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2.0 (XRD) rocking curve). Two peaks are
0.2 observed around 34.6" : one comes from high
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1.. Introduction The AsH: and PHs flow rate were varied from
Recently, cw operarion of InGaN/AlGaN 9:1^t9.1'0 

sccM' The substrate temperature

laser diddes (LDs) were successruiiy was 750"C'

demonstratedt) . However, the growth of .t n ^^__r^
InGaN active layer is not so'easy E..uo*. oi 3'*,u:ll^h and discussions

the large difference in the lartice constant uno ^JY:_ll! 
grown GaN-rich side of GaNP and

opdmrft growth temperature. GaN-GaAr *o :1t:ry:9 the red shift of near band edge PL

GaN-Gap- alloy sysrem can cover the *iO. 9m_is1ion. fh.-dependence of the band g1p

wavelength rang, fo, the small latrice constani :i:lq{ 9n lhe.P composition x of GaNr-*P*

differencl as sh"own in Fig.1. several aurh;; flgj?,tq_It]h.tl,?,lheo.retical calculation .by
reported the growth of onTy GaAs or Gap-ritil .B*t]gg:-on 

et al')and sakai et al6), su_ggestins

side of GaAslI or GapN z-+i. In this puprr, *" F: :.]:lence of large-bowing Lut{g?pl''t v/e
report on the gas source MBE g?o*ttt oi lX: :lto succeeded to groy 9q{-rich side of
cig-rlch side oT Gapes and GaNF, and the GlNA^s.. Jn-$g-grtoyth with high AsH: flow
comparison of their composition variation oi rytg-o{ 1.0 SCCM, the phase.separation into
the dand gap energies. GaN-rich GaNAs and GaAs-rich GaAsN was

observed, as shown in Fig.Z (X-ray diffraction
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GaN―rich side of GaNAs and GaNP layers
were grown on sapphire substrates after the
high temperature growth of GaN buffer layers ^ m AGaAsr-yNy y=0.003

FWHM

334.8 arc sec

(thiCkness:0.3μm)by gas sOurcc MBE ttith唱
|~~‐ 1…

y=U・UUD I 
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removed ECR (electrOn cyclotron resonance)三

 I    I  FWHM  I  [radical cell for nitrogen source.Advantage of造
the use of ion-remoied cell was demonstiated 6 l+ll-J'^^^" I E

efficiency by ion removal magnets in this ECR
radical cell was over 99Vo. Elemental Ga, 27.0 27.2 ?7:4. ?7 f 27.8 28.0 34.0 34.2 3!.! 34.6 34.8 3s.0

by the observation of (2x2) RHEED patterns f; | I I lr.s arc sec I F
during growth of GaNs) The ion removal ! | / \ I E
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This phase separation was also confirmed
in the RHEED pattern during GaNAs growth.
Figure 3 shows the dependence of alloy
compositions of GaNP and Gal.{As on AsHr
and PH: flow rates. The composition of
GaNAs saturated at lower value than that of
GaNP.

0.0 0.2 0.4 0.6 0.8 1.0
PIL & AsHr flow rate (SCCM)

Fig.3 composition x vs PH3 & AsH3 flow rates .
Saturation of composition occur at around PHr

& AsHs flow rates of 0.5 SCCM.

77K photoluminescence (PL) emission was
observed from the non-phase-separated
GaNr-*As* layer (x=0.0026) as shown in
Fig.4. The highei energy peak of 3.473eY
comes from high temperature grown GaN
buffer layer and the other (3.425eY) comes
from the GaNAs alloy layer (As
composition=0.0026)
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Fig.4 Photoluminescencespectrum of
GaNr-*As* (x=0.0026) grown on

sapphire (0001) substrate.

4. Conclusion
The relation between the band gap energy

and the As composition x of Ci'N,_-es*"i,
plotted in Fig.5 and we estimated the bowing
parameter of GaNAs from this experimenta'i
result as 19.6eV. This value agreei well with
that for the GaAs-rich sid'e of GaAsN
reported by M.Kondow et al3). It is much
larger than that of GaNp.
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3.

GaNAs on sapphire(0001)

77K              3.425eV

3.473eV

FWHM=99meV
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