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1. B �

ê²Òòº �~& 2000�j *¦V ÒÏ�N U" ��:

¿" ?� ÖÒ~ ��³öB z® �Ï>º 
Ö �?� Ò

òª" ÿ�ö, *Òöê ê²RF, w�/, ¾�Â2 �" ?

� î�Ú VË 5 ßWj &ê Òò� BB>Ú^ J� ®º

Î�Òò�Vê ~
.

ê²Òò~ "B wÏª¢ 7 ~¾º ��Òò��, ÖÒ "

*öB ô� " > ®º ê²Òò¢ �Ï� ��Òò�º r

îÊ ¢9, À�&, �*jf ?f Ê�F Ï®öB¦V Oê

�, �9Þ �¶, 2.�� 6~ N�(:Ê� 2.��~ ö>

j 2� îVö ~� 2.��¢ ¢bÊº ¦³®), ��V Æ

B(.¢ 
Ú, Ö" {�F~ �¦ª" " ÆB~ *�¦ö Ò

Ï>º ê²-ê² ��Òò), ";�Ëö ÒÏ>º Î� ��

b �� ®
.

ê²Òò¢ �Ï� ��Òò~ ;zÒ� ô� ÒÏ>º ê

²RFº � Vê' ßW� Ö>~� Z²& 
Ö &âò æ

.ræ ÒÏ>Ú J~ 
� .³Òò
j &Ú~�B 66 �

ÒÏ'�j 9&&� ®
. ß®, ê²RF ;z ��Òòº

¢¦~ �Ú~ò(biomedical) 6º �ç��(tissue engineer-

ing)öBê ��~j, ®* �Ö¦* �ö �Ï>� ®
. �

©f ê²& �Ú�ç" �zW� Ö>� ßWj &æ� ®V

r^��, �"öº .~ bÒ' Wî" FÒ� ê² 6º ê

² ��Òò¢ �Ï~� ��&. �Ê� ²Ò� wÏ~� ®


. &��, ã�" ?� ~7 ææ&� ÒÏ>º �� �>�

Òò~ ãÖ, .Vöº .³Òò 6º {»²Ö O�b� &

ê¢ ¸� :�J ^¢�Òò �j ÒÏ~&b¾, .³~ ¦

� ^Bf ^¢�Òò& &æº £� ÚÏÏW ^B� �~�,

�"öº ê²RF¢ �;�Î ��Òò& BB>î
. 6�

Vê' ;ê& .f jÝ� ê²Òò �f ��~jöê wÏ

>� ®
[1].

�¦�¦V~ ¶ç�¾ Ú¦�¦V~ î÷~ ö�ö ~�

Ò²~ Þ� ²�®Ë~ ¶çj «² >�, �*'� �">

F O�öBº ¢� ¶çB �Ú�çj .B~� ¾^æ �Ú

VËòj ��~� � ÒÏV*j �Ë~º ©� ¢>'� O

»�
. ~æò 20̂ V 7> �ê, '« ~òVV~ B�ö V

¢, *&' �">F~ §�'� Ï�º ©ÚªÖ �ÚVËj

²��Êº ©ræ {&>îb�, �f �þ B�B ©� �

�>F� rJ^ ®
. �VBº ��B ê ÖÒ~ �Úf â

î¾ ¾ �z¢ ��º&~º �Ú'�W� 6� º�>Úæ

Vê �
.

�Ú'�Wf �² v &æ� ¾2 > ®º�, � ~¾º .

�" 7/� ãÖ 7º~² º�>º .�'�W��, ¾^æ

~¾º �ç" 7~² F r º�>º ©b� "æ�ç~

¶çì� ��j Ò:º �ÚËK¢ æò �ç'�W�
. ß

® �*~ Þö ÒÏ>º �Ú~òÏ Òòº �� ê �ç"

*öB �ç"~ ß�>w� B�~æ öj¢ ~� 6� Ö>

� 7OW(6º 6OW)" ?f ��'� ßWê ®Ú¢ �


[2].

��B Òò& �Úö '�~� ¦·Ï� ìº& ~º ^B

�Ö O»~ ~¾�, ê²Òò ÒÏö &� &ËWö &~�

&�� 6N� 
æ� ®î
. ��¾ ê²Òò& �Ú ��

ö ÒÏ>V *�Bº, 
�jÒ�¢ Ôf {K~öB �W�

Ò > ®º O»~ BB" 
�jÒ�f ?f ê²[(diamond-

like carbon, DLC)j &ê Òò& BB>Ú^¢ò ®
. Ö�

��ö ®ÚB ��� O»~ �êº W�j ~&�, �©~

BB� �~� �*~ Þö �Ò� > ®º ¸f �Ú'�W

j æò ê²¢ �Ï� î�Ú �ÚÒò& ¾æÒb�, �b

� z× �WzF ©�
[3]. 

��� ��Òò~ ��º, �Ú�� ÚöB~ �ÿj º'

~� ªC~º O»ö &� &�~ Ã&ö V¢, ¶�'b�

�Ú'�W ê²Òò¢ âî¾ Î"'b� º�>Úæº �

Vê' bWö Ï��Ê¶ö _f B�� > ®¶öf ç7

&N� ®
� ~Æ
. .¢ 
Ú, ~""ö ~� .�ç Úö

B~ ¶
ö &� Ò�" ��"* �çÚöB~ ß�>wj

¢bÊº ©j Oæ~V *�B, =Þ" .�ç Ò�¢ Næ

~º [ Ò�ö Ö>� Vê' 5 7OßW" ?f ��Òò

~ VF� º�B
[4].

æ.ræ ¢>'b� �Úö ÒÏ>º �ÚÒò�B AISI

316 Êr�.Ê .³ *ö ê²¢ '[ 6º z+� ©� ~

òêö 'Ï>� ®
. ��� ê²z+ö &� .³ö~ ±

f 7OKf AES(Auger electron spectroscopy) ªCö ~�B

��>Ú^ ®
[2]. � ��ö ~~�, >Â Å~ �� vþ[

j �W~º ©f jÖ; ê²��, � ê²jªf .³Ú �

�B carbidef~ ¸f �zKj :ûb� ç&'b� vâÚ

.³[ö ;~² &OB
.

��öBº �Úö ÒÏ>Ú z~ �� Vî *ö �Ú '

�� ê²¢ z+~º O»ö &~� VF~�, ê²¢ Û�

B ÖÒ �Úö ��� �Ú '�� ��Òò& Úá² 'Ï

>ºæ¢ rj��¶ �
. 6� ê²RF ;z �ª¶ Væ
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��Òò 5 ê²Væ ��Òò� ÒÏö &~�B �V~�

¶ �
.

2. � �

.³�¾ �ª¶ Òò *ö DLC¢ z+~� ÒÏ~² >

º� � O»f 
r" ?
. 

���� 3' 1$7% NFUIPE

RF PCVD(radio frequency plasma chemical vapor deposi-

tion)O»f Vîj plasma~ O»ö ~~�, �ê~ �^� Ö

;W 
�jÒ�¢ z+~º ©�
. ß®, ê²� z+B .

³b� ��Úê AMHV(artificial mechanical heart valve)º

.³~ Ö>� Vê'� ßW" ê²� z+B ê²~ Ö>�

�Ú'�Wj &æ� ®b�, X-radiographyö ~�B in vivo

�>¢ Û~� £² G;� > ®ÚB, �"~Ò
� F^~

� ®
. 

1980jöº DLC(diamond-like carbon) titanic �." stain-

less ;Æ� ò
Úê 6 ��bö z+B DLC¢ PCVD~ O

*ö ~�B B�>îb�, � Ö", B�B ��Òò~ bî

~ îÎ&�, ¦�&� �Ú'�W� ê²z+>æ pf .³

Òò �
 ç�® BF>î
. V¢B DLC jªb� z+B

j*� j.³ bî AMHVj B�~º ©� &Ë~&
. ~

æò ��� DLC jªf rr� Vî�¦V ½Îæº Ôf

7OßWj ��Vê ~º�, �©f DLC jª" .³Vîö

®ÚB~ � �ccê> N�r^b� rJ^ ®
. ��~ �

wKj jz~V *�B Vî" DLC~ �ccê>~ N�¢

6²�Ò jº& ®b�, 1980j ê>ö ¢� ��&
ö ~

�B FGM(functional gradient material), ̄, &ËV¢ ãÒ V

Ëö V¢ Ã&�Êº î�Ú O»� Bn>Vê ~&
[5].

*;'� FGMf � ê�öB 
� ê�ræ p�ö V¢

B ßW
~ 6ê'� æz¢ &æº �³'� ��b�¾ î

�������, ª«� ê�� ìÚB ��ç �wKj �²

jz�Ò > ®
. ��� O»b�º RF PCVDf *¶& ¶

�ö ~� O»b� Fe-Si-SiC-DLC �Ê�� ®
. �©f ê

�j ì�V *� O»b� Fig. 1ö ¾æÚî
. � �âöB

¾æÞ :f ?� ê² ö¶ 6º ª¶& Vî~ pf �ræ

�R� ®�. 6N'b� ��b� .>� ê² ;W[� v

Vòæ�B Vî" ê²[~ �ª� ìÚöj r > ®
. �

©f ê² ;W[j Ã&�ÊV *�B ²BB ion ��~ "

ö� plasmaf ion beamj Û�B &Ë~&b�, ê²f .³

titanium~ >wöB �N��" ê² ;W[j �.�b�B,

ê²¢ Vî pf �öB¦V ��ræ 6N'b� Ã&>ê

� �
. Ö� Vî[" ê² z+[~ ª«� �ª� ìÚö

ö V¢ �wKf jz>�, 7OKf �² Ã&B
.

�"öº �?f ôf &ËWj ��& ê²[ ;Wö &�

ßW� * ^ê'b� ô� ��>� ®º�, � B�O»j

¶^® ÚÚ��, Vîf plasma¢ ÒÏ~º O»ö ~�B ê

²& '[>� �^� DLC� z+B
. �©f RF(Radio

Frequency) *VËÚö ç&'b� ¸f {K� £ 20~400 Pa

öB î² 6º hydrocarbonj &ê zêj 
B� plasma¢

Fê~º O»�
. Fig. 2º ê²[j ;W~V *� plasma

Fig. 1. Distribution of titanium and carbon in the gradient mate-
rial.

Fig. 2. Apparatus for amorphous carbon film synthesis by RF
decomposition of methane method (RF: 27.12 MHz generator,
FGMC: gas feeder with a microcomputer control, G: vacuum
gauge, Vac.: vacuum unit).

Table 1. The growth conditions for the RF dense methane
plasma CVD process

Substrates 
Gas 
Pressure 
RF generator 
Negative self-bias 
RF-powered electrode

 AISI 316, Ti 
Methanewith nitrogen
100~200 Pa
27.12 MHz, 2 kW
voltage of 600~1000 V

Table 2. Results of adhesion investigations of DLC manufac-
tured on different metallic substrates

Substrate Adhesion Force [N]

AISI 316L
Titanium
Vitalium

68
59
48
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FêË~¢ ¾æÞ ©�
. �Ò� Table 1öº RF dense

PCVD ";ö &� � ��j ¾æÞ ©�
. �f ?f O»

b� B�B ê²º ãê& Ö>~� Z;;�� z�'b�

�¢�" ÿ�ö Cr 6º Ti¢ ��� .³"~ 7OW� 


Ö Ö>~
. Table 2º rË�þ(acoustic test)j Û�B áÚ

ê DLC~ 7OKö &� Ö"¢ ¾æÚ�, � Table 2�¦V

B� 
� Vî .³ *öB B�B DLC~ 7OK �ÒöB

AISI 316L ��*~ DCL 7OK� ç&'b� &Ë ¸rj

r >& ®º� Ö� 7OKf ��� Vî¢>� 7OK�


B DLC~ 7OK� 
öj r > ®
. Fig. 3f RF PCVD

";j Û�B ��j >Â Å~ vþ~ ê²� z+� ��

�
. �â~ B¢ j¾ ¦ª� Vî¦ª�� � &Ú�[f

Vî" DLC~ b�b�� &Ë = ¦ª� ÖÒ �*~ Þ"

ç7 7/~º ¦ª� ê² z+[�
. Ö� ��� ";j

Û�B �Ú '�� ê²¢ B�~� �¢ �Ï~� ¸f V

ê' ;ê¢ &ö" ÿ�ö .³ ¦�j Oæ� > ®º ��

ËV¾ . �j B�~� ÖÒ~ �Úö ��~² B
. 

���� 71"% NFUIPE

VPAD(vacuum pulse arc deposition) O»f plasmaö~ ·

�" r� 7ö pulse arc~ &* j¾ z+~º bîj ÃB

�Êº ©j V� öÒ� ~� ®
[6]. Table 3f VPAD~ "

B parameter��, Fig. 4º ��� ê²¢ z+~º BÛê�


. VPAD carbon jªf *Ú Vî~ Nê& 80oC �~�Ú

¢ ~� �' jNf 20~30 nm/min�� Vîf ²*>� j

ª~ vþº 1 µmræ &Ë~æò ²*�öº ÚÊ ~Ö�ê

ìê� �.�¢ �
.

���� *# NFUIPE

IB(ion-beam) ¾Ò";ö ~�B B�B ��Òò 7, Vê

' 7OK� F�'� ê²-�ª¶ ��Òòº *Vz�' b

B BBö �ç'� Òò� rJ^ ®
. ¯, w�, ê²RF

carbon black �" ?f ê²¢ V.� � Òòº *Vz�'

bB~ êÚ�B ¶" ÒÏ>Ú z
. �Þ Plasma¾Òf F

Ò� � O»b�, Fig. 4ö ¾æÞ IB";ö ~�B B�B

�ÚÒò BFf �" ê��� ª¢öB ôf &�j &æ²

>î
[7]. ��� &� 5 �©j �Ï~�¶ ~º ãË~ Ã

&º ­&æ "º� �F& ®º ©b� rJ^ ®º�, 

Ñ�, ��b� �� �«�Ëö &� �ÚÒò~ 7ºWf

&¦ª~ ~òÏ® BB ²Òf 66 z ôf ~¶
ö ~�

B ��>Ú^ ®º &Ú�, �"öº ­­ ~òÏ® B� ²

Ò
f �ÚÒò BFj *� � O»b� F�'� IB ¾Ò

¢ Bn~� ®
. .~ &ÚöB ß® Z.f ��~ &Úö

®ÚB æ.ræ .³Òò ��� �9² ÒÏ>æò, .³Ò

ò~ ;; ��f �ç'� ;ê, êW" ?f Ö>� �¾ W

îj &æ� ®röê ®�~� ç&'b� îV&�, B�B

�Ú'�W � �k� �� ßWj &æ� ®
. V¢B v &

æ~ ßWj '.~² �Â jº& ®
. 

~�, �Úbî~ º*& .³, ^¢� 5 �ª¶� �WB

Òò�¦V �b�'� bîræ ç�® 9Úr
. �Ú'�

bî~ &Ë �"~ ;~¢ �� “Új®º FVÚÚöB ¶

�'b� �Vº bî�¾ �*~ î÷j �~V *�B �n

B bî”�¢� � > ®
[8]. �"öº �Ú'�bî *ö

IB O»ö ~~� F�'� ionj ��~º ôf î�Ú Î"


� �~� ³·bj Ëç�Ê� ÷öÚ~ Wîj :Þº�

ÒÏ>� ®
.

q�, F�' �N«¶ ÏÏj V�b�, plasma¾Òf �þ

IB ";f �Úbî~ BFö W�'�¢� 6«>º�, �©

f V�~ laser ¾Òf ?f �B� ö�";" jv� r �

�ö F�Wj ¦�� > ®
º Ë6� ®V r^�
. 

�Þ, ;&� �ÚÒò~ B�& &Ë~�, Ôf NêöB~

�;" 
>~ �N«~, jï; ";" �ÖW �ö ®ÚB,

��&æ �6� F >º ®b¾ ç&'b� IB �;jº ¸


. �"öê ®�~� Ò²~ �«� &N>Ú ®º &ê�

¦·Ï� ìº IB�;b� B�>º ãÖ& �b� z× �W

zF ©b� ÒòB
. 

� IB O»j ¦ z ç^® ÚÚ��, 7O>º z+[~ N

Fig. 3. A diagrammatic model of hard carbon coating onto tita-
nium or chromium containing substrate (Metal carbides: CrC or
TiC).

Table 3. The growth conditions for the VPAD method

Substrates 
Electrode (starting material)
Pressure
Pulsed discharge power
Duration of impulse
Repetition rate of impulse
The average deposition rate

AISI 316L, Ti
high purity graphite
10−3~10−4 Pa
5~10 J
50~2500 µs
0.1~50 Hz
5~20 nm·mm−1

Fig. 4. Apparatus for amorphous carbon film syntheses by
VPAD and IB methods.
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ê& 100oC �~�Ú¢ ~� 7OjNf 20~30 nm/minÚö

B B�B
. ¾r B� &Êº ÊFb� rJ^ ®
. Table

4º IB O»ö &� "B parameter�
. IB Ë~~ ê�'�

�âf Fig. 4ö ¾æÚîb�, VPAD O»ö ~�B B�B

©" ?� ê² ;W[f ±f 7OWj <� ®b�, VÒ p

f �ræ Ö;W ê²«¶
j &ê �~ Z;; ç��
.

�f ?� B�B O»f *Ò �"Ï >F ¢, :¾, �Ò�

~jv;Ï f�Ú ª¢öB ÒÏ>� ®
. ß® DLC jª

f �^� ßWj &æ� 
Ö Ö>� ãêf z�'b�º

®�W, *V'� &�, 7�'� R«�" Ôf îVê>�

�~� �Ú~�j ��~º ôf Ò²
� &�j &æ� ®

b�, �� ;�~ ^�ö &�Bê ±f �Ú '�Wj &æ

º ©b� {�>î
[9].

���� *#"% NFUIPE

&. &Ú¢ *� DLC~ �ÿö &� æ.ræ~ ��º

DLC jª� Ôf îVê�b�B ·Ï� > ®
º ©j �

�"î
. �Þ IB O»" FÒ� � O»b�, Vîö ;K�

7OKj &ê IBAD(ion-beam assisted deposition) DLC jª

f Fig. 5ö ¾æÞ ©" ?f O»b� ;W� > ®b�, *

Ò �©~ Ö>� �Ú'�W� Ã«>î
[10]. Fig. 5ö ¾

æÞ IBADf ion-beam~ ÏÏ" bÒ'� ê�ç~ �æ¢

Ö�� ê� ÃO";�
. ß® ��� IBAD~ &Ë �ç'

� ßWf V�~ z+O»" jv� r Vî *ö �R z ;

� 7OKj &ê :�J z+� &Ë~
º ©�
.

� �, �ª¶ 6º ê²Væ ��Òòj �ÚÚö ç7'

b� ÒÏ~º� � O»f j¾f ?
.

���� $'31	DBSCPO GJCFST�SFJOGPSDFE QMBTUJD NBUSJY DPNQP�

TJUFT


¢>'b� ��Òòº v &æ 6º � �ç~ Òò¢ Ö

�~� ;W>º ©b�, B� 
� ''~ Òò& &æº ß

W�
 Ö>� º�ßWj &æº ©� ¢>'�
[11]. �Ú

~òÏ ��Òò�öB, *Ò bî�" FÒ� êW Îî�Ê

¢ &ê ��Òòº ;;�" ÚöB �& ~7'Ïö &�

&Ë� Òò�B �;>Úæ� ®
.


þ'b� ê²RF ;z ��Òòº 2�B &�¦f ®

* ²W&. �;ö W�'b� ÒÏ>î
[12]. �*ö ®Ú

B ê² ��Òò plateº ã� �., &�� �., :Ã �.

" �.f ?f Z. �. �ö ®ÚB �;b�B ÒÏF >

®
. ��¾ ôf ��f ��Òò~ bW Ëçj *� ç�

� �Köê ®�~�, �Ú'�W" Ïª� ªçö ÒÏ� >

®º Ö>� Vê' ßWj &ê ®* ��Þ 5 Z´ ÚöB

~ �;b�B ê²��Òòº jçræ � n;Wj {�~

� ®æ á� 
;�
.

�Þ, LCP/CF(carbon fibers-reinforced liquid crystalline

polymer matrix composites)¢º î�Ú ��Òò& *Ò BB

>� ®º� ��� î�Ú ��Òòº �& ~7'Ïö F�

� ©b� ��� ®b�, � ��;êº ;;�"ö 'Ï>

º 
� bî~ ��;ê�
 z �
� rJ^ ®
[13]. Table

5º 
B� ÖÒ Þö ��>º Òò
j ;Ò� ©�
. �

Table 5öB r > ®�� LCP/CF~ ��;êº 
� .³ �

�bö jv~� ç�® ��, ��êW�f bî�(Cortical

bone)� 
Ö FÒ~
. 6 
� LCP/CF ��Òò~ Ë6f

Úz�'�� ~ã'� ÚW� ®
. Fig. 6f Æ¢~ ¢ã ¦

ª~ &�¦~ �;j *�B çã 3.2 mm, ̂ � 50 mm LCP/

CF~ ï&V¢ &�¦~ �> �*ö ��~º 2Þ¶ �â

�
. Fig. 7f 1j*~ &Vj Û�B {�B LCP/CF� ��

B Æ¢~ ;ç'� .f �� ¢jê .~ Î·j ;�(J�

Table 4. Growth conditions for the IB method

Substrates 
Gas 
Pressure 
The average deposition rate 
Substrate temperature

AISI 316L, Ti
Benzene

10−1~10 Pa
20~30 nm·min−1

less than 100oC

Fig. 5. Schematic drawing of the polyfunctional IBAD system
and the process of IBAD.
1. To vacuum pumps, 2. Rotatable water-cooled sample holder
3. Sample, 4. Sputtering ion source, 5. Sputtering ion source, 6.
Rotatable water-cooled target, 7. Medium energy bombarding
ion source sample, 8. Low energy bombarding ion source

 

Table 5. Mechanical properties of some orthopaedic implant
materials

 Flexural strength 
(MPa)

 Flexural modulus 
(GPa)

 Cancellulous bonea  − 2
 Cortical bone  180 20
 LCP/CF  450 40
 Ti-Al-V  380 120
 Stainless steel  280 200
 Co-Cr  480 240
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ã Òê)" G�(¢ã Òê)~ 2Þ¶ Òê��, � �âöB

¾" ;ç'� .f ��ê~ .~ ^�& ?�, V;f ¢j

*~ &Vj Û�Bê {�� > ìî
.

~7 »~ 'Ïö ®ÚB ;;�"~ ÒÏö &� ��b�

B ¸f &ê 5 �&²W �ª¶ö &� "B &�f ;K"

JÂ V* ÿn~ ;K Fæ�
. *Ò~ LCP/CF �'f Æ

¢~ &��~ �>�*�¾ b~�çö �� ê £ 1j ÿn

37oC~ "ªö �æ� ê � Vê' ßWö &� Ö"¢ Fig.

8, 9, �Ò� Fig. 10ö ¾æÚî
. � �âöB ¾æÞ :f

?�, LCP/CF& "ªöB, b~�ç~ ��, �Ò� &��~

��öB ¾æ¾º ��;ê, ��êW�, *�wK ÎvöB

� N�¢ ��æ pº
. Ö�, LCP/CF ��Òò �;Úº

�ÚÚ ��öB ¸f ��;êf RFV�" >ç'� *�

Kj &æ� ®º ©b� ¾æÂ
. ��� Òòº ~7� �

�" *� wKö �² ·Ï~º �ç��öB~ 'Ï� F�
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Fig. 6. Preoperative roentgenograph of the rabbit’s right femur.

Fig. 7. Anteroposterior and lateral roentgenographs of the rab-
bit’s femora after the implantation of the LCP/CF rods at one
year.

Fig. 8. Flexural strengths of the LCP/CF rods after implantation
in physiologic saline, in the subcutaneous tissue and in the med-
ullary cavity of the rabbit femur vs. time.

Fig. 9. Flexural moduli of the LCP/CF rods after implantation in
physiologic saline, in the subcutaneous tissue and in the medul-
lary cavity of the rabbit femur vs. time.

Fig. 10. Shear strengths of the LCP/CF rods after implantation
in physiologic saline, in the subcutaneous tissue and in the med-
ullary cavity of the rabbit femur vs. time.
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