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(A) ttaz (B) Round hold bone plates (M) Hip plate

(C) Classical Sherman bone plate (N) Jewett nail plate

(D) 4 (G) Dynamic compression plates (O) Two-component dynamic hip screw plate
(H) Compression bone plate (P) Miniature L- plate

(I) Classical Bagby compression bone plate  (Q) T — plate

(J) Cortical bone screw (R) Straight Kuntsher intramedullary femoral nail
(K) Cancellous bone screw (S) Intramedullary tibia nail

(L) Candylar angle blade plate
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(A) Classical Moore hip endoprosthesis (F) Sliding knee joint prosthesis
(B) Muller total hip prosthesis (G) Total shoulder joint prosthesis
(C) Weber total hip prosthesis (H) Total finger joint prosthesis
(D) Muller total hip prosthesis (I) Total elbow joint prosthesis

(E) Hinge-like knee joint prosthesis
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and s often on the front
of the knee
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in place
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= = = =% U v @
mistlsznouleasondoi lniligasmaniifie Ca,(PO,),(OH), Hoas1dIu Ca/P 1NN 1.67
o & o 2 P %
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Human bone heated at 800°C

Human bone

Dentine

Enamel

T
s
Ll

i

Codfish bone

e

Chlorapatite
Salivary stone

:

Synthetic
Hydroxyapatite

10 20 %40 0 0 2 30 40 50
CuKat 20 (degree) CuKa 26 (degree)

{ d a 1
51/ 2.6 nIiBndIsSuesnszenuaz assyneuoih Iniyiiad1an [45]
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A1519% 2.1 Mslseneuunaeuoaayiianie [45]

Ca/P ¥o Ado RIGHY
2.00 Tetracalcium phosphate (Hilgenstockite) TeCP Ca,0(PO)),
(TTCP)
1.67 Hydroxyapatite HAp Ca,(PO,)(OH),
Amorphous calcium phosphate ACP Ca,,H,,(PO,)(OH),

1.50 Tricalcium phosphate (Q', B.Y) TCP Ca,(PO,),
1.33 Octacalcium phosphate ocCp CaH,(PO,),.5H,0
1.00 Dicalcium phosphate dehydrate (Brushite) DCPD CaHPO,.2H,0
1.00 Dicalcium phosphate (Monetite) DCP CaHPO,

1.00 Calcium pyrophosphate (@, B,y ) CPP Ca,P,0,

0.70 Heptacalcium phosphate (Tromelite) HCP Ca,(P,0,),
0.67 Tetracalcium dihydrogen phosphate TDHP Ca,H,P O,
0.50 Monocalcium phosphate monohydrate MCPM Ca(H,PO,).2H,0
0.50 Calcium metaphosphate (A, ,B YY) CMP Ca(PO,),

amsdsgnovleasongoth Inieunsogmnsonldna1odd U Wet Method, Dry
Method, Hydrothermal Method, Alkoxide Method 8¢ Flux Method l,wi'i%ﬁﬁam”mﬁqsaﬁe
2 J =] Aa e 1 = a a
Wet  Method  uilumswisuninlfnsensenianadondoounazemadooulu
' Y = s A 1 .
sazanea1eve langneuvesarslseneu laasendet Ininisendn  amorphous  calcium
[ g’/ 4 { o I o 1
phosphate  (ACP) #auy el Idmmeznanvedlansonierhnv  suiludeasir il
A I a A J Aa o 1 A
msazmengnaIuaN pH iunanu mana leasendeih Innninljnieszninaunieves
= (2 A [ d'
uaaeuAUInaeveIaanA g 2-1
10CaCl, + 6Na,HPO, + 2H,0 — > Ca,(PO,),(OH), + 12NaCl + 8HCI  (2-1)
TaslndmsisznouleasonaeiIny (Hydroxyapatite : HAp) veiivuiaoglumig 45 i

Y
125 um taziosaz 70 YOINIHMUAIZTVIABY 1UTI9 75 D9 125 pm

a Y d a
2.2.2 nalnmsiialaasenderh Innuuida lnmidiaw [33, 34, 46]
dorh lnmidlenuy 13 lu@eadion (Simulated body fluid, SBF) #HaNaududuves
[ YA v A 1 A a a A
Tooouarey IndiResnindoalusumeysdnguugi 37°C  dnsanonnmsid 2.2 lu
{ o I 2 v W [l { - Y a
annzndluwansodunarsull TeReulnnuuaszsrnainumvy leasena (OH) Tuiinda
I o I [l X 0 a <3
dudlduneanedn@ulldrenylnmuea  (Ti-on) ez ldmvedInmidiowanldqe

[ g [l v W ~ 2 J 24
ﬂjgﬂqﬁﬂ ﬂ’f)fl]']ﬂuuﬁQlltﬂlﬂ']u@a%gﬁjNﬂqﬂuhlf]@@uellﬂ\ulﬂalmﬂlleﬁﬂﬂuﬂizﬂcﬂ'}ﬂ (Ca™)
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I A X A A @ @
naefunaadeylnnuua 3 loosuvewnadeulunaamon lnnuuaazsauaradiaiusy
@ = a d A A o R~
nilesouvesroavalu@eaiion nadluueadeuomiandunuvedygiu  Fal
[ J A ' ° 4 I I
oasrduvedlesouvownadouas looouveswedva (CaP) é ious ITunatuiuinn
1 o ' X ' 4 X a d =
Yu  oan@Iuved loosuvewaateune losouvosremarziiuiu  inallundnueseih

S 2 A = = 1 ~ 1 YA
I Felianuedos uazlionsnaiuvesloosuvesnadoune losouvesloamalndifo
o A \ s A a g & g . .
nideamolustameuysd A dszana 1.67 wazinadlusuvesollnn (bonelike apatite
layer) Unaguaguurived lnmition Tasnalnmsinauaasasgili 2.7 nazgili 2.8 uaaims

a o a a
naeth Iniuuiiveslnmifion 3 %iia (Amorphous titanium, Anatase titanium 1182 Rutite

titanium)

M13197 2.2 ALY To oo 10 human blood plasma, SBF 1182 m-SBF [46]

Concentration (mM)
Na' K | Mg | ca | ¢ | HCo, | HPO,” | SO,
Blood plasma 142.0 5.0 1.5 2.5 103.0 27.0 1.0 0.5
SBF* 142.0 5.0 1.5 2.5 148.8 4.2 1.0 0.5
m-SBF’ 142.0 5.0 1.5 2.5 103.0 10.0 1.0 0.5

* Buffered at pH 7.40 with tris-hydroxymethylaminomethane and 1M HCI.
® Buffered at pH 7.40 with 2-(4-(2-hydroxyethyl)-1-piperazinyl)ethane sulfonic acid and 1M NaOH.
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W ¢ 5 Na on s08 Mgt Ma o g
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TOHwaﬂs 0e (eleeee e PRI ereeE®
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Nr Na~ e

Formation of amorphous Formation of amorphous
calcium titanate calcium phosphate

Before soaking in SBF Al l—Fcrmation of Apatite
¥ SBF ]

Amorphous
sodium titanate

2 9 .w.[ o P owo s
Il\o.‘;["?\ ’ O/Tk‘ J]i'\

Formation of Ti-OH groups -

Zp‘ta patential / my

AT ’* N/
/f\_,P\,Tk_/ N IP\

Py y ol g i R
A AN Ay AT || A AR AT

Time /h

g1 2.7 uaasna lnmsinaerh Iniuuia lnmidiew [46]

31U 2.8 M SEM wuives Inmitionriaaninuslu SBF 7 31 (A) amorphous, (B) Anatase

1t (C) Rutite [46]

2.3 matndsuilannadiedsailanesa [47,48,49,50]
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2. miﬂaﬂﬂaaﬂmaﬂmaumﬁﬁm (secondary electron emission) mﬂmﬂumm"laaau
o Y a ' adg A 9 A Y g = @
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A15149% 2.3 nasnudais vvestharsndeusiianien [52]

Ne Ar Kr Xe Hg Ne Ar Kr Xe Hg
Be 12 15 15 15 Mo 24 24 28 27 32
Al 13 13 15 18 18 Rh 25 24 25 25
Ti 22 20 17 18 25 Pd 20 20 20 15 20
C 21 23 25 28 25 Ag 12 15 15 17
Cr 22 22 18 20 23 Ta 25 26 30 30 30
Fe 22 20 25 23 25 W 35 33 30 30 30
Co 20 25 22 22 Re 35 35 25 30 35
Ni 23 21 25 20 Pt 27 25 22 22 25
Cu 17 17 16 15 20 Au 20 20 20 18
Ge 223 25 22 18 25 Th 20 24 25 25
Zr 23 22 18 25 30 U 20 23 25 22 27
Nb 27 25 26 32

Boldface values are those for which the energy-transfer factor 4m1m2/(m1+m2)2 is 0.9 or higher

51

SPUTTER RATE (S)

PLATEAU (€ = 10 ~ 100 keV)

S« E (E>100 ev)

S = EZ (E.< 100 V)

THRESHOLD

ION EMERGY (E)

v o 1 @ @ a
2.10 ﬂiW‘Iﬂ’NiJﬁ'iJWu‘ﬁi%ﬁ’JNWﬁ\iﬂu]l@@@ulmzﬂﬁi”lﬂ”liﬁ‘ﬂmﬁﬂiﬂ [52]
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A I &
AT NN 2.4 ﬁﬂ@]mﬁ]ﬁﬂaﬂ [55]

thasndey Ne' Ar

(Target) 100 200 300 600 100 200 300 600
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)

Be 0.012 0.10 0.26 0.56 0.074 0.18 0.29 0.80
Al 0.031 0.24 043 0.83 0.11 0.35 0.65 1.24
Si 0.034 0.13 0.25 0.54 0.07 0.18 0.31 0.53
Ti 0.08 0.22 0.30 0.45 0.081 0.22 0.33 0.58
\% 0.06 0.17 0.36 0.55 0.11 0.31 041 0.70
Cr 0.18 0.49 0.73 1.05 0.30 0.67 0.87 1.30
Fe 0.18 0.38 0.62 0.97 0.20 0.53 0.76 1.26
Co 0.084 041 0.064 0.99 0.15 0.57 0.81 1.36
Ni 0.22 0.46 0.65 1.34 0.28 0.66 0.95 1.52
Cu 0.26 0.84 1.20 2.00 0.48 1.10 1.59 2.30
Ge 0.12 0.32 0.48 0.82 0.22 0.50 0.74 1.22
Zr 0.054 0.17 0.27 042 0.12 0.28 041 0.75
Nb 0.051 0.16 0.23 042 0.068 0.25 0.40 0.65
Mo 0.10 0.24 0.34 0.54 0.13 0.40 0.58 0.93
Ru 0.078 0.26 0.38 0.67 0.14 041 0.68 1.30
Rh 0.081 0.36 0.52 0.77 0.19 0.55 0.86 1.46
Pd 0.14 0.59 0.82 1.32 0.42 1.00 1.41 2.39
Ag 0.27 1.00 1.30 1.98 0.63 1.58 2.20 3.40
Hf 0.057 0.15 0.22 0.39 0.16 0.35 0.48 0.83
Ta 0.056 0.13 0.18 0.30 0.10 0.28 041 0.62
\W 0.038 0.13 0.18 0.32 0.068 0.29 0.40 0.62
Re 0.04 0.15 0.24 042 0.10 0.37 0.56 0.91
Os 0.032 0.16 0.24 041 0.057 0.36 0.56 0.95
Ir 0.069 0.21 0.30 0.46 0.12 043 0.70 1.17
Pt 0.12 0.31 0.44 0.70 0.20 0.63 0.95 1.56
Au 0.20 0.56 0.84 1.18 0.32 1.07 1.65 2.43
U 0.063 0.20 0.30 0.52 0.14 0.35 0.59 0.97
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Gas Normal Abnormal Glow Discharge
Glow 500V 1000 V 2000V
H, 0.9 0.46 0.25 0.2
He 1.3 0.8 0.6 0.5
N, 04 0.17 0.1 0.1
Hg 0.3 0.2 0.12 -
5 0.3 0.1 0.07 0.07
0.25 0.07 - -
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9Y
a a oA aov a
GHLTERER ponuuUtazas 1wy lasweslfiamsidema TuTad gayamenaglauung
a ara 4 a 4 a 1% d' = 0o o [ A
MAINNand anzInemans ¥nIneasysw (§Ua 3.1) Naulseaeudidny 6 aiu Ao
1. 32UIATIGUYRI N
2. MyUYIME
Y A
3. a1 Inanaziihaisaaey
% 1 I~
4. szuuiviaoiu
5. ITUVAIUAY
5.1 szuuelvih

[
5.2 szuvilouuns

341 ssuUATesquUanamA shmihifigueimaeennnarusgyyma Uszneudie
rotary pump U94UTEN Edwards ’glu E2MS8 (2 state) 1482 diffusion pump ¥9IUTHN Balzers ju
Oil Diffusion Pump DIF 063L 19# rotary pump 81113 0g1/81NMABONIINMFUL QY INA 910
ANMUAUUTTOIMAIUDY 107 mbar 1Az diffusion pump @ITOFUIMADONIINNIFUE
FQINMA VINANWAY 10 mbar 34D 10° mbar TudruszvUianNuaU Ysznoualo ®aia
wuuRniife Ju TRO10 el iaaudulugranufuUT MR 107 mbar ¥atauuum
ufiafie 1 IKR050 e 193 udu 39 107107 mbar wazlfmiearunuuaz udawas
TPG300 Failuveeusi Balzers Wanua

9 (2 A

ad 0 < a { a
3.4.2 Myuzguamadmiumasuiauusihnnmanna $aiiy (U7 3.2) dhilaves

99

A o @ v 9 [ Y 9 = 9

MmyuzgyaImeNyesdiviuldaaiina  wazvosllouund AUz gyIMANn
P

udlan dwmsulariannuduns 2 wiia daugeullagszuuguameegaiudielagaoni

1A50Ig VIV Oil Diffusion Pump

A ) [ 4- a
319 3.2 Mmrurgyanmeadiviunaeuildy

Q
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1 [ < a :
343 mInauazdhmsndoy  TaseadndIngdumannar 1Fativendumaouas
I 1A (% @ A o I
WunwnWihuazudutlanga (backing plate) A Inalanvuziunsanszuen dia1lna
a 4 g}z % 4 d a a 1 g}.z
FaA (cathode shield) nsoul3onvunilaiio Wimsatdamesinavsnathasmasuminiu
' A 2 ' F) A 9y 1 & o Y A A
drunvedn Inalimai lvadud-een e lduaedudia Inauazthansmaey feu
a v a 1y o Y A Y ) = Ay o d = H g
tanasanegaunasveauthamsndon @wmiluiman) mellosnumssrduvesimaoidu
' o ] T3 A Y IS
Tuaiuvesdusinansgnasimanitnunanaazseuuenvedn Ina  Nanvaziduluniu
Yy o

4 1 <] 1 ] i Y
oaswamunimanIdliansus luauinas (unbalance) ¥u (UM 3.3) uaasanvuzaiely

GIJENﬂWIVIﬂGU’t’NiﬁJ“ULﬂﬁ@‘U

w

l l weai e

e e 0

e HH"JH F1

iivian  shilamm

a0 g

T Dt

ilimsman a1 lnaran
d' [ A
qﬁl‘]_h/] 3.3 aﬂyiuzmﬂclwumﬂﬂwﬂmmﬁzumﬂaa’u

H ) Yo o ] 9 A = v A
3.4.4 32UVUIYIADIYU Gl%ﬁ']ﬁﬁﬂﬂ?ﬁﬁaﬂlﬂuﬂ”liﬂﬂ LﬂTﬁTiLﬂﬂﬂU “]N‘]Jﬁgﬂ’f]‘ﬂﬂ'lﬂlﬂﬁﬂﬂ
o < v % 4 4 a 1
MANUYUUASDIUIVUIA 6,300 cm3 ADUINT TLYDT Lﬂ%@ﬂﬂ?ﬂﬂﬂ@ﬂ!ﬂﬁu mumillwaﬁﬂu

H (=] Y o w A 1
youhmaduaz Igmainnaseaguivig 125w

345 szvunemadih  zidluuvasselihnszuanswssguuuuan  @wse
Ysuanuandndla 0-700 v nszuaih 0-2 A 1 lumstiemas luihIfundan Tna e 1w

a a J da!
Lﬂﬂﬂ151ﬂaﬂﬁ%15ﬂ"uu

Y [ Y '3 ' o Y A a A
3.4.6 szvvilouuna 1sznoua1e91a7 2 N19VOI nupro JU SS-DSV51 Mvinila-a

[ 1 { o 1 @
fﬂiﬂ@u LLﬂﬁL%}WQﬂ1%u$qﬂlui}J,1ﬂ1ﬁ 118 mass flow controller ﬁﬂ’)ﬂﬂllﬂWiﬂNWUIﬂﬂ WIHA
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X ° Y A o A W A Y )
control wnit MviNEuMIAIURUSTINVVRINaNdesgMsuT gy Tasund

Q

o¥neunazeendnuiidhgszuusgailovnndusariunds 2 malUdt  mass  flow
controller NEWINM¥ UL gayaMAuInua Inadas (Jumsdasenialdniinadaa) i ld
udererineundeudigszuuilinszanseguinadiunivesthmandeveaiiie  du
uﬁ”ﬁa@ﬂﬁsﬂuﬂz”lwm%dmwzqmuaunmﬁu?nmmimm%umu iefiannsahyfis et

P
YA =R

A A o Qy A
DYADUUDIAITIADDUNG ﬂhlﬂEJQGHUQWHV]hl@]ﬂEJ\?ﬂJu

A . . . . k4 Aax a
3.5 MitAadad Titanium Dioxide ﬂ?ﬂ?ﬁﬁﬂﬂ!ﬂﬂiﬁ

[ 4
3.5.1 Taquazginsal
4 a2 g a .
1. 19509A% LNnFUAsoUaTRIN03 (DC Magnetron Sputtering U4
UNINABYIN)
a A .
2. AUAY Stainless Steel
3. LIHY Stainless Steel N5 316L 9102390 3.1

3.5.2 a151A3

4
=2

1. 1 Titanium AUV ANT 99.99% (UTEN 1A1D 3179)

q

2. UAA00NTIAU 99.999% (USHN 7 193 $170)

[} J a o =1 A o
3. UNED1INDU 99.999% (UTEN ‘Vlllf’lli] 109)
gl.l A a Jd
3.5.3 TunoumMIAdaunay

v v

Tudetiazetunetinszuiumsad nanzguanmalumsus guanma lasly

q

& A g ya o & s v A ad Y aa a
'iZ‘]J‘]J‘]jiJQ(ﬂJU uTﬂWﬁLW@i‘ViMﬂ?"liJﬂl!‘V]LWiﬂZﬁiJﬁ"ﬁ’ii‘Uﬂ1§!ﬂﬂ@ﬂﬂﬂﬂﬂ383‘ﬁﬁﬂ@!ﬁ@iﬂ ua
a 2 a o
9311889 UABUVDIMTIAADUTN AN Titanium Dioxide @28 D.C. Magnetron Sputtering Taedl
= [ % g
YT LDYAAIY
3.5.3.1 msadnwanzguamalunisuzgaanma

Q

U A ard 9 ax a o & 9 o o
neumsnasuddulumsuz gy ImanledIsatlamese sutludeainnuaulumsue
quameldedluaniigaya1meansgay high vacuum (10-3-10-7 mbar) tloNagaans
& Al A o A o A '
Pudlouvesilavinadon1d suitlownvinmsiunadug (residual gas) Unoglumsnuy
¥ P} & A v
quanma Taglumsasnaanzgyanmaz lgssvuiugyaima 115znouae rotary
A @ 1 = 4 a o [
pump 118 diffusion pump NABAUM UL FRya IMARIeNotaz INainuaumsa-Taa
= Y ] A o
waaaluzin 3.4 Tagluaeuauaz 1y rotary pump tiveannnuaulumyuz gy Imeana

[ I v o < J J v A v o a
ﬂuu5§El’lﬂ’lﬁl‘]_h!ﬂ’g’luﬂu@'lﬂﬁgu'lm 10-2 mbar %Qﬁ’llﬂiﬂE]’luﬂ’lﬂ'l’]ﬂﬂuﬂhlﬁlﬁ]']ﬂﬂqqgluuuw
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511 o119z 1% diffusion pump eaanMUAY lUMFUZ Y QINAIIN 10-2 mbar THanadey

1U%I9ANUAY 10-5-10-7 mbar AT DDIUAIANIUAUN 1A INHITALLLIWUTI

>— O 6| ==
TPG 300 Pressure Gauge

/_ ()ﬂ Control pump sysytem
- Rotary  Diffusion Cooling

switch  switch switch

© © © [

Water cooling system

H,0
—

‘—
H,0

517 3.4 Teezunsunaasszuuugyanme vesszuvndeudilamnes
1. pirani gauge 4. window 7. plate valve 10. diffusion pump
2. vacuum chamber 5. vent valve 8. pirani gauge 11. rotary pump

3. penning gauge 6. roughing valve 9. backing valve

[

Y Y
dnsuTuneumsainzgyImeat I5eazdennil

<
1. 939%A roughing valve (KWYLAY 6), blacking valve (MN18LaY 9) LA plate valve (MUY

Y
7) Wogluanmilanariua
a a 4 . d‘ 1 9 9 1 [ d' a ]
2. Wlaa N main breaker tiod18 1T I ATTVVA 19 vouRTDIATANDT 9 195
Y] @ o 2 I [ ?xlz a

szuuiannusutazsyuuauaumIhauvesssuutugyanme udu vasnmividla

a -4 4 2 o
TINY rotary ol rotary pump (MN18QY 11) LIUNNIU
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[
3. M stuemaeenan diffusion pump A rotary pump Taeila backing valve
T (4
Lﬁ@ﬁlﬁ}rotary pump e 1MADoN1N diffusion pump (MH8Lav 10) auANuAU U diffusion
4 1 1 1 I o A
pumpl,ﬁﬁ]mu%m pirani gauge (MW8L0YU 8) 1A1108n 31 10-2 mbar (uanuaun diffusion
o Yy ¥y o a o . A g . . o
pumpﬁuﬂ‘imﬂ\ﬂuhlﬂ) WiounutlaaIng diffusion 1o 11 heater Y94 diffusion pump NNNIU
Y

A A Yy ¥ o = 9 = ~
INDLTUNISUIUNITIANUINY G]f\ﬁlgcl"]fna']ﬂﬁgu']m 20 HIN IﬂElfl”lflaglﬂflﬂﬁ']ll'ﬁﬂll,ﬁﬂ\iclu gﬂ

A
N 3.5

o [
mbar,
(] ] [ [+]

TPG 300 Pressure Gauge

Control pump sysytem

Rotary Diffusion Cooling

switch  switch switch

@ @ &) Breaker

Water cooling system

HO
-

-
HO

517 3.5 Taezunsunaasmstuemaoenain diffusion pump 1ae14 rotary pump

' Yy ¥ o o £ ) A
4. Tuszninamsduiniu ihduaundesmsndou I lumsuzgaaima Tae
Y
U A o Y ] I
NOUINFUNUABIATITOUANNAUMY UM BUL FyIMAginsed luanzilu
A 1y 1 v <3 o a A Y Y
quamans o lidmundutlugyaims Mhmsila vent valve tite ldormendgairuy
quaMa awaNuau lumauz gyaMamnuaNANTTMe 3ezamnsaiimailadh
v v H
ATOUMFUZ Y IMAen nasnntuhFuuddesmamaeu T3 lumsuz qoonmea
Harhnsounazlla vent valve I iin
v
5. dmsasanzgymasuau lum sz gyaMARIY rotary pump lasmsiila
backing valve uaaila roughing valve ol rotary pump T101M A NIINNIFUL I
UANNAU UM FUL FYYINANSIUDIN pirani gauge (MA@ 1) VA15Z18 10-2 mbar A9

Haanngn 3.6
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®\‘D:I i 10.2 5

nbar|

O— O—__@| oo

TPG 300 Pressure Gauge

Control pump sysytem

Rotary  Diffusion Cooling

switch  switch switch

© © © [

Water cooling system

H0
-

-«
H.0

v v
517 3.6 Taezunsumsadwannzguanmeasudulumsuz gyorims

Q

3 =

6. WoAuITuIUATY 20 W wEwIMsad ez gy Imalunsuz gy A

9 0 9
s

#18 diffusion pump 1A8¥1M 3@ roughing valve 1a13lA backing valve N HAIINHUTN
mM311la plate valve 1o 14 diffusion pump guoIMABENIINMIUL FyaMANetiAIuAL Ty
mruzgamalioglusgdy high vacuum #3008 11%2910-5 -10-6 mbar A AAIA TN

3.7
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0 0

@\D: —G) | {100
—( : ) b L U,
"ﬂ_ O“_]:I «— TPG 300 Pressure Gauge
[

(.,]3

O"' Control pump sysytem

Rotary  Diffusion Cooling

switch  switch switch

/_
® ® ¢ T &
=

@_.

G

‘Water cooling system

HO
Iy

-~
HO

517 3.7 laozunsumsadaan1ag high vacuum lumruggannmea
A a 4 . . . A o % v <3 .
7. 1Aa3INT cooling diffusion 1101111119105 VUN ABLEIU (water cooling system) 1/
v Y v
52118A NN PUAYI NUFIVEY diffusion pump INHUTBIUNTENIANNAUTUMBUE
A =2 o PR ' o o 1
qaMalaszua 1.0 x 10-5 mbar Famuua 1 uA1A AU A (base pressure) N

FUNTZUIUMIIAADVN AUV Titanium Dioxide

9
3.5.3.2. TupoUMIIAABUWAVL Titanium Dioxide
MIIAABUNFUUI4 Titanium Dioxide 1uﬂ1%u%q’igig1mﬂ¢%ﬂm%@ﬁ D.C. Unbalance Magnetron

9 H H 9
Sputtering ¥99911301 Auaasluzld 3.1 Inanmsndrdgmeazlldacil Aedeluih

o q

S
%

s S
ﬂi%!tﬁ@5\1!,5191}1ﬂUiSUULﬂﬁ@UTﬂﬂ@]ﬂﬂl?ﬁﬂﬂﬂﬂ%"laﬂﬂslj"lﬂﬂﬂnﬂ"liﬂﬂ Lm%@]i’)ﬂnﬂﬂﬂﬂl%ﬁ\h‘ﬂﬁﬂ

E S
(Y

¥30M089A U (ground) 191AUNBUL gy MA Fui Titanium (Target) 12 QNAARIALUIIA
Y 1 [ = % < A 9 Y A A dﬂg a
Tna Tagmuuuvesn Inaszaenszuy Tvadewminguite I95zinennudouiinaduusna
14 4 A a a 9 Y J ay
aInannmsaiamesves loosusrsnounuinarmvinvesih dauFuaIu (Substrate) 92
] v Aa g’/ ] A A d'dg! Y v o 4 9
PMINDULANT T UNAAA I UL U ENINT AT UNTUAN |4 AdFaIAes (shutter) 92 149
9 o ) ' 2 v 9 A A g o A a £ J
dmsunuszrIFunuAihasmasy tetleanumsmde I suAIL IuTEHI
o Y . 2 @ oA
NIzUIUMIMANNEED1A1 11T (PreSputtering) HONINUYUNTAIAIVAN (Control unit) N

IFOUADNUAIAILANDATING IMAIFINIA (mass flow controller, MFC) N 151iafiunsiau

y o [+ 4 a A '
UDN MFC Lﬁﬁ]ﬂ’)ﬂﬂﬂﬁ]@ﬁ'lﬂ'lﬁllﬂa"llENLLﬂﬁ@Wiﬂ’E]uLLa%’E]’E]ﬂ“KH]HTILGISJ}'IQ'ﬂ'IGHuz’c:fﬂ!J,iy'Iﬂ'Iﬁ Tﬂﬂ
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1 v [+ = 1 I 4 a ' =
ﬂ1@9’]i1ﬂ1il‘lﬂaﬂjﬁlillﬂﬁ'i}$ﬂ1’i‘L!’JEJL‘IJ‘H3J1G]i§1u@,ﬂﬂ1ﬁﬂl,c]5uﬂmﬁiﬂ 9UIN(Standard cubic

centimeter per minute at STP, sccm ) TaglapzlnsuszyUIAAOUULY D.C reactive Magnetron

. Y o ~ Aq Yo o = a d . . . .
Sputtering ﬁ’lll'liﬂllﬁﬂ\illﬂﬂ\iﬁﬂ‘ﬂ 3.8 L!,azﬁﬂ13$ﬂ1%ﬁ1ﬁiﬂlﬁiﬂuﬂauuw Titanium Dioxide

G

nandluaisan 3.1

Cathode

Target

Shutter

To vacuum pump l, = Substrate

gﬂﬁ 3.8 laezinsusLuUIAG UL DC reactive Magnetron Sputtering

4‘ Aq Yo o A a d . . . .
MI19N 3.1 ﬁﬂ13$ﬂ1ﬂfﬁ1ﬂiﬂ!ﬂﬁ@ﬂ7‘lauﬂ1ﬂ Titanium Dioxide

gas1mslna (scem)  [pmAusI  paildiadey  pszua  frevszuiadaediedy
Ar:02 (mbar) (min) (mA) Fhansndowu (cm)

12 5.0E-3 90 500 6.5

1:3 5.0E-3 90 500 6.5

1:4 5.0E-3 90 500 6.5

0.5:4 5.0E-3 90 500 6.5

9
% [

a = d’l
Tuaeulumsnasuduu14 Titanium Dioxide U180 Boad a1l
0 £ Ay A A ' . o 9 Y
1. MU UNADINIIATDY A LAY Stainless Steel (NTA 316L 1INHIVD 3.1 W11 13
[] [ ay = ] Y A = d' ay
VULAUTBISVFUU (holder) Taeliszezrinanindhensindounan1e¥uaIu (target to
I a % 4 4 @ [ o a
substrate) 111 6.5 cm MaF¥amos 113 Titanium 1ieileanumsmasunoumuandltarh

myuzguamaliain
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Y
2. afwanzgyamalumauzgyomamnutruaeulunive 3.3.3.1 auanuay
=l v I 1 [
Tumruzguamaliaidszana 1.0 x 10-5 mbar F99z 15 uA1AuAUFIU (Base pressure,
1 ~ o A =4 v =R 1 9 A o Y
Bp) Y9452 UUADUNLIIMIAaeUTaN JuinAInudY Bp 1iala
o [ Y [4)] 4 %) a ~ 1 1
3. MAUAAIBATINS InaunaersneunazuidosnFunlaosingmyus qyana
A qu A Y v ' .
el lunszurumsndon Tasiloua1miuniiienIufy (control unit)
o 1 %) I'4 Y 1 1 d‘ o 9
4. smsiassundes newdgmruz gy me awanmmua 13
a 2 1 < Y = A Y (N [l A A 9 [
5. Alanaeduln Madsuiesz118ANNT D ULATIUAIIY VOUATBUATBL IALA
4
mInagharsindevuazmanial (plate value)
19 1 v a A 4 3
6. Youdnd lWihavuluna Ina aunsenunanszurums Inaiaasavulu
o 7 o o ~ & ! o £ A )
UITMAVDULNTDIINOU TAsFAIne56InlanUIZ1219A1 INANUFLAY e A1
v Y 9 v
anilsniimentiiihmgaeen 11 Taelilimsmdeunaduuusuaiu (preSputtering) 1%

U 2 o a o . . . . o 1w
naszanu 5 LﬂﬁIﬂﬂﬂ’ﬂuull“l/nﬂWilﬂﬁ@‘U‘V‘lﬁiJ Titanium Dioxide %$ﬁ@ﬂﬂuﬁﬂﬂ1ﬁﬂfﬂw1’/j\h

9
% 1

' Ja 4 Ja s a @
(Vpre) uazanszua 1Wih (Ipre) nTadimesuazieuilimes Naadegnussuunioy

AN

A ay d ) 1 Y a
7. 3UNTEVIUMIIAAOUTIEN Titanium Dioxide Tagvhimsaveaundoondnumg
VA o 9 [ 1 (4] a Y a ~
mMyuzgyamaauainmuua 13 vasnnlaesundesngnudigszuudizana 30 3ui
o a) &% d’d‘a Y Y . . d' A A a 49’
mmsalaramosnilariii Titanium 000 (NOISUATZUIUMSIAAOUNANAIUUF LU
Y
wfounaiunnadng IMihaaziadoy (v) anszualihvazmdon (1) uazanusuuae
A ) 9/4'
avy Pcoatiﬂ‘c’lm‘}’iuﬂll’m 5.0x10-3 mbar
o A a d d' o
8. MIMmsmasuay aunal (t) nMriua
o s £ A A d A o a o P o P
9. isanntasaaunszuIumandouan aunasael dasawmos taudasisnou
Y
uazoondnu tazidlaemein T lunsuz goaimsaiuaay vasnntiusedszinm s wii
Y =R A A o & Yy <
ududlansuzgyameeon ieihFuueenInmyuz gy Ima uaunu 1 lumyuy

& :
AANINYU (Desiccator)

v a Aald . . . .
3.6 M315u1/33@2% @319 Titanium Dioxide
[ a Ao d . . . . 9 as 9
3.6.1 miﬂi‘]J‘]JEQN’J‘V‘ImJ“UN Titanium Dioxide A83TN1NAINUTDU (Thermal
Treatment)
o a o d . . . . 9y as Y A
M31/31179HINAWV19 Titanium Dioxide AIITN1ANYTOU (Thermal Treatment) (WO
a a2 I ~ 4 ~
Aoams 1 rvetlaulinsdaiEoad il unan Titanium Dioxide NTvlerg Ind (Rutile Phase) #
=
LGOIk

@ 4
3.6.1.1 Tag@insal
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1. e Wi 8o CARBOLITE §u CTF 12/65/550

3.6.1.2 7591 Thermal Treatment

~ A

o . 2 d - - . .
1. U1 Stainless Steel (N3A 3161 wgmmauﬁ’mﬂaww Titanium Dioxide 211
Ware 3.3 T

~ a I < Y]
anwuioulumumn lihngumgil 600 °C flunar 1 521w Tasnruguoas
T¥anudou 5 °Cmin-1
gy A A v P 22 A qug

2. ﬂ?ﬂﬂﬂﬂ@mi@ﬂﬁlﬂﬂ’ﬂﬂ‘iﬂu uaz‘ﬂwuqm"lﬁklumummaimauiu
1Y5581MAA UMDY Gﬂ"m (Furnace cooled)

A4 2 < Y o a v 9 g ) e
3 UDFUITHBIULDD HIUIRAANNA Y ultra-clean water 3 ATI LAII WY UITUAY

k4
VUNISATHNIO mﬂum%m@ﬂmm%u (Desiccator)

1Y a ad A, 1
3.6.2 M3USU 39 WAUL19 Titanium Dioxide #2835 M1uAdl Instuain (Alkali
Treatment)
1Y a o d A, 1
mM3U5u1l59AWaND19 Titanium Dioxide A2e75n 1Al Tag 1 uaun (Alkali

s A A I .. .. S
Treatment) J3a1szassiiioi 1iA1v09WauLU19 Titanium Dioxide sz piluau

1Y 4
3.6.2.1 Jaquazginsal
1. myuzuitrhlavuia 50 ml

) a D v . .y . J
2. QU nNuuY191MAT oY (Hot Air Oven) 840 Oven Dinder 34 FD53/E2

3.6.2.2 @150 %
1. 10M NaOH U84U5HN APS

2. Ultra-clean water

3.6.2.3. 7591 Alkali Treatment

° X P~ A Yy . . . .
1. U7 Stainless Steel INTA 3161 wgﬂmaaumwlammq Titanium Dioxide 910
Y YA A o ¥ a
Wodo 3.3 11 lumanzudlichtlaving so ml vasanmiu@ueansaz e
NaOH Nfianududu 10M1f511a3 10 ml aely udatlash
2.l Idanwdeuludeumsnlivuuldermeadou (Hot Air Oven) 0

a < o

gangll 60 °C 1lunm 24 52T

o w1 ) Y = o ) v Ay o
3. hdedseaniingeu udrvailine 3 ludganiu iedleanisleszme

'
A Ao

= a Y KR A 2‘, I .
"lJ’ENﬁTiLﬂiJ"UiI!%!‘]JﬂPh !Lﬁ’)i]\‘uﬂﬂl?hﬁl’t]ﬂ mwuiwmuwm%m Stainless

54



a £ Yy v g A vy 3 g
Steel ﬂ“]J“])"LNTL!hl’J!m'JaNﬁ15LﬂlJE]'E]ﬂﬂ’JEJLH ultra-pure water 3 339191119

Y 2 o ] - .
UATINFUAIDYINONUVUNISATHNT O maium%us@@mm%u (Desiccator)

3.7 M3A38NaISazae Simulated Body Fluid (SBF)

4
Tuanuideiiaziraesmananszgn (luitiaznaneds Hydroxyapatite, HAp) UUHIv09
a d
aw
Titanium Dioxide MATOUBYUUAIVO Stainless Steel 150 316L ioh lluglumsazane
Simulated Body Fluid (SBF) Nfanutuvuveslossulndifesninaiain (plasma) luiden
4
YDINY W
o 4
3.7.1 Taquazgingal

@
1. NS YU 2000 ml

S o 9

2. 1aNIMae InalenNau (Ethylene bottle) Y110 2000 ml

3. a7aiiidae Twda'lad 1 (Polystyrene bottle) Y119 30 ml

4.929391/31105 Y119 2000 ml

5. 81911201 (Water bath)

6. pH meter

7. Magnetic stirrer

8. NI

9. NITATHNTB

10. é}mwéﬂ (Incubator) ?iﬁlf] Sanyo Gallenkamp q'u SG97/07/110
3.7.2. 3l

1. Sodium chloride (NaCl) VBIUTHN Merck

2. Sodium Hydrogen Carbonate (NaHCO3) VOIUTEN Ajax Finechem

3. Potassium chloride (KCl) VOIUTHN Ajax Finechem

4. di-Potassium hydrogen phosphate trihydrate (K2HPO4.3H20) YIUTEN

CARLO ERBA

5. Magnesium chloride (MgCl2.6H20) U89U5HN Ajax Finechem

6. 1N hydrochloric acid (IN-HCI) YD9UTHN J.T. Baker

7. Calcium Chloride (CaCl2) VOIUTHN APS

8. Sodium Sulphate (Na2S04) ¥94LTHN Ajax Finechem

9. Tris-Hydroxymethylmethylamine (NH2C(CH20H)3) ¥99U5HN APS

Y4 ,
10. Ultra-pure water (11 D.I. finan 16 1111))
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11. 7% Hydrochloric acid (7%HCI) YDIUTHN J.T. Baker
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Thin films of bath (1 10) and (10 1) rutile titanium diocide (Ti0y ) were synthesized using a dual cathode
DC unbalanced magnetron sputtering at low temperature with various substrate bias voltages (V) rang-
ing between 0 and —150 V. The TiD: film prepared with¥w = 0 underwent heat treatment after deposition.

Arcepted 7 june 2003 It was observed that the (1 10) rutile phase was depasited on the film with V., below —50V. Furthermore,
- the film showed high crystallinity after the heat treatment. However, when using Vi above —50V, the
Keywords: phase of film shifted to (10 1) due to the formation of high-energy particles on the surface. For in vitro
?pg:l; testing, the samples were immersed in simulated body fluid (SBF) for 7 days. The heat-treaved (110)
1'Ftar|jur:gdiam rutile shows a poor distribution of hydroxyapatite (HA) formation, generally causing the stress effect. The
Depasition film was prepared with V= 50V and observed to form higher crystallinity of HAL
Rutile D 2009 Elsevier B.V. All rights reserved.
1. Introduction and cause some residual stress inside [13]. Therefore, it is neces-

Thin films of titanium dioxide (TiCy ) or titania are widely used in
optical-interference coatings [1], protective layers [2], coatings for
catalyst applications 3], and biocompatibility of bone implants [4].
Titanium dioxide exists in both crystalline and amorphous forms,
mainly existing in three crystalline polymorphs, namely: anatase,
rutile and brookite, Anatase and rutile have tetragonal structures,
whereas brookite is orthorhombic in nature, Both the anatase and
the rutile phases exhibit excellent biocompatibility properties on
their surfaces through in vive and in vitro studies |5]. Moreover,
the rutile phase is the most stable thermodynamically and has
higher corrosion resistance than anatase [6]. Therefore, the rutile
phase is suitable for implant materials. There are many methods
for the preparation of Tidy films, such as chemical vapor deposi-
tion [7], ion beam-assisted deposition [B), reactive evaporation [9],
spray pyrolysis, sol-gel processes [10], and sputtering [11]. In par-
ticular, 3 magnetron sputtering technique seems to be the most
favorable method. Nevertheless, most of the Ti0z films prepared by
the above-mentioned methods are either amorphous or anatase so
that the films have to be heated to high temperatures, about 600=C
and above, to obtain rutile crystalline nature [12]. Generally, high
temperatures change the mechanical properties of the rutile phase

* Corresponding suthor. Tel: +66 2 872 5253 fax: +66 2 428 1534,
E-mupll aodress: Kasemanankul p@gmail.com {P. Kasemanankul).
1 Tel.: 466 38 745 S0030B4.

0254-05E4]§ - see front matter & 2009 Elsevier BV, All rights reserved.
ooi: 10.1016jj. matchemphys 2009 06 002
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sary to investigate an alternative method that is able to successfully
synthesize thin rutile Ti0y crystalline films at low temperatures
without further heat treatment.

In this work, we propose a dual cathode DC unbalanced mag-
netron sputtering operated with substrate bias voltages (Vi)
ranging from 0 to —150V at low temperature, To compare the heat
treatment effect, the rutile Ti0; film coated without V, underwent
further heat treatment. All samples were tested for the formation of
a bone-like apatite layer on the surfaces by immersing the samples
in SBF [14). The hydroxyapatite formations on heated and unheated
films were compared. The rutile Ti0; films and the bioactive layer
were analyzed using a scanning electron microscope { SEM ) associ-
ated with energy dispersive X-ray spectroscopy ( EDX), atomic force
microscopy (AFM) and thin film X-ray diffraction ( TF-XRD).

2. Experimental
21, Somple preparation

Weil-deaned 316L stainkess steel substrates, 10mMm = MM = 1 MM in size
(providged by Thainox Companmy, Thailand) were used. The dual cathode DC unbal-
anced MAgnetTan SpUtering apparats is a laboratory-constructed one. The dual
cathodes are a working cathode and an enhancing plasma cathode as shown in Fig. 1.
The target is metalkic titanium disc (39.57°% purity, Kurt . Lesker) with 54 mm diam-
eter. ATgan gas {Ar, 99 S90% parity; TIG, Thatland jand oxygen gas (O, 39.999%; TIG,
Thailand) were used for SPUEring and reactive gases respectively. The fow rates
were separately controlled by mass fow contrallers (MKS type 247 [ with constant
Taw rates of 1.0 and 4.0 scom. Before sputtering. the chamber was evacuated to 2
base pressure lower than 0.001 Pa {1.0 = 10-* mbar) and pre-sputtered for 5 min to
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Fig. 1. Dual cthode dc unbalanced magnetran sputtering diagram.

clear out impure gases from the chamber and remave other foreign elements an
thiE tEanim disC SUrTace respectively. DUFing spUMtering, the sputter pressure and
power were controdled at 0.5 Pag 5.0 = 10-* mibar) and 250'W. The substrate bias voit-
ages (V3] WeTe variad at 0, —50, - 100, and — 150V respectively. The coating tme
was 120 min and the distance from the target to the substrate (dy, ) was 80 mm. The
Alms without Vg underwent farther heat treatment by heating the nims b 600C
ara rate of S*Cmin-" in an electrical furnzce for 10 and fUrnace cooled.

22 Inwiiro testing

The samples WeTe immers2d in 30 mL of anacelular SBF | 14] with ion concentra-
tions nearly equal to those in human blood plasma {Ma® 1420, K* 5.0, Mg* 15, Ca®
25,1 1478, HOO.~ 42, HPO,?~ L0, 504%- 0.5mM]). The SBF was prepared by dis-
solving reagent-grade chemicals of Cacl, (APS), K, HPO,-3H, 0 Carloerba), K {Ajax
Finehem), Nacl (Mierck], MECl-6Hz0 (Ajax Finedem), NaHCD, (Ajax Finechem)
and Wiz 30, (Ajax FNEChEm) in witra-pure water, and buffering with 3 pH of 7.40

R1m

Intensity (CRS)

20 5 0 35 40
?-Theta

Fig. 2. NRD patterns of rutile TiO; NIms coated on 316 1-55 subjected to () unheated
treatment and () Neated treatment.
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using tris{hydroxymetiyt}-aminomethane (APS) and 1M WO (LT Baker) at 37+C.
Each sample was soaked at 37 -C for 7 62ys. After the given immeTsion peTiod, the
samples were removed from the SEF, gently washed with the ultra-pure water, and
dried at room I:El'ITPeTEfL'II'E.

23, (haracterizziton

The surtaces of the AIms before and aMeT immersion in SEF wene analyzed using
a X-ray diffractometer with 2 thin-Alm mede (TE-XRD, RINT-2 100, Rigaku) adjusted
with Cukmn radiation, 40 kV, 20mA at a step rate of 26=2 min~—"' and a 1* glandng
angie 3gaiNst e iNcident beam. Also, e surface Morphologies 2nd Compasition
were studied Oy SCaNNing electron MIiCTOSCOPY associated with Energy dispersive
X-ray spectroscopy (SEM and EDN; LEO, 1450VP). AbDmic FOrce microscopy [AFM,
Veeco, Nano Scape IV) with a silicon prabe was wsed for the chservation of grain
iz, SUrTACe FOUgNNess, and MIm thicknesses with 3 scan size of 0.5 pm?.

Intensity (CPS)

20 25 an E 40
2-Theta

Fig. 3. XRD pattems of hydroxyapatite formed on (a) cnheated-rutile and (b)
heated-rutile Aim.
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3. Results and discussion
3.1, Deposition of rutile TiO; and further heat treqgtment

Generally, TiDs films deposited without substrate heating by DC
sputtering are anatase [ 12). Shibata et al. [ 15] studied the influence
of a heating probe and bias voltage in reactive magnetron. They
reported that the anatase phase grows from the reaction between
neutral Ti and neutral 0y or Ox -, and the rutile is a result of the reac-
tion between decelerated Ti™ or activated Ti and O~ In this work,
the electrons generated during the sputtering of working cathode
could be trapped in an unbalanced magnetic field (UMF), which
results in plasma being directed onto the substrate surface and rel-
atively low-voltage ion bombardment of the growing film surface
due to self-bias potential [ 16]. With the enhancing plasma cathode,
the plasma radius or Larmor radius was decreased [17]. The elec-
trons in the plasma could bombarded Ti atom into Ti* or activated
Ti. Therefore, the rutile film in Fig. 2a was observed. In addition,
the TiDy film with heat treatment in Fig. 2b shows 3 narrower
peak with higher intensity, implying a higher crystallinity, com-
pared with the unheated treatment samples (Fig. 2a). This can be
ascribed to sufficient energy that helps to promote atomic diffusion
and rearrangement [13] in the case of films that have undergone
heat treatment.

3.2, HAformation on unheated and heated treated ruttle TIOz
films

Affter the samples were soaked in SBF at 37 =C for 7 days, the XRD
patterns, shown in Fig. 3, showed the formation of hydroxyapatite
[HA} peaks as well as the rutile Ti0; peaks for both unheated and
heat treated samples. The rutile Tiz peak intensity was smaller
than it was before soaking. This might be due to the formation of
Ti0z hydrogel layer in SBE, which proposed in [18].

The SEM micrographs of HA formed under heated and unheated
samples are shown in Fig. 4. A denser and more continuous HA
film was observed on the unheated treated film (Fig. 4a). In con-
trast, a discontinuous film with poor distribution was observed
on the heated treated film due to the heat treatment induc-
ing a residual siress and causing difficulty in HA formation
(Fig. 4b).

1.3, Deposition af rutile T0; films with vartous Vg

We may conclude that HA cannot be formed homogencously on
Ti0 film deposited with sputtering and further heat treatment. So,
we applied substrate bias voltages (Vg ) during the sputtering in the
nextstudy. Fig. 5 shows XRD patterns of Ti(k;, films deposited at con-
ditions of Vg, of 0, —50, 100, and — 150V, It demonstrates that the
rutile phase of Ti0z films corresponding to the (1 10) plane can be
observed for Vy, below —50V, Furthermore, the rutile (1 10) plane
changed to a (101) plane with the increase of V., above 50V,
However, the rutile Ti0; film deposited with higherV g, shows lower
XRD intensity, which implies a lower crystallinity, compared to the
others. This results are in good agreement with that of Song et al.
[19]. They reported that the crystal structure and crystallinity of
the sputter-deposited films are affected by the kinetic energy of
particles, such as sputtered atoms or other high-energy particles,
bombarding the growing film surface. The kinetic energy of sput-
tered Ti atoms could enhance the surface migration of Ti atoms
on the film surface, whereas the bombardment of the high-energy
particles should damage and degrade the film's crystallinity. In
addition, the (101) rutile Ti0; phase is formed when the accel-
eration of Ti* is larger, which affects the surface mobility of Ti* on
the substrate [15].
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Fig. 4. SEM micrographs of hydroxyapatite formed on (3) unheated-rutile and (b)
heated-rutile fim.

The AFM analysis as shown in Fig. 6 also supported the above
results. The surface morphologies of films with an observation area
of 0.5 pm? demaonstrates that a film density increases and grain size
decreases with increasing of V.; due to the surface migration from
high-energy sputtered-atom bombarded. However, the root mean
square (rms) roughness of the surface and film thickness decreases
with increasing of V,;, as shown in Fig. 7. These results correlate
well with the XRD patterns where the decreasing of V.5 shows the
strongest peak of rutile Ti0s.

Intensity (CPS)

20 an 40 50 G0
F-Theta

Fig. 5. SEM micrographs of hydroxyapatite formed on (3) unheated-rutile and (b)
heated-rutile fim.
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Fig. 6. AFM images of rutile Ti0, films coated on 316 L-55 with various V.
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Fig. 7. Root mean sguare {rms) roughness and thidkness of ruiile Tid; flms coated

DN 316 L-55 with varous Vi Fig. 8. XRD patterns of hydroxyapatite formed on various Vs rotile Tio; Alms.
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Fig. 9. SEM micrographs of hydronyapatite formed an various ¥, natile Tio, fims: {a) 0V, (b) - 50V, (c) - 100V, and {d) - 150V,

34, HA formation on rutile Tid; films synthesized with various
Vap

After the samples were soaked in SBF at a constant temperature
of 37 *C for 7 days, the XRD patterns emerged, as Fig. & shows that
the peaks of the HA formation on rutile Ti0z films, The HA formation
on rutile films coated with Vi, of -50V shows anintense represent-
ing higher crystallinity of HA than others. Recently, Ramamoaorthy
et al. [20] applied a First-principle DFT to calculate the surface
energy of rutile and they reported that the (110} rutile Ti0; had a
lIower surface energy and a more stable surface than (101) rutile
TiD;. However, the (101) rutile Ti0; shows a close superposition
of hydrogen-bonding groups in the (000 1) HA crystals [5]. As was
shown in Fig. 5, the rutile phase of Ti0; films corresponding to the
{110) plane can be observed for V,, below —50V and the rutile
{110) plane changing to a (101} plane with the increase of Vi,
above —50V. Therefore we may conclude that Ve, of —50V is a suit-
able condition of rutile Ti(l, preparation for HA formation. At ¥y, of
—50V, the balanced properties of a lower surface energy of (110)
rutile Ti(h and the close superposition of hydrogen bonding with
{0001)HA of {101) rutile TiOz can be obtained.

The SEM micrographs of the rutile Ti0: films after being soaked
in SBF for 7 days at 37°C are shown in Fig. 9. Globules of HA
with sizes of several micrometers are evident. Each globule is
actually an aggregate of numerous tiny flakes uniting together.
Furthermore, a quantitative ED¥ analysis of the HA deposited on
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various rutile films were compared based on a Ca/P ratio of about
167

4. Conclusion

The thin rutile TiO; films have been deposited by dual cath-
ode DC unbalanced magnetron sputtering with the enhancement of
UME. The increase of substrate bias voltage (V. ) has caused surface
maobility of Ti* on the subsirate so that the rutile Tid; of {1 1 0) plane
was shifted to (10 1) rutile Ti0s. However, further heat treatment
of the sample had no effect on the (1 10) rutile TiDs plane shift,
but increased the crystallinity of (110} rutile, From in viiro test-
ing. the HA was observed on all samples. Mevertheless, the growth
of HA was not homogeneously formed on the rutile Tids film that
had undergone further heat treatment. A denser and higher crys-
tallinity of HA was observed only on a sample synthesized with
V. of —50V. We consider that this may be due to the balanced
properties of low surface energy of (11 0} rutile and close superpo-
sition of hydrogen-bonding groups in(000 1) HA crystalson (101)
Tutile,
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