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Deposition and Characteristics of AIN Thin Films by Reactive Sputtering
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Abstract

C-axis oriented AIN thin films on Si0,/Si(100) were prepared by reactive rf magnetron sputtering in
argon and nitrogen atmosphere. We investigated the dependence of some properties of AIN thin film
such as crystallization-orientation, crystallinity, microstructures and chemical compositions, on sputtering
" conditions. It was found that c-axis preferred orientation tended to be improved gradually with decreas-
ing N, concentration. The crystallinity and microstructure were also strongly dependent upon rf power
and sputtering pressure. The optimal degree of film properties was obtained with sputtering pressure at
6 mTorr, rf power of 300 W, and N, concentration at 20 % without substrate heating. The FWHM of
the rocking curve for a (002) plane of hexagonal AIN was about 0.28~22'. The SEM morphology
showed a highly aligned columnar structure and a densely pebble-like surface texture of c-axis oriented
AIN thin film. The observed root mean square(rms) roughness of 10~32 A by AFM was a suitable

value to the application of acoustic wave devices.
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Table 1. Sputtering conditions of AIN thin

films
Parameters - Conditions
Target i Aluminum (99.99 %)
Substrate - - Si0,/Si(100) wafer
“Base Pressure . - ° (2x10* Torr
RF Power .~ 100, 200, 250, 300, 350 W
¢ Sputtering Pressure ' 3. 6, 11 mTorr
L2 PNJ/Ar+N, i 10, 20, 30, 45. 60. 70 %
TSubstrate Terﬁpereture - 100 T, 300 T
Film Thickness. - 1 m
i Target to Subslrate ;
;s Distance & - : 9w
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Fig. 3. XRD patterns of AIN films deposit-
ed at various rf power(N, concen-
tration = 20 %, sputtering pres-
sure = 6 mTorr without substrate
heating)
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Fig. 5. Surface morphology and cross-sectional SEM photographs of AIN films deposi‘ted at
various N; concentrations(rf power = 300 W, sputtering pressure = 6 mTorr without
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Fig. 6. SEM surface morphology of AIN films deposited under a range of sputtering pres-
sures(rf power = 300 W, N; concentration = 20 % without substrate heating)

F2¥xe] qE AIN ¥t 29 o @9 g7z
WEE ¥R gl FL¥E P2 v KWy
e HEFE APYAS ARPHT T2 BE
A(wave-like) BU3% 272 ¥(pebble-like)s]
BY 23339A vqF2E (002) 2PN 4%
4% & ey g, F2%EE 70 % B
#7Y YA 23& AIN (100), (101), (110) &
% 49 ARYHEY By JQE Ao gd

5o 20 % Y2FEY FRE AVYY FHY FEE -
(002) A4 & $APHYFE e, vE

TX EQ JL¥E oo & 95 v £4
FATZR & NP L BdF 3 g,

Y 6& 29 g U] & AIN vtets} SEM
EY o M7 g4¢ Jehix g X-4 3%
Hox #4€ g2 FA4UE(11 mTorr)o} 9@ =
AZ3Y A4949% B4c] SEM viMzAos
VA I, EY 6 mTorrd)A B @ XA @
27 R BPYA ¥x9 FYY, HHYAEE 3
mTorr sl §EY =3} 9 g% ge2 e
v sld,

Y 7€ FTIR ¥3XE0] 9@ 2¥EYE 2
£k, 2E9 Pfld Y nas dsdde A
BA5A ged Aa £ Qe 54 Aoz A%

 OENAY 9¥em guad. ANYRI FE
SYIEE 600~760 cm™9) HeolA 29Ee] o} - - -

Eldoin R aE3 glen™ 680 cm A F ¥3s}
Yelda gled, o] Mae gdg AIN %
Al-N stretching vibrationo] <J& Ze|c}, Qg
Hog Fouas] EL vl A vids] FAY &
Z§ Jehdio] a9 Fo] FE4% Yoo] F23
o2 3 uYgse Ui Uehing, sjag Fo

616

o8 +AEH8%e) & WUE ¢ ¢ U
ex g X-4 53AE} AFM 34 E¢ we
Aol GEhia 1A stk 2EE AIN w9
8 $APAP%A O &= W49 @Y L vy
@ Ao vgdg.

‘\:.m‘...,,,

A

-—..._.

TrmemitanoeX} . -
.t:ss::‘

— ool
e [ ]

Wavenurberformn-1)

"
e

a8 7. &% 9§ AIN vets] FTIR 2483
(a) 71¥71d g1& 9 (b) 7)¥ex = 300
c(z&oEd = 300 W, A2(N)EE
= 20 %, 28YY = 6 mTorr)

Infrared spectra of AIN films
deposited (a) without substrate

Fig. 7.

: _ ing at 300C(rf power = 300 W, N,
concentration = 20 %. sputtering
pressure = 6 mTorr)

a9 8& J4pEd ¥ AIN wrebe] AR
(roughness) ®do ¢ AFM #4& el
k. 70 %9 LFEANME ¢ 32 A9 HEF A

~heating (b) with substrate heat-~



A7V (root mean square)@ 7IAia ot Ar %
7} ZA%EA ¢49 AIN e EdE Big 4
gt AAFE7 20 %2 FAYESFE HF ALY
£ A9 10 A7A A3 20 %olsle] FAEE
Tae) A E 45 %] AR fARH B7 AL
717} FU8eg, A2FE dE X-4H AEAes
SEMe] &% rid7xe) @F Axjelx T YA
t}, AIN ¥eis] B AY77F A2 EC) g8 32
~10 AclA VALY FHEL o] d79 EAY
BAW 2F3 F27] R ¥ $-§¢] AP AIN
=g dsidh

300 ws] 2F5E&Y, 6 mTorrs] 2394, 20
%9 AL¥EN 7187HE gi¢) Az| AIN vt
ERis] ity FeFeEol e XPS A3 28 9
oA paxn Aok, XPS ¥423 Al2p. N1s 2
gl2 Olssl FYAYR(binding energy)’t 2%
77 eV. 400 eV, 535 eVelA vieluln sltk. Ols
8] Nay vetEds] e Q¢ g 9
22 ¥ ¢ 129 Al2pst Nis9 2Yehix s
A O1s8] F&4 <% Ao wadr. ¢ 233
AIN veohe ERic] §a9 oty 4tk 98] $o8
°] Rl P2 BRFEA (stoichiometric) T2
Y AIN ¥eto] =& RS

4. 4 =2

€ AFdME 232 @450 441 S84 HY
AIN werRAge] aFn ¢4 2MEHY F4u4
dto] ZAH AU, AMEY ¢4Y, aFAEY,
2%% 9 7189 M5 i@ AIN vt s
WA, A4, PATE ¥ EW A B4E 2
Fte] O} A FEE 98 F AU
1. 71¥45+3] (002) AW & $Ae4% 2A
BB L A2FE9 T vl s 20 %
9] A+FE 87A AEPE Jephi.
wetd AIN At 2AAe] diFxe] o E ¢F
. vlE 29EY BlEd AR 2 %%&
- et AE ¢ AUt
2. Y YA EE U AIN (002) 2499 2
A XRC VA H(0.28°~2.2°) R EEHAE
& $APY] O vl w& BAYA BE
YT 3 A ¥ vjALYe 58 A
A4€ »d.
3. 20 Y9 SR & 4 vigdo] I
e FAAG R TR gy AMEHY 4
ko] AAHUTL, =E MAPHAL % EH

A7NAAA RGN =FA Vol 12, No. 8, August 1999,

38 8. Ai¥xe] U@ AIN W9 AFM 84
(718714 glo]l ¥y = ow, &
348 = 6 mTorr) .

Fig. 8. AFM images of AIN films deposxted
under a range of N, concentration
{rf power = 300 W, sputtering pres-
sure = 6 mTorr without substrate
heating)

Al2p F Nis ols 4

$ ¢
A

Intensily (arb. unite)

A A /\
/

R
/A

! x:‘\

\

VAN

.uumammum

Binding Energy (V)

1% 9. AIN viere] XPS 24EQ(71971E 8l
2EARY = 300 W, 3 %Y = 6
mTorr, FA(N)¥E = 20 %)

Fig. 9. XPS spectra of AIN films(rf power
= 300 W, sputtering pressure = 6
mTorr, Ny concentration = 20 %
without substrate heating)



Wgg e ¢ AN wede] 24§ §4

A7 G gLz YPe vjuE Aen
P B 4 /W= (%F 100 T) #AHe
2 230 $-4) AP AIN g E o
& ¢ itk o
4. SEM 843o2 AYAH & +299 4339 1)
AFxet AFM 94oz 48 AY7 R4&
A9t FTIRS XPSE #8383 F=9 AIN
b At
2 479 Y 20T 2L VWY 29
300 Wo nFEREE, 6 mTorrsl 334y o 20
%9 A2rFES AR}

@At &

€ 47 ARBAaF e 'BUE qErjadd
YA Adez sgson o FA=gUg,

D EH

1. Y. Satoh, Q. lkata, T, Matsuda and Y.
Fujiwara, T. IEEE Japan 111-C, 1225, 1991,

2, K. M. Lakin, J. Liu and K. Wang,
Proceedings of IEEE Ultrasonic System
302, 1986, '

3,'W. M. Yim and R, J. Paff, J.-Appl. Phys.
45, 1456, 1974,

4, Chien-Chuan Cheng, Ying-Chung Chen,
Horng-Jwo Wang and Wen-Rong Chen,
“Low-temperature growth of aluminum
nitride thin films on silicon by reactive
radio frequency magneton sputtering”, J.
Vac, Sci. Technol. A 14(4), pp. 2238~2242,
1996,

5. Dao-yuan Wang, Yukio Nagahata, Masataka
Masuda and Yasunori Hayashi, "Effect of
nonstoichiometry upon optical properties of

.........

€18

A, 249, A%, A4 g, YAE, VY

8.

8.

10.

11.

12.

13.

radio frequency sputtered Al-N thin films
formed at various sputtering pressures”, J.
Vac. Sci. Technol. A 14(6), pp. 3092~3099,
1996 o

. Tadashi HSIOSAKI, Kazushige HARADA

and Akira KAWABATA, * Low-
Temperature Growth of Piezoelectric AIN
Film and jts Optical and Acoustical
Properties”, Proceedings of Jpn. J. Appl
Phys. Vol, 21, pp. 69~71, 1982,

. Y. Chubachi, K. Sato and K. Kojima, Thin

Solid Films 122, 259, 1989,
F. Hasegawa, T. Takahashi, K. Kubo and
Y. nannichi, J. Appl. Phys 26, 1555, 1990,
G. Este and W, D, Westwood, J. Voc. Sic.
& Technol. A5, 1892, 1987.
Yoshihiro SOMENO, Makoto SASAKI and
Toshio HIRAIL, “Low-Temperature Growth
of Polycrystalline AIN Films by Microwave
Plsma CVD", Jpn. J. Appl. Phys, Vio, 29
No. 2, pp. L358~L360, 1990,
V. W, Ballarotto and M. E., Kordesch,
“Pulsed supersonic molecular beam growth = .
of AIN","J. Vac, Sci.- Technol. A 16(3),
pp. 1676~1679, 1998, '
Hiroshi OKANO, Yusuke TAKAHASHI,
Toshiharu TANAKA, Kenichi SHIBATA
and Shoichi NAKANO, “Preparation of c-
Axis Oriented AIN Thin Films by Low-
Temperature Reactive Sputtering”, Jpn. J.
Appl. Phys., Vol. 31 Pt. 1, No. 10, pp.
3446~3451, 1992,
Xin Li and T. L. Tansley, “Laser-induced
chemical vapor deposition of AIN films”, J.
Appl. Phys, Vol. 68 No. 10, pp. 5369~
5371, 1990,



	DFS: 
	DSF: 
	FDS: 


