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Initial Stage of GaN MBE Growth Sturtied by Ion Scattering
and Recoiling Spectrometry

Minoru KUBO ard Katsuya NOZAWA

Semiconduaor Research Cente:r, Matsushita Eledrtc Indus:triat C;., btt.
3-1-1 Yakumo-nakanachi, Moriguchi, OsaLa 570, JAPAN

The growth mechanism of initial stage of Gal.[ MBE growth on SiC have been studied by ISARSQon Scattering And

Reoiling Specfiomdry)- From the results of ISARS measu€m€nt, the size of island and the lattice rclaxation pmcess in the

initial gowth stage of Gal.I on the 6H-SiC substrate striongly ftlate to the gnowth temp€ratua In the ISARS spectra, neither

r€coiling nifiog€n nor scatt€ring ions fiom N aloms de obserir'ed ftom stable Gal.{ surface der the glowth. Coupling above

with the rcsults of angular-resolved XPS and RHEED measurernents, the stable toplay€r of Gai.{ surfrce may be a
Ga-terminated plane.

Gallium niEide (GaN) is one of the most promising mat€f,ials for eleltronic and optoelectronic devicesl2). The

immedate need for a lattioematched substrale for Gal.{ has been somevvhat alleviated by the use of Gal.{ grrowth on silion
cabi& (SiC) substrde. Owing to a large lattice misfit in this syst€rn, gowth mo& is very complicate4 crystalline $ality
dryard citically on the initial gowth mclnnism and surhce structul€, We prcs€nt hae a study about the growth medranism

of initial stage.of Gal.{ MBE grorvth on SiC using the ISARS(Ion Scattering And Recoiling Spectrometry).

The MBE-ISARS system is shown schenatically in Figwe 1. This system consists of two sets of time-of-flight(IOD

energ5l analyas for low urergy ion scattering3-5) and low arqgy reoiling measurcments6) with a oonventional MBE system.

It is highly sensitive to the atomic stnrctur€ of topmost layers and suitable for dscussing the grrowth medranism. Daails of

this system have been described elsewhereu).
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Figure 1. Schematic,s ofMBE-ISARS apparafirs.

Figure 2 shows the [0001]-aligned TOF(time-of-flight) spec-ua of SiC surface and Gal'{ epilayer swface at several growth

tempemtudlg). For the Tg=8fi)'C, only Ga doms can be seen in the spectr4 wlfle both Cn and Si signals w€Ie obsen'ed

in Tgd5o'C. Assuming the lrge size of island gr,owth at lowe Tg, this is qrite ndulal because the Si atoms ae visible to

the pdmry ions in the spaces among the Gal.{ islan6. Figure 3 shows the [001]-aligned scattcing intensity fiom Ga

atoms as a function of Gal.{ epilayer thic}ness. The dfference of these plots is corespondng to the dff€ttrrce of the lartice

relaxation pmcess. A change of slope at l0ML thickness for Tg=800'C is caus€d by the transition ftom the island gowth to

the lattiae relaxation. For the Tgd50'C, the scattering int€nsity incr€ase monotonically with the thickness up to 25ML.
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Assuming the lattice rdaxation as the lcge size of islmd growth, only nea-surface atoms of rdaxed islan& contribute to the

spectral peaks.
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Figure 2.TOF specm of GaN on SiC MBE grown sdaceat sevtt growthtempemme.
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Fi$re 3 . The [m01]-aligned scattering inte.nsity from Ga atoms as a function of Gal.l epilayer thickness.

Figurc 4 shows the azimuthal angle scans ofGa peak un& the surhce shabwing condtiona) a the Tgd5O'C and 800t ,

rcspectively. Intensity variarions with a six-fold syrnmary based on shabwing md foosing efi€cts ae clealy obscrvod in
the frgure of Tg{D 'C. The dfierqrce in the synrn€try between Tgd5o'C md 80'C is attributed to the dffersrce of the
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clstalline qulily dre to the ldtice rdaxation pmcs. An impqtant thing is that the sirc of island in the initial growth

stage of Gal{ on the hexagonal srructu€ of 6H-SiC subsffic stmngly d?gt& on the Tg. Both zimutbal profiles ouuist of
only Ga signals fiom Gal.{ surfrce srd N atom signal is not seen in the Figure 2. On the ontrry, in the rmiling specra

dring Gattl gpwth, rcoiling N doms can be obscv€d fiom the surhce Neith€r ruiling nitrog€a trG scotedng ions fiorn

N doms ae observed fiom stable C.al.[ surfrce de the gmwth. Coupling above with the results of anguh+esolv€d XPS and

RHEED measurem€nts, the stable toplryer of Gal{ surhce mry be a Get€rminded plana ft is thus sugg€sted that Ga domg

occupy a position that is mt de€p withitr tle $rhce.
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Figure 4.■ e azimuthal―angle scans of scatt― g lntensity from Ca atoms.

In summary,we have applied ISARS to the study of the growth mechanism of inhial stage of GaN MBE gron on

SiC.Ion scatt― g measurements in the initial gЮwth stage indicate dlat the lattice relaxation process strongly d再 日週on the

Tg and the growth mochanism of island Results h)m ISARS,angular― rsdvod XPS,and RI・ IEED mmolllrments suggest

that the stable toplayσ  of GaN s山 狙 ∝ pWth may bea Ca―tmlintted Plana On the∞n加呼,dlring CaN MBE

grOuh,r000iling N atoms can bё  obscwod h)m the substitutioml site on s雌 F血o stuゥ is neCessttr tO daritt the

mnsitiOn Of stable sCace smcme and the microscopic grouth mechanism.

Authors thanks Drs.K.h蜘ぬ and S.Ohka for contmuous encOmgements and also thanks Drs.Y.Ban and A.

Ishibashi for their uschl discussions.
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