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Abstract Invesoigations on sllrhce decompositjon of GaN impJanted wl拙low

叫orgy(8(1 keV)Eu ioIl to a 10w dosc(1×10¨cmq)，aIld lts aIIllcaling bell；Ⅳi011lIld州

h培h temperatuTe(1050。c)hl N2村8 perf忧med． Tllc酩一grown，拣一h“I)1ann‘l㈨‘【
annealed GaN丘lIIl8 are charactcrizPd hy proton elas‘记scattc“ng(PES)、RuthcrR)r(1

backscatteri“g spechoIIlctry(RBs)，photoluminescence(PL)and atomk t1)Kc 1lllt

croscopy(AFM)Thc rcsults show七hat Eu ion implaIltation indllcPs radiatlon(1e扎rb

a11(1 decoⅡlposition of GaN．Thc GaN s11rf“e decomposhion is morc 8t-ri01ls(11111“z

high temperature anncaliIlg Thc atomic ratio of N in as—grown，a“InplallL c(1 ml‘1

annealed GaN矗lIIl i8 47 at．％．44 at％^n(1 40 at％，respectivel y．As a re811l‘，。L r01l足l】

G^一rich laycI is fonn甜at￡he surfacel七hough th la￡tice dc^1f cs ar。partiy I‘eⅢov‘，ti

aner high tcmperatllre anneali“g
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1 INTRoDUCTIoN

F0r the past decades，GaN has been extensively studied for the promjsing apl)hca—

tions jn electronjc and photonic devjces And signi矗cant progress has been made儿l this

丘eld．【1j As one。f the most attractive aspects，considerable ac王Iievements in doping GaN

with r缸e earths(RE)have been made in f抽ricatiIlg u曲t emittiIlg devices iIl a wlde

spectral region．【2—5】

Serniconducting materials can be doped du血ng growth or by ion implantation I儿

planar device technjque，ion irnplantation is a mature dopiIlg tedh工Lique，well—known儿1

sihcon tecllIl0109y． The main advantage is to introduce nearly all elements of periodic

table into materials，with precise contr01 of d叩ant concentration and depth distributi()n

HoweVer，the radia“0n damage induced by ion bombardment is the m出n shonco嘶ng
of thjs tech工lique，which is not easy to be removed by aImealing，speciaⅡy for comp 011n(1

se埘condl】ctor
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The references on damage behaviors iIl GaN with ion jmplantatjon are still brnjted

Only a few盯olIps have investigated on the problems【6 8】KucheyeV et缸蚓showecl

the 10ss of N and djsorder buildup in GaN under both ught(12c)and hea。y(1。7Au)loll

bornbardment 7I、an e￡af．【o】studied the aⅡlorphization of GaN inlplanted with Si at liquld

Ilitrogen temperatllre at moderate dose，concluded the amorphization“nucleated”at the

surface Most of studies were focused on the amorp上lization of GaN wi七h high ene。gy jo”

implantation at high dose，HoweveI，implaⅡtation with keV i。ns at low dosage is widely

11sed in device fabrication．

In tllis paper，w℃studied the surface decomposition and aIlTlealing
behavior of GaN

implanted with 10w energy(80 keV)Eu ions atlow d。sage(1014cm一2) The di仃erent

samples were characterized by several anaIytical tecmqHes，includjng PES，RBS，PL
andAFM．

2 EXPERIMENT

GaN fⅡms were Fown on(0001)oriented sapp址re substrates by atmospheric pres—

sure metalorgallic dleⅡdcal vapor d印osition(MOcVD)in a vertical reactor．The thick—

ness ofmms is 2．5—3．opm．nimethylgaujm(TMG)andblue一舢onia(NH3)were used
for Ga and N sources，respectively．The mixed gases ofhydrogen(H2)and nihogen(N 2)
were used as the carrier gases 屯efore d8position，a thin丘lm with thickness of ab。ut

15砌was gTown at 520。C and recrystalhzed at 1060。C for 6 rnjnutes，as a bu侬r layer
on sapphire

IIrlplantation was performed at room temperatⅥe(IⅡ)in an electromagnetic iso—

tope separator(EMIs—sINR．02)．80 keV 153Eu ions were iIrlplanted iIlto GaN samples to

a dose ofl×1014 cm一2．The projected range，冗p，and the straggling，△冗p，were 37 5nm

and 13．5 m，respectively1 as calclllated usiIlg the TRIM92 code．The resulting peak ELL
concentration[Eu】m7was 2×1019 cm～ some ilnplanted samples w盯e annealed at 10500c

for 60血nutes under a continuous now of njtrogen gas．
The coInpos王tion and depth distribution of elenlents were pro丘led by pr。ton elastic

scattering(PES)with 2．8 MeV H ion beam and by Rutherford backscattering spectrom—

etry(RBS)with 2．0 MeV He ion beam on a 4MV peuetron． The mcident beaIIl was

normal to s锄ple surface，and the detector was丘xed at 170。with incident beam

Phot01uIn血escence(PL)characterization was performed at room temperatuTe(RT)

with a He—cd laser at 325nm(15mw)，above the GaN band gap(一3 4eV)．The near

band edge eⅡdssion of aU GaN ftlms was studied by PL spectrometry

The s11rface topography and roughness analysis of the矗hns were also inVestigated

by ato工nic force rniⅡoscopy(AFM)，wKch weIe c孤Tied 0ut in ail at RT using a Digital

Instrurnents NanoscopeⅡIa in tapp血g mI)de．
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3 RESUI卫S AND DISCUSSIoN

The as—grown GaN nlIns are single crystamne with Very smooth surfaces．The ro。t

mean squ甜e(RMS)rou出mess 0f the sllrfaces js 1，6 nm an出yzed by AFM

PES spectra of the implanted GaN before and after aruleahng are Shown in Fi譬l

The spectrum of the as．Erown GaN(not shown)is sirr正lar to that of as—implanted one

According to PEs spectra(Fig．1)，the tmckness of GaN行hns is about 2．8 pIn

Analyses from RBS(not shown herel shows that the atomic ratio of N in as。implaIlte(1

矗lrn is 44 at％，1ess than that in the as·grown GaN矧皿，47 at．％．The 10ss of N indicates

that Eu ion inlplanta“0n induces radiation defects and dec。mposition of GaN in the 10II

projected range region．Comparing the annealed GaN f'山n with the as—implanted one，it

is easy to see that the yields of elements N and Ga decrease Both Al peak and O peak

shift towards high energy position，that means姒ch of N aIld a portion of Ga escape
from the GaN sIlrface durmg armealing．RBS analysis also proVes that the atomic rati()

of N decreases to 40 at．％in the anne以ed GaN sllrface region．The results indicate thaL

the impl卸ted GaN sllrface is seVerely decomposed duriIlg lLigh temperatuTe anTleallllg

nom the PES and RBS spectra，n1017e detajls show that a Ga—rich surface about 40 nm 1s

formed at the surface，and the result ofx—ray photoelectron spectroscopy(xPS)indicates

that U1e Ga．rich surface is a bit o】【idized，TrIostly because the rough surface exposes i11

air．The results reported here are consistent with the early studies．}9，10]

W-”■柚Ir州}

Fig．1 PES spectra obtained with 2 8 MeV H io“

Figl is 8Jlowjng the variance of composi￡ion m GaN矗l玎js：地c as—implanted GaN矗iⅢ(““‘_‘

1inc)；the aⅡnealed GaN矗lm a七10500c h Bo IIlinute8 in N2(the hne wml open c乱∽广rl
arrows mark positions of恤e surfacc scatte““g energy(KMEo)for corre8pondi“g eleIIl㈨tH

Fig．2 show8 phot01llⅡdnescence(PL)spectra that iuustrate the GaN near band edge
eIIlission of the di艉rent samples．The He—Cd laser’s excitation hne is 325nm(3 8l eV)，
above the GaN band 98p(一3．4 eV)．The as—grown 6lIll e血ts an intense near band edge

{．jd一^．IILI兰1d
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emission(the sobd hne)at 368 nm with a fuⅡwidth at half maximuIn(FwHM)nfl
7 2 nm(60 meV)，whjch manifests the rather 900d mon。c。ysta山ne quaⅡty of as—gmwIl
GaN nhn H0weVer the 368nm peak disappears after Eu ion iTnplantati。n(see t11e op㈤

cjrcle)．The quenchjng。fne缸band edge eI血ssjon proves tha“on iIⅡplantatlon produces

crystal lattice defects in projected range and severely destr。ys the c。ystal structllre nr

GaN．High temperatuTe armeabng can recover the c。ystalline qua上ity and activate th。

dopants in GaN．pj The near band edge emission of annealed mm(see the liIle winl s011f1

square)obviously reveals that the lattice defects are partly removed

Fig．2 PL spectra thae iilllstratc the GaN near band edgc cnlissiun of the di付cIcmL“III

the as—grown GaN矗lm(the 80lid line)；tlle as—implanted GaN矗lIIl(the open circlc)Ⅶ‘1
aIlncaled GaN矗lm(the linc with s01id square)．Tllc PL is perf0瑚1ed at f汀witli a m-一(：(1

at 325nm

Fig．3 AFM imagcs of GaN^inls

(a)the surface topograp}ly of the as—implanted GaN矗lm；(b)the surface topo即aI)1ly¨f rh

annealed GaN 6lrIl
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Moreover，AFM study of surface topography aIld roughness anaiysis supports thc

above views powerfhUy．The top—view AFM images of as—inlplanted and annealed GaN

surface甜e shown in F培．3(a)and 3(b)，re8pectively The root mean 8quare(RMs)rmlgIl—

ness for as—implanted is 2．O m，a mtle bit rougher than 1 6 rml for as—gTowIl mm，while
the RMS roughness for the annealed GaN s叮face is 60I曲，much hi曲er than t11at for

the as-implanted The resIllt in山cates that the iInplanted GaN surfhce was deconlpose(1

severely and recrystallized into big grajns after anneaUng，though the high tenlperatnrP

anneaI血置removes some radiation defects This feature has been attributed to high de—

fect mobjhty and high emcjency of GaN surface to trap rnj伊atirtg pojnt defec￡s
1”J Tlles。

phenomena also have been observed in GaN bombarded with h培h energy lon at hlgll

dosage．㈦1引 ．

4 CoNCLUSIoN

hl s咖ary，the sllrface de。0mposition of GaN implanted with low energy(80 hV)
Eu ion to a low dose 0f l×1014 cm～，and its arulealingbehavior under hj曲temperature

(1050。c)in N2 were investigated．The Eu ion iInplantation produces sllrhce dam鸲e、

induces the decamposition and N de6ciency in GaN，a肌d the quenchiIlg of the neaI ban(1

edge e面ssion at 368 m．After anneahng，lattice d色fects村o partly Telnoved．However thP
surf矗ce decomposjtion and】oss of N are nlore sefjous A Ga—rich layer is f。rmed and“Ie

surface becomes very rough．Tllis featllre mostly ascribes to the trapping of rnjgrating

defects by GaN sllrface． The results reported here may have s培m矗cant technologic址

impUcations to the GaN device fabrication using keV ion irnplantation
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