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Effects of Pressure on Aluminum Nitride Thin Films Deposited by
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ABSTRACT . Objective To prepare aluminum nitride thin films with excellent performance. Methods Aluminum nitride thin films
were deposited by RF inductively coupled plasma ion source enhanced DC magnetron sputtering technique, different orientations of
aluminum nitride thin films were deposited on Si(100) and glass by changing the pressure. The crystal structure, orientation, sur-

face morphology and surface roughness of the aluminum nitride thin films were investigated by X-ray diffraction, SEM and AFM,
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respectively. UV-spectrophotometer was used to measure the transmittance of aluminum nitride thin film, and the optical band gap
of aluminum nitride thin film was calculated. The effect of pressure on the microstructure of aluminum nitride thin films deposited
by magnetron sputtering was investigated. Results The aluminum nitride thin films were mainly textured along (100) direction un-
der different pressures. The intensity of (100) plane diffraction peak became stronger when the pressure increased to 0.7 Pa, then
became weaker when the pressure exceeded 0.7 Pa, and the intensity of (002) plane diffraction peak was stronger when the pres-
sure was below 0.6 Pa than that at higher than 0.6 Pa. The RMS roughness values of AIN films deposited at various total gas pres-
sure were below 3 nm and the roughness first increased and then decreased with the increase of gas pressure. The RMS roughness
values reached 2. 678 nm at the pressure of 0.7 Pa. The optical transmittance of AIN film at various total gas pressures was all
above 60% . The thin film optical band gap was 5.4 eV at the pressure of 0.7 Pa. Conclusion The results showed that high pres-
sure was beneficial to the growth of (100) crystal plane, while low pressure was beneficial to the growth of (002) crystal plane.

The intensity of (100) plane diffraction peak reached the maximum at 0.7 Pa. Along with the increase of gas pressure, the surface

roughness increased first and then decreased. The films were direct band gap semiconductor films.

KEY WORDS:: pressure; magnetron sputtering; aluminum nitride thin films; ion source; roughness; direct band gap
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Fig. 1 Schematic diagram of the magnetron sputtering system
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Fig.2 The structure of the RF inductively coupled plasma ion source
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Fig.3 XRD patterns of AIN films deposited under different pressures
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Fig. 4 Planar view (a and b) and cross-sectional (¢ and d) SEM images of AIN films deposited

on Si substrates at total gas pressures of 0.7 Pa (a and ¢) and 0.8 Pa (b and d) respectively
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Fig. 5 AFM images of AIN films at various total gas pressures

- 1678

154 LIS 1L 17 L]

6 PR I8 7 HOHLRS 2 B U 22 £k
Fig. 6 RMS roughness values of AIN films deposited at various

total gas pressures

T 528 (BT 3 0, (AR T R AN 2R
Y, T A5 (100 ) AR 1 BRI, TE B AR,
T80 R AT 2 fff e A T MELRE FE 3% 77 fE 0. 6
Pa I B0 R B2 PR (100) T 55 (002 ) T 1Y 35 4 2E K
Sl v AN AR K Ao RO ER /N, T (45 3%
TADRERE B2 R R, YR ARS8 BT ORURL - 119 il i
TR AEARURRL T Rl f AR R i RS BRI, DT
TE /N R, fof SR TETRELRS B2 TR . RMS I8 FL AR
A5 XRD A7 i B 0 AR L — 2,

TE SAW g4, AUAR A T RS 1Y 2% TRDRER 32 X6 2%
PEEREA HE R, f T 3R I AU R AR, L
At JLF-2E e R I 2 P — R P, BT DA S 3R
TR RELRE 88 R — N e A B, 3 T o e sl ok, T DA B

SR TH HLURE B 7 30 nm N NIEL 6 W LI HY, B
Tl 28 P10 TR P REL S 32 12 06 Y 3 i I8 4 A2 1) R L AL AR
FER/IN AR R B2 357 45 /N AT B2 R A S - TR Y 5 |
AHEIN T 25 (RN A B AUk B R 2 (0] 45 8 -1
By o)k ok G PSR AT B T R A A

2.4 AINHRHONXETRSRHGEE

7 AR SR T DR 3% 38 b 0% 20 Ak 0 v e
()37 i, FL S ROILIE R 5 HORBTFERE R AR K0T
AR R — 2, B 7 I K LR 200 ~ 1000
nm, &7 AU ZER] DGR TE I Y, i R R
F 60% ,iX S5HISCER A B AR, HERE T
LRI 325 1k AR

AR LR Ry ELEE B A 8 A5l 2 S FLm i
RH o 5B R TR 4 LR R,

T=A exp(-ad) (1)

Ho A S E B EHAERGA MR A=1, B
B SRR I IS R BN AR TR B G RN

(C\’.hV)ZZK(hV—Eg) (2)

[T B S A b ARk ) IR WA 3R B3O Ay 5 3 G
EYop

((xhv)o'S:K(hV—Eg) (3)

KK R EGhy RCFRER E, A S0
SIEN 0.7 Pa 5 T (ahw)*-hw QDA 8a, 155 T



E TR (S

2016 4F 04 H

. 142 -
[N A]
L4 Fa
_ Wﬁmﬁw
o 1 6125 Ha
0 il
- |
g
= i
i - N L N
il I Kl L1 A [EKKE]
Wavelength f am
& Ak PafIns e
14K} 0.7 Pa
08 M ;
ol " OO
é fél £Lf Pa
E #l
"
il i " i
Wil Kl il IR (KK}
Wrerdeiigths 1§ inini
I Abfe, AL TEELE '
Bl 7 AR T IO AR R Y G i

Fig. 7 Optical transmittance spectra of AIN films deposited at va-

K

rious total gas pressures

m=i
= =

o, f

o B

[Fatih

il

| 2 1 4 3 ] T
Erae gy 1 2y

a DalnP—iw

m
Fd
M
=

SN T

Jea it

| 2 1 4 3 ] T
Ersrrgy ey

b o™ =
S 0.7 Pa IR YA SR ER  ahor)hw X 5o
B K (ahw) ™ -hw = R

Fig. 8 (ahv)*-hv (a) and (ahv)®>-hv (b) plots for AIN films

deposited at a total gas pressure of 0.7 Pa

AR S B 2R MR I, UE B BT 2 B AR AR R B
Bop SRR R}, T8 LG W F 2 A B
G Re i RIS SRR P AR B BE 0. 7 Pa I (Y2871 58
JEHR 5.4 eV, X HHASCHERAIFFT2E R, — %
LI 2 By T8 B /N T IS, X v RE 2 R
VLR N A A — S TR SRS | B S o 8 v A W AL
B IR TR AR RO A B FE AR /NS KRR
0.7 Pa 1F T (ahw)®’ —hw X2 WK 8b, &l 8D
A A S BH S5 1% S P MR AL, BECINAIE B T o
(R REE A Tty B SR R R

3 Fig

SR S 1 S B R A T S R GE A& T AIN
VB R A S0 26 E AR B BT, O U 4
T AIN G, e A B, BB A AT (100)
T A TEAR SR A6 T 0.7 Pa IF(100) THIATT 5 I
IR, SURBARI A F) T (002) dhm A&, fEfER I
FLARSME A KA RAC R B T 2R R
JER IR AR G5 I )2 B T SR A AR A
R RS I YRR B2 Bl <O B A e R
Pl )N o HERREE 1 R R T 60% , H T i 44 A4 9 R
ELARAT B SRR

S 3k

[1] DETTMER E S,ROMENESKO B M,CHARLES J R H K, et
al. Steady-state Thermal Conductivity Measurements of AIN
and SiC Substrate Materials[ J].IEEE,1989,12(4) :543—
547.

[2] RODRIGUEZ-MADRID J G,LRIARTE G F,ARAUJO D, et
al. Optimization of AIN Thin Layers on Diamond Substrates
for High Frequency SAW Resonators[ J]. Materials Letters,
2012,66(1) :339—342.

[3] CLEMENT M,OLIVARES J,LBORRA E, et al. AIN Films
Sputtered on Iridium Electrodes for Bulk Acoustic Wave Re-
sonators| J |. Thin Solid Films,2009,517(16) :4673—4678.

[4] VENKATARAJ S,SEVERIN D,DRESE R, et al. Structural ,
Optical and Mechanical Properties of Aluminum Nitride
Films Prepared by Reactive DC Magnetron Sputtering[ J].
Thin Solid Films,2006,502(1/2) :235—239.

[5] LIUH Y,TANG G S,ZENG F et al. Influence of Sputtering
Parameters on Structures and Residual Stress of AIN Films
Deposited by DC Reactive Magnetron Sputtering at Room Tem-
perature[ J ]. Journal of Crystal Growth,2013,363 :80—S85.



545 &

554 4]

RS A N S AU iR D A A S AR R A S )

- 143 -

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

KUANG Xu-ping, ZHANG Hua-yu, WANG Gui-gen, et al.
AIN Films Prepared on 6H-SiC Substrates under Various
Sputtering Pressures by RF Reactive Magnetron Sputtering
[J]. Applied Surface Science,2012,263 :62—68.

BIN Feng, SHU RONG-dong, HAO Jin, et al. Ultra-violet
Light Assisted Reactive RF Magnetron Sputtering Deposi-
tion of AIN Thin Films at Room Temperature[ J]. Materials
Letters ,2012,79 :25—28.

JIAN S R, CHEN G J,CHEN H ], et al. Cross-sectional
Transmission Electron Microscopy Studies for Deformation
Behaviors of AIN Thin Films under Berkovich Nanoindenta-
tion[ J]. Journal of Alloys and Compounds, 2010, 504 .
395—398.

SUBRANMANIAN B, SWAMINATHAN V, JAYACHAND-
RAN M. Micro-structural and Optical Properties of Reactive
Magnetron Sputtered Aluminum Nitride Nanostructured
Films[J]. Current Applied Physics,2011,11:43—49.
WANG B,ZHAO Y N,HE Z. The Effects of Deposition Pa-
rameters on the Crystallographic Orientation of AIN Films
Prepared by RF Reactive Sputtering[ J]. Vacuum,1997 ,48 .
427—429.

PAN D T,CHUNG G S. The Effect of Geometry and Post-
annealing on Surface Acoustic Wave Characteristics of AIN
Thin Films Prepared by Magnetron Sputtering[ J]. Applied
Surface Science,2011,257 :8696—8701.

YANG Wei-jia, WANG Wen-liang,LIN Yun-hao,et al. Effect
of Target-substrate Distance on the Quality of AIN Films
Grown on Si(110) Substrates by Pulsed Laser Deposition
[J]. Materials Letters,2015,160 :20—30.

AR, ST S TAIM] B P EBEHOR
R Rt 1993.

ZHAO Hua-qiao. Plasma Chemistry and Processing [ M ].
Hefei: Press of University of Science and Technology of Chi-
na,1993.

LI D K,CHEN J F,ZOU C W et al. Effects of Al Concen-
trations on the Microstructure and Mechanical Properties of
Ti-Al-N Films Deposited by RF-ICPIS Enhanced Magnetron
Sputtering[ J ]. Journal of Alloys and Compounds, 2014,
609 :239—243.

XU X H,WU H S,ZHANG C ], et al. Morphological Proper-
ties of AIN Piezoelectric Thin Films Deposited by DC Reac-
tive Magnetron Sputtering[ J ]. Thin Solid Films,2001,388
(172) :62—67.

ISHIHARA M,LI S J,YUMOTO H,et al. Control of Prefer-
ential Orientation of AIN Films Prepared by the Reactive
Sputtering Method[ J ]. Thin Solid Films,1998,316;152—
157.

KUANG Xu-ping, ZHANG Hua-yu, WANG Gui-gen, et al.
AIN Films Prepared on 6H-SiC Substrates under Various

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

Sputtering Pressures by RF Reactive Magnetron Sputtering
[J]. Applied Surface Science,2012,263 :62—68.
TOSHIHIRO K, MORITO A, NAOHIRO U, et al. Improve-
ment in Crystal Orientation of AIN Thin Films Prepared on
Mo Electrodes Using AIN Interlayers[ J]. Ceramics Interna-
tional ,2008 ,34 :985—989.

LEE J B,JUNG J P,LEE M H, et al. Effects of Bottoms E-
lectrodes on the Orientation of AIN Films and the Frequency
Responses of Resonators in AlN-based FBARs [ J]. Thin
Solid Films,2004,447/448 .610—614.

TOSHIHIRO K, MORITO A, NORIYUKI K. Influence of
Molybdenum Bottom Electrodes on Crystal Growth of Alu-
minum Nitride Thin Films[ J]. Journal of Crystal Growth,
2008 ,310:345—350.

HWANG B H,CHEN C S,LU H Y, et al. Growth Mecha-
nism of Reactively Sputtered Aluminum Nitride Thin Films
[J]. Materials Science and Engineering: A, 2002, 325
380—388.

WANG Wen-liang, QIAN Hui-rong, YANG Wei-jia, et al.
Effect of Al Substrate Nitridation on the Properties of AIN
Films Grown by Pulsed Laser Deposition and Its Mechanism
[J]. Journal of Alloys and Compounds,2015,644 :444—449.
GAURAV S, ALIKA K. Dependence of N2 Pressure on the
Crystal Structure and Surface Quality of AIN thin Films De-
posited via Pulsed Laser Deposition Technique at Room
Temperature [ J |]. Applied Surface Science, 2008, 255
2057—2062.

XU C K,MENG X L. Acoustic Surface Wave Apparatus and
Its Application[ M]. Beijing: Science Press,1984.99.

OU K L.,CHEN C C,LIN C T,et al. Application of Alumi-
num Nitride Thin Film on Biosensing of Cell Differentiation
Interdisciplinary Topics[ J]. Journal of the Electrochemical
Society ,2007,154(2) :11—15.

SARAVANAN S, BERENSCHOL E, KRIJINEN G, et al. A
Novel Surface Micromachining Process to Fabricate AIN
Unimor-ph Suspensions and Its Application for RF Resona-
tors[ J]. Sensors and Actuators A ;Physical ,2006,130/131;
340—345.

SIGNORE M A, TAURINO A,VALERINI D, et al. Role of
Oxygen Contaminant on the Physical Properties of Sputtered
AIN Thin Films [ J]. Journal of Alloys and Compounds,
2015,649:1267—1272.

5 AR SCHE 2R3 46 IR SR X DC 42 i ol
& AIN A S [ ], 7B RS2 5241, 2011,35 (1)
52—55.

LAI Zhen-quan,ZOU Wen-xiang, LI Hai-yi, et al. Influence
of Sputtering Pressure on AIN Thin Films Prepared by DC
Magnetron Sputtering[ J]. Journal of Nanchang University,

2011,35(1) :52—55.



