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Abstract
High bandwidth RF such as Bluetooth, GPRS, EDGE, 3GSM, HSDPA is papular in the mobile phone
market. A non-conducting metal coating process requires an e-beam deposition of metal, two steps of UV
hard coating primer and top coating; however, it is inefficient. We navigate to the electron beam irradiation
conditions(resin surface treatment conditions) in the PC/ABS resin injection process. By analyzing the
experimental results, we find the optimum development conditions for the electro deposition pre-treatment
process and mass production lines using the plasma generated electron beam source.

Keywords: Non-conducting metal coating, electro deposition process, design of experiment, optimum con-

ditions.
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Table 2.1. 3 design of experiments

715 W& F=1 TE 2 F=3
A W AR (eV) 200 400 600
B ZAFA ZH(min) 3 5 7
C 243 (scem) 0 5 10
D TiF7 (nm) 0 10 20
Table 2.2. 3*~? fractional factorial design
AR s .
AR eldA) B(ZAMAIZ) C(AE#3) (TiFA)
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
FHIY] 7HeEe Bt
B AFoMe Zet=ul A AX 42 (Plasma generated electron beam source)E 28310
PC/ABS 4] AleEe] 3782 A4 LR

S AYAL Y 7 AW A AL FASe, 5, 24 &
2 Bste], 1 AY A3E BAl, AFAN T AL L FuAebole] Ao HH =
=

PC/ABS 44 Aol AANE 2AFH9S wl, Na 5 (2014)94+& 2E Al8+& X-Cutting TestE
AL gt BE 21274 FES ‘Pass’ 33 A T, A YA} o117} 300~600eV B AU E 2t AAE
oz mHA st Aol TestE ‘Pass'3t L, 7L 5He] MYl AL E2H oAU A% A=qte7}
WYE vtk wEbA 2 AellAs AR ol Ale] WS 300~600eVE F3tar, s YA} ol
A9 $£EE 3FF2E 3lo, 200, 400, 600V APE st T ZAAZHmin) S 35¢FEOR
3E, 55, TEoZ ALt AAFFL 0(scem), 5(scem), 10(scem)@] 35502 3G on, TiFAE
0(nm), 10(nm), 20(nm) 2 SFATE webr Axke] == 470, 2 QApe] =532 35591 319 AFA Y
9 Table 2,18 o]&3}o] BA 314} Fhr}.

AL =B |edo] Bt 275 Zek=nt A Axp 42 (Plasma generated electron beam
source) & 8350w, AF AW oA 2+ £=F9 ZFA o 45° A2 AAPL-E %] FHW(as
molded)ol] ZAFgFe 24 o]Fo] At} (Figure 2.1 FX).

2 3to|Auk, Ve H o Hol 8957k wEAgo] EAISA] gon 319 dRAA
¥ 31702 du AUE FAS 915e] 23] HHE AP Fyslo] F 18W) AFE sk AP )
A+ Table 2.28} Zow gbd:MA3}o|| of3te] AA] = STk
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Sample E-beam
Holder Source

Figure 2.1. (a) Exterior of surface treatment vacuum chamber, (b) Interior of surface treatment vacuum chamber
and sample of mounted on a Sample Holder

Table 2.3. Weighted score of the flacking form

dhe] Pef 3 Vel
<A vkg Fail 3
Az} akg) Fail 5
1/3 4tg Pass 8
2alg Pass 10

AgoA EA=E M4 X-Cutting Teste] A3}, vlo]A$ X, XPS JI3AZZHCls 2HER]H]
Zelth. &3] X-Cutting Testo] A3= 37, EFZAT o] 831X g1, 2] Jejof uef 7Heds-E
Table 2.33} Z+o] o]&3}4th.
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» Vickers A E &

‘ HV = 189.10 P/d2
d = Mean value

Figure 2.2. Vickers hardness calculation principles

Table 2.4. Observation data of experiment

Ay dis A@ A}

HE A B C D X-Cutting Test XPS ) ma#=3k Vicker’s Hardness
1 1 1 1 1 10 10 1.7187 2.1431 14.68 14.68
2 1 2 2 2 3 5 1.7356 1.8069 14.92 14.78
3 1 3 3 3 10 1.8687 1.7478 14.82 14.84
4 2 1 2 3 5 8 1.9964 1.9194 14.90 15.06
5 2 2 3 1 10 10 2.0680 2.2311 14.76 14.84
6 2 3 1 2 8 5 1.7057 1.6128 15.18 15.08
7 3 1 3 2 10 10 1.8586 2.0091 15.32 15.26
8 3 2 1 3 3 3 1.6183 1.5503 15.42 15.06
9 3 3 2 1 10 10 2.0408 2.0737 15.00 14.88

Vickers AE+ FFHIALgT3oA {5t 9= Micro Hardness TesterE &85} AL A|dwt
ko w, Micro Vickers®] A% SAHOZ Figure 2.22} Z+o] 315 10gfe] Vickers IndenterS AR
3}, holding time2 5seco] i depthe 33 A 3dlo] HF3hS ARSI

XPS 3]32#53(Cls 2¥Eeh)o] Adtigarl Bkl 9l XPS 29 EY A7 S &8st 54
T4t 53 AFF & Table 2400 &) 3ttt

3. SAA A2 24 22t

3.1. X-Cutting Test Z2}

o 2] (eV), 2AFAZH(min), 2475 (scem), TiF7] (nm) ol W} X-Cutting Test 23] |23k X}
o|7} A e7HE got B fJ3 9A FEHREE 28 B A7} Figure 3.1 2t}

Figre 3,114 B8l 912 B 2AAI 03 A5} D, TIEAS) 2 229041 Aol7h slo] Hol A 2tk
018 Salstr] 913) RALLS AASHELOD] AN 237} Table 3191 9l

Table 3.15 HH 7 g2l thst A AAS & 234E HA TiTAZ 2R EAZF FY kol 8.63¢9]
2 o198 pato] 0.008% FOGSE 5%l RO Hol7t ATk B & 4 Aok 22 ZAA o
st AF= p3re] 0.060°02 Fo5F 5%l 25t xfol7t vteta wE £7F fivh. vhRrA R W)
AR 2} 4t4aF-HE X-Cutting Test Z}oll Fo| 8k 2ol & Helvka we 4= ¢lrt. wehA 1=} D,
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Figure 3.1. Main effect diagram

Table 3.1. ANOVA Table for results of X-cutting Test

Young Sik Park, Ha-Mong Shim, Myung Hwan Na, Ho-Chun Song, Sanghoo Yoon, Keun Sam Jang

29 A ARE AT Fg P
A A]) 2.778 2 1.389 0.35 0.712
B(2AMAIZY) 30.778 2 15.389 3.90 0.060
C(Ata#3) 19.111 2 9.556 2.42 0.144
D(TiFA) 68.111 2 34.056 8.63 0.008
b 35.500 9 3.944
A 156.278 17
Table 3.2. Mean values at each levels of factors
A A3 AN9A) B(ZA13) O 7 D(TiF71)
1 6.833 8.833 6.500 10.000
2 7.667 5.667 6.833 6.833
3 7.667 7.667 8.833 5.333
TiFAe] $Fol webArt 2pol7t glomz oj= oA Aite] P ghol Akol7h =AE H7] A6
Table 3.25} o] Aelahelcy. AFRAAT A D 52 10]4 g0z 53 29} 30Tt 28

o]—/\ 11;].

3.2. XPSu3za g
XPS 327} el A (eV), ZAMAIZHmin), tha
7Ve gol W] A8 WA FENEE
2t Q12 D, TigA 2

SR AN

Table 3.3 2@ Z+ g9l

M
~

&1}

lof ch gt

FZo A Aol 7} QLo
A3}7} Table 3.3 It}
oA A4 A, Ak

a3 2 7534'

)

Holz A 2ot

Z(sccm), TiFZl (nm)ol| we} 728k xpo] 7} 9l
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Figure 3.2. Main effect diagram
Table 3.3. ANOVA Table for XPS peak
a9l Al 3 A= BHAF F3 Pz
AN A]) 0.02367 2 0.01183 0.79 0.483
B(ZAAIZT) 0.04222 2 0.02111 1.41 0.293
C(Ata75) 0.19999 2 0.09999 6.68 0.017
D(TiFA) 0.27067 2 0.13534 9.04 0.007
QxF 0.13467 9 0.01496
=7 0.67121 17

Table 3.4. Mean values of XPS peak at each levels of factors

A ACH IUA) BEAMIRD) C(&&79) D(TIEA)
1 1.837 1.941 1.725 2.046
2 1.922 1.835 1.929 1.788
3 1.858 1.842 1.964 1.783

3 Aol7t qlekn B & 4 YAk TIFA e ARFAZ F gol 004011 £FE prol
0007, A&l B3t BoHe pglel 0.01702 §215% 5% FI8 Aol7t ket 2@ 4
7 gtk e, MRSt ZAKIZES XPS peakol $2]8 Aol & Helthn Wk 4 gick. b
Q17 Ot Dol §93 Aol7k o uE ofn EoA Ahel FE@el Aol7t AEAE B A3 Ta-
ble 3.49} 2o Asiedry. AFEARTH AR Ok £ 29} 314 AHoR 45 100} 522 @
4 gtk QA D& £F 194 408 57 29 3Tk ¥22 ¢ 4 Uk

3.3. Vickers Hardness &A1}

Vickers A= 7} Wof|1#](eV), ZAFAZH(min), AF4&F&(scem), TiF7l (nm)oll wet 2] 3k Xpo] 7} 3l
E7H8 ¥ot 1Y) f§) WA FEAEE 128 2 A7 Figure 3.33} 2t}
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Figure 3.3. Main effect diagram
Table 3.5. ANOVA Table for Vickers Hardness
24 Agd A= o AF F3x P
A(RovA]) 0.41071 2 0.20536 17.64 0.001
B(ZAMAZY) 0.00138 2 0.00069 0.06 0.943
C(At27%) 0.02618 2 0.01309 1.12 0.367
D(TisA) 0.25951 2 0.12976 11.14 0.004
2xF 0.10480 9 0.01164
A 0.80258 17
Table 3.6. Mean values of Vickers Hardness at each levels of factors
o=k A o)) B(2AM17Y) C(Aaf3) D(Ti%Al)
1 14.79 14.98 15.02 14.81
2 14.97 14.96 14.92 15.09
3 15.16 14.97 14.97 15.02

Figure 3.32 B Az A, Wovx]e] &3 AX} D, TiFAY ZF £l A7} glof Hol: 2 2
t}. o]E 3oldly] 98] BARRAL AAstgon A s A7) Table 3.590 ).

Table 3.55 H¥ z} 2409 gk 794 A4 23, WolvAZS TiFAZ} fol+E
st el 7} Qlokar 23 —)u‘— AT el A ¥

5%NA <]
o] 3t AREAE Fo] ZHo] 17.640] 1 3225 pZrol
0.0012, TiF7Ao] 3t A= pgro] 0.0042 G243 5% A &28 xpo] 7} k. T}, ZAA
43} e RFE Vickers 0l FI2 Ao HAtky B 2 Sit) Wea) 2 Ash Dol §9l%
Aol7k Yome o felA Aste] Frgol Fel7k JEAE Bl As) Table 363 2ol el
Ak AFEAAT} QA AL £F 13} 2004 AT YoR $F 30U E2S T 5 Aok A DE S
%29 3914 & 1HT Ao £ < 5 Aot
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4. 22

2 AFoAE Stz AL AxR AxF &85t PC/ABS 3 AF=E9] 349 AR A =
A5 gt O A% 238 Ao IF3dA T NE D FeAede] Ao HE 21s &
o} Htt EAXEZE X- Cuttlng Test 23}, XPS 93, Vickers ZEE 1830 n QAx= Wofy
A, ZAAZHmin), k2R, TiFAolth #4 2= TiTAE 2 SA% o8 A& H3le
o, sk XPS 33|, Wl A& Vickers Aol 28t X0l & Bt}

E AT A3E AALE o]83t 3tehd 29 A o BrtE oz s YA o)W F2 ZeFRu}
AAE o] &3 AY 71AF MY Z2 7|44 718)S 3t A RUREE AAFgozn 7
e FE5IYS T 883+ Qar, T3 Y A A SHF s YA S o] 83 A
771eS 7] SollA GA FAEE F5 2 340 F83ta 2y F5FHES FHETe 2 A A
=9 HIVIAE 5 =Y 4 IS Zoz ujEnh
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