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Abstract

A  T-shaped magnetically-filtered-cathodic-arc-deposition (T-FAD) system was
developed. The cathodic arc plasma was magnetically bended 90 degree and transported to
the process room. The droplets were geometrically guided to and collected at a specially
arranged gathering pocket. Using this system, diamond-like carbon (DLC) film was prepared.
The system was compared with unfiltered arc system, shielded arc system and straight type
FAD (S-FAD) system. The principal results were as follows. (1) Strong magnetic field
enabled dense plasma extraction from the plasma generation room, although it brought higher
arc voltage. (2) When a negative bias was applied to the substrate table, the radiation intensity
of the plasma increased. (3) Red-hot droplets came out to the process room in case of S-FAD.
(4) DLC films prepared by T-FAD were comparably adhered well to the substrate. (5) The
number of droplets was two digit fewer that those of other methods.

Keywords: Cathodic arc, Magnetic plasma transportation, DLC film, Number of droplets

1. FO®HIC

AZPIIBITD7 -V REBEORBRIZBOTERETHD, TORBRIIHEZMRT D0
BTFEHRHTDLEBIE, BEMEOBI RN F—14 WM TE, 20k, AET IR
|3, RE7— 7 &AF%, BT — 2 &¥FiE (Cathodic Arc Deposition), W7 —2 14> 7
V=T 4 DVEEREINDHREREE L TIENCHASINTWS, LALENS, HEY—
JOBBAMNSE, KBTI 0 58730 oRESOREMEHKKT (Roy 7Ly )
bHEN3, ZO ROy Ly bERBICHET 2 &, ERBORBEZETI2RE LR,
WoT, HET7—JRFHRIBVTR, WHARKERBEO ROy 7Ly bERETINNEER
BETHD, MRTREFMOREATH S,

HZE7—I7RFIBVT, Favy 7Ly NOREZMHTEIFEES, ROy 7Ly bOERR
ANDOfFEFEB LT D2 FEREIRLBOOVHRBINTNS VY, T, ROPRNICROY T



Journal of IAPS 75 XL EE Vol.9 Dec.2001

Ly hERETDHIFIEELTHRRTIANYERH D, T4 VI —R-7—2 - FRI L a > (Filtered
Arc Deposition) DSAXF%&E>T, —RIZFAD (77 R) EBENTWS, ZITWD74)%
sk, ROy 7Ly bERE (Z4 VU 2T) $§5LE0WHIBE%THD, ZOFAD K, BE7—
URAEMERR IO EARMELZRLIZL, BB7 -V REFTRELE TSR, MAZIA
LTHRIR7OCABANEETIOOTHD, TIXTOHEEBIETROY Ty b EEEEEAT
BIETHRET S,

Roy 7Ly hoWfld, R 1 ¥ERSA 25 —KR > (Diamond-like carbon; DLC) D
BRICBVWTHELHBATH S, DLCEAKROBE, BEICIIENEZAWVWS, RETEMICTHA
ENTVBFY > (Ti) 2r0h (C) BEOBRSE, RHEha Roy Ly MdBREROBD
MREAETHD, LhrLians, REBREORES, BROMSANHNWED, BERIRORDOy 7
Ly bRFEAETH D, BERODBDOTHNITEENEIZAZIMNET M, BEROBORI
FENETHNED. TOER, BRET7—RERETOCAREEMRSY I bTEHETDIED
I3EkD FAD THE, B ROy 7Ly MIY Y FHETRDIELBRIRY, TOABNRBAL
TLESZ &S, FIT, &PFRETIE, Rov Ly FEHEEMCHIET 2EMZAML
FAD #{#, T Wik FAD (Tshape FAD; T-FAD) 2R L7, AR T, WREO—DTH3
B4R FAD (Straight FAD; S-FAD) 2 & #iBA% D T-FAD W T DLC BiZ &R L, 735 X<k
BiHE2EBTZEEBIZ, ROy 7Ly MEIESIRZHET 5.

2. A1 VI BRET7 —/RASR

BRIV EBEREICEEBUCERRER T 1 VY HET7 — 7 ZFEE% Fig. 1 1ITRT, R
B, 7= 75 XATREBERM T OEAREEBELEDBDOTH S, 7— I REE (220 mm¢
X220 mm) 1213, R (O B (E&E 64 mm) &FEMHEROKGEB (Cu) EBE (ADHE 150
mm, HO%E 80 mm, E& 50 mm) &ZEMLE. TOERARIT SUS304 OB RITZEF v >
N (400 mm@gX 600 mm) &L, 7—IVRAEEELE O RAEL O 120mmg DY 7 b THELREL
oo 7T—UVHBEREXELTHESE D0, BEERICNdESEALZEML, BEBREHMEZ N
&Lk, BEXRDICBVTA2POEREELISmT ELE, £, TOCAREE (BEFv >
N) BB ERUBMIZRDEDIC L. 2T, TOHEF v NBEKIZEBEE L TH Z
&2 %, | 270 600
T—UREENSTOVAEET
TIXREHET HDIT, C), C,
BRI C,D 3 DOERET )L % [l
EITEE L, B IVOm,
STOBEBIINVICEL, ERAA
(75 ZTOREST) £ NEEL G
7o BEARIIEEREN S 710 mm DAL
BRELE, ZERKEEAROKRESIFE
£ 100 mm D4 & bto. HEEh ok Fig. 1. Straight-shape filtered arc dcpositi;n (S-FAD)
BB 0 100 mm DAL, 1 A > @i system.

Chamber (Subanode)

== alc 2
7 Cs Substrate
Probe N

INNILE

Main anode l '@ Bias
Vacuum T -0V
€L

¢ 400

1 ¢ O




BRT7 A NERBRT -7 75 AL D84 YE L KT 4 0 h—R o BHOESRK

BT -O0RBKTo—-T oA

(130 mmg, HHEHAEZ) ZERELZ.
TO—TI3EBE AR L LT
-0V ONA 7 AEEZEML, £Z
IZHNB |k EstRLIz, 728, Z = Probe
DT O—TEEBE DY v v 8 O
FIHREL TS,

Fig.2 17, $fAR O T-FAD £ & %R
9, FAEBRE, 7V 75 XTRE
BE7OE2 B ELE T FERE (T Reflecior
FE) TBHELEDBOTH D, 7— ' =
BT XTREZILSFAD DHDE Fig. 2. T-shape filtered arc deposition (T-FAD) system.
F#%kTHD, BELETSIATR T
FEIBWTHAICHT N, 7o
TABABREIND. —F, BESMSREBEIND Koy 7Ly MIKRHAD S ERICEET
HZMEEED, FORD, BEMSRELEZ ROy 7Ly ML, T FEORE MM BAEIC
BT OENTRHIR (Reflector, V7 L0 %) IZHRT D, TFEFREEV IV IFEICK>TERE
MO MBITERMAEMNZERIREZLDIILTHBED, Roy 7Ly NBYRDTBH I &
iz, 2, V7L THRE-Z ROy 7Ly M, VI LI ZORMANIET ks
(End pocket) IZHIE %, MRENICIZ, ROy T Ly FOBEHTFRINF—2RIT S5 DB H
MEAN. T-FAD OHE, 77 XTOHRXIZ 4 DOB/HIA I EH VW, BRIMILOBMD
BHIL, ETOERINICEL, RIKAFR (I XT0RERR) 2 NEE LR, EREEMN
B, BAEEOIZRENS 710 mm OFE#EE Lk, $72bB, S-FAD OBESEFUCEMTH 5,
EARDATH 100 mm OALEIT S-FAD DS &R U AR 70— 7 2EBEEL .

77 BRI, BERER (FIAVHY, A N—F 7T 300, EHREF 00A, EBRE
WEE3SV, MREEe V) 2FEALL, ERFERROEBOTHD., F¥ 2/NH%E 10 Pa
BETHRALEE, TV 77> Mo) B M) HEZE2RAWMBEEMAMEICL- T, BE-
RgRlic 7 — V7 2REX -, T—VBRIZBERSOA &L, T—URER, KNIV TE2HE
LT70EABRNOEAD002Pa 2D EIITLE, ERTH, 9, SUHIMINVICHTER
DORESEEATTIAROBERNZLIE L. KRIZ, DLCBZAERL, ERBORTEFRMZ
HEERBETHREL, oy 7Ly FOMFRREFMEL 2. T, ERROBEEBERZES O~
RWFFEAT, HIPOS ET-30) TatAIL, RIEEZBEHLE, C, C. BLUC,OHFREEEZEL
VT, 1FBREFAL 2. EROARMEBNIITHARM- 7,

2B, U, FRXFTR, MREEZERIANNGLEBTZETEREL, 70 75XIH
EZNSTOERARFRNANDFF (N B) 2EOMEREEET S, £, fAE, 85 By
AR C,OFRLKREEERT,

Main anode

Chamber (Subanode)

P
=
g
8
[}
400




Journal of IAPS TS5 X2ICREEE Vol.9 Dec.2001

3. RRERBLUVER
3.1, 7= 8LUTSXTHERYE

T 7 I3ARREBIBIST7T — IV REZNERAOZE L2, WEEE (T—JEF)
PELET S, £z, 7TOEABHRTHEOSNDI M A EBROBBRICL>TENT B, 2T, 7,
RELT —VRBVRGETIERININORGBLVETOROA A BRETEBTS &I LE,
Fig. 3IZS-FAD OBED7— V7 BE (RBEBEME) BLU0—-J&fiERd, 70— 7B
AAERICHETHEEATLIN, 7T—IBER, 7075 XAIREZEAKAZEHML TW
5COMKREEEZHEMEIEE L, RMICHL<RS, I, CORKREENHELIRDE, 77
TIOXIREZENTTIXTHMMET 5720, ERBICEETLIERNBLTLEINSGTHS, 7
—JBER C, ORI BB MEEFEL, BEREENSHNTLSE7—VEENLRTIHMICH S,
ZhE, C, DEBMBENERBIENNS TH 5. 7T— V7 BER GOMAIITH F0EFELRN,
BB, FRALEABREPEE S VEEL L THERGENEEE 25, 1£-> T, EGENICEIRT S
$BE, Figl@h 5, CORIREE Be, & 1 mT U T LTI S AN KB TE 3,

—7%, S-FAD OBE0 70— 78BS, C,OMRICRSEKEFETL &Bbhd, £k, C,BL
L CORAITHDEFEL TSN, MEREENHE R EBINTIHAICH S,

Fig. 4 IC T-FAD OEO7— 7 BEB LV TO—T7EifK (1A BH) 25RT. BB, CIIH
1 RO ZRETRAZRETHEDOLDTH B2, TOMEE 2mT —EELE. £7, 7

Bc1=2 mT
B =1 mT
B.,=0 mT

8
-
S
QW
1
N
B
~

w
G
w
“ 2

b8

Arc Voltage (V)
W
=

Arc voltage (V)
w
[=]

B
o 8 b

1.01

Probe current (A)
=)
n

0
)
° 4o 8 7 B
2 (mT) 12
(b) Probe current (b) Probe current

Fig. 3. Arc voltage and probe current of Fig. 4. Arc voltage and probe current of
S-FAD as a function of magnetic flux T-FAD as a function of magnetic flux
densities of electromagnetic coils. densities of electromagnetic coils. Bey=2 mT.
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WNA T R), BEEESE BT, SHMEM), BXUMEERENEL T 70 v, &I E
THHEZERTHIEIILE, RIS, NI 77X SOVEETHEDEL DLCEMRESNS Y, 8
BROFRUFBIVEFNZMBITRT 7O AHF % Table 1 I2F LD, #S_1~#S 3 1IREF 2H
MUTWARWES, #SB4~#SB6 (XA ZHMLIZBATH S, BB, NI TRX%E 70V ELE
BB, 7073 RAIREBIEMNZAMTEET7— I BAREREITR D, C=0mT & L7,
TS5 AT OBM%E Fig. 5 1R T . 7, BRRAZEML TOWARWIRS O ((a) #S_1, (b) #S_2,
(©#5.3) 2RTHD, M)#S_105, BAXNHMINTVWARAL T, 75XTRTOEZAEIC
WEHL TWaEFRON5, Bb) #5225, EREEEEBEBEMNETSE, R@@EkEXT
BIHL B0 TS AIRbhbTMcii<iio T3, Zhid, EREEEHBEEE L TH< D
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Table 1. Process conditions of DLC film deposition.

Substrate potential Magnetic flux density (mT)
System from grounded Process No.
a%lodc Bc Be Bg Bcs
Float (-7 V) 0 0 0 - #S_1
Anode (0 V) 0 0 0 - #S_2
S-FAD Bias -70V 0 0 0 _ #S5_3
Float (-21 V) 1 8 2 _ #SB4
Anode (0 V) 1 8 2 _ #SBS
Bias -70 V 1 8 2 _ #SB6
Float (-27 V) 1 12 8 2 #TB1
T-FAD Anode (0 V) 1 12 8 2 #TB2
Bias -70 V 1 12 8 2 #TB3
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(a)#§_1 (b) #S_2 (c) #S_3

(d) #SB4 (¢) #SBS () #SB6

Fig. 5. Photographs of S-FAD plasma extracted from arc plasma generation room.
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(a) Normal arc deposition (b) Shielded arc deposition

3.3. EERORARBE LY
kayZby FHIRIHR
SRR O 7Ot A &R
Table 1 1ZRLAZBED ELIZ. ¥
D (SD (100)ERITERML N
TR DR & FFYAMEBE (Zeiss (c) S-FAD (#SB6) (d) T-FAD (#TB3)

M, Axiophot) THEITL KR
1ophe - o Fig. 6. Photographs of surface morphologies of DLC films
D—Hl% Fig. 6 ITRT . LLED prepared on Si substrate by various methods.

— 54—



BERZANIRBET ~7 753X LB A YT FFAL I I — R EBREOARK

=, BEEBLVN—IEE Y TERLEBOEALFRYT, IS5 0BRIINEOERE D T
RRUZN, OEHFIIFEL ELE. RIRNS, BEHEEBIES—) FEOBSOBIIREEL T
375, FAD OB SIRAEENELC TN EMHD, DLC BOFEEORMEE, #E 5 DDOE—

RiZagaha 9 (B—R1) BEOEEE, (€—F2) 2ELbODHER, (E—F3) Lb - Az
BEftk, (£—R4) BHRHE, (B—Rs5) KRMNEETH 2, FMORBETERLEBROE
- HPHIKIEE Table 212X &0 %, S-FAD BEUT-FAD OB A, Si ERICEBHBENLSEFL
Tz, LML, RILLHETY, EUTFY (Mo) A ZEROBEITIERBEL TSN
FEAETH D, BAZHIIML - S-FAD THIBEL THWBEETH, T-FAD TIIFIREL TG
aNHd. TOROBEARSERORETH D,
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Table 2. Adhesion morphology of DLC films deposited on various substrates for 3 min: Mode 1,

buckling wave; Mode 2, wrinkling delamination; Mode 3, cracking after bucking; Mode 4, flaking;
Mode 5, blistering.

System P';i"ss Si (100) Mo Soda glass
Normal - Mode 4 Well adhered Mode 4
Shielded - Mode 2 Mode 2 Mode 2
#S 1 Well adhered Mode 2 Mode 1
#S_2 Well adhered Well adhered Mode 1
S-FAD #S_3 Well adhered Well adhered Mode 2
#SB4 Mode 2 Mode 4 Mode 3
#SBS Mode 2 Mode 4 Mode 3
#SB6 Mode 2 Mode 4 Mode 2
#TB1 Well adhered Mode 2 Mode 2
T-FAD #TB2 Well adhered Mode 1 Mode 2
#TB3 Well adhered Well adhered Mode 2

Table 3. Number of droplets on film and process conditions (Si substrate).

Arc Subst.ralc Substrate Deposition Number of

System Pr;ccss voltage P o‘t ential or  temp cratu.rc rate on Si droplets

0. V) bias from  after 3 min (nm/min) (0.1 mm? 3 min)
anode (V) (°C)

Normal - 21 —4 65 42 4.800
Shielded - 23 -7 35 13 1,400
#S 1 24 -7 25 11 1,200
#S_2 24 0 30 10 1,300

#S 3 25 -70 30 12 1,100

S-FAD #SB4 31 -22 40 57 1,500
#SB5 31 0 161 43 1,600

#SB6 31 -70 45 55 1,400

#TB1 31 27 30 13 40

T-FAD #TB2 | 31 0 70 11 50
#TB3 31 ~70 30 13 40
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