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strain in GaN／si<111>by RBs／channeling
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Ab“ract GaN 6lm grown on Si 8ubstrate was cllara(‰r溉、d hv I{ll r】LlI‰Il

h乩ksca‘tcring／ehanneling(RBs／c)TIlc experiH挖ntah㈣1l{s 3how(11札t11c山¨k—
ness 0f GaN epilayer is ab叭1t 2．5 pm and岫c GaN矗lnl 11as“good c’ystallI呲‘lu“Ly

(xmi。=3，3％)．By usi“g channclillg a“gular scaIuliIlg“le 0 35吖一of aver“EP tt·traB‘)11n】

distoTtion in GaN 1ayeT is ohserved．In ad cliLiou thc dep也plo矗les of str；lin in GaN

矗lm lavcr reveal that the strain in GaN矗1nl Ilonlinearlv dccrea8es witll tllc i11crpnsc of

矗lm thIckncss．The strain一{icc tllickness fabovc 2．5 lmll of GaN矗1m on Si叭Ib}r。Lh 1s

far bel()w that(150肛m)0f GaN矗lIIl on s“pphilc．
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1 INTRODUCTIoN

wurtzit。gauillIn njtride(GaN)and related III—nitride coⅡlpounds have attracte(1

widespread interest due to their appUcations in high brightness blue，green hght eT工litting

diodes and blue lasers．∞J Usuauy，GaN thm￡hns cⅥe typicauy grown on 8app上llre(丌
siucon carbide substrates using m01ecularbeam epitaxy(MBE)，met al organic cherrucaI

vapor d印osition(M0cVD)。。pulsed laser deposition(PLD)．【3J Th8 growth of GaN 011

Si substTate is another important technology in achieving noveI optoelectronic inte旷ated

circllits．This heteroepit a]【ial technology has marLy adVaIlt89es，such as low—cost，large—

a工ea stlbstrate with Kgh crystallinity，good s11Iface quality，hi曲Inechallical stTength aml

exceUent thermal conductivity The poten“a1 fbr integration between optoelectronics

and面croelectronics on a sin91e wafer m“es the epitaxy of a GaN layer on Si extremely
iⅡlportant However，due to large lattice 1Iljsmatch(37 77％)and th盯mal expansioIl
coemcient IIlismatch(41．16％)between si and wurtzite gamum n“ride(GaN)，th8 gr。wth
of hi曲quauty GaN丘1m on Si aubatrate is very(1imcult Therefore，many 8pproaches，
suc}l as MOCVD，[4]vacullm reactive e7aporation，【5】reactive magnetron sputte“ng，[6j
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MBEl7】and llltr出曲vacuum clLeInical vapor deposition例耵e explored to grow lligh
aualitv GaN舢ns 0n Si<111>substrate．

Recent p∞gress in understaⅡding GaN thjn nlm gr。wth revealed that strain is 011c

0f the key jssues that en百neers the驴dwth and physicd propertjes of the thjn￡l功s，s Llcjl

as s11rface morphologyt the si抽of the graiⅡs ill the GaN矗lms，ban电ap and electric州

or optical properties． However，un蝴noⅣche quan“ta“ve measurement of strailI jJI

GaN nlm Erawn on Si<111>substrate is not reported．In the present work，Rutherf0Td

Backscattering蛆d ch姐neling(RBs／c)were used to characterize the strains in mgl、

crvst曲e Gd矗lIIls 0n Si<111>substrate groWn by MOCVD．

2 EXPERIMENTS

The gauium njtride mms(GaN)were grown on si<111>substrate by metal o卜

ganic che而cal vapor deposition(MOcVD)．Detailed growth exper岫ents were describe(1
dsewhere，【。】

The sarrlple was characterized using RBs／channeling fbr deterIllining the thickness

of GaN mm，crystal王ine perfection and lattjce distor“on．A collimated 2 Mev He}beaIll

waS used for RBS／Ch姐neling measWements． The detection angle was 165。an(1 t}1e

energy resoIution was 20 keV．The sampIe was mounted on a high-precision(士o．o I。)

three．axis goniometer in a vacum chaIll：ber． RBs／channehng锄gular scans thr011911
the<1i13>axes of GaN矗lm and fouowing a{10Io)planar djrection were performe(1
to deterrnjne the stra血in the GaN印ilayer．About 24 spectra were recorded chmlging

the a工Lgle of incidence in st印0f O．2。．R姐dom spectTum was obtained wi也mt a11目e

of 380，slightly out of the angular scan range to aVoid the bem alignment with t11P
<1j13>axis of the GaN epnayer． The aligned spectra were divided by the rmldonl

spectrum to 0btaill the norma：Uzed yjeld data．

3 RESUIJTS AND DISCUSSIoNS

Hg．1 shows the random，the<000l>axe以igned and the simulation of ran—

dom RBS spectra of the sa如【ple．The arrows labeled Ga and N indicate the energy for

backscattering丘om these elements at surl．ace A si砌1ation of the random spectrum
reveals the composition of Gallium nitride fllms is fuⅡy close to stoichiometry and thirk·

ness。f gallim Ilit““mm(GaN)is equal to 2 45#zm．According to the sirrmlati()n of
random RBS spectr啪，we caIl infer that the non—abrupt back edge of Ga signal is du。
to a 150nm non—unifbrrllity df the GaN 1ayer thickness， The aligned 8pectrunl shows

that the删血ml蛐dlanneliIlg yjeld xmitl(ife，the r撕o 0f the bac】【scattering yie】ds or

the ahgned and the random Spectra in the near surface fegion)of the GaN mm Iayer js
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3 3％，which is close to that of perfect crystal，【1 UJ indicating that the GaN layer has a

good crystalline quaUty．

The<1趸13>aUgned spectrum and random spectrum of GaN矗lm 1ayer is showll

in Fig．2 The normahzed yields of<1213>aⅡgned spectrum wjth respect to randon】

spectrum of GaN矗hn layer are higher than those of<000l>orientation due to the

hjgh Miu盯jndices The average strain stored in GaN矗1m 1a”r is deterIIljned acc0Tding
to the angul甜scan工ling cllrves shown in F唔3．The scaIlning window(40—360 channel)
shown in Fig 2 corresponding to the whok GaN fllIn layer was chosen to obtain th8

c}laIlnehng angular scannjng dip“ong<1213>axe in the{10lo}plane presented iJl

Fig．3(b) hl order to accllrately obt ain the an91e≠of the GaN epilayer betwe eTl tlle

<l-13>and<00叭>a妯s，chaIlneling angular sc姐ning dip以ong the<000l>axis

in the{10Io)plane is also presented in Fig．3(a) The positions(2 46。，34 15。)of diI)
centroid in the angular scans for Fig．3(a)and(b)weTe extracted using a cubic spline

fit，【11
J
respectively．Therefbre，we can in{br that the angle≯of the GaN epilayer iIl oul

study between the<1百13>and<0001>axis is 31．69。F。rbulk GaN layer，the an91e

≯between the<l夏13>and<0001>axis is equal to 31．60 calculated from tall—1

(n／c))where n is O 3189 nm and c js 0．5185 nm，respectively T11e an91e≯measured fronI

channeUng angular scarming is larger than that of bulk GaN，indicatillg t11at tlle aaN

epilayer is compressively strained in the perpendicular出rection，which is reasonable lIl

view of Possion’s e船ct for a GaN印ilayer with a negatiVe 1attice rnjsmatch TelatiVe to thc

Si substTate As a measurement of the strain in GaN／Si epilayer，its aVerage tetr“goⅢL1

distortion calculated by the formula【12】￡T=△咖／sin≯cos妒is o．35％，where≯is equal to

3]60．

ChanneI

Fig．1 RandoIn aIld<000l>axe aligncd

8pcctra of GaN／s|<11 1>sanlple
Fig．2 RaIldom and<l百13>axc出晒l州l

spectra of GaN／si<11】>samI)lt、

Detchprohm“adl3】have reported that the lattice constant 0f GaN mm on Sapphire

substrate v缸ies w“h the矗lm thickⅡess of GaN and the strajn in GaN矗lm is ahrlost com—

P1etely relaxed at a mm tldckness aboVe 150 pm．HoweVer，the quaIltitative iILformation
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of strain distribution in GaN epilayer on Si substrate and the depth profile of the intrinsic

strain in GaN印ilayer are unclear．nom the deter血ned random and the<1213>axe

augned RBS spectra shown in Fi92 as well as strain calculated by Channeling angLLlar

scanning，the depth pro疗les of strajn in GaN 8pilayer on Si substrate were deTiVed and

shown jIl Fig．4．The depth scale was converted from channel scale in Fig 2 b”1siIlg st(’I卜

ping powers est而atedby Trim code㈣The open circ】e and broken Hne in Fig．4 denote
the experimental values of tetragonal distortion at difrerent depth of GaN epila”r aTl【l a

p0lynomiIla】-mtmg curVe，respectiVely．As is eVident in Fig．4，the tetragonal distortiolls

in GaN flLrn on Si substrate norllinearly decrease with the increasement of thin nlm thick—

ness，and it also indicates that the strain in the GaN丘lm is nearly completely relaxed at

amm thickness above 2．5 pm，whicll is farbelow that of GaN grown on Sapphire

量溅’~＼zt纠／、F瓠劬影4000} ＼ ·／

o。—————f—————f一

谰。。j～“V一⋯=l剐伪， ＼；／
主 o 5} ． ．!． ． ．

3’ 32 33 34 35 36 37

T眦a叼Ie(。)

Fig．3 Channeling angular scanning for

GaN／Si<11l>sample were used to

dctcrn五nc strain

(a)cllanllcling angIllar 8canning along

<000l>a)[e in the{10_0)plane

(b)Channeling angular scanning赳ong

<l§13>“c in thc(10To)plaIle

4 CoNCLUSIoN

Layerlh耙kness(nm

Fig．4 Strain dcpth pIo行1c8 of GaN mIll(m

Si<111>s11hnra¨

The crystalune perfection and the intrinsic strain in GaN矗1工工l grown on Smcon s LLl)-

strates were inVestigated by R肛therford Backscattering and ChaIlneⅡng．The Chan儿eⅡng

experiments demonstrate that the GaN mm on Si substrate has a good crystalUne quality

(xmm=3．3％) channeling angular sca皿ing shows the aⅣerage strain in GaN砌m is equal
to 0．35％，the strain in GaN fllm are nonlinearly decI．eased and s打ain·free GaN矗lm wiu

一享一co芒Ps!口icoo呈。上
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be observed at a右lm thickness above 2．5“m
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