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Abstract — There is a problem that semiconductor probe pin has a short lifespan. In order to solve this problem,
Ti having excellent conductivity was doped to tetrahedral amorphous carbon (ta-C) having excellent hardness and
abrasion resistance. This experiment was planned through the Taguchi robust design to determine the effect of
the control factor of the ta-C:Ti coating film. The effect and contribution of control factors such as Unbalanced
Magnetron Sputter(UBM) discharge current, arc discharge current, temperature, and bias voltage on ta-C:Ti char-
acteristics were analyzed from the perspective of electrical and mechanical characteristics. The UBM discharge
current was set to 4, 6, and 8 A. The main control factor of thickness and resistance is the UBM discharge cur-
rent, and the thickness increased and the resistance decreased as the current increased. The decrease in resistance
is due to the increase in the Ti content of the ta-C:Ti coating film. The arc discharge current was set to 60, 80,
and 100 A. The main control factor of hardness and wear is the arc discharge current, and as the current rises,
the hardness increases and the wear area decreases. This is due to the increased ta-C content of the ta-C:Ti coat-
ing film. Since resistance and wear are important for Probe Pin, the optimal level is set from the perspective of
resistance and wear and a confirmation experiment is conducted.
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o] wAst Holl wet edE e gols W iR
o] 7le3 AEEE ERlsk] f13k AL Ajde] SHiE
3L S} old], HAkE vE=A| M} | GAl 77k A
RNE V}E 71k ZdefolM] AFS FEAI71AL 22 Probe
Ping HJEAIA Bt A7 E AEste] EF o
FE yhEshs W oRE o]FoRITH 1] A, AAME-
Probe Pin& Copper-Beryllium (Cu-Be) 24 *J Nickel/
Gold (Ni/Au) A7]%=5 (Electroplating) 3-84S AA Ak
53 ITH1-3].

ol, 4 HAAPLE 7Fs ¥ o Ao SR
wme] 22k HAE et HAF AIZE Sl WE Probe
o] WrkAd, Tin (Sn) Wa2d o= Q13 viarg/d A8t
A= ‘ﬂE/\] gAg ksl 71€4 olfr= Zhg-git).

mEbA, & Agtells oAy 7HA] olfE AR e
Probe Pin®] Z7|AE=Az UFHA S 98
Titanium (Ti) FEEd =& 8 A=A tolokz
= 4 7R 9t (Diamond-like carbon, DLC) ©]-&
32} gt o] EFE AA3 EFHL , DLC= =3
oloREEe] VAR B 2 sp’ 7%@'4 9] A
npE EAS Zhe spe] 4 AFe R IAE, Ant
Z S5 A Zhet4).

2 5, AFAA| v A JHE (Tetrahedral amorphous
carbon, ta-C)& sp’ £-8°] 40% ©PJo 2 4} x3s
A] 9= DLC Z& 53H4]. ta-C 8 2R 93t 7]

A B JrlrA 2 o|gdAd o2 Snab W AEHA] o]
et 4ot Tie 7Rl 9<rahH, AR
A tEAQ] S S EHOR Iy whe] Yig
HAlo] 9 DLC =8 2 7% ol sp’ TS TAA
AN g Ak SAS FIATIE 8471 H7]
O] TH5-7].

4 oo 9 vl B Wl glont, 2
[e)

2o} 7} wie] FaFeol| sl wetatr] 0133‘:} (8

AellM= T 77 AAl (Taguchi robust design)s
0|83t} A|oJQIAF ¥ UBM (Unbalanced Magnetron
Sputter) W AFE ZAse] AwA Wl o) W A
= sl A vzt J2]al 2% globlololX A9t

=245 %EP 71741 =73 #ks Tl vl =4 A
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2. A7EY o UHE

2-1. Ch 2 AA|

o5 7FA /\47;"&} Ao AE 3] AREOF H|E

S 277 9k FUd TAo] HAH AL K= AlF wF
otk Abxe] Hisks 41402 vesi 413 o
2 H] (Signal-noise ratio, SNH]) 3+ A2|& F3) 2t
Ao S HrelL, ExA wE HH 37 24
S EEste o= JPHAT}9- 10]

B Agelld AREEE ol gk B4 7 59 &
A% A SEXE ExX7F 3 dAsH, FEA0 w
2} Aol S0l ATH11]. A} R 5794
7t AEFE T2 A9E YAEA (Small the-better
characteristic), 74 == ——/‘ﬁ]ﬂ- 252 2o E4o7
o} 54 (Large-the-better characterlstlc)_i stk
[12-14].

ta-C:Ti S® o] 7 H=3k WfEd o8 HAs3l
o} @7} '*H"ﬂ E}E]r AT SNH| RS B3
HE] gko] EA| A|XE Q3 7S AR}

2-2. 3 o BN OE MY A

Table 19] 2| w|EF= F45 AP (Factional factorial
experiment)?l] A8k HAgke] AF o7 Azt AA|
Table 1. Orthogonal array of Taguchi method (L9)

Control parameter

Factor A B C D

UBM Arc Temperature Bias
Current Current . Voltage
a1
Level

1 4 60 80 0

2 6 80 100 50
3 8 100 120 100

Experimental No.
1
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Fig. 1. Schematic illustration of FCVA coating system.
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Table 2. Experimental conditions of ta-C:Ti film coating process

Process Experimental Condition Temperature Bias Voltage
Discharge voltage : 2.0 kV
Ion cleaning Discharge current : 370 mA 120°C

Flow rate of Ar gas : 42 sccm oV

. Discharge current : 6 A

Ti Buffer Flow rate of Ar gas : 150 sccm

Discharge current : 4 A, 6 A, 8 A 80°C, 100°C, 120°C

ta-C:Ti Arc current : 60 A, 80 A, 100 A oV, 50V, 100V

Flow rate of Ar gas : 100 sccm

)

Fig. 2. Schematic illustration of calo tester [20].
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Fig. 3. Image of (a) after wear of coating film, (b) wear
area measurement.
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EAR7)e] 79 iR EF A Alzke] AR AR
the ©og, B Adddie J714 rlRAIge] &ol

3 2R HAEE ARl vk P37 8l
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3(a)et 7o) =Y o FA9) 128 FE3] virEy, =
g "] EAUZR] 9F= HEQl 20 rpm, 20 secE 7]E
S AAsto] rkRARS JYsIT

°|§- Fig. 3(bpet 2ol a24 dvPde® wirrf 18
| FAolelE AT niE A4 248 B3l viRE
7ot 242 Bl2HE ARG iR Bk 7R &
IS K3 adrt.

3-1. ME HEHE S8t F2 QX H MEEA

3-1-1. ta-C:Ti & S|

Table 39] HWHARE Faf WaPst Age] Hr}
AAE EABIG0}. ta-C:Ti & FAS
QAR A A5, 2 AlofRIAle} el tigh 1)
221 Fig. 49} 7199%= 12221 Fig. 7F =&tk &
2+ FA9] 7%= Fig. 5Pl ZAIEE vl o], A <]
A}l UBM AR 90.7%2 7P} =& 7|88 7t
=T} Fig. 4(apPlAl <o) S718l wet #7271 S71st

3ol 7 = FAZE SHEUTH

o= UBM ¥ A77t 37155 29Hd $3E
ol Ti =2t5°] A58t Ao 2 Algdr}. BelA} o= v}
A AFe] 7, Fig. 4] 750] SVl w2t 54
7t Z7¥skH, 3 Al FHdlgho] 22T
UBM HHd A7} ol= vk AR/ 25 vbd A5 A

of wg} S2 FA7} S7FIAINE, UBM WA 79
=2 7|9EE ta-C:Ti 28 2] Ti 73] ta-C g
Fuch 28 Zlo 7 FAHEL ti] ", Tell ta-CF =

5 wo] P49 Zoz AmH,

01)'

I

ofl ot ¥
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Table 3. Results of evaluation regarding to Orthogonal
array(L9)

27 -

Exp. ta.-C:Ti Resistance Hardness Wear Area
No. TMKISS o) [Gpal  [unr)
[nm]
1 4153 21.5 11.6 212
2 390.1 19.2 10.3 14.8
3 430.1 15.8 11.6 12.1
4 494.8 12.3 9.4 18.9
5 661.5 18.0 10.0 16.1
6 641 133 11.9 133
7 770.5 7.5 9.2 23.6
8 753.4 7.8 10.7 12.1
9 870.6 11.9 114 8.8
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g A% 2S9350 Table 59 7]odg 2 HA 243
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Fig. 4. Values plots of (a) ta-C:Ti thickness, (b)
resistance, (C) hardness, (D) wear area. for 4 factors
and 3 levels.
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Fig. 5. Contributions of 4 factors to (a) ta-C:Ti
thickness, (b) resistance, (C) hardness, (D) wear area.
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Table 4. Results of variance analysis

Thickness

Resistance

Hardness Wear Area

Characteristics Large the better

Smaller the better

Large the better Smaller the better

Factor A B C D A B D A B C D A B C D
Contribution rate  90.7 3.98 1.67 3.66 769 13 12 203 124 519 296 60 56 793 87 65
Optimal Condition A;(8 A) AsD; (8 A, 100 V) B;C, (100 A, 80 °C) B;C, (100 A, 100 °C)

Optimal Value 796.30 nm 7.63 Q 12.38 GPa 10.09 pm?

3-1-4. Otz

AR rhe W 2GS s EANT B
B398 o Fig. 5(dPlA A Q2 7P S 7]edg,
B QAP 7P =& 719982 2=t Fig 4deIM B
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F 37100 me wel wC SR 37kt B, v
o] 739 2% ta-Co] TRF STV H 2 TS 7R
o} Ax9) EAEA ta-C - =)= Ti-C AHL A
e, ol whwek ol ek nj3l Ao AlRE)

Fig. S@PIA 71efgo] e A, D 24 Al9jsle] vt
& HHL B, (100 A, 100°C), 10.09 um2e 2 4 =

A% A4 22 FYAE =AU

3-1-5. X xZH0|Me| EM HE

Table 49} 3o T4 47 AAE T3 ta-C:Ti T2
A, AR, 7= 2 vie] #4213 HHgke 5
“gsI3iTt. Probe pindl] ARS8 Holl 275 = FH B4
= A 7 SIS A% v Hlsle] H4 21
X =74 H7HE skt

At vh HAl N =3 A2 ngeR
AsBiC:D; (8 A, 100 A, 100°C, 100 V)02 HA 2AS
Adrgstel gl AFS skt

Table 50 H4t H4S B HHz7e 43 =
RS =R SR e 5% olate] et
£o] A=A A2 A5 A dIARE 7
9 ¥lo] AF F 3w vton, np Wxe] A 7
She ko 2 SRIHSIT ol & Sl A g Y

oA 7 e B8 Qs

2 oX

Table 5. Estimation and result of optimal condition

Thickness Resistance Hardness Wear Area

[nm] (€] [Gpa] [wm?]
Estimation ~ 761.93 8.22 10.93 8.58
Result 76320 7.98 10.58 8.41

U= H2EE Sal Wk B7ke A9 o
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