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Abstract　W e have grow n cub ic A lx Ga1- xN film s on the GaA s (100) substra tes by m etallo rgan ic

vapo r2phase ep itaxy. Pho to lum inescence and X2ray diffract ion resu lts indicate that h igh quality

cub ic A lGaN film s have been ob tained. A nd the A lmo lar fract ion w as ach ieved to be 0138. Fo r

all the samp les, the lat t ice stra in in the A lGaN film s ex ists and relaxes part ly. A nd the un re2
lieved lat t ice m ism atch m ay vary w ith the change of A l mo lar fract ion. T he A lx Ga1- xN latt ices

are un relaxed fo r x up to 0. 16.

PACC: 7855, 0785

Group 2Ë n it rides and their a lloys are su itab le fo r the app lica t ion of the ligh t em it t ing

devices in the b lue and U ltro V io let (UV ) reg ion s as w ell as of the h igh tem pera tu reöh igh

pow er electron ics devices[ 1, 2 ]. To date, m o st of the GaN devices have been m ade up of

hexagonal phase crysta l f ilm [ 3～ 7 ].

How ever, the cub ic crysta l of GaN offers severa l advan tages over its hexagonal coun2
terpart, includ ing easy cleavage and no co lum nar grow th, w h ich m ake it su itab le fo r a

laser st ructu re. In addit ion, acco rd ing to theo ret ica l p red ict ion s, the cub ic GaN cou ld po s2
sess the superio r electron ic p ropert ies fo r the certa in device [ 8 ]. Itπs a lso expected tha t the

cub ic n it rides m ay be an am endm en t to the p 2type dop ing [ 9 ]. T he hetero structu re cub ic

group 2Ë n it ride a lloys have a large band2gap difference and can be cleaved by the GaA s.

T herefo re, they are p rom ising fo r the app lica t ion of the op t ica l and electric device [ 10 ]. R e2
cen t ly, w e have ach ieved a cub ic P2N junct ion GaN L ED [ 11 ]. To rea lize the h igh quality



L ED and LD , the hetero structu re m u st be adop ted. A nd it is necessary to im p rove the

quality of the cub ic n it rides a lloys. How ever, on ly a few repo rts on the grow th of cub ic

A lGaN [ 10～ 12 ]and no discu ssion on the stra in in the A lGaN film s can be found.

In th is paper, w e described the grow th of cub ic A lx Ga1- xN and the im p rovem en t of

the crysta l qua lity. A t the sam e tim e, w e invest iga ted the varia t ion of the la t t ice st ra in in

the A lGaN film s. T he ach ieved A l m o lar fract ion w as 0138.

W e grew a cub ic A lx Ga1- xN on the GaA s (100) sub stra tes w ith a low 2p ressu re m eta l2
lo rgan ic vapo r phase ep itaxy (M OV PE ) system. T riethga llium (T EGa) , t rim ethyla lu2
m inum (TM A l) , N H 3 w ere u sed as the sou rce m ateria ls. T he grow th con sisted of a low 2
tem pera tu re buffer layer a t 550℃, a 600nm 2th ick cub ic GaN at 850℃, and a 100nm 2th ick

cub ic A lx Ga1- xN at 850℃. T he p ressu re in the reacto r is 1×104Pa du ring the grow th. X2
ray d iffract ion w as u sed to streng th the cub ic st ructu re. Pho to lum inescence (PL ) w as ex2
cited by the 325nm πs line of H e2Cd L aser. W e m easu red the m o lar fract ion of A l by pho to2
lum inescence and A uger electron spectro scope (A ES).

F IG11　A room temperatu re

pho to lum inescence spectrum of h igh

quality cub ic A l0114Ga0186N

Severa l A lx Ga1- xN film s w ith d ifferen t A l m o lar fract ion s w ere depo sited on the GaA s

(100) by M OV PE. W e changed the A l m o lar fract ion by adju st ing the flow ra t io of TM A l

to the sum of T EGa and TM A l. A tsu sh i N akadaira and H idenao T anaka [ 12 ] have deter2
m ined the rela t ion sh ip betw een the PL peak energy and the A l fract ion x : E = 3120 +

1185x. W ith th is equat ion, w e cou ld determ ine the A l fract ion of d ifferen t A lGN film s.

F igu re 1 is the PL spectrum of a cub ic A lGaN film at the room tem pera tu re. T he on ly

peak w as a t 359nm. T hu s, w e ob ta ined the A l m o lar fract ion to be 0114. T he FW HM of

th is peak w as 17nm and the yellow em ission w as very w eak, w h ich ind ica ted the good

crysta lline quality of the A lGaN . T he A l m o lar fract ion cou ld a lso be m easu red by A ES.

T he resu lt from A ES w as in agreem en t w ith PL

m easu rem en t. A s w hat A tsu sh i N akadaira and

H idenao T anaka have repo rted [ 12 ] , the A l m o lar

fract ion w as found to be p ropo rt iona l to the A l

p recu rso r ra t io of the vapo r phase.

F igu re 2 (a) and 2 (b) show the X2ray d iffrac2
t ion p rofiles of tw o A lx Ga1- xN sam p les w ith d if2
feren t A l m o lar fract ion s. T he A l m o lar fract ion

of the sam p le in F ig12 ( a ) is 0116 and tha t in

F ig12 (b) is 0138. T hey bo th have one peak of 2Η
= 39197 and the o ther a t a h igher angle.

W e assigned the peak of 2Η= 39197 to the

(002) d iffract ion of the cub ic GaN and the o ther

peak at a h igher angle to the (002) d iffract ion of

the cub ic A lx Ga1- xN. W ith the increase of the A l

m o lar fract ion, the ( 002) d iffract ion of A lGaN
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F IG12　X2ray diffract ion p rofile of cub ic A lx Ga1- xN w ith differen t A l concen trat ions

(a) x = 0116 (b) x = 0138

drif ted to a h igher angle. W e do t ted the cu rves by u sing the L o ren tzian funct ion to deter2
m ine the d iffract ion peak s of A lGaN. T he diffract ion peak s of A lGaN in F ig12 (a) and 2

(b) are 401270 and 401460, respect ively. W u and Yaguch i have ever u sed X2ray d iffract ion

to determ ine the A l m o lar fract ion of A lGaN [ 10 ]. T hey assum ed tha t the la t t ice in A lGaN

w as relaxed com p letely and then u sed the un sta ined A lN la t t ice con stan t of 0144nm. How 2
ever, in ou r sam p les, it is m o re believab le tha t the la t t ice d idn′t com p letely relax.

W e can u se B ragg law to ob ta in the d iffract ion la t t ice param eter a
⊥
A lGaN of (001) p lanes

a long the sub stra te ax is. a
⊥
A lGaN in F ig12 (a) is 01448 nm and tha t of 2 (b) is 01446. T he un2

st ra ined la t t ice param eter of ep itax ia l A lGaN layer w as ca lcu la ted by V egards law. In

term s of the la t t ice con stan t of A lN at 0144nm and tha t of GaN at 01452nm , the A lGaN

un stra ined la t t ice param eters fo r the sam p les in F ig12 (a ) and 2 (b ) w ere 0145nm and

01447nm , respect ively. Since the d iffract ion la t t ice param eter is no t equal to the un2
st ra ined la t t ice param eter, a tet ragonal d isto rt ion m u st p resen t. A cco rd ing to a tet ragonal

d isto rt ion m odel, the a
∥
A lGaN and a

⊥
A lGaN can be rela ted by [ 13 ]

a
∥
A lGaN = au × (1 + Ε∥) (1)

Ε∥=
a
∥
A lGaN

au
- 1 (2)

and

a
⊥
A lGaN = au × (1 + Ε⊥) (3)

Ε⊥=
a
⊥
A lGaN

au
- 1. (4)

　　H ere, Ε⊥ is the perpendicu lar st ra in w h ile Ε∥ being the para llel st ress. au is the un2
st ra ined A lGaN la t t ice param eter. Ε⊥ and Ε∥ can be rela ted via the elast icity theo ry [ 14 ]
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Ε⊥=
- 2 × Μ

1 - Μ × Ε∥ (5)

　　Fo r a m ajo rity of the m ateria ls, the Po isson′s ra t io Μlies in the range 0125～ 0135.

N ow , w e take Μas 1ö3, so tha t 2Μö(1- Μ) is equal to 1, and the un it2cell vo lum e can be

on ly app rox im ately con served. T ab le 1 gives the m easu red and ca lcu la ted param eters of

these tw o cub ic A lx Ga1- xN sam p les. T he a
∥
A lGaN öa

⊥
A lGaN ra t io can reflect the stra in in the A l2

GaN film s. A s is show n in tab le 1, the a
∥
A lGaN öa

⊥
A lGaN ra t io in the sam p le of F ig12 (a ) is

110089 and tha t of F ig12 (b) is 110045. T he ra t io then seem s to decrease fo r la rge values

of the m isfit. It ind ica tes tha t som e m isfits relief m echan ism s (e. g. , d isloca t ion) have

been in troduced and thu s low er the ra t io. A lso , the relaxa t ion of the la t t ice st ra in can be

determ ined by the value of (a
∥
A lGaN - aGaN ) öaGaN. T he value of (a

∥
A lGaN - aGaN ) öaGaN reflected

the ex ten t of how a
∥
A lGaN la t t ice m atched the GaN la t t ice. A s w e all know n, the GaN la t t ice

and the A lx Ga1- xN lat t ice are d ifferen t. If the a
∥
A lGaN m atched w ith the GaN la t t ice, there

m u st be the la t t ice st ra in in the para llel d irect ion of A lGaN. Given x = 0116, th is va lue is

zero. It m ean s tha t A lGaN film s w ere under the ten sile st ress and ex tended to m atch the

GaN. If the a
∥
A lGaN com p letely m atched GaN la t t ice, the la t t ice st ra in in the A lGaN is com 2

p letely un relaxed. W h ile fo r x = 0138, A lGaN does no t m atch GaN at a ll. Bu t Ε⊥ w ou ld

no t equal to zero , so w e cou ld conclude tha t the la t t ice st ra in in th is A lGaN film ju st re2
laxed part ly. Fo r the low er2A l2concen tra t ion sam p les, w e cou ld no t clearly reso lve the

tw o peak s so tha t it is d iff icu lt to study the la t t ice st ra in fo r a low er A l concen tra t ion.

Table 1　The m easured and ca lcula ted param eters of two cubic A lxGa1- xN f ilm s

Samp le x 2Ηö(°) auönm a
⊥
A lGaN önm a

∥
A lGaN öa

⊥
A lGaN Ε⊥ (a

∥
A lGaN - aGaN ) öaGaN

A 0116 40127 01450 01448 110089 - 414×10- 3 0

B 0138 40146 01447 01446 110045 - 212×10- 3 - 818×10- 3

　　 In summ ary, cub ic A lx Ga1- xN (0< x < 0138) film s have been grow n on the GaA s

(100) sub stra tes by M OV PE. It is found tha t, fo r a ll the sam p les, the la t t ice st ra in in the

A lGaN film s ex ists bu t doesn′t com p letely relax. A nd the un relieved la t t ice m ism atch

m igh t vary w ith the change of the A l m o lar fract ion. T he A lx Ga1- xN lat t ices are un relaxed

fo r x up to 0116. X2ray and pho to lum inescence ind ica te tha t w e ob ta ined alm o st a com 2
p lete phase of cub ic A lGaN. T he A l m o lar fract ion is ach ieved to be 0138.
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