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Research Title  Growth and Characterization of Piezoelectric Aluminum Nitride Thin
Films by Reactive RF Magnetron Sputtering on PET-Plastic Substrate
Researcher Miss S.Tipawan Khlayboonme
Department of Physics, Faculty of Science, KMITL
Co- Researcher Mr. Warawoot Thowladda
Department of Physics, Faculty of Science, KMITL

ABSTRACT

In this research title, alumipgm~nitride thin films coated“en“RET-plastic substrates were
deposited and characterized. These-fitms 'were /prepared by the laboratory-made reactive
radio frequency (RF) /magnetron sputtering system, The sputtering System is housed at
Surface Physics and Researeh Laboratony, department of Physics;-faculty 'of. Science KMITL.
The effects of /nitrogen~concentratien on /propértiessof-the depesited thin films were
investigated. The percentdge of N, cencentrations of 2096, 409, 60%; 80% and 100% were
used for deposition and-balanced with' Ar to a total-flow rate of \25°secm. The crystal
structures of [the, films ‘were ! characterized by X-ray  diffractiory (XRD). The surface
morphology Was -investigated | Using scanning electron “microscope (SEM). The optical
properties and 'thickness (of \the films ‘were evaluated’ from UV-VIS-transmission spectra
data. The XRD pattetn showed)(002) and (103) planes of refraction, which indexed on the
basis of the hexagonal. wurtzite:type structure, AWt films .obtained awere around 70% of
transmission in visible, region.exceptrthatOne.deposited with 100% Nj €oncentration was
less than 50%. The increasing/pitrogen concentration caused the growth rate to decrease.
The film deposited with a nitrogen congentratior-of 80% revealed an optimum choice for
the highest crystallinity in formation.of the=fitms-and-the crystallite size was 26.67 nm.
However, after the RF generator was repaired and improved its efficiency for generating RF
power, the AIN thin films deposited at 40% N, concentration was obtained with highly
transmission in visible region greater than 80%. This transmission percentage of the films
was nearly as high as that of the PET substrate.

Keywords: Aluminum nitride thin films, Reactive RF-magnetron sputtering, Optical and structural
properties, effect of nitrogen gas.
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- RF sputtering

- Magnetron sputtering
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2.2.1/DC Sputtering
szuvUgAR Iy DC sputtering Ussnpusedalnii 2\ dansumuiy
fun target (cathode) uat Substrate (anode) Makandlunang 2.2 Inihaszuanseussiulniig
mnnnd 1 kv JugntioussviinstabifiaviadssdemsogisiUsena 2.3 cm luipageynea
(vacuumn chamber) Tngvilufagaisnouianiusu 0.1 - 1 mbar %gﬂl‘fﬂ‘ﬂu sputtering gas
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NIPUIUNNT impact -ionization /Arauiktiutensvialonsuiida cathode seilrusyana 1
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maruauulninle

Vacuum Chamber.

Substrate | (anode)

Q
¥ +
AL () vee

Target | (cathode)

Argon Feed —»

it

To Pump

A 2.2 DC Sputtering



2.2.2 RF Sputtering
spUUUgNHANUNNLUL RF  sputtering  HlAsaaisuansiening 2.3
Usznousedalnih 2 $21evunuiu 18 target (cathode) uay substrate LHuLREIRULUY DC
sputtering wsildundsdnemdslmindummdnduingiidsge (wonuagalutnesewing 0.5 - 1 kv,
AN 0.1 MH2) Unddesldmnnd 13.56 MHz msldaunilwihmuigahlhdulentaly
mstuiuszwhedidnaseuyivgifuerneuvesfaiitounniufunanainliigetu fafussuuugn
Hduurauuy RF sputtering  Seamnsavianldifiannusiusniinsdlves DC sputtering 3110
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(impedance-matching network) \asaantaeyialy o power supply wAABUNUAUG 50 Q
Tuvaurimanaunaeiidufiuaudssnan T - 10 kQ ssuvUiusiRuandneiluarusenaudaenes
LC Mllsawmilenienai 2/ fauiutsequiumle 1 i waetaftulssgronsiifiondh blocking
capacitor 1 1 sieagfurtarget fananglungnsnan Wit 24

Vacuum Chamber

Substrate |

o RF Generator

Ar’

Matehing
Network

Target | (cathode) |

i

Ta.Pump

Argon Feed, —»

AR 2.3 RF Sputtering

L Co

O_KWY\__”7
Ry B = (g Rs

o

Rg: impedance of rf-generator, Cy: variable capacitor
Rs: impedance of rf-discharge, Cy: blocking capacitor

il 2.4 Impedance matching network



10

é’cumwmmmﬁﬂﬁzu‘iwqfﬂ3wiachuszwﬂ%"u%uﬁuﬂuﬂ%qj target Falaertrluazilitui
yuadnunileifisuiu substrate  waznilsvasgegnmaiseidunsg awliivinfuresitui
vestalninfiaewsmisnhliindndlnfnsvuanseilifuau (negative dc bias) Fuil target
mevaviiuwenUignvedliawmaves f power supply Fndlnihilidudud gy itvinldie

nssvIuNsatnme3suil target fausl target aziluauiulniriniy

2.2.3 Magnetron Sputtering
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Target m@\ R AT SR
S S| Annular Permanent
N N Magnet
Magnetic Pole Piece
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B
e okt
e- -
+ + + e S i
Target (cathode) Target (cathode) Target
(b) () (d)

A 2.5 Magnetron Sputtering
(@) 1m3983519989 Magnetron Sputtering Wuu DC w3® RF
- 1 ﬂ. 4 -
(b)d) Firvasaurulniuazauiullivanwasnisinasunuedildnnsau
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navosauliuarauwimdniinanfuasilvbidnaseundeuilufirnsiuiu
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magnetron sputtering Yaufnglwin 600 V un target Samvauuwivanuuin 165 G vl
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nsaiunuIdelulasinis “Growth and Characterization of Piezoelectric Aluminum
Nitride Thin Films by Reactive RF Magnetron Sputtering on PET-Plastic Substrate” 3i
¢ o d o 'Y waa ¢ - a g a a o fa  a v ada
UsEasAigaeynsUgnuarnautaduuaiisledidnninegiitionlulasanmiouieiss
=l ¢ = - s a 3 ] [ |
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° - Vo W v o s - - [} ]
Antiununegidelavssaulgniiesiu RF - generator 1A mdevie Jevinliliaiuisa
o a | [ ° 1 = :J-Lu V& & & -l = )
atiumssiale Jasipaviinisden iiesnin.RF-generator. Aldag utiuiduiniosifiongnisidanu
Aautau Wuinndi 10 U Sefaermistoudiuies daldsregnairendiauny uaz ndwnitlévia
| & & a Y vaw & I v
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g4 BluuniTadunisnanisesduadunsumsiseimdouiiiaenisysuUss RF magnetron

sputtering

3.1 MIUTUUTIUAERRING RF maghetron sputtering system
nsirdduilduungegindeutilase (AN \thin —fitms)_ &$¥1n1siadousie RF
magnetron sputtering system sadusyguRlESURsaTIe gAY ey e @ulag sa. as. 257
W ndnn U TNl 3.1 AnssoviesUjiRnisi senandiuikazaees 1n1A3
Wand AugInendans ava.

’ ’
S L e, ‘-ﬂj'

d n J = a 4
NINN.3.1 RF magnetron sputtering 1a1a39 Wand asa,



13

szuvlsznaumvdIudAgyuan o Ao szuuﬁuquywmﬁ gunsain1sinAucY
AN wBesaYa A sruumuaunsivavesing vuunilnseu uazuvasineiaindu
ﬂ?'luﬁ"“mq ﬁﬂtma'ﬂ'dﬂﬂﬁﬂé’ﬂﬂﬁum’mﬁ?ﬂqm‘ﬁ'ﬁu RF magnetron sputtering system i
Useneudsunasiiinndunuiing BROULEY: §u BE-1113 Sefudianduaiud 13.56 MHz
Ma3gedn 650 W wag Auto impedance matching 3u TRAZAR: AMUSC-1

uindsndildhmsideaniilévinsidelutag 6 Weuusn meisuldusrautigm
\AEafu RF generator iarundes Joililiansasiiumsdeld Sefasinisdey wiesn
RF generator ildagifurtiufuniasiifongnisldeuroudrounu wuannni 10 T Sefeans
YOULYUULD uaﬂmnﬁ'wmgﬁnﬁumu%ﬁﬂlﬁﬁmmnﬁu’hm'sﬁ’mu'}ﬁzuu'lﬁﬁnﬁmwgunﬁ
vhemzasdunng 9 dumaniheedula-touch—sereen) Tnugunsaifiuszneuntstuidu R
magnetron sputtering ﬁuﬁagﬁwﬁwmﬂdm %aﬁqwm%gnmmunwﬁqamimmhumwﬁwa
duria 1oun RF Generator; Mass flow-controllers) Rotary.-pump, Diffision-pump heater ua
Water cooling system %‘aswwﬁmﬁuﬁ%ﬁﬁwwdmﬁwm Diffusionpump, RF Generator
uaE Magnetron Head daquastivanbasghdsliinriuudeiankiavasnisdsausinumamiineg
duaavun :5@3‘1&1?18L’SE_Iﬂﬁ»ﬂﬂﬁ"\')ﬁﬂﬂl@ﬂﬁ’]’iﬁﬂﬁﬁdﬂﬂ’]ﬂtﬁﬂ []

3.2 muwseaiasueaglidlslulase

3.2.1 MawFUgIUTAITUNAY

oAl Yedldvhnsiada0 Al thinfilms s usesiunanain el
Snwausdudanni 3.2 asguIinsvRINaY D9 PET plastic-substrate et

1) yhmsdnasdiheiaa ey srans et

2). “&udhethnduliisesanialuiadhuisen 45 v

3N, Svhuwniusatusianiileimiung 15 um

4)  amelslelusmusalugrdaniledadiinartsui

5)  whumapfaglulmsielaiaitiansys

6) ouNguv)il 100 PeENsaTEaTNTA Usvunm 30 uil

3.2.2 nduasevinduuneglidisululasd
Tumsugnfiduunsegiillevlulasdieilunselinseauifsneg vosiidu
vnaifu ¥insugniduuuukugiusesuiialad uiiniend Fanou wasuiunanaRnien #e3ss
wanfivuunilnsoualamess senisléidrarsindovegiiionninuuiqns 99.9%  (nsn
QRAMNTIY) uaE 99.99% (Kurt J. Lesker) Mnawdurugudnan 3 i wiun % i uamsldmanmd
3.2
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amn 3.2 wWhansiedeuegiiilluy Kurt J. Lesker A1UUTAMS 99.99% uas WHUFILTBISY
wanadn PET
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3.2.3 UV-Vis Transmission Spectroscopy
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4.2 msUgnitdaunsegiiflenlulasdiisnsdauszninsfinglulasauiufitgendneu
#in9e)
dwsuitduueegiifiolulasadildvhnsugnlulasanuiisd Wuitduursiiugndas
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PET) iefnwnavesdnsrdiuszwinielulnsiauiufiigerineu filnadeautfivnslasiadiees
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Fauanslunsed 4.1

=i - - . a4 1w ' | w P
A13197 4.1 Reulunisiadau AN thin films Wa1dnsdusening N, iU Ar gas fifnena 9

whansiadou agililualAINuIans 99.99% wunn 3 {ia
WNUgIUTBITU WardanPET
ssggvinseriraliasindeuiuasugIusas 80 mm
ANNRURBWYINNAFUgNWEY 5.%10° mbar

LY ay Lag®® ad - .
AuRUneulakvaIlnefEIne 2.7 X10° [ b
o w 1 - d b
MaswasuvaIiudnniuing 250 W

s -y 8 -3
AUAUTUEGNWAL 2.2 X107 1 mbar

Snsdusenat gl uins Ui ufaeessnay
20,40,760°80 wax 100%
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4.2.1 \ ANEUINNMBANLE- Surface morphology vasWauuIs
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4.2.2 anululaswanvasiduunegidsululase
wavosdnsdnvswialulasiouiitiienuiundnveiduuregiidey
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msfansiaauuresisdidng (X-ray Diffraction Spectrometer, XRD) wamsinuanafanni
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M9 4.2 vuadendn sepgvinaeslasadn (d-spacing) was FWHM wee5eunu (002) ild
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