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Fig. 1. (color online) The schematic diagram of the PE-ALD GaN.
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Fig. 2. Dependence of PE-ALD GaN growth rate

(GPC) on temperature.
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Fig. 3. The GIXRD patterns of the GaN thin film:

(a) 150 °C GaN;j (b) 250 °C GaN.
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Fig. 4. The XPS survey pattern of the GaN thin film
grown at 250 °C.

Kl 4 Fis A 250 °C T GaN # [ XPS 9645 &
W ] LA H, PE-ALD 4= K GaN 7# i i 32 B 41
Mt E A Ga, N, C, O. Hi 454 684 18.8, 284.8,
398.4, 531.8 eV L[S X . Ga 3d, C 1s, N 1s
MO 1s FIFFAEE; T4 & BEN 103, 158.9, 1116.6,
1143.4 eV ALHIUES % B Ga 3p, Ga 3s, Ga 2p3 )9
A Ga 2py o FFALUE.

# 1 FT8 4 150 °C A1250 °C F GaN J# i %
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ARG G, 4 EM 150 °C _EFFHE 250 °CHY,
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FJR C E PR N & &5 WA I AR B
MU O Fra, O nRSWM e Rt & Fit
— o

#£1 150 °CAH1250 °C F GaN ot &5t

Table 1. The comparison of the component between
the GaN thin films grown at 150 °C and 250 °C.

Ga/NETH  CHR/%  O#E/%
150 °C 1.27 11.21 12.98
250 °C 1.11 9.41 13.32
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AE N 20.75 eV, XF NN Ga—O #, O 24 i IAF/E—
J5 THRYR T W == AL B, 59— 5 THRYE T
IEME RS TARE AR V. EHE TR
AARRIEOL T, EE A BT O & B A A AR,
DAL A AU BE TR T e R BB R 4 0 O & i
BT H U0 B R B I T R T R R, T i
HTOREEGalg &, OFE MM LT 46
BE AL T 20.17 eV 1 TE I B X 87 Ay Ga—N it [20.21]
W Ga— N BATH ISR LT = T Ga— O BEATHY
g, PR I Ga e R S NJEAL T GaN, Hf5
DERGaTtEE OEM T Gag03. AT 17.00 eV
FIE0E CRIET N 2s N 2 B 7 222210 |/ 5 (b)
i, A REAL T 397.68 eV [ W1 a XF % N—Ga
B 4 g A 6 D 395.92 A1 392.96 eV [ 0 IE b Al ¢
#HRE T Ga B B Ga(LMM) 291 B3 o A 77
TEN—O BT, 25 LRTiR, W BT N JG
=5 KE ) Ga LR B N—Ga 4K T GaN. 45
A GIXRD B Al 0 oA Gag O AH, BT
FIWr D E ) Ga 03 LAAERATEXAFAET GaN £
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Fig. 5. (color online) HR-XPS patterns of the (a) Ga 3d
and (b) N 1s of the GaN thin film grown at 250 °C.

4 % B

K H PE-ALD £ ARAEARIR T T 5 b i 4 i B
FRINA K T GaN 2 5 V8 55, 0] T JEE 11 A Ol
o A 485 W % T R R oy S AT T RAE A4y AT 45 R
KW RHPE-ALD B AR A K GaN 1 E & 0N
210270 °C, & LA GPCREFEFAE0.70 A/cycle
AR AR KR E AR R 2 4E A, 250 °C R,
GaN i 2 £ 25, PL(002) BLim 3, HEHN
TLHEEMWUN-Gat#fF1E, KM GatHkzE
NG Ga—N # 4 i GaN, A/ &) Ga ik
H5O&FItES G Ga—O0 B4 K Gay 03, £ i
GaN & D 2 AE & Gag03; M+ C IR
TR YR T F L AR AR VS Y, O AR SRR T
TRANMEE FHIEE. PE-ALD KR,
YT 1) A O T N /H TR 5 55 B TR (R A AR
JE VA R v 2 T 375 1 A7 5 RS 1 A 2 S
N ST Bt AT B A R A B 1 Th O e (E 250 W,
No/Ho A 555 TSR AR, Fth s T
PR BT DL 3E Ik 38 0 2 10 B R PR IR TR), B3 i

reaction 5 B Fl No /Ho T8 A 55 B8 114 ik o 11 B[]
5 R C 2 o & 8 PR, RIS, BRI O 24 i
WEE, 5 WG R b 2 B AR 55 58 1R k35 4k N /Ho
RES, SO IR LR, DURTS BIMK O WK B
) JHE L.

SRR v TR 2 o L R v o B b SR R 7
IR KR II#H B

&2k

[1] Vurgaftman, Meyer J R, Ram-Mohan L R 2001 J. Appl.
Phys. 89 5815
[2] Strite S, Morkog¢ H 1992 J. Vac. Sci. Technol. B 10 1237
[3] Pearton S J, Zolper J C, Shul R J, Ren F 1999 J. Appl.
Phys. 86 1
[4] Nakamura S 1991 Jpn. J. Appl. Phys. Part 2 30 1705
[5] Nakamura S, Senoh M, Mukai T 1993 Appl. Phys. Lett.
62 2390
[6] Calarco R, Marso M, Richter T, Aykanat A I, Meijers
R, Hart A, Stoica T, Liith H 2005 Nano Lett. 5 981
[7] Kim H M, Cho Y H, Lee H, Kim S II, Ryu S R, Kim D
Y, Kang T W, Chung K S 2004 Nano Lett. 4 1059
[8] Hirvikorpia T, Nissia M V, Nikkolab J, Harlina A, Karp-
pinen M 2011 Surf. Coat. Technol. 205 5088
[9] George S M 2010 Chem. Rev. 110 111
[10] Puurunen R L 2005 J. Appl. Phys. 97 121301
[11] Kim O, Kim D, Anderson T 2009 J. Vac. Sci. Technol.
A 27 923
[12] Sumakeris J, Sitar Z, Ailey K S, More K L, Davis R F
1993 Thin Solid Films 225 244
[13] Ozgit A C, Goldenberg E, Okyay A K, Biyikli N 2014
J. Mater. Chem. C 2 2123
[14] Bolat S, Ozgit A C, Tekcan B, Biyikli N, Okyay A K
2014 Appl. Phys. Lett. 104 243505
[15] Ozgit A C, Donmez I, Biyikli N 2013 ECS Trans. 58 289
[16] Goldenberg E, Ozgit A C, Biyikli N, Okyay A K 2014
J. Vac. Sci. Technol. A 32 031508
[17] Motamedi P, Cadien K 2015 RSC Adv. 5 57865
[18] Feng J H, Tang L D, Liu B W, Xia Y, Wang B 2013
Acta Phys. Sin. 62 117302 (in Chinese) [{B31H, EFIJT,
XIFRR, P, Tk 2013 PR 62 117302]
[19] Butcher K S A, Afifuddin, Chen P P T, Tansley T L
2001 Phys. Status Solidi C 0 156
[20] Wolter S D, Luther B P, Waltemyer D L, Onneby C,
Mohney S E 1997 Appl. Phys. Lett. 70 2156
[21] Kumar P, Kumar M, Govind, Mehta B R, Shivaprasad
S M 2009 Appl. Surf. Sci. 256 517
[22] Matolin V, Fabik S, Glosik J, Bideux L, Ould M Y,
Gruzza B 2004 Vacuum 76 471
[23] Lambrecht W R L, Segall B, Strite S, Martin G, Agarwal
A, Morko¢ H, Rockett A 1994 Phys. Rev. B 50 14155
[24] Majlinger Z, Bozanic A, Petravic M, Kim K J, Kim B,
Yang Y W 2009 Vacuum 84 41
[25] Moldovan G, Harrison I, Roe M, Brown P D 2004 Inst.
Phys. Conf. Ser. 179 115

098101-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.1368156
http://dx.doi.org/10.1063/1.1368156
http://dx.doi.org/10.1116/1.585897
http://dx.doi.org/10.1063/1.371145
http://dx.doi.org/10.1063/1.371145
http://dx.doi.org/10.1143/JJAP.30.1705
http://dx.doi.org/10.1063/1.109374
http://dx.doi.org/10.1063/1.109374
http://dx.doi.org/10.1021/nl0500306
http://dx.doi.org/10.1021/nl049615a
http://dx.doi.org/10.1016/j.surfcoat.2011.05.017
http://dx.doi.org/10.1021/cr900056b
http://dx.doi.org/10.1063/1.1940727
http://avs.scitation.org/doi/abs/10.1116/1.3106619
http://avs.scitation.org/doi/abs/10.1116/1.3106619
http://dx.doi.org/10.1016/0040-6090(93)90163-J
http://pubs.rsc.org/en/content/articlelanding/2014/tc/c3tc32418d#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2014/tc/c3tc32418d#!divAbstract
http://aip.scitation.org/doi/abs/10.1063/1.4884061
http://ecst.ecsdl.org/content/58/10/289.short
http://dx.doi.org/10.1116/1.4870381
http://dx.doi.org/10.1116/1.4870381
http://dx.doi.org/10.1039/C5RA07709E
http://wulixb.iphy.ac.cn/CN/abstract/abstract54104.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54104.shtml
http://onlinelibrary.wiley.com/doi/10.1002/pssc.200390012/full
http://dx.doi.org/10.1063/1.118944
http://dx.doi.org/10.1016/j.apsusc.2009.07.104
http://dx.doi.org/10.1016/j.vacuum.2003.12.163
http://dx.doi.org/10.1103/PhysRevB.50.14155
http://www.sciencedirect.com/science/article/pii/S0042207X09002097
http://eprints.nottingham.ac.uk/1444/
http://eprints.nottingham.ac.uk/1444/

32 % R Acta Phys. Sin. Vol. 66, No. 9 (2017) 098101

Low temperature depositions of GalN thin films by
plasma-enhanced atomic layer deposition®

Tang Wen-Hui??%  Liu Bang-Wu?» Zhang Bo-Cheng® Li Min"V" Xia Yang??)?

1) (School of Materials Science and Engineering, Shandong University of Science and Technology, Qingdao 266000, China)
2) (Institute of Microelectronics of Chinese Academy of Sciences, Beijing 100029, China)
3) (Jiaxing Microelectronic Equipment Research Center, Chinese Academy of Sciences, Jiaxing 314006, China)

( Received 29 December 2016; revised manuscript received 6 February 2017 )

Abstract

Metalorganic chemical vapour deposition and molecular beam epitaxy have already been demonstrated to be suc-
cessful techniques for obtaining high-quality epitaxial GaN layers with low impurity concentrations and pretty good
electrical properties. However, high growth temperature employed in both of these methods give rise to some intrinsic
defects of the thin films, such as high background-carrier concentrations. As a low-temperature thin film deposition
method, plasma-enhanced atomic layer deposition (PE-ALD) has more unique advantages compared to both methods
for epitaxial growth of GaN. In this paper, the polycrystalline GaN thin films were fabricated on Si (100) substrates at
150-300 °C by PE-ALD. Trimethylgallium and N2/Hs plasma gas mixture were used as the Ga and N precursors. The
growth rate of the thin films was demonstrated by the spectroscopic ellipsometer. The crystal structrue and composi-
tion of the GaN thin films were characterized by X-ray diffractometer and X-ray photoelectron spectrometer (XPS). It
is showed that the growth window for PE-ALD grown GaN thin films is 210-270 °C, where the growth rate remains
constant at 0.70 A/ cycle. And it is known that it is the self-limiting nature of PE-ALD that is ascribed to the plateau of
the growth rate. Films grown at relatively higher temperature are polycrystalline with a hexagonal wurtzite structure,
while films grown under relatively lower temperature are amorphous. The grazing incidence X-ray diffraction (GIXRD)
patterns of the polycrystalline thin films reveal three main peaks located at 20 = 32.4°, 34.6° and 36.9°, which are cor-
responding to the (100), (002) and (101) reflections. It is showed that the Ga, N atoms would get higher energy for more
effective migration to positions with lowest energy to form ordered crystalline arrange at higher growth temperature.
The XPS results show that all the N elements of the as-grown thin films are in the form of N—Ga bond, indicating
that all the N elements are formed into GaN thin films; and there is a little amount of the Ga elements that exist in
Ga—O bond. The fact that there is no GazOgs-related peaks in the GIXRD pattern suggests that there is small amount
of amorphous Ga2O3 dispersed in the polycrystalline GaN thin films. In the future work, reducing the concentration of
the C and O impurities may be achieved by increasing the time of the reaction and plasma pules in the process formula

and replacing the inductively coupled plasma with the hollow cathode plasma, respectively.

Keywords: plasma-enhanced atomic layer deposition, GaN, low-temperature deposition
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