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Thick films of GaN were studied by x-ray diffraction and Raman spectroscopy. The GaN thick films
were deposited orf0001) sapphire using ultrahigh-rate magnetron sputter epitaxy with typical
growth rates as high as 10—@0n/min. The width of the x-ray rocking curve from tH6002
reflection for the sample produced by this technique-B00 arcsec, which is unprecedented for
GaN produced by a sputtering-type process. Our recent sample shows an x-ray rocking curve width
of 240 arcsec. Only allowed modes were observed in the polarized Raman spectra. The background
free carrier concentration is lower thaxa0'® cm™2. The phonon lifetime of the Rama#}?) mode

of the sputtered GaN was comparable to that of bulk single crystal GaN grown by sublimation. The
quality of the film was uniform across the wafer. The film was thermally stable upon annealing in
N, ambient. The x-ray and Raman analyses revealed that the sputtered GaN films are of high
crystalline quality. ©2002 American Institute of Physic§DOI: 10.1063/1.1506781

Recently, wide band gap IlI-V nitrides semiconductorspure gallium contained in a stainless steel cup. This growth
such as gallium nitridéGaN) have attracted significant at- technique is capable of growing high quality GaN layers on
tention for potential optoelectronic application in the blue tolarge area substratésp to 4 in) through the use of a large
ultraviolet spectral region. The quality of GaN epitaxial lay- area Ga target6 in.) at growth rates as high as 10—g@@n/
ers grown by both molecular beam epita®BE) and orga- min. The deposition chamber was pumped to a pressure of
nometallic vapor phase epitaxMVPE) has been signifi- 1x10~° Torr and backfilled with a gas mixture of argon and
cantly improved in recent years. However, relatively little nitrogen. The gas ratios and flows were controlled by mass
attention has been paid to the sputtering process as a viabflew controllers with combined flow rate of around 75 sccm.
technique by which to produce high quality epitaxial films of The GaN layers were deposited on single cry&ab1) sap-
GaN. After pioneering work by Hovel and Cuoranly a phire substrate$2 in.) that were heated using a graphite
handful of research projects has been carried out on sputtéifament up to 1200 °C. The layers were grown under various
growth of GaN?~® Conventionally, the sputter process hasconditions of sputtering atmosphere and substrate tempera-
not been portrayed as a viable method suitable for singl@yre. X-ray rocking curve measurement was performed using
crystal growth of GaN. However, we have demonstrated thaghe Bede 200 double crystal x-ray diffractometer. The x-ray
high quality GaN films can be grown using sputtering. Thepole figure and x-rayp scan were obtained using a Bruker
x-ray rocking-curve width for our sample is300 arcsec, x-ray diffractometer. Raman spectroscopy was performed at
which is unconventional for the GaN films deposited byroom temperature using backscattering geometry with the
sputtering. Our recent sample shows an x-ray rocking curvgi4.5 nm(2.41 e\ line of an Ar ion laser and an ISA
width of 240 arcsec. The smallest value reported up to now)-1000 scanning double monochromator to disperse the
was 620 arcsec, which was produced by Weblal. using  stokes Raman scattering spectra.
magnetron sputter epitaXyNote that the rocking curve Figure Xa) shows an x-ray(0002 rocking curve for
width for an OMVPE sample can be as low as 30 ar¢Sét.  GaN films on (0001 sapphire deposited by ultrahigh-rate
the present investigation, x-ray and Raman analyses Wei@agnetron sputter epitaxy. The full width at half maximum
used to assess the optical and structural properties of Gafy\wHM) of the (0002 rocking curve for the sample which
thick films produced by magnetron sputter epitaxy. was used for this study is- 300 arcsec. Pole figure analysis

The GaN layers were deposited using ultrahigh-rate d¢inset in Fig. 1a)] and x-ray ¢ scan[Fig. 1(b)] unambigu-
reactive magnetron sputter epitaxy with a target of 99.9999%, 51y reveal the sixfold symmetry of the hexagonal crystal.
Table | summarizes the physical properties of the GaN thick

dAuthor to whom correspondence should be addressed; electronic maifilms produced by sputtering.
m_park@ncsu.edu
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0 ] to a plasmon through the macroscopic electric fiéldhe
coupling between plasma and the LO phonon produces two
-50 0 50 100 150 200 coupled LO phonon-plasmai.PP) modes, LPP") and
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w_(LPP).22 In GaN, where plasmon damping is signifi-
FIG. 1. (a) X-ray rocking curve from0002 reflection. The inset shows the Cant, the coupling will be displayed as a shift of LO phonon
x-ray pole figure(b) X-ray ¢ scan of the sputtered GaN. mode. The plasma frequency can be deduced by fitting the
coupled A; (LO) phonon-plasmon peak to the following

Hexagonal GaN has a wurtzite structure w@f, space expressiort;
group. Group theory predictd(z)+2B;+E (X,y) +2E, | xa=constA(w)- Im{—&(w) 1}, (1)
optical modes at th€ point of the Brillouin zone of GaN!
where the twoE, modes are Raman active, tidg andE;
modes are both Raman and IR active, and theByonodes

where w is the Raman shiftg(w) is the dielectric function,
andA(w) is related to deformation potential and the electro-

are silent. Since thé; and E; modes are polar, they split OP“C mechamsm. The plasma frequenay,] can be O_b'
into longitudinal optical(LO) and transverse opticalTO) tained by Iln_e shape anal;_/S|s of the coupled mode_. Finally,
components. According to the Raman selection rule, only théhe free carrier concentratig) can be calculated using

EXL, E?, andA;(LO) modes should be observed in the Amne?\ 12

z(x,—)z scattering geometry of our experiment. Figure 2 ‘“p_( ' @)
shows a Raman spectrum of GaN deposited on sapphire, ) ] ) )

where only the allowed Raman modes were observed. Sind@here” is the free carrier concentration amtt is the effec-

the GaN is transparent to 514.5 nm, thgmode of sapphire tive mass of the free carrier. The inset in Fig. 2 shows the
was also observed at 750 ¢ high resolution Raman spectrum of the coupkd (LO)-

plasmon mode. The spectrum of sapphire was removed by
collecting a Raman spectrum from the backside of the
sample, followed by spectral subtraction. Plasma frequency
of w,=50.6 cm ! was obtained by fitting the spectrum with

g,.m*

TABLE |I. Summary of the physical properties of GaN produced by mag-
netron sputter epitaxy.

This work Other work Eq. (1). Using Eq.(2), the calculated free carrier concentra-
. . 6 73 . .
FWHM of the rocking curve 300 arcsec 3600 arcset “9” (n) of th? GaN ,IS<3X,101 cm = T,hls value is con-
2196 arcset sidered maximum since this method will produce the same
620 arcset value of free carrier concentration even though the free car-
FWHM of the RamarE$”) peak 4.8 Cm‘i 9 Cm_li rier concentration is lower than this.
_ 1g ; i
E‘}’]VH'V' °I_ff”t‘.e Ramar, (LO) peak 1868 cm 1124‘35‘5 Figure 3 shows Raman spectraif mode as a function
. S . . .
onon lifetime £57) P (sublimatiod of the spectrometer slit width. The plot of FWHM versus the
Phonon lifetime A, (LO)] 0.7 ps spectrometer slitl width is showniin the inset in_ Fig. 3._ The
Free carrier concentration <3x10%cm3 so-called zero-slit width of 3.4 cnt was determined using
Biaxial residual stress ~0.26 GPa the method used by Bergmaet al'® By using the uncer-
aThe values are for the sputtered samples unless specified. tainty relation,
PReference 19. AE.-7~#% 3
°Reference 5. ’
‘Reference 3. the phonon lifetime of the sputtered GaN can be calcultited.

°Reference 9 g ;
‘Reforonce 3. The phonon lifetime of the sputtered Gdll.6 p9 is com-

9Reference 3. parable to that of single crystal GaN grown by sgblimation
hReference 15. (1.4 p3.2® It should be noted that the x-ray rocking curve
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20N RARRLLLALE RARE  LALEN RARRARRAR: thick films depositediwa 2 in. sapphire wafer. No significant
S 6000 E~gp iy —— 100 7 change in x-ray rocking curve width or FWHM of the Ra-
§ FS4s P ;gg 3 man peak was observed. Therefore, it can be concluded that
@ 5000=,, i . 259 the quality of the film was uniform across the wafer.
g 4000 FE 35 —- 300 The sample was annealed under &imosphere sequen-
§ F 30 el | 350 3 tially from 700 to 1000 °C for 30 min each, and its effect on
Q 3000  siwidth (microm i 400 3 structural properties was investigated by Raman spectros-
£ 2000 E ,'r“ Slitwidth 3 copy. The forbidden mode was not observed in the Raman
2 F AN, (micometen 3 trum for the annealed sample. No substantial change in
g : LAY E spectrum fc p , g
£ 1000 e NG - peak position and FWHM of RamaB$? mode was ob-
C S XA 3 served[Fig. 4(b)], which indicates that the films are ther-
540 560 580 600 mally stable under Nat that temperature range.
. 4 In summary, thick films of sputtered GaN were studied
Raman Shift (cm ) by x-ray diffraction and Raman spectroscopy. The FWHM of

FIG. 3. Raman spectrum &2 mode as a function of the monochromator the_ X'ray rocking curve for our sample is300 arcsec’_
slit size. The inset shows a plot of the FWHM B mode vs the slit size.  Which is the smallest value of GaN produced by a sputtering
type process. Only the allowed modes were observed in the
polarized Raman spectra. The background free carrier con-
width and Raman peak widtphonon lifetime are not nec- ~ centration was Iower(;[)han X810 cm™2. The phonon life-
essarily determined by the same defect structure. time of the RamarE;” mode of the sputtered GaN was
Kisielowski et al. found that biaxial stress of 1 GPa comparable to that of the bulk single crystal GaN grown by
shifts theE®?) Raman peak of GaN 4:20.3 cni 1.7 Based sublimation. The quality of the film was uniform across the
on this formula and on the Raman peak position, it was deafer. The film was thermally stable upon annealing in N

termined that our thick films are under compressive residuafmPient. The x-ray and Raman analyses revealed that the
stress of~0.26 GPa.(The peak position oE(ZZ) mode for sputtered GaN films are of high crystalline quality.
stress-free bulk GaN used for this calculation is 567.9 tm One of the author§M.P) would like to thank E. Pupa,
at room temperatur€) CEO of Kyma Technologies, Inc., for financial support of
Figure 4a) shows the x-ray rocking curve width and this work. The authors also thank Dr. A. I. Kingon for allow-
FWHM of the Ramark$?) peak for different regions of GaN ing them access to his x-ray diffractometer. Rocking curve
measurement by M. Reed and Dr. N. El-Masry is greatly
appreciated.
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