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Abstract GaN-based quantum wells are the core stucture of optoelectonic devices such as light-em itting diodes

laser diodes Our experinents show thal

Ing , Gag g N /GaN temary alloys quantum wells and A}y 5 Ing oy Gayge N/

Ing .G ay gN quatemary alloy quantum wells #o different quantum well stuctures for laser diode have significant

differences about the electrical properties and hm inous efficiency  In this paper we study onm icroscopic characteris-

tics of these wo different quantum well structure Through high-resoluition X-ray diffraction we got the satellite peaks

of these wo different alloys quantum wells by © /20 scanning Using X-ray diffraction we got the mck ng curves by @

scanning of wo kinds of MQW 's symm etry face (002) and asymm etric face ( 101), (102), (103), (104), (105)

and (201). Through atan ic force m icroscope photolm mescence spectra and high resolition X-ray diffraction it re-

vealed the different nature of the macw factors of the Ing, Gay ¢ N/GaN temary alloys and A} 5 Ing g Gaggg N/

Iny .G &, N quatemary alloys
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1 Introduction

In recent years because great potential of qua-
temary alloy n sem iconductor photoelectronic de-
vices more and more attentions are focused on i
especially m the short wavelength GaN-based light
an itting diode (LED) and GaN-based blie-violet
laser diode (LD) in the develo[menﬂ "I I the
traditional shortwavelength GaN-based quantm-
InGaN is aswell layer and GaN is
as barrier layer However because the problan of

lattice m ian atch betwveen GaN and InGaN m aterial

well laser diode

itw ill leads to piezoelectric field triggered quantum

field Stark effect (QCSE) and lower lum mous inten-

sity of the device * *'. Recently quatemary alloys
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m aterials are used to overcane those problans Be-
cause of the better match of lattice (:onstaniel,
multrstorey structure of the device using quatemary
A IInG aN materials w ill greatly reduce the dislocation
density At the sane tine it can reduce the stress
and piezoelectric field However few documents de-
tailly report A IInGaN /InGaN quantum wells m icro-
structure

Therefore i this paperwe study on the m icro-
architecture of A |} 5 Ing ;G & 4N /Ing ,G & sN quan-
tum-well and traditional Iny, Ga g N /GaN MQW in
detail

2 Theory

AllnGaN /InGaN MQW s can be by taking the
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AIGaN layer as a well layed"*'. By varying the
flw rates of the Al and Ga metal organic sources

the lattice constant and the energy gap can be con-
tolled” "', The A InGaN /InGaN MQW s can have
better carrier confinam ent due to the higher band gap
energy of AllnGaN canpared to GaN w ithout n-
creasing the built n piezoelectric field effect than
traditional MG aN /GaN MQW ¢ * ! Tt was reported
that the electrolum nescence properties of the A ln-
GaN /InGaN MQW s can be enhanced
that of INGaN /GaN MQW s due to the better carrier
confinam ent effect by the A InGaN layerd .

The mtroduction of mdium mto the barrier la-

can pared to

yers can affect the MQW properties via three diffe-

. 0m
rentm echanian s

. First the ndum molar fraction
m ight have a very pronounced effect on the overall
strain and on the strain n the quantum wells Ac-
cording to the first order theory of elasticity thin
mu ltiquantum well layers smply adjust to the lattice
constants of the buffer layer In this case the ntro-
duction of ndim mto the barrier layers would only
change strain in these layers and not n the quan-
wm wells assum ng that the stucture is fully
stramed Therefore the magnitude of stran in the
barrier layers m ight directly affect the dislocation
density and the materials quality of the quantm
wells Second the magniude of the buil-in fields
induced by the spontaneous polarization should be
affected The mtroduction of quatemary barriers
should allw us to ndependently control both sponta-
neous polarization and stran  Finally the ntroduc-
tion of mdiim mproves the materials quality and
surface morphology The mprovanent n materials
quality w ith the mtroduction of ndim is the dan 1
nant factor responsible for the observed differences

in photolum nescence spectra

3 Experment

The ALy s Ing gy Gaygs N /GaN quatemary MQW
sanples were grown using metal organic chen ical
vapor deposition (MOCVD).
dislocation density in the samples

In order to reduce the
firstly  hetero-
structure lateral epitaxial technology was used to

grow the GaN layer on sapphire substrates then a

Stdoped n-type GaN was grown on the GaN layer
After that the Al s Inggy Gaygy N/Ing, Gagg N
MQW swere grown with five periods The thickness
of well/barrier layers are 2 nm and 8 mm, respec-
tively In order to campare Al s Ingg Gaggs N/
Ing ,Gay sN MQW with the traditional Iny,Gay g N/
GaN MQW, the sane method was enplyed to fabrr
cate the Iny,Ga N /GaN MQW temary sanples w ith
five periods

In order to analyze the quantm well crystal
quality we use X-ray diffraction ( XRD, Philips
X'Pert 3-axis) to characterize the woMQW s In ad-
dition we also use AFM and photohm nescence
spectra to nvestigate the wo different can ponents of

quantum well structures

4 Expermental Results and D iscussion

4 1 Atanic Force M icroscope (AFM ) Scan-
ning

Fig 1(a) and Fig 1(b) show the atam ic force

m icroscope (AFM ) mages of Iny,Ga ¢N /GaN ter

nary quantum-well (001) surface and Ay ;s Ing ¢, -

Gay 4N /Iny ,Ga gN quatemary quantum wells ( 001)

(a)

nm

I
(b) 60r

30/

(a) AFM scanning of Iny ,Ga, 4N /GaN temary quan-
um-well (001) surface (b) AFM scanning of
Al s Ing g Gag N /Ing, Gay g N quatemary quantum
wells (001) surface
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surface respectively W e can see that there are sane
of tiny terraces as well as same micro-pits on the
quatemary quantum wells (001) surface and temary
quantum wells (001). However by camparing we
found that the pits on quatemary A | 15 Ing o Gay 4N /
Ing,Ga s N quantum wells (001) surface signifr
cantly less than that on the traditional temary In,,-
Gay N /GaN quantumwell (001) surface From the

Table 1

AMM diagrans we can see that the quatemary A |, 5~
Ing 01 Gay 4N /Ing ,Gay sN quantum wells (001) sur
face anoother than that of temary Iny,Ga, s N /GaN
quantum well (001) surface significantly Itmeans
that quatemary Al s Ingo Gaygs N/Ingy Gayg N
quantum well crystal quality was significantly better
than that of traditional temary Iny, Gag N /GaN

MQW.

Fullwidth at halfmaxinum (FWHM ) data of XRD peaks for symm etrical face and asymm etric face of ternary

and quaternary quanfum well using high-resolution XRD @ scanning

Planes (0002) (1011) (1012) (1013) (1014) (1015) (2021)
Angle of melination 0° 61 96° 43 19° 32 0475° 25 151° 20 58° 75 09°
Sanple I A} 15 Ing o1 Gag suN /Tng »Gag sN MQW s
I Q420 23 Q2741 Q 543 54 Q 728 91 Q 513 23 Q 519 24 Q 29545
FWHM ( °) 0928 Q138 8 a 120 8 Q104 6 09 82 Q1050 Q 187
Sanple 2 Ing 2Gag N /GaN MOW s
f Q 350 33 a 162 54 Q 597 05 ( 463 43 Qa 327 57 Q 329 98 088
FWHM (°) a 097 7 0 160 1 Q1457 Q1172 Q0 108 8 Q1103 Q191 8
4 2 © Scanning by XRD 020
Table 1 shows full width at half maxmum o8k ‘: ;]:(;:2:[;&” y
(FWHM ) dates of XRD peaks for symm etrical face i
and asymm etric face of temary and quatemary quan- = .
wm well using high-resolition XRD ® scanning E
Then i order to canpare them clearly and more 012
conveniently selecting wo different data and by 0'10;
lnear fitthg we obtaned Fig 2 Fran Fig 2 we can 008 —10 20 30 40 50 60 70 80

see that the FWHM of rock ing curve of A}y 5 Ing o1 =
Gay uN /Ing ,Ga sN quantum well are narrow er than
that of temary Ing,GaygN /GaN quantum well er
ther for the symmetry (002) of temary alloys or the
non-symmetrical face ( 101), ( 102), ( 103), ( 104),
(105), (201) of quatemary alloys Generally the
narrow er crystal rocking curves the better crystal
quality Therefore by contrasting we can judge
that the crystal quality of quatemary Al ;s Ing g -
Gay 4N /Ing ,Ga sN quantum well is superior to ter
nary Ing,Ga ¢N /GaN quantum well crystal quality
These conclusions are consistentw ith the above con-
clisions got by AFM scann ing

In order to prove this conclision we follw ly
processed @ /20 scanning by using the high-resol-
tion X -ray diffraction

Angle of inclination
Fig 2 Contrast of FWHM of rock ng curvers for temary In, ,-
GaygN /GaN MQW  and quatemary A}y 5 Ing g Gay N/
Ing,Gay s N MQW,
(101), (102), (103),

asymm etric faces

(001) symmetrical face and

(104), (105), (201)

4 3 /20 Scanning by XRD

Fig 3 showed the XRD satellite peaks of wo
sanples got by @ /20 scanning The gray curve re-
presented Iny ,Gay gN /GaN temary MQW and below
the rocking curves the black cuwe represented
Al s Ing g Gay N /Ing ,Gay gN quatemary alloys In
order to enhance contrast levels we enlaged the sate-
llite peaks from 14° to 17 3° By contrast Fig 3
(b) we can find quatemary QW satellite peaks are
shamper than that of temary quantum well This ndr
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cates that the quatemary QW has better periodic
structure than that of temary QW and the nterface
quality bew een well and barrier are higher than that
of temary quantum wells noticeably W e also calcu-
lated the screw dislocation density of these wo kinds
of sanples by their satellite peak The result is O 43 x
10 an~? forA his Ing o Gay s N /Ing G ¢N quater
nary allys and Q 844 x 10° an™” for Ing, Gay 3N /
GaN temary alloys Sa

the qualities of quatemary

alloys are better than that of temary alloys

1ok (a) InGaN/GaN (a)
(b) AllnGaN/InGaN
v
2,
=
14 15 16 17 18 19 20
w/26(°)
(a) InGaN/GaN (b)
(b) AllnGaN/InGaN
14 15 16 17
w/26(°)
Fig 3 (a) canparison of the XRD satellite peaks of temary

Ing, Gagg N/GaN quantum wells and quatemary
alloys A] ;s Ingg, Gaggy N/Ing, Gagg N quantum
wells (b) canparison of the left part of satellite
peaks of temary Iny ,Gay gN /GaN quantum wells and
quatemary alloys Al 5 Ingy Gaygs N/Ing, Gag ¢ N

quantum wells

4 4 Photolm inescence Spectrumn
Fig 4 showed the photolm nescence ( PL)

spectra of the quatemary Al ;s Ingg Gayg N/
Ing ,Ga sN QW and temary Ing,Ga gN /GaN QW.
By canparison we found thatmam PL peak mtensity
of the quatemary Al s Ingg Gaygy N/Ing, Gagg N
QW ismore intense than that of temary Iny ,Gay gN /
GaN QW. This shows that the optical properties of
the quatemary MQW s are better than that of temary

MQW s There can be several possible mechanisms
for the mcreased PL intensity for the quatemary
MQW s stucture Fistly quatemary MQW s have
betterMQW quality resulting n a reduction of the
band tail states Secondly stronger carrier confine-
ment due to a larger band gap offset resulting fram
the use of AlInGaN layers Thindly possible reduc-
tion in the polarization charge At the sane tine

fran the PL spectrum, we found that the yellow peak
of the quatemary Al 5 Ingo Gayge N /Ing, Gay g N
quantum wellswas lower than the yellw peak of ter-
nary Ing, Gayg N/GaN MQW i PL spectra And
there is sane blue shift Ponce . A et al thought
that the yellw peak of PL spectum is due to
MOCVD growth in the process and caused by the an-
gle gran boundaries at the end of the disloca-
ton' !, T. Ogina et al thought it is due to the
screw dislocation and m ked dislocations n GaN ma-
teriald ”'. But one point is recognized that is due
to crystal defects caused by the structure Thereforg

by Fig 4 we can got another conclusion the de-
fects in quatemary QW obviously less than that in
temary QW and the crystal quality of quatemary
AlisIng o GaygaN/Ing,Ga g N quantum well better
than that of temary Iny ,Ga, sN /GaN quantum well

and its optical perfom ance also is superior to temary

quantum wells
30

b (a) InGaN/GaN
2.5¢ (b) AllnGaN/InGaN
2.0+

=

4 1
1.0~
0.5~ J

p — a + 1 1 1
350 400 450 500 550 600 650 700 750
A/nm

Fig 4 M icro area photohm nescence spectra of quatemary
Al s Ing o Gag gy N/Ing ; Gag ¢y N quantum wells and
temary Ing ,Ga, sN /GaN quantum wells at roan tem -

perature

5 Conclusion

In this paper we nvestigated the quatemary
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AlisIngo Gaygg N/Ing> Gayg N quantum well and
temary Ing,Ga N /GaN quantum well by using of
atan ic force m icroscopy (AIM ), X-ray diffraction
(XRD) and photohm mescence spectra ( PL) m eas-
urament Using X-ray diffraction study we found that

the period of quatemary MQW s is better than

beween the well layers and the barrier layer are
more uniform. Through the AFM and PL spectra
analysiswe conclides that the defects m quatemary
alloys obviously less than temary alloys in the quan-
wm well alsa its crystal quality is better than

temary quantm wells

Ing ,Ga N /GaN MQW s temary and the nterfaces
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