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Aol e AN (LT-AIN)Ze] AdE ALGa-NLT-AINGaN o]F4dd 725 577 st S
(metal—organic chemical vapor deposition)S ARE3le] Alujolo] 7]gt ol #2813tk Rutherford backscattering
spectroscopy A&-E o] AlGar-NT<] Ale] 2A40] x7} 55% S Eelelar, X—4 S} F7F mappingS E3to] &
7 AgE S ZARBISITE LT-AINS2] A4 ool 2 AlgssGaossN T 717 &4 % ﬂfﬂuwﬂr FAPAAAW S S8
o] ZALsIGIE], LT-AIN Fo] Ae A5 9ol 747 dde] dA38] ol AlisGaasN S5 85 4= Ut Pt of
g} LT-AIN Z0] 2% AlyssGaossN/LT—AIN/GaN ©]Z273t -5l thste] o2k A7k~ (two—dimensional electron
gas, 2DEG) #&¥ photoluminescence (PL) 2135 #2319t} o] Alge dlste] 2% Wsle| we PL AHS G5}
100 K 7K 2DEG #¥l PL 2158 A3l 7] Al7]el whE PL A3 Fate] ~3.411 eVellA] VRt 2DEG
PL A58} 34| ~3.437 eVolM= PL A157}F #5E A, ol AlGaN/LT—AIN/GaN Aol F4H 2DEG ¥l5 w2} Fermi
oA FHell A AAF Eo= 742} A=

FA0] + AlGaN/GaN, AIN, ©]xF] AA7E2 photoluminescence, B4-f-7] 38714k 23

I[.A4 & Z 4 Qe Wl dist A57F 831 < sapphire
AR HAQ7o] 17% o= E7-38tal -
’de] GaN ¥Hehs A7t 295 B, F AW AL

A3HE BHEAE light emitting diodes, laser diodes, 3 E

photodetectors€} 2 FHaa} Hint opu)e}, H4, 3}s} o]ell low—temperature (LT) GaN $F55-5 74350 24
A )il Ao R Holdk o] Ails &ee 7\ 33} GaN uhek Afolo] Az RS ZolF= gk 7]
= 12, 1= high electron mobility transistors e &= At} Lee 15[10]0)v} Jin ZE[11]e)A4= o]
(HEMT) 9} 22> AR} ofz o] &8 7FsAo] w2 & stk Azfe] AP gl A AlGaN Hhete] 2 s 25
AAele} [1-4]. 53], AlGaN+= Al z7gule]l e} 5l o) AlGaN 5% GaN %

o] ojLix] HiENS 24 & 4= Qo] FAE ST} = T8 AlGaN Zo| A% 77 o] gl vhlo] AlA= 4= 9)
a1 ] Y’JHE ARG s AR AETIEA R & = Basigick 12 o] TLgellA ARERE Al 2/3H]
€2 g Avk [5-9]. o]t 2} 3-8l SlofA], AlGaN = 27} 25~38% F 25%=A, Bk g 9ge] Ao
T A GaN = floll 2375 sl ==, 7 331l o] AE7IH HEMT 2740 s 1717100+ o4
Az} FAgetel o3k 39 (tensile)ell oJ&F H& (strain) & FE3] 24 %35 AJejo|t}. 53], GaN 714k HEMT 44}
2 AlGaN S5 78 7194 Al 2485 59 49 713 oA AlGaNe 5] J&s skt Al 24017 W&

(crack) §I&= $-= o] ofgt}, o]gst 7 749 AlGaN/GaN o]Z3 3t Aol dAlw 2zt moke]
A EAL AA| A= ARfek=d] 9ol B3-S AsHA OB (triangular quantum well)o|A] Xk} A8 &
7= 8A4TA 28-S s Hu=, uhke] £48 3 A P} A gl ofal] SRR o] S A
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Fig. 1. RBS experimental and simulation data for

Alps5Gaop4sN/GaN  heterostructure with LT—
AIN interlayer. A schematic diagram of
Alp55Gao.4sN/LT—AIN/GaN heterostructures is
shown in the inset.

of Alde] &S AsA7|E 5A4S Hol/ Hr} [12]. wf
2hA] Y Al ZAJRI0l|A] Bk ofuE) s Al ZAdHol|A
T o] gl AlGaN WS A7 )E A7 kg &
Qap} B Ao LT-AIN 59 &4 o] uje} 4
¥ 55%2] Al 215 2= AlGaN vhake] Ao tis}
o FERHoRE ZARIGIon, o]ydt AlGaN/LT—AIN/
GaN o|F 472 AolA AHE dAbe-Eol F/43% o]
2 AR~ (two—dimensional electron gas; 2DEG) =2
o3k Feta EAS AAH oz ATl

o4 3

B AT AHE AEe 2507 1 S
(metal—organic chemical vapor deposition)& ©]-8-3}¢]
Algtolo} 713k f1of 47g= A=, -4 1080°CellA] 2.0 gm
GaN ¢552 A8t YA 550C oA (Ref.) 0 nm <
(a) 17.5 nm F71¢] LT-AIN 52 4891t} 1 9l o}
Al 1080°CellA ~80 nm F71€] AlGaN -5 4333150
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3 Trel F2H 54 F ol AArkael B By

th Fig. 1ol4 LT-AIN Fo] 3= AlGaN/GaN o]E5 g
T2 A5 ()9 tisl] RBS $4< Fato] 92 ~HE-
Algglold Aaks Yeplom, o]Z2HH AlGaN 9]
Al 24417} 55% Yol 1AL LT-AIN S0 1= A
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Fig. 2. (105) reciprocal space mapping images of
AlGaN/GaN heterostructures without
(reference sample) and with 17.5—nm thick
LT—AIN interlayer (sample a). Optical
microscope and SEM images for surface area
of the samples are also shown.

AAA Foee S B T 5 e, o] GaN T
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o] 2 4EE W HaL o] gk WS - LT-AIN &
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B, A9E LT-AIN Fo] AlGaN ol HA%= 22 Wy
ol g o]glel= EAS Holil 35S & & Jdrh

Fig. 3(a)& 10 Kol 266 nm 332 2= Nd:YAG 2
2 FolAE ARgsle] ¢ PL AFERS Holx itk
T Algol tiste] oF 3.476 eVold GaN AEE dglom,
oF 90 meV 9] oux] zlo]E Kol GaNe| 3l WA
longitudinal optical (LO) phonon replica® ##a}gitt.
AR AR (a)9] 79 LO phonon replica Al A8
(ref.)ol Hl3te] WAl VFERAL 955 & < Stk o5 2
o} 2pA|s] k] f1s) AR ()9} (Ref.)oll sl 10 Kl
A 325 nm IS Z25= He—Cd glo|AE ARgato] gelsh
A3}, Fig. 3(b)elAet 7o) GaN—1L0 A 5eh= t& oy
A1 ~3.437 eVellA WAL Sle-S ERlaglon, o=
LT-AIN/GaN®] o]&73t AWl EAl8k= 2DEG Al&=
ZAF EQUT [15]. 9, 74 HIESIA7E FAE] sls
AE (Ref.)ollME= 2DEG A&7t #55]R] 9dt). ol=
AlGaN Zo] FAYAH AlGaN Z¢] A7l <3k Agke
2 gol7)E $Hae] &4ldl| 7)o E s Hal A7) olF
To] Zha ARA ] ARV E JIs FA HER
[16], 2DEGS} ¥+ F3H4] 459 #50] ofefe 0=
A7k} 2euh AlGaN Z3 GaN 5 Akelell LT-AIN &
S Algte 2 A UES A7 A48 SoEA FHE
B, 724 54 BNk o} Ak 54 mgl s w o
o]FH g Aol FA == 2DEG T A5 BRI

Fig. 4(a)ollAE A& (a)dll tidted 10 KellA] 300 K 7+
A 255 F7MAIIH 43¢ PL A9 Aoty 257t
7Vl Wl GaN 2139} GaN—-1L0 (o= ¥A])<
PL A|71= hAatar whag g A4 o7t doju= A
S & = Atk GaN PL s &% 7l w22 9
Uz Zog g2o]al Q= WhH, 2DEG Ale (Yo7 7
AD2 A $IR1= (A717F FolE0] B FE 100 K7}
A A5 Ay A WskehA| e AR A5HUh
wj2bA GaNe] Al @9} 2DEG 2g A13.9] ofyA] xjo]= 2
7} St whet AR 7hAshs Ao R AT [17].
Shen “15¥ Hsu “LFollA % o]o} -2 2DEG 4ls.¢}
¥ 540] BuEglEd], olHdk 5492 AIN 5% GaN &
Aol o] Aol A 2 543} GaN 219] AIN Zoll
Ao Zret b maEA siAE 5 Sdok [18, 19].

Fig. 4(b)ollAE, o713 AI7]E 0.02 mWellA 20.0
mW71A] Mstr]7H 543 PL A3 Aajolt). of7]3 Al
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Fig. 3. 10 K PL spectra of AlGaN/GaN heterostructure
without (reference sample) and with LT—AIN
interlayer (sample a) using (a) fourth harmonic
generated Nd:YAG laser (266 nm) excitation
and (b) cw He—Cd laser (325 nm) excitation.
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Fig. 4. (a) Temperature dependent PL spectra and
(b) excitation—power dependent PL spectra
of AlGaN/GaN heterostructure with LT—AIN
interlayer (sample a).

Axtel] oJabd, 2DEG Hwm MM=2} Fermi oflU#] 91l
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2DEG 2ol ojgk gel4] EAolAnk, x4 o= 4+
U2 W=y} glon] oA olqtol| 2] 2DEG W& 7143}
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Abgtolo] 715 9ol AlgssGaossN/GaN T-%2 A 4813
=), 17.5 nm 5741¢) LT-AIN =& A9l %9} gl=
T2l tisl AlgssGaoasN 50 724 547 FaH4 54
& A LT-AIN S0 494 739 7ixdo] dA5]
ZE Al 55GasN = I o, LT-AIN So] AdH
A] e AlgolA Holx| 9dl 2DEG #HE AsE #F
39tk @& W3lo] W PL A¥-S $8)8te] 100 K &%

7] 2DEG A&7t frA18-S wEsISith. o171 Al7e
w2 PL A4 1.0 mW o]ake] Al7]ell A ~3.411 eVel
AT 2DEG 2157} 21 ode] A7oll A= 71 2lset E7
~3.437 eV A% 4l&7t A5E| S, o= AlGaN/LT—
AIN/GaN o549 Aol A &/3¥ 2DEG M+ ™} Fermi
oA E=LlelA o] AAF B0 747} siA = Sich
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Structural properties and optical studies of two-dimensional electron gas
In AlossGapssN/GaN  heterostructures with low-temperature AIN interlayer
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“School of Materials Scienceand Engineering, Seoul National University, Seoul 151-742
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We have investigated the characteristics of AlgssGaossN/GaN heterostructures with and
without low-temperature (LT) AIN interlayer grown by metalorganic chemical vapor
deposition. The structural and optical properties were systematically studied by Rutherford
backscattering spectroscopy (RBS), X-ray diffraction (XRD), optical microscopy (OMS),
scanning electron microscopy (SEM), and photoluminescence (PL). The Al content (x) of
55% and the structural properties of AliGaixN/GaN heterostructures were investigated by
using RBS and XRD, respectively. We carried out OMS and SEM experiments and obtained
a decrease of the crack network in AlgssGagssN layer with LT-AIN interlayer. A
two-dimensional electron gas (2DEG)-related PL peak located at ~ 3.437 eV was observed
at 10 K for AlyssGaossN/GaN with LT-AIN interlayer. The 2DEG-related emission intensity
gradually decreased with increasing temperature and disappeared at temperatures around 100
K. In addition, with increasing the excitation power above 3.0 mW, two 2DEG-related PL
peaks were observed at ~ 3.411 and ~ 3.437 eV. The observed lower-energy and higher-energy
side 2DEG peaks were attributed to the transitions from the sub-band level and the Fermi
energy level of 2DEG at the AIGaN/LT-AIN/GaN heterointerface, respectively.

Keywords : AlGaN/GaN, AIN, two-dimensional electron gas, photoluminescence, metalorganic
chemical vapor deposition.
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