 
waier illid ei i l ia i icc tbc oxidative dissolution of 
(;aN. ’ In  t he  experiments, i l i c  galvanic cell was 
Iormetl by imtncrsing a (AN working elec- 
truclc and a platiuiim (PI) coiiiitcr electrode in 
the elcclrdyte aiid was illuminalcd with a 254 
m i  mercury liiic soiisce of 10 i i i \V/cm2. ’1’1ie 
cxperiiiicnts were carried uut in aqueous 
I131Y),, solutions al  room teiiipcratiire with rio 
bias applied bctweeii L l ~ c  (;aN salnplc and the 
I’t counlcr elcctrude. 

Shown i n  Pig. I are the SHM rnicrograplis 01 
Ihc  oxidizcd (;IN samples at pH = 3.5 with an 
oxide layer Lliichness d ( a )  IIIO iunand (I)) 450 
nm, rcspeciivcly. W e  note the thin-oxidizrd 
sample A has a purple-hluisli color a n d  reveals 
rinc grain crystdlitcs AS shown in Fig, I ( a ) .  A 
quanlikitive EDX analysis 011 the I r ; i n s p w ” -  
lwk ing ,  iiiismr-lilw oxidi~.cd s u r h c e  of 
s;itnple I3 ill Fig. l(b) rcvcals a u~irmalized 
alomic ralio ufO: (;a = 58.85%:40.23”/0 which 
suggcsts the roiiipesitioii ol the oxide is l i l dy  

apported by ii subsequcnt 
~ l i w i l i ~ i i u ~ ~  cif tlie oxide layer in a 2 M potas- 
sium hydroxide (KOll) solulion. Had gallium 
hydroxide fnriiicd in the oxidation process, iL 
\miiild bc insnluble in the alkaline snlulion.’ 

Sliowii in Fig. 2 is the oxidation ralc analysis 
oFihe pliotii-grown nxidc in a H,PO., electro- 
ly lc of pH L 1.5. T l i c  linear tiinc depeildencc 
indicates a reaction-rate limited prnccss lias 
~ a k c i i  placc, a i d  the slopc reveals a oxidaiion 
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