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Abstract : In this research, environmental friendly organic acid containing microetching system to
improve adhesion strength between photoresist resin and Copper Clad Laminate(CCL) was
developed without using strong oxidant H,O,. Etching rate and surface contamination on CCL
were examined with various etching conditions with different etchants, organic acids and additives.
to develope an optimum microetching condition.

Etching solution with 0.04 M acetic acid showed the highest etching rate 0.4 gm/min. Etching
solution with the higher concentration of APS showed the higher etching rate but surface
contamination on CCL is very serious. In addition, stabilizer solution also played an important role
to control the surface contamination.
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As a result of research, the etching solution containing 0.04 M of acetic acid, 0.1 M of APS
with 4 g/L of stabilizer solution(ST—1) was best to improve adhesion between CCL and photoresist
resin as well as showed the most clean and rough surface with the etching rate of 0.37 x#m/min.
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Table 1. Basic Composition of stabilizer(ST1)
for CCL microetchant

Component Weight(g)

Cyclohexylamine 5.7
PEG 400 1
MEG 2
Citric acid 2
Sulfuric acid 2.85
Benzotriazole 0.2
H,0 89.4

Total 103.15
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Table 2. Etchant Compositions with various
organic acids

Component Gl P1 Al
0 . d 0.02 M | 0.02 M | 0.02 M
rganic acl Glycine | PTSA AA

APS 0.1 M
Thiourea 1 g/L
PEG 200 1 g/L
etching rate
(,um/gmm) 0.26 0.17 0.25
Roughness
Ra (am) 58.8 122.2 96.1

0.8 M 180s

120s

Etching depth (um)

Glycine ‘ PTSA ‘ Acetic acid ‘

Acid solution

Fig. 1. Etching rate of CCLs with various
microechants.
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Fig. 2. AFM photos of CCLs before (a) and

after treating with various
microetchants; (b) P1, (c) Al, and

(d G1 for 1 min.

P1

Os 120s 180s

Fig. 3. Photographs of CCLs after etching with
various microetchants.
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Table 4. Etching depth of CCL with various

etchants
Echant Etching depth (zm)
30 s 60 s 120 s
Al 0.1517 0.2545 0.5018
A2 0.1772 0.2919 0.5520
A3 0.1494 0.2740 0.5748
A4 0.1505 0.2500 0.5945

iﬁﬂ

* mﬁ | e
o B -

Os 120s

Fig. 4. Photographs of CCLs after etching with

microetchants containing various

amounts of acetic acid.

Fig. 3ok ofn] HGlZo], ofHEAL Fkd
o2 o Fo Y Ao o Hh+= Fig 4
of Uehdl uie} Zo] mE Fa FEuo] I=o]

ARow, 4ol ot soldol wet #H o
o] B% AstA

Table 3. Compositions of A series microetchants

Component Al A2 A3 A4
Acetic acid 0.02 M 0.03 M 0.04 M 0.05 M
APS 0.1 M 0.1 M 0.1 M 0.1 M
Thiourea 1 g/L 1 g/L 1 g/L 1 g/L
PEG 200 1 g/L 1 g/L 1 g/L 1 g/L
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Table 5. Composition of AS series etchants
AS1 AS2 AS3 AS4
Acetic

acid 0.04 M 0.04 M0.04 M0.04 M

APS 0.1M 01 M 01IM O01M
Thiourea 1 g/L 1g/L 1g/L 1¢g/L

Stabilizer
(ST1) 0g/L 2¢g/L 4¢g/L 6g/L

1.2

=
=]

0.8

Etching depth (um)

Concentration of stabilizer (g/L)

Fig. 5. Etching rates of A series etchants with
different amounts of stabilizer.

I3k 15503 M) APSE AxH nlo]l372
olgetelAle] ergAlel Fre] we o muE
slelshy] 9lste] Table 6o Lpehd wpsh 7ol
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Al ST19] =8 28, 38 Z7HA710A 74
Awe] BYS 180 23+ nfolazelste] o

CCL By REIXNAES] HHe P AT Soft oA Az 5
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Fig. 6. Photographs of CCLs after etching with
microetchants containing various
amounts of stabilizer.

Table 6. Composition and etching rates of A
series etchants with different amounts
of stabilizer

ASL1 ASL2 ASL3

Acetic acid | 0.04 M 0.04 M 0.04 M
APS 03M 03M 03 M
Thiourea 1g/L 1 g/L 1 g/L
Stabilizer(ST1) 4 g/ | 8 g/L 12 g/L

etching rate 1.04 0.96 0.75

(4 m/min)

Os 120s 180s

Fig. 7. Photographs of CCLs after etching with

microetchants ~ containing  different

amounts of stabilizer.

1 A3} Fig. 70l Wbl wkel o] QA <]
57t 8 g/L7} FHeE mfo]aRooHo] AL
FHo| ed2 WAYSHA] ookt T2d, Fig. 8
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a b

Fig. 8. SEM photographs of CCLs after etching
with microetchants containing various
amounts of stabilizer: a; ASLI1(AA4),
b; ASL2, ¢; ASL3.
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Table 7. Composition of A series etchants with
different amounts of APS

AAL  AA2 AA3  AA4
Acetic 0,04 M 0.04 M 0.04 M 0.04 M

APS 005M 01 M 02M 03M
Thiourea 1 g/L 1g/L  1g/L 1 g/L

Stabilizer
st 4 g/L 4¢g/L 4g/L 4g/L

B LR
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0.05 010 015 020 025 030
Concentration of APS (M)

Fig. 9. Etching rates of A series etchants with
different amounts of APS.

60s 120s 130s

AA4

Fig. 10. Photographs of CCLs after etching
with microetchants
different amounts of APS.

containing

E3E Fig. 110] Uehd CCLe] W] SEM
A B, o H9E 50 gL glglen,
o] Pape Foigh Ajols} g vholA 2o

i 3
H EWE Hol £3 9

Fig. 11. SEM photographs of CCLs treated
with various microetchants: a; AAl,
b; AA2, c; AA3, d; AA4.
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1) Cyclohexylamine®] 5%

SrAS] A cyclohexylamineo] &
i gotrr] $all Table 8o Uepdl Hie} 7o
cyclohexylamine®] HEg& WHIAA AxH A
AE 71E9] 0.04 M oNEAL o H(AA4)f 4
g/l A Hriste] ol Addt e Fig. 129]
HER A

Aol digh AL EE e Fig. 1204
Hi= Hpel Zo] duix oz ofglFe g oA
= YAt Ed=2 gHA Jdod, 2 AF
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HLo] & JF= A= FUTh

1 - =30

0.9 4 (]
0.8 4 =120
50_7 i =180
EOG q

ASC-1 ASC-2 ASC-3 ASC-4
Fig. 12. Etching depth of CCLs  after

microetching  with AA4 and ASC
series stabilizers.

Fig. 13&= SFEA|2] cyclohexylamine s& H
Sto] wap AxE o dAor ofFsta [T
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H BEH ego] Wol WS, RVt w2
Aole ego] WS P AR FE =
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CCL ¥y} XEIAAESLS] Hae P AT Soft o|GH A= 7
NdEEolE 2 FFS 7IAA oy BH <
de AretedE SlolA uie Sa% A4S T

ohal g

30s 60s 120s 180s

Fig. 13. Photographs of CCLs after
microetching  with AA4 and ASC
series stabilizers.

2) BTAY 5%

SrgA o] 2AdoAl BTAS Sgto] o] gotx
71§18l BTAS] sk& WHIZ IHAE Ax
Ste] 0.04 M oFNEAL o R(AA4)o] H7Fste]
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A7 A o] 242 Table 99 YeERH AT

Tl A} Fig. 149 vrepd BRe} Zro] QHAAIE
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Fhof wEp HAHer e @2 WAYsHA] ot

Table 8. Composition of stabilizer with various amounts of

cyclohexylamine
Component ASC-1 ASC-2  ASC-3 ST1  ASC-4
Cyclohexylamine 0 2.85 5.7 11.41
PEG 400 1 1 1 1
MEG 2 2 2 2
Citric acid 2 2 2 2
Sulfuric acid 2.85 2.85 2.85 2.85
BTA 0.2 0.2 0.2 0.2
H,O 95.1 92.25 89.4 83.7
Total 103.15 103.15 103.15 103.15
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Table 9. Composition of stabilizer with various amounts of BTA

Component ASB-1 ASB-2 ASB-3 ST1 ASB-4
Cyclohexylamine 5.7 5.7 5.7 5.7
PEG 400 1 1 1 1
MEG 2 2 2 2
Citric acid 2 2 2 2
Sulfuric acid 2.85 2.85 2.85 2.85
BTA 0 0.1 0.2 0.4
H,O 89.6 89.5 89.4 89.2
Total 103.15 103.15 103.15 103.15
o}, ASB-1%} ASB 22 AzxH HEAE Hot 4. 4 E

g ol A ede figlon, #ERo] #2
Moz WEtY u} AgHog BTA Bkt oA
&l A IFE 7IAA Fou TR
AZols g MAL d&e Felststt

AN =

oo as0
- 60
0.8 | w120
Eo0.7 180
o6
s
2o0.s
%"0.4
Z03
=02
0.1

ASB-1

ASB-2 ASB-4

Fig. 14. Etching  depth of CCLs  after
microetching with AA4 and ASB series

stabilizers.

ASB-3

ASB-1

ASB-2

ASB-4

30s 60s 120s

Fig. 15. Photographs of CCLs after
microetching with AA4 and ASB
series stabilizers.

180s

Photoresist 4=2]2te] A&& FAFS 5t 1 4
m ©]5te] PCB AA|2-§ mfe]a= o & o] 7
%—% flsto] fl4te s oM EANL f7]aHits}
E2 APS 9 thioureaE 7|E2SZ i1
1r1h1b1tor AWSAA] D HAAS Z235E A

S Arbstol Zh Wik 2o ] ool mA|

= TS ATt et 2 dEe didth
1. 3%9 0.2 M 714 & oPHEA} glycine

AL A&EEIF 0.25~0.27 gm/min 2
HEE 100 nmE YERHCH, PTSAC]
% 0.18 ym/minZ ofF&ELI} AiHo
skt ey BE A AR
Qo] st

2. AFM &30z Aozl A" 78 AJH9
BHZER)E PIAY FE AHY A¢
59.0 nmE Uehglon, PTSA, oRHEAL,
glycine oAy &M=z Zbz+ 1222, 96.1,
58.8 nmE UEHYITE. =, PTSAE AH&3t
e BULXEE B Utod 27 o3&
T7F @A glycine®] A9 ZH XZ 9] A
o] o]Fo]x]z] ¢kt

3. QHEAl & WElRE A A& EE 0.339]
A 040 pm/mine2 W3 A9 Qlgle
L, OMNIEARS 0.04 M, APS 0.1 M1 <%
N B¢ HFAY] F=TF 4 g/l BE E
H ool WA Qigtom olHth o @
o] F7td wle o35y EH 2go] HAst
Ark. ERF AJALKEE £o]7] flsl APS

Feb Bl

- 519 -



Vol. 32, No. 3 (2015)

B9 B9 egAe g grjzoz
o]
S

. 71 EAEEEERQD APSO] R 0.05914 0.3 M

HEAZL A AAEZEE 0.20904
1.04 gm/min2 AAHo=z Zrl5i9ct. 2
E2Hog Fg AZEE= {7149 Fk
= 3A I 9] ooy, fr|REE
4 Fhole 49d] A dEFE & 4+ A

Tk

. 0.04 M OoNEAL 0.1M APSel 4 g/Lo] <F
AACT-DE A7t oARe ¢ 0.37 4
m/min®] oA&E EH Qo] HE Qo
o, 3H ZET 7PF 55t9eH, o] oA
Hoz AP ¢ CCLY photoresist
2te] Aztelo] sRA E e W)

Hu
IN

References

. T. Sutter, Inkjet—Based Micromanufacturing;

Inkjet  Fabrication of Printed Circuit
Boards, eds J. G. Korvink, P. J. Smith,
and D.-Y. Shin, Wiley-VCH Verlag

GmbH & Co. Weinheim, Germany. Chap.
16, (2012).

. Y. J. Park, and G. B. Lee, “Analysis of
Energy Efficiency and Productivity in Dry
Process in PCB Manufacturing, Inter. /.

Precision Eng. Manuf., 14(7), 1213-1221
(2013).
D. Tews, F. Michalik, R. Haidar, M.

Thoms, M. Goh, and S. Li, Non—Etching
Adhesion Promoter for Dry Film for
Semi-additive Manufacturing-Advanced
Dry Film  Pre—treatment, 2013 8th
International IMPACT Conference, IEEE
Catalog Number: CFP1359B-ART (2013).
. Z. Sheng, M. H. Azarian, and M. G.
Pecht, Surface Insulation Resistance of
Conformally Coated Printed Circuit Boards
Processed With No-Clean Flux, [EEE
Transactions on  Electronics — Packaging
Manufacturing, 29(3), 217-223 (2006).

. Mitsubishi Gas Chemical Co., Kor. Pat.
Pub. No. 10-2014-0044908 (2014).

CCL #iv mEelz~este] e B4 $1% Soft ol

10.

11.

12.

13.

14.

15.

16.

- 520 -

. Atotech

Jolo] Az 9

. Atotech Deutschland Gmbh, Method for

adhesion to a
U. S. Pat.

providing organic resist

copper or copper alloy surface,
20140141169 A1 (2014).
Deutschland ~ Gmbh,  Acidic
treatment liquid and method of treating
copper surfaces, U. S. Pat. 7,153,449 B2
(2006).

Y. —-J. Kang, M.
Kim, Study on Soft
Development to Improve Peel

-E. Hong, and D.-H.
Etching Material
Strength
between Surface of Copper and Solder
Resist Ink, [ Korean Ind. Eng. Chem.,
20(2), 172-176 (2009).

. J. Ou, W. Hu, S. Liu, M. Xue, F. Wang,

and W. Li, Superoleophobic Textured
Copper Surfaces Fabricated by Chemical
Etching/Oxidation and Surface

Fluorination, ACS Appl Mater. Interfaces,
5, 10035—10041 (2013).

J. Hernandez, P. Wrschk and G. S.
Oehrlein, Surface
Copper Chemical Mechanical Planarization,
| Electrochem. Soc., 148(7), G389-G397
(2001).

Toyama Nippon Denki KK,
Treating Agent for Copper and Copper
Alloy, Japan Patent 02-236289,A (1990).
Pennwalt Cor., Etching of copper and
US 4,859,281 A

Chemistry ~ Studies of

Surface

copper bearing alloys,

(1987).
IBM  Corporation, Copper cleaning
compositions,  processes and  products

derived therefrom, U. S. Pat. 6830627 Bl
(2004).
MacDermid Inc.,
surfaces and processes for using same, U.
S. Patent 5,328,561 (1994).

W. Zhou, R. Song, L-L. Jiang, W-P. Xu,
G-K. Liang, D-C. Cheng, and L-]. Liu,
Chemical

Microetchant for copper

etching process of copper
electrode  for  bioelectrical — impedance
technology, 7rans. Nonferrous Met. Soc.
China, 22, 1501-1506 (2012).

Atotech Deutschland Gmbh. Solution for
etching copper surfaces and method of



10

17.

o]

4
Mo
oX
N,

depositing metal on copper surfaces, WO
2004085706 A1 (2004).

T. Horiuchi, H. Ishii, Fabrication of
precise copper micro—coils using
electrolytic etching, Microelectronic
Engineering, 97, 212-215 (2012).

- 521 -

[Efi =gy

==y

10



