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One-way ANQVA: Contact Angle (Before Plasma) versus Prepreg
Method

Null hypothesis All means are equal

Alternative hypothesis At least one mean is different
Significance level o = 0.05

Equal variances were assumed for the analysis.
Factor Information

Factor Levels Values

Prepreg 2 AMFAI 2[EAY

Analysis of Variance

Source DF AdjSS AdiMS F-Value P-Value
Prepreg 1 20358 20358.1 109.33 0.000
Error 38 7076 186.2

Total 39 27434
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At (PPOFA) ¢ =7 (Contact angle) 2] Hlmw &4 Zko|t}.
A

AAAZ (Plasma) o) A &% 27 A4 BF Ag A B} A5l
As] Aokl 21 el & 4 ok 27) 24 BF A%l

Bt o 444 (Hydrophobic) & 545 7FA 1L Sl Aol EelE )
J 13025 > 775 , A 2A 17545 > 11.25)
o] A¥S AT AAAZF(Plasma) 2 IFACRES W NA E3=

FAACE AS HAo [E 2-1]

N
N
b
|

Boxplot of H=ZI(After HAlAlZ)

150

1000

HEZHE)

7.3

5.0

One-way ANQOVA: Contact Angle (After Plasma) versus Prepreg
Method

Null hypothesis All means are equal

Alternative hypothesis At least one mean is different
Significance level o = 0.05

Equal variances were assumed for the analysis.
Factor Information

Factor Levels Values

Prepreg 2 MFAX 2 (&4

Analysis of Variance

Source DF AdjSS AdiMS F-Value P-Value
Prepreg 1 126.0 126.025 45.37 0.000

Error 38 1056 2.778

Total 39 2316

v}
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[19. 2-5] 442 A9 U

2) 7A21217} (Plasma)
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b. 4ol ¢x5d AHS AAAZ(Plasma)& $138] ¥ Z2k=vt
9 i},
c. 7AAAZto] errw AJH FA(T2)E 33 54712 SA3}

d. T1-T2#= T3t A4 A Z4% (Etchrate) & 3t
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2] & FA(T2) & 71€ ¥l FA4 (Weight
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et ghe BT ol WA V)9 A AF 2
217V (Etchrate) 2} 543 kS et [3E. 2-4]
Aol B9 FY 2eA oF 1.25ume] AZES Kolr
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o AyE 71EAAY AFS 1.14um 183 Y
TAaAE 1.66um® YERTH o] ARgES BF f95w
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o 5ehA RS Egste] wioje] SA4E 7HA A doth
A2 2 7F (Plasma) N &) 2pol = 2] 9] A} F29k S48
zpol 7k W v % (Porosity) 7} 1, W% (Density) 7} S
PPOFA= C-CAg ez AAAZ A F2 Gassl F/O, °l 23|
A & He BAS HolA Hrh

J
o
e

2 =4y =77 A#
= —
Aesgwy | GARRF | agae | zase
_ A = _ _ _
agsgpy | THNYTEIAR | gp2g7 | 7asz2a3s
[%. 2—-4] A7t (Etchrate) 579 vl
Boxplot of AZtH (A 412D
14
13
48

13

11
E
= 10
o
w039
=T

0.3

07

651
06
0.5
EEvE EES

One—way ANOVA: 7|4 A, 24 A

Method

Null hypothesis All means are equal

Alternative hypothesis At least one mean is different
Significance level a = 0.05

Equal variances were assumed for the analysis.
Factor Information

Factor Levels Values

Factor 2 Z1EEA. A=A

Analysis of Variance

Source DF Adi 5SS Adi MS F—Value P—Value
Factor 1 1.82306 1.82306 448.42 0.000
Error 28 0.07318 0.00407

Total 29 1.89624

[, 2-7] 24 SA2A4% Blal 24 (Minitabit4)



Boxplot of AlZtEF(HAIAIZE

19

15

17

164

151

14

42t (um)

134

114

104

One—way ANOVA: 71244, A4 A

Method

Null hypothesis All means are equal

Alternative hypothesis At least one mean is different
Significance level a = 0.05

Equal variances were assumed for the analysis.
Factor Information

Factor Levels Values

Factor 2 71E&A, ATEA

Analysis of Variance

Source DF Adj SS Adi MS F—Value P—Value
Factor 1 1.3276 1.32765 94.62 0.000
Error 28 0.2526 0.01403

Total 29 1.5802

(19, 2-8] &AE AAAZHF vl 1w &4 (Minitab-4])

S EA N zaa | Atad
SANAF 1.25um | 0.64um
A2 o= 1.14um 1.66um

(3. 2-5] 248 oAetd el e ol = (Etchrate) v 1L

A 3% Nz 34 A9 A 2 A4

20 = ,H
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78 Control Test
24 =LA AFaA
ﬂ(ij)& 500 100/300/700/900/1100
©) B O (4 (+) ()
CF4s=
_ 200 50/100/150/250/300
A4 (scem) | ) O 6 (O (4 )
(Plasma) 09%T
2511000 200/400/600/800/1200/1400
scem o) 00 00 60
f:”%j 200 50/100/150/250/300
scem ) 0O O+
AR 500 100/300/700/900
se © O O () 4
ga47 | gass
= ) 50 10/30/70/90
ol 71 =
s (1_(:% 80 60/70/90/100
© 6 O (9

F.3-11 AA/EA44 AAreE g AEAE

H:l

* sccm: standard cubic centimeter per minute

)

2. AXF H Az

o

9 =
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< Variability Chart for Dry Etching(Plasma) Etchrate(um)
i5

3 -
25 —*—
— __*__
5> —
z
5 &= o
£ 15
b} A f
1 e B
05
CreErE o = = = = B ¥ | ¥ =
A
Y 4 1 a4 | 4| 94| 4| a| 4| « 4 | @ =™
|| R WOl | WOl R
~ | 2| n|l 2| m]l 2| vl 2| ] 2| ~]| 2

100 300 500 700 200 1100 72| Al 7Hsec)

[719. 3—1] A424ZF(Plasma) A g A gtell w2 A 7}baF

AGAZ | 718424 | ATdLA

100sec 0.64um | 0.92um

300sec 0.95um | 1.31um

500sec 1.13um 1.61um

700sec 1.44um | 2.11um

900sec 1.63um 2.47um

1100sec | 2.23um 3.16um

(18, 3—2]12 A2 27 (Plasma) CF, Gas® 5ol W& A

2 7Zvef (Etchrate) O & CF4 Gas®X9 Z7hol wet 71&, A4

25 A Z}% (Etchrate) > Hldslo] ket 2le & 5 QAU
E2aA9 A9 oF 0.2umelA H oF 1.4um7HA A5 AL A5F

A= oF 0.3umellA #H i oF 2um7bA] F7F Fol Zth [, 3-

a9 sk Skl mE A SR digk Ve A4

ZHJ A A 71E AAE= oF 1.5um, Al9F 2AlE oF 2. 5um% Fo
23 i H 2 1_'_]| 'cﬁ]r T



HEAoxg £Hd Ao7 oA #=H}

£ Variability Chart for Dry Etching(Plasma) Etchrate(um)

: 2
—al—
125
=
: -
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g
0 = = = = = = = = = = = =
4 4| 4| 4| a g 4| a| 4] 9| q|2H
Kkl e 1] e ki e I ki e I e
™~ = m =< ~ <! ™ = ™ =1 ~ <!

50 100 150 200 250 300 CFA= C(scerm)

[19. 3-2] AAAZF(Plasma)CF, 550 wE Al ztek

CF, &% | 71&4A | AtsA

HQscem 0.20um 0.34um

100scem | 0.55um 0.78um

150scem | 0.89um 1.20um

200sccem 1.13um 1.59um

250scem 1.23um 1.85um

300scem 1.43um 1.99um

(79, 3-3]1S A2 27 (Plasma) O, Gass%o] & 23

27k (Btchrate) &2 [, 3-2] 9] CF4 Gassxol thdt 934 1

71E2AY A9 ok 0.2umeolA Ha oF 1.3um7HA AS5E o At
A= ok 0.3umolA Hi ¢F 2um7tA| =7F Zo] FAt)

O; GasEkol gk A wheA A& CF48k A9 FAkskH

24 ] ;-H :‘i 1_'_” [
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£ Variability Chart for Dry Etching(Plasma) Etchrate(um)
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200 400 800 1000 1200 1400 0245 = (scem)

(719, 3—-3] A2 2 ZF(Plasma) Oy 550 s 27k

0,5 % 71EEA | AaA

200sccem 0.21um 0.28um

400sccem 0.45um 0.66um

800scem 0.80um 1.22um

1000scem 1.12um 1.57um

1200scem 1.20um 1.92um

1400scem 1.32um 2.06um

(7%, 3-4]18 A2 A7 (Plasma) N, GasE%o] wE AAd

217} eF (Etchrate) &2 %719 212V (Etchrate) o] sXeo] wE w3}
glol dAstA FHES A & 4 Ak [ 3-5]
FPlasmad ol N, Gase 9> == A7 2 Purgeel 5=

shol ek,
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<A Variability Chart for Dry Etching(Plasma) Etchrate(um)
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50 100 150 200 250 300 N2&s = (sccm)

[19. 3—4] AAAZF(Plasma) N5 5o wE A zhek

N, &% Z1EEA | ATtsA

HQscem 1.08um 1.61um

100scem 1.11um 1.51um

150scem 1.12um 1.63um

200sccem 1.12um 1.53um

250scem 1.12um 1.65um
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< Variability Chart for Wet Etching(Desmear) Etchrate(um)
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4 Variability Chart for Wet Etching(Desmear) Etchrate(um)
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TAZE TA7F= =A7%

H] #%F Top Size 15~7bum .
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A Variability Chart for Hole Top Size(um)

80

85
80 ; & %»
7 UsLi7s) - = f . —%
5 gy 1} 3
g ™ i -
T 65 i
k]
'y 60
S
= 55
50
LSL(45) -
40

o

Dry Etching(Oum)+Wet Etching(0.5um) in

-

Dry Etching{0.5um)+ Wet Etching(10um)| tn

[

Dry Etching{(0.5um)+Wet Etching(2.0um)| in

-

Dry Etching(1.0um)+Wet Etching(0.5um)| tn
Dry Etching(1.0um)+Wet Etching(LOum) ™
Dry Etching(1.0um)+ Wet Etching(L5um) tr
Dry Etching(1.0um)+Wet Etching(2.0um)

Dry Etchingi0.5um)+Wet Etching(0.5um)| ©
Dry Etching{(0. Sum)-+ Wet Etching(L5um) ™

4 Variability Summary for Hole Top Size{um)

Hole Top Size{um)
T£[DryEtching(0um)+Wet Etching(0.5um)]
Z [Dry Etching(0.5um) +Wet Etching(0.5um]]
Z[Dry Etching(0.5um) +Wet Etching(1.0umj]
T£[Dry Etching(0.5um)+Wet Etching(1.5um]]
£ [Dry Etching(0.5um) +Wet Etching(2.0um]]
Z[Dry Etching(1.0um)+Wet Etching(0.5um]]
T£[Dry Etching(1.0um)+Wet Etching(1.0um]]
£ [Dry Etching(1.0um) +Wet Etching(1.5um]]
Z[Dry Etching(1.0um)+Wet Etching(2.0um]]
T£[Dry Etching(1.5um)+Wet Etching(0.5um]]
£ [Dry Etching(1.5um) +Wet Etching(1.0um]]
E[Dry Etching(1.5um) +Wet Etching(1.5um]]
T£[Dry Etching(1.5um)+Wet Etching(2.0um]]
T£[Dry Etching(2.0um) +Wet Etching(0.5um]]
E[Dry Etching(2.0um) +Wet Etching(1.0umj]
T£[Dry Etching(2.0um)+Wet Etching(1.5um]]
£ [Dry Etching(2.0um) +Wet Etching(2.0um]]
T E£[DryEtching(0um)+Wet Etching(0.5um)] Tetal Etchrate{um)[0.5]
T2 [DryEtching(0.5um)+Wet Etching(0.5um)] Total Etchrate{um)[1]
£ [Dry Etching(0.5um) +Wet Etching(1.0um)] Total Etchrate{um)[1.5]
E[DryEtching(0.5um)+Wet Etching(1.5um)] Total Etchrate{um)[2]
T Z[Dry Etching(0.5um) +Wet Etching(2.0um)] Total Etchrate{um)[2.5]
T£[Dry Etching(1.0um) +Wet Etching(0.5um])] Total Etchrate{um])[1.5]
E[DryEtching(1.0um)+Wet Etching(1.0um)] Total Etchrate{um)[2]
T Z[Dry Etching(1.0um) +Wet Etching(1.5um)] Total Etchrate{um)[2.5]
T£[DryEtching(1.0um)+Wet Etching(2.0um]] Total Etchrate{um)[3]
E[DryEtching(1.5um)+Wet Etching(0.5um)] Total Etchrate({um)[2]
T Z[Dry Etching(1.5um)+Wet Etching(1.0um)] Total Etchrate{um)[2.5]
T£[DryEtching(1.5um)+Wet Etching(1.5um]] Total Etchrate{um)[3]
£ [Dry Etching(1.5um) +Wet Etching(2.0um)] Total Etchrate{um)[3.5]
—Z[Dry Etching(2.0um) +Wet Etching(0.5um)] Total Etchrate{um)[2.5]
T£[DryEtching(2.0um)+Wet Etching(1.0um]] Total Etchrate{um)[3]
T Z£[Dry Etching(2.0um) +Wet Etching(1.5um)] Total Etchrate{um)[3.5]
—Z[DryEtching(2.0um)+Wet Etching(2.0um)] Total Etchrate{um)[4]

r

Dry Etching(1.5um)+ Wet Etching(L0um)| tr

w

Dry Etching(1.5um)+Wet Etching(2.0um) ir

r

Dry Etching(2.0um)+ Wet Etching(0.5um)| ir

w
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Total Etchrate{um)
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Dry Etching(1.Sum)+Wet Etching(0 Sum) ™
Dry Etching(1 Sum)+Wet Etching(1.5um) “*
Dry Etching(2 Oum)+Wet Etching(10um)
Dry Etching(2.0um)+Wet Etching(2.0um)| *

Mean 5tdDev Minimum Maximum Range Observations
69.74 6.64 52.83 8533 325 510
6031 3.09 52.83 64.88 12.05 30
6202 2.52 58.13 69.9 1177 30
64.32 2,94 58.55 7261 14.06 30
6846 3.21 61.94 7451 12.57 30
73.65 3.08 66.76 8012 13.36 30
6234 2.72 56.19 67.7 11.51 30
67.30 3.26 61.18 7316 11.98 30
7079 2.50 63.00 7567 11.68 30
75.51 2.78 68.91 8103 1212 30
6347 241 58.77 6831 9.54 30
60.73 3.00 62.28 76.88 14.6 30
7474 2.16 70.05 7015 a1 30
7733 238 7213 8208 9.95 30
65.16 3.32 50.65 7566 16.01 30
72.50 2.74 68.67 70.85 11.18 30
7725 27 70.39 8222 11.83 30
8070 2.79 75.00 8533 10.24 30
60.31 3.00 52.83 6488 12.05 30
6202 2.52 58.13 69.9 11.77 30
64.32 2.04 58.55 7261 14.06 30
6846 3 61.04 7451 12.57 30
73.65 3.08 66.76 8012 13.36 30
6234 2.72 56.19 67.7 11.51 30
67.30 3.26 61.18 7316 11.98 30
7079 2.50 63.99 7567 11.68 30
75.51 2.78 68.91 8103 1212 30
6347 24 58.77 6831 9.54 30
69.73 3.09 62.28 76.88 14.6 30
7474 2.16 7005 79.15 9.1 30
7733 2.38 7213 8208 09.95 30
65.16 3.32 59.65 7566 16.01 30
72.50 2.74 68.67 79.85 11.18 30
7735 277 70.39 8222 11.83 30
80.70 2.79 7509 8533 10.24 30
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. 7

Dry Etching(0.5um)+Wet Etching(0.5um) =

[
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[~
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< Variability Summary for Etch Rate==$H0| = 2f I FEAHum)

Mean

2 F FHAHum) 1.40
Z[DryEtching(0um)+Wet Etching(0.5um)}] 5.44
Z[Dry Etching(0.5um)+Wet Etching(0.5um]] 2.20
Z[Dry Etching(0.5um)+Wet Etching(1.0um]] 2.21
T £2[Dry Etching(0.5um) +Wet Etching(1.5umj] 1.85
=+ £2[Dry Etching(0.5um) +Wet Etching(2.0umj] 1.62
F£[Dry Etching(1.0um)+Wet Etching(0.5umj] 1.61
+£[Dry Etching(1.0um)+Wet Etching(1.0umj] 1.30
F£[Dry Etching(1.0um)+Wet Etching(1.5um)] 1.12
22 [Dry Etching(1.0um) +Wet Etching(2.0unm)] 0.91
2 =2 [Dry Etching(1.5um)+Wet Etching(0.5um)] 0.95
2 [Dry Etching(1.5um)+Wet Etching(1.0um)] 0.86
=2 [Dry Etching(1.5um)+Wet Etching(1.5um)] 0.75
2 [Dry Etching(1.5um)+Wet Etching(2.0um)] 0.71
=2 [Dry Etching(2.0um) +Wet Etching(0.5um)] 0.79
2 [Dry Etching(2.0um) +Wet Etching(1.0um)] 0.68
=2 [Dry Etching(2.0um) +Wet Etching(1.5um)] 0.47
=2 [Dry Etching(2.0um) +Wet Etching(2.0um)] 0.33
=2 [DryEtching(Oum) +Wet Etching(0.5um)] Total Etchrate(um)[0.5] 5.44
=2 [DryEtching(0.5um)+Wet Etching(0.5um)] Total Etchrate{um)[1] 2.20
T2 [Dry Etching(0.5um) +Wet Etching(1.0um)] Total Etchrate(um)[1.5] 2.21
T Z[DryEtching(0.5um)~Wet Etching(1.5um)] Total Etchrate{um)[2] 1.85
FZ[Dry Etching(0.5um) ~Wet Etching(2.0um)] Total Etchrate{um)[2.5] 1.62
T Z[Dry Etching(1.0um) +Wet Etching(0.5um)] Total Etchrate{um)[1.5] 1.61
= [DryEtching(1.0um)+Wet Etching(1.0um)] Tetal Etchrate{um)[2] 1.20
TZ[Dry Etching(1.0um) +Wet Etching(1.5um)] Tetal Etchrate{um)[2.5] 112
2 =[DryEtching(1.0um)~Wet Etching(2.0um)] Total Etchrate{um)[3] 0.91
2 =[DryEtching(1.5um)~Wet Etching(0.5um)] Total Etchrate{um)[2] 0.95
Z[Dry Etching(1.5um)+Wet Etching(1.0um)] Tetal Etchrate{um)[2.5] 0.86
Z[DryEtching(1l.5um)+Wet Etching(1l.5um)] Tetal Etchrate{um)[3] 0.75
Z[Dry Etching(1.5um)+Wet Etching(2.0um)] Tetal Etchrate{um)[3.5] 0.71
Z[Dry Etching(2.0um)+Wet Etching(0.5um)] Tetal Etchrate{um)[2.5] 0.79
Z[DryEtching(2.0um)+Wet Etching(1.0um)] Tetal Etchrate{um)[3] 0.68
== [Dry Etching(2.0um) +Wet Etching(1.5um)] Total Etchrate{um)[3.5] 0.47
= [DryEtching(2.0um)+Wet Etching(2.0um)] Total Etchrate{um)[4] 0.33
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S48 0.5um 1.0um 1.5um 2.0um
ANNFF
A7 | Ada [Aza (7w [Aug [A2g [z [Ada [Aza [d7a [A0z [A4a
# 7 AL 5.44 | 7.62 | 3.47
Oum
Hole Top Size | 60.31 | 64.88 | 52.83
| F AL 2,20 | 4.19 | 0.52 | 2.21 | 3.68 0.3 1.85 | 3.31 | 0.05 | 1.62 | 2,95 | 0.25
0.5um
Hole Top Size | 62.02 | 69.90 | 58.13 | 64.32 | 72.61 | 58.55 | 68.46 | 74.51 | 61.94 | 73.65 | 80.12 | 66.76
a2 @A} 1.61 | 3.23 | 0.42 | 1.30 | 2.93 | 0.32 | 1.12 | 259 | 0.12 | 0.91 | 2.22 | 0.14
1.0um
Hole Top Size | 62.34 | 67.70 | 56.19 | 67.30 | 73.16 | 61.18 | 70.79 | 75.67 | 63.99 | 75.51 [ 81.03 [ 68.91
EEE 0.95 | 2.02 | 0.27 | 0.86 | 2.49 | 0.16 | 0.75 | 1.87 | 0.07 | 0.71 | 2.60 0
1.5um
Hole Top Size | 63.47 | 68.31 | 58.77 | 69.73 | 76.88 | 62.28 | 74.74 | 79.15 | 70.05 | 77.33 | 82.08 | 72.13
o 2 AL 0.79 | 1.90 | 0.08 | 0.68 | 1.76 | 0.05 | 0.47 | 1.42 | 0.07 | 0.33 | 1.21 0
2.0um
Hole Top Size | 65.16 | 75.66 | 59.65 | 72.50 | 79.85 | 68.67 | 77.25 | 82.22 | 70.39 | 80.70 | 85.33 [ 75.09
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ABSTRACT

Demand for Radio Frequency System In Package (Radio Frequency)
in high frequency area is rapidly increasing. As a result, the
importance of low—loss, high—frequency genetic material to reduce
noise between frequencies is increasing.

In particular, identifying problems in the process of manufacturing
semiconductor substrates due to the changing characteristics of
materials has emerged as an important issue. Therefore, the
purpose of this study is to study the mechanism of why resin
residue defects occur in the bottom area of the non—penetrating
hole, one of the biggest reliability items of the semiconductor
substrate, and to draw up measures to eliminate the reliability
deficiencies at source.

This study aims to study the effects of existing materials and
material properties of low—loss high—frequency dielectric materials
(low Dk&Df) on dry and wet etching processes.

To this end, the differences in the molecular structure of the
material were first analyzed and theoretical studies were conducted
on the reactivity of the material during the dry/wet etching process.
The etching process was targeted for dry and wet etching
processes using plasma and permanganate. To quantify the etching
process, the depth of the hole in the specimen before and after the
etching process was measured to assess the residual amount of the
resin.

Experiments have shown that the chemical and plasma reactivity
varies depending on the resin that constitutes the genetic material.

In addition, the material and etching process variables were
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identified to quantify the etching process results to verify the
validity of the theory.

Finally, an optimal etching process was designed by conducting a
surface response experiment by setting the residual and non—
penetrating hole sizes as dependent variables and dry/wet etching

quantities as independent variables.

Keywords: Low loss high frequency dielectric material,
Plasma / Permanganate / Etching
Resin, Prepreg, PPO (Poly phenylene Oxide)
Student Number: 2019-26026
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