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Abstract　 A lx Ga1- xN and GaN öA lx Ga1- xN quan tum w ells w ere successfu lly grow n on basal

p lane sapph ire substra tes by gas sou rce mo lecu lar beam ep itaxy using ammonia as n itrogen

sou rce. Pho to lum inescence m easu rem en ts w ere carried ou t fo r the samp les grow n. T he re2
su lts show that the b lue sh ifts in op tical transit ion energy due to quan tum size effect are

57m eV at room temperatu re and 49m eV at 80K fo r the GaN öA l0. 12Ga0. 88N quan tum w ell sam 2
p le having 6 GaN w ells each w ith w idth of 7nm.

PACC: 8115G, 7280E, 7855, 6865; 　EEACC: 0510D , 2520D , 2530B

1　 In troduction

GaN and A lx Ga1- xN are po ten t ia l m ateria ls fo r u se in u lt ravio let ligh t2em it t ing d iodes

and detecto rs, sho rt w avelength lasers and h igh tem pera tu re and h igh pow er electron2
ics[ 1 ]. T he comm ercia l ava ilab ility of superb righ t b lue ligh t2em it t ing d iodes[ 2 ] and the rea l2
iza t ion of the room tem pera tu re con t inuou s w ave opera t ion of b lue lasers based on the GaN

system w ith lifet im e m o re than 1000h [ 3, 4 ] are clearly ind ica t ive of the grea t po ten t ia l of th is

m ateria l system. It is expected tha t a ll GaN based devices w ill take advan tages of quan tum

w ell (QW ) structu res of GaN öA lx Ga1- xN and InGaN öGaN , thu s the grow th and study of

Ë 2Í n it ride QW s are very im po rtan t. R ecen t ly, severa l au tho rs have repo rted the suc2
cessfu l grow th and op t ica l p ropert ies of these quan tum w ell st ructu res[ 5, 6 ]. U sing amm on ia

as n it rogen sou rce w e have grow n h igh quality GaN film s on (0001) sapph ire sub stra tes by

gas sou rce m o lecu lar beam ep itaxy (GSM BE) [ 7～ 9 ]. In th is paper w e repo rt the successfu l



grow th of A lx Ga1- xN and GaN öA lx Ga1- xN quan tum w ells and the resu lts of pho to lum i2
nescence of the sam p les grow n .

2　Exper im en ta l Procedure

A hom e2m ade GSM BE system w as em p loyed to grow the A lx Ga1- x N and GaN ö

A lx Ga1- x N quan tum w ell sam p les. A ll sam p les w ere grow n on C2p lane sapph ire sub2
st ra tes. H igh pu re elem en ta l ga llium and alum inum w ere evapo ra ted from Knudsen effu2
sion cells, and h igh pu re amm on ia w as em p loyed as n it rogen sou rce. A fter so lven t de2
greasing and therm al ou t2gassing, the sub stra tes w ere in troduced in to the grow th cham ber

w here they w ere hea ted to abou t 800℃ and expo sed to a flux of amm on ia fo r su rface n it ri2
dat ion. T he sub stra te tem pera tu re w as then low ered to abou t 500℃ fo r the depo sit ion of a

F ig. 1　Schem atic structu re of the

GaN öA lx Ga1- xN quan tum w ell samp le

th in GaN buffer layer. F ina lly the tem pera tu re w as

ra ised to abou t 800℃ fo r the grow th of abou t 014～

1Λm th ick GaN film. T he A lx Ga1- x N film s and

GaN öA lx Ga1- xN quan tum w ells w ere grow n on top

of the grow n th ick GaN film s at a sub stra te tem per2
a tu re of abou t 800℃. A ll of the layers grow n w ere

un in ten t iona lly doped. T he GaN öA lx Ga1- xN quan2
tum w ell sam p le con sists of 6 periods of 7nm 2th ick

GaN quan tum w ells clad by 8nm 2th ick A lx Ga1- xN

barrier layers. Its st ructu re is schem atica lly illu s2
t ra ted in F ig. 1.

Pho to lum inescence ( PL ) m easu rem en ts w ere

perfo rm ed u sing the 325nm line of a H e2Cd laser as the excita t ion sou rce and the em it ted

PL signals w ere co llected from the ep ilayer fron t su rface and w ere d irected to a m onoch ro2
m ato r. T he signa l w as detected u sing a GaA s pho tom u lt ip lier tube.

3　Results and D iscussion

Fou r sam p les have been grow n and w ill be d iscu ssed in the fo llow ing. T he first sam 2
p lef ( sam p le A ) is a GaN film w h ich has a th ickness of abou t 110Λm. T he second and

th ird sam p les (sam p le B and C) con sist of, from the bo t tom of the w afer up , a th in GaN

buffer layer, a GaN layer and a A lx Ga1- xN layer. A lthough these tw o sam p les have the

sam e th ickness of the A lx Ga1- xN layers (abou t 016Λm ) , the th ickness of the GaN layers of

them is d ifferen t, being 014Λm fo r sam p le B and 110Λm fo r sam p le C, T he fou rth (sam p le

D ) is a GaN öA lx Ga1- xN quan tum w ell sam p le w ith structu re show n in F ig. 1. A ll these

sam p les w ere grow n under iden t ica l grow th condit ion s excep t the a lum inum effu sion cell

tem pera tu res. T he structu res of these sam p les are summ arized in T ab le 1. T he layer

th icknesses are est im ated from the grow th ra tes.
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Table 1　 The structures of the d iscussed sam ples

Samp le
T h ickness of

the GaN buffer
layerönm

T h ickness of
the GaN
layeröΛm

T h ickness of
the A lGaN

film öΛm

T h ickness of
the GaN quantum

w ellönm

T h ickness of
the A lGaN barrier

layerönm

Samp le A 30 1. 0 0 0 0

Samp le B 30 0. 4 0. 6 0 0

Samp le C 30 1. 0 0. 6 0 0

Samp le D 30 1. 0 0 7 8

F ig. 2 p resen ts the room tem pera tu re PL spectra of sam p les A , B , and C. T he em is2
sion lines peaked at 325nm and 651nm com e from the excita t ion sou rce of the H e2Cd laser.

F ig. 2　T he room temperatu re PL spectra of

one GaN samp le and tw o A lx Ga1- xN

samp les w ith x = 0112 and 0109.

F rom the spectra of sam p le A , on ly

one peak cen tered a t abou t 365nm

w ith a fu ll w id th a t ha lf m ax im um

(FW HM ) of abou t 8nm (75m eV ) can

be clearly ob served. T h is peak o rig i2
nates from the near2band2edge em is2
sion of the GaN film. T he o ther w eak

b road band peaked at abou t 550nm is

the so2ca lled yellow pho to lum i2
nescence (YL ) band w h ich has u sua l2
ly been ob served in undoped and sili2
con2doped GaN film s grow n by m et2
a l2o rgan ic chem ica l vapo r depo sit ion

and by M BE. A lthough in ten sive

w o rk has been done to clarify its o ri2
gin, the o rig in of the YL band is st ill

unknow n. T he YL band m ay be at t ribu ted to the nat ive defects[ 10, 11 ] w h ich are p roduced

du ring the grow th of GaN film s. O n the spectra of sam p le A , the narrow near2band2edge

em ission line w ith a FW HM of abou t 8nm (75m eV ) is m uch stronger than the b road YL

band, ind ica t ing tha t the GaN film is of h igh quality. How ever, on the PL spectra of sam 2
p le B , tw o peak s are clearly ob served. O ne is the near2band2edge em ission line peaked at

abou t 343nm w ith a FW HM of abou t 17 nm (179m eV ). T h is peak o rig ina tes from the

A lx Ga1- xN film. T he o ther b road band cen tered a t abou t 523nm is a t t ribu ted to the tran si2
t ion s rela ted to deep level defects. T he YL band dom inates fo r th is sam p le, ind ica t ing tha t

it has a poo r op t ica l qua lity.

T he PL spectra of sam p le C are a lso show n in F ig. 2. F rom the spectra of th is sam p le,

w e can see tha t the near2band2edge em ission line peaked at abou t 349nm w ith a FW HM of

abou t 12nm (122m eV ) dom inates, ind ica t ing tha t sam p le C is of h igh quality. In con trast

to sam p le B , the peak in ten sity of the near2band2edge em ission line of sam p le C is m uch



st ronger than tha t of its YL band. Since the GaN layer of sam p le B is abou t 014Λm th ick

and the GaN layer of sam p le C is abou t 1Λm th ick, the d ifference in A lGaN quality be2
tw een these tw o sam p les m ay be due to the d ifference in GaN layer th ickness. D ue to the

large la t t ice m ism atch (abou t1318% ) betw een GaN film and sapph ire sub stra te, u sua lly

the th icker the GaN film grow n, the h igher the quality of it. T herefo re the 1Λm 2th ick GaN

layer is of h igher quality, w h ich leads to the im p rovem en t in the op t ica l qua lity of the A l2
GaN film grow n on the GaN film.

T he A l concen tra t ion x in the A lx Ga1- xN film s can be determ ined app rox im ately from

the near band edge PL peak po sit ion s of the A lx Ga1- xN film s. W ith increasing x , the d i2
rect energy band gap of the A lx Ga1- xN increases. A t room tem pera tu re, the varia t ion of

the energy band gap E g (x ) of A lx Ga1- xN w ith x can be exp ressed as[ 12 ]

E g (x ) = 6. 2x + 3. 39 (1 - x ) - x (1 - x ) (1)

F rom th is fo rm u la and F ig. 2 w e can easily know that the A l concen tra t ion of sam p le B is x

≈ 0112 and tha t of sam p le C is x≈ 0109.

F igu re 3 show s the PL spectra of sam p le D w h ich is of a GaN öA lx Ga1- xN quan tum

w ell. T he peak po sit ioned at 325 nm com es from the H e2Cd laser. O ther peak s o rig ina te

F ig. 3　T he room temperatu re and 80K PL spectra fo r the

GaN öA lx Ga1- xN quan tum w ell samp le w ith x = 0112.

from the sam p le: the em ission

lines peaked at 344nm (on 300K

spectra ) and 339nm ( on 80K

spectra ) co rrespond to the near2
band2edge em ission due to recom 2
b ina t ion in the A lGaN barrier lay2
ers; the peak s a t 365nm (on 300K

spectra ) and 35916nm (on 80K

spectra ) are the near2band2edge

em ission lines of the 110Λm 2th ick

GaN layer (see F ig. 1) , and tho se

a t 359nm (on 300K spectra) and

35416nm (on 80K spectra ) , ap2
pearing betw een the barrier layer

lum inescence and the bu lk GaN em ission, a re a t t ribu ted to the confined part icle t ran sit ion s

in the quan tum w ell. T he b lue sh if ts in energy due to the quan tum size effect a re abou t

57m eV at room tem pera tu re and abou t 49m eV at 80K tem pera tu re. T he est im ated GaN

quan tum w ell th ickness and the A lx Ga1- x N barrier layer th ickness acco rd ing to grow th

ra tes are abou t 7nm and 8nm , respect ively. Since the grow th condit ion s ( includ ing A l and

Ga effu sion cell tem pera tu res) of the A lx Ga1- xN barrier layer on sam p le D are iden t ica l

w ith tho se of the A lx Ga1- xN layer on sam p le B , the A l concen tra t ion of the A lGaN barrier

layer is a lso 0112, being the sam e as tha t of sam p le B. T he accu ra te ca lcu la t ion of the con2
f ined part icle t ran sit ion energ ies in GaN öA lx Ga1- xN quan tum w ell is d iff icu lt and w ill no t
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be discu ssed in th is paper.

4　Conclu sion

A lx Ga1- xN and GaN öA lx Ga1- xN quan tum w ells have been successfu lly grow n on basa l

p lane sapph ire sub stra tes by GSM BE u sing amm on ia as n it rogen sou rce. T he pho to lum i2
nescence m easu rem en ts w ere perfo rm ed fo r the sam p les grow n to study their op t ica l p rop2
ert ies. Fo r the GaN öA l0. 12Ga0. 88N quan tum w ell sam p le w ith w ell th ickness of abou t 7nm

and barrier th ickness of abou t 8nm , the b lue sh if ts in energy due to the quan tum size effect

a re abou t 57m eV at room tem pera tu re and abou t 49m eV at 80K.
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