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Abstract — The growth orientation and the surface roughness of AIN/Si(111) films grown by radio
frequency (RF) reactive magnetron sputtering were investigated using in-situ x-ray scattering technique
and atomic force microscopy (AFM). AIN films were initially grown with the <001> preferred growth
orientation under most growth conditions. As the film gets thicker, however, the growth orientation
changes significantly, especially at high substrate temperature and high RF powers. We attribute the
observed behavior to the competition between the surface energy that prefers the <00I> growth
orientation and the strain energy that randomizes the growth orientation. In addition, we investigated the
evolution of the surface morphology during the growth using the x-ray reflectivity measurement.
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Fig. 1. A schematic diagram of the reciprocal space.
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Fig. 2. X-ray powder diffraction patterns and theta rocking
curves at AIN (002) under difference R.F powers.
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Fig. 3. Intensity ratio between (002) plane and (101) plane
with difference growth condition.

LhEfUigin). 72H8 SAlol A (101) Bragg peak o] 84 7}

T3 A% power7} S48 £ AHE ¢ 5 vk of
JEofie TEEE Ao Al 100 W 9 200 Woll A A AFal
Al e A ATEE S cheh i), A, 100 W

o A13= (101) peak7} A 9] 5] %] ¢hol, <001> 41
R R A L R G R RS SR R 2
ular 9leh 418, 200 Woll 43= (101) Bragg peak 7} L}E}
vhrinh, on ol A SEA 7 1 um o] ol A dofhs
B oq . [L)rap\] HoAld oﬂ A Bk -4 HOL,?] o] ¥ 5}
T e V)3 &eek 8 RF powere] 27104 Ao
Vb AES e 0‘1}

60 Wel whe mhelol = 3 HEvt meA 279
A Ige 9 gion. Fig 2004 mel# v
o} o] (002) Bragg pcaki?l A7} A7) wha} d A} E
Z7reHE o Qv o]is AIN(02)9] wike] Ae7h
b Gkl ukel RabE ghaske] $A7E 1000 A
olabo & 7=l upe} bulke] Az} 440l 497 Aw 4
8He o 7 lvh olefsh AR o] Wk dA
Ae Al A [l an gli= AIN/Sapphire(001)0] A o] £
z vpehba glom, vhubo] S 9] el whel upuiel
straino] hal¥] = 1o gl A giv), viuke] xAfo] £
o] wstoll wpe} Wast vhg A uiH S gL,
A zp abgro] Wshr) AL el g A hA] dojihis
Ao wol & Aol K} epdsiria Azdt.
100 W] A% A% ot HEhe Kolal 3o
L}, A9 Z b vl el 27l ghato] ofigle
i, 200 W¢] R.F. powerol| A3+ Z7]%-E bulk g3} #]
428 A} A A e pojyivh webA RF
powerﬂ 77| wel 271 44 o] ol straino]

A3 etglsivtn AEL W ¢ 9k

Fig. 4(a)} A3~ 100 W RF. power, 400°C 7|3 2%
ol Al Al NS, Aol By & HAT (002)
Bragg peake] Wrakdo| et whAb X-Ad 4keE Aol
v} o] zpiis EE Al vhEv]e] #ER)d A8
Wlefel, 5C2e0 A @& Aok 1ol M= (002) Bragg
peak ] B Zymeo] BE L o AINOO2)H ] et B
28 =Xz Ao

&

rE A3} 7 2 x(be‘imj} "‘/UO] H}-ﬁ}:ol "] 3" 7L)9}
O(*H 2} Normal ol theh 3]2hs ol A 7]351
vl Fwie) 219l vkak A4 W] x7b 90" o
2, (002) Aol A% wWakel oigte] o 1379} 73
ol FuiAl Aol AR T 3
(C1F oAl E 100 2410 & Hkgko] L go] Q1K

N
L8
ﬂ‘lo I >-

[+]
& Bl Fr) £ 53

4
o
f
=
s

=)
i

r

Journal of the Korean Vacuum Society, Vol. 7, No. 3, 1998



240 o[l - o]#HF] - A3 - Y

7|3l 51(111)94 A% wakehs wA7E §lsol WelKd 7143= strainof| L1 2| & Folis WEFOR o

v} (Si(111)e] EHe 3-fold A4S 74 glont Az Ao gzksk 4 Qv B AgeA] B

(002yH o] F3i= tjagdel gl). wheks] 7)o whet 2o} RF. powero] wh L o5 IS
Ak A AIN002)¥ 2] ko], F7lol= A 3 4 ik 7]gke] 2Lk RF. power7} Hofyto] 7|
urakel] djshed ek 2h& 7pA o Frolxl Wake R v of &2 slojA= §iRbe] FF ellvAe Frhstar o
Fold s d Utk e} whuke ] B2 intrinsic stress & *,':Lttl}[l I whe}

Fig. 4(b)i= A#to] Eyt ¥ 3 45 atomic force A 738 FAol|A] A E]= strain energyis 1
microscope(AFM)iE o] &&}o] ksl Hoju}, WL 1 powerel| Al 1 27 %41, o] relaxsl7] 28] ¢
o] 3}atg vkako g Jro] wof 9129 HojFiz], o] Z ol Ao olafdk = olu). w8k 6()wo] RF.
7o A} w2 dhatko) gtrainS 3FA) 7] = 7]04 LI powero]| A Bluko] FErfol w}2} straino] relax &&=
Ao @ wolio)l 2o wrgke] aA e i} (0012 %9l undulationd Wl AFM AJA = A o -‘%]
o] dAst HWako g v]Lo]z A& vl A% n: % /\] ©] W3}7} strain relaxation®} THA 7} QlTii=
Aol a1 G, N 2B so] o Ao R FA k] ]”P Aleh= Zlolehar 8 4 gleh spAlw, & A7 Azt o]
2pAlet AU GE e'|6]7] flafiA s 8 A%l o veh due Sd] gl dojetas
9} B asiel,

i Al 1ol A 2 21351 X} =S, 4 0w —B—
Jmn s AN e o (@ 60w 5o
%9}01 competition © & 3§43t 4= Qlrt. wpue] A7} 185{ Onon ::):?2;;&

28 o= 9 o U x| 7} A (002)HS Ao 10‘3‘ 5’.. DDDDDDUUD 4575A
sh ubel, wuke] Tz} A 7ol ke FAlol v oA pe %ﬂmmw

10°F (b) 100 W :D:?ssA

s B —-@—387A

10°F —O—567A

10* ~&~ 12024

tdegreal

Chi

Fig. 4. X-ray Chi and Phi mapping scan and AFM im-
age, showing the off axis growth orientation.

sarzl2akslx), 479 #1335, 1998

Roughness (A)

Fig.

Intensity (counts/seconds)

10;r. L A . ;
i (c) 200W

1 Il 1 1 ]

—HB-313A
—[J—502A
—@—2795A

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

1

q,(A")

35

agp | —O—60W
—@—100W
25 - —[0—200W

20} v

o //

10} /
5
% 1000 2000

Thickness(A)

5. X-ray reflectivity curves and surface roughness.



Z-sfEl il

v, vhE oo} 7HH] 7hs A sl AE Ak ¢ el
My &0 B A9 Aapyt g sl

v

npR] U O R 7)(ek 2500 A olah) A%t kAol
715 7)€ Wdto] theh in-situ X-41 WFARE (reflectivity)

of e sk AAF Fig 5@, (b), (0 400°C2)
713k 25l A 60 W, 100 W, 200 W] R.F. powere] A]
A kel wf X-A specular reflectivity £ vhepeict, 54
ol ] gkl X-M WAL S el A wRARE XA @)
AN WAk X-dle) 7 so s ofslet 4 9l
A A R e = R A e g e s Hﬁ} off ufe} wkAR&o]

2B gk ol YRR 1T AL ol 1=
ol W o EHIOT] 29 A5k ol whel
A AIN ik gle] 73 Fg S ek

Slvh. (2bAIEE A AL AJersh), Fig S(d)ell A Ko
A ARG 2719 9l A E ) kel A7 F7het
of web Frhski, A wHel7k stob el whel 27]9]
2o FANA FAs 7de o g Atk ofelgt 3l
- uho RE. powero]| A= Fwlol| Lvhalis 5z 04
o] el 2 7) st Wk, juﬁqlkH 5% 4 (mobility)
| 7] mitoletar s 43 = Qlvk % AL olE g
o] A} o]:uo 9] 2w olz]_;], ol =g = gli= 3
& A7 who] EHo| A A7) 8 v ”P‘U o]
v} ole sk Za zle) A gkl §¥Alol o8t ww A
Avie] Frke At Ayl
o Agﬂsk 2. O]LHM]-

o lo r‘;o

.
LS ¥ Sy
o
=3
kinetic roughness2] %

4.8 =
situ X-41 Abek& o] £5lo] RF 4%
L AIN/Si(111) utepe] A wgef 9
fogele] AE mqg} 57 = 7tel LE}
A AR i) o5 ?9]

A zAsel A Y 2710 <001> - el /M
1 H}tq-o] At ot A ALO] A]aghlop EL]»L} Al HE
olo] Watrt dojyti, w) g FAE wroboAli= (002)
Aol whuk Ao whake] wiste] oF 10" 7]&7 ¥lo]
AUt olegt A elef WEhE 2 v e
2H400°C) -2 R.F. power(200 W)ell ) ©]8; EFeelo) v}

Eputil, 60 Woll 4 g 3hE AIN Bhute] Ax} Abee] W
3 5, 7l A9 AHule FAvE Erhgl ol dkekg

i)

o8k AIN/Si(11H2] 4%

Wkt By A 1o Ak Akl digk ol 241

straino] o2& 3.0 FITL, weba] ¥ A5l 4] 3t
§l 3de <001> S W9lE MEah: gyl o9}

“rAell ube} 5 7bEb= strain energy ] competition©]] 2]
g s AL 4 2ol Te AR ol
oy 9} R.F. power7} Z7}3kol] ule} Z71stgdi=n) o] 2
2 Z& gze] 2 -5 A (mobility)ol] ¢]3k 7l o7 &4
%) o] ok A2k g 4ol 4] RF. powero] IEP} T A
o £ U7 ol Wiy, o] Ho] A% wEe A
4 GH? T ash ok s v Wik

#Ael =

HoATE 97 s wh o Skl Atz A v]
(ISRC 97-E-3039)0] ¢Ja) 43 | Qdsrivh B =59
g & A Adabinge 23 A &7 oA 9

=S vh

&nEs

—_

. F. Malengreau and M. Vermeersch, J. Mater. Res.
12, 175.

2. L. Ivanov, L. Hultman and J.-E Sundgren, J. Appl.
Phys. 78, 5721.

3. S. T. Kim, J. of Korea Physical Society 30, 147.

4. H.-C. Lee and J.-Y. Lee, Thin solid Films 251, 136
(1994).

5. W. J. Meng and G. L. Doll, J. Appl. Phys. 79, 1788
(1996).

6. M. Penza, M. F. Dericcardis, and L. Mirenghi, Thin
Solid Films 259, (1995).

7. Sunil Kumar, T. L. Tansley, Jpn. J. Appl. Phys. 34,
4154 (1993).

8. C.-C. Cheng and Y.-C. Chen, J. Vac. Sci Technol A
14, 2238.

9. J. H. Je and D. Y. Noh, J. Appl. Phys. 81, 6126
(1997).

10. S. K. Sinha, E. B. Sirota, S. Garoff and H. B.
Stanley, Phys. Rev. B 38, 2297 (1988).

11. C. Thompson, C. Palasantzas, Y. P. Feng, S. K.
Sinha and J. Krim, Phys. Rev. B 49, 4902 (1994).

12. Ohunchi, J. Vac. Sci Technol. A 5 630 (1987).

13. H. C. Lee, Thin solid films 261, 148 (1995).

14. A. Barabasi, Fractal Concepts in Surface Growth

(Cambridge University Press, 1995).

Journal of the Korean Vacuum Society, Vol. 7, No. 3, 1998



