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Abstract Effects of various pretreatments on the adhesion of copper-coated polymer films were investigated.
Copper-coated polymer films were prepared by an electron cyclotron resonance-metal organic chemical vapor
deposition (ECR-MOCVD) coupled with a DC bias system at room temperature. PET(polyethylene
terephthalate) film was employed as a substrate material and it was pretreated by industrially feasible
methods such as chromic acid, sand-blasting, oxygen plasma and ion-implantation treatment. Surface
characterization of the copper-coated polymer film was carried out by AFM(Atomic Force Microscopy) and
FESEM(Field Emission Scanning Electron Microscopy). Surface energy was calculated by based on the value
of the contact angle measured. The adhesion of copper/PET films was determined by a pull-off test according
to ASTM D-5179. It was found that suitable pretreatment of the PET substrate was required for obtaining
good adhesion property between copper films and the substrate. In this study the highest adhesion was
observed in sand-blasting, and then followed by those of acid and oxygen plasma treatment. However, the effect
of surface energy was insignificant in our experimental range. This is probably due to compensating the
difference in surface energy from various pretreatments by exposing substrate to ECR plasma for 5 min or
longer at the early stage of the copper deposition. Therefore, it can be concluded that surface roughness of the
polymer substrate plays an important role to determine the adhesion of copper-coated polymer for the
deposition of copper by ECR-MOCVD.
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1. � �

�� �� �� ���� ����� �� ���� �

���� �� �� �� ��� �� ��� �� �

� ��, ��� �� �� �� ���� �� ���

���� 	�. � ���� �� ��� ���, ��

� ��, 
� EL(Electroluminescence), ��� ��, �

�� �� �� � � 	�.1) ��� ���� �� �

� �� ���� �� ����� ��� �� ���

� ���� �� ����. ��� �� ���� ��

��� ��� ��� � �� ��� ��� � ��

�� ��� �� ��� �� ���� ��� ���

��� ���� ��� ���� ��� ����. �

�� ��� ���� ��� ��, ���� � ���

���� �� ��� ��� ��� ������ ��

� ����, ��/��� ��� ��� �� ��� �

�� ��� ��� �� �	� ��� ��� 
��

�� ����.2) ����� ����� �� ��, �

� morphology ��� �� ���� �� �� ��

�
��. ��� ��/��� ��� ���� ����

� 
�� ��� ���� ��, r.f �	 implantation,

�� �� �� ���� 
��.1,3,4)

��� ��� ���� �� �� �� � ��� �

� ���, ��� ��� �� ���� 	��, ��

��� ��� �� ���� ��� ��� ���� 


�.5) ��� ����� �� ���� ���, ���

���, �� ���� ���� �� ��� ��� �

��� �� ���� ����� 	�.6-8) ����� �†E-Mail : leejk@kist.re.kr
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��� ��� ��� ��� ��� ����� ���

� ��� ��� ����	� ��� ��� � 	�

chemical site � ����, �� �
���� ����

	� 	��� �� ���� �� ��� ������

��� 	�.

����� ��/��� ����� ����� Me-O-

��� ��� Me-C-��� ��� �� ���� ��

� 	�� Cu-C-O, Cu-O-C ��� ��� ���� �

� ��� ��� carbonyl(C=O)�� carboxyl(O-C=O)

�� ��� � ��� carbon �� ���� ��� �

�� ��� ���� ������ ��� 	�. 9 )

Burkstrand� �� ��� ��/��� ��� XPS�

���� �� �� � ��
�� �����. � ��

oxygen� �	� ��� 
� �� ��� oxygen� �

	�� �� ���
� ������ ��
�� ��

���.9,10) �� ���� Me-O-��� complex ���

����� ���. �� �� ���� ��� ���

�� ���� ��� ��� ��/��� ��� ��

�� �	�� ���� ������ ���� 	�. 

Chou and Tang11)� ����� 
� evaporation �

	�� Cr, Ni, Cu, Ag ��� ���� ����� in-

situ XPS� ���� �����. � ��, Cr, Ni� �

�� Me-O-����� ��� ��� � 	���, Cu

� Ag � ���� �	 ��� 	�� 
���.

�� ��� ��� �� �� �� ��� �� �

� ��� 	
�� 	��, �� �� ���� ���

� �� ��, ��� �� �� ��	� ��� ��

	, ��� ��	� � � 	�.12-16) ��� ��� �

� ������ �� ��� ��� �� ��� ��

� � 	��, �� ��� ��� ���
 �� ��

�� ��� 	�. ���� ��� ��� ��	� �

��� ��� 
�� � 	��, ��� ��� ���

��� ���� ��� ����� ���� 	� ��

�� ���, ���� ��� ��� �� crack � �

��� ��� ��� 	�. ��� ��	� MOCVD

(metal-organic chemical vapor deposition) 	� ���

��� �� ��� ���� ��� � �� 
�� 


��� ���� ����� 	�� �� ����� �

�� ��� ��� ���� ��� ��� ��� 


��� �
� ��� �� ��� ���� ��� �

�� ��� �� 
� ���� ����� �� 	�

������ ���. 

��� � ����� ����� ��� ���� �

�� 
��� ����� ��� ��	� �����

�� ��� ��, ���� � 	� (-)DC bias� ��

� ECR-MOCVD� ���� �	�� PET ��� �

�� ���� ����, �� ����, ion-implantation,

sand-blasting, chromic acid ��� �� ������ �

��� �� �� ��� �� ���� ��� ��/

PET ��� ��� ��� ��� ��� �����. 

2. �� ��

2.1. �� ��� 
���� �� �� ��� ���� ������ �

�� ���� ��� ��� ��� ���� 
� �

���� �� PET ��(�� 0.1 mm)� ��� ��

���� 
� ��� ��� �� ���� ���, �

�� ��, ion-implantation ��, ������ ���

��� ��� PET ���� �� �� ���� ECR-

MOCVD� �� �� ��� ��� �	�
�. ��

���� ��� PET �
� ���� ���� roller

(
� 11cm�� 17 cm)� ��� � 5 rpm�� 	��

��� 
�, ������� ��, �/�� ��	 �

�, �� 
� ��� ��
� 
�� ��� ����

��
 
� �� 30 sccm, 700 W, 170/120 A, 25 mTorr,

(-)1.5 kV� �� ���� 30�� �
���. � ��

� 
� ����� ��� ��� � 720 ml� 20 vol%


� 190 ml� CrO3 360 g� ���� ����. ��

�� � 500 ml� 35% 
� 25 ml� ���� ���

�. ��� ��� �� PET � 65~75oC� ��� �

��� 0~90� �� 15� ���� ���� ��� �

����� ��� ���� ��� ��� ���� �

��� �� ��� 60� �� ���� ��� ���

��. ����� �� ��� ���� �� �, ��

�� ��� 25oC�� 2�� �����. ��� ��

��� ���� �� � �	�� �����.1) Ion-

implantation ��� Ar 
�� 25 sccm�� ����

6.0�10-4 Torr� 
��� (-)DC bias voltage, rf

power� �� 20 kV, 300 W � �����.  Ion-

implantation ��� �� (-) DC bias voltage� rf

power� �� �� �� ���� �� �	�� ��

�� PET ��� �� ����� ����� ��� �

��� ��� ��� �����
� � ����� �

����. 

2.2. �� �� ��
ECR �������� �� PET �� �� �� �

�� �����. ��� �� ��� �� ������

���, Cu(hfac)2, (1,1,1,5,5,5-hexafluoro-2,4-pentanedione)

Cu(II) (UP Chemical Co. Ltd.)� �����. ����

�� ���� ����� ��� �� ��� ECR�

��� microwave power� ����� 1 kW(Astex S-

1000)��, 875 Gauss� ��� ��� �� ��� �

� 180A, 125A	 ���� ECR�� ��� ��� �

��� 
�� ���� ��� �� 3�� stub tuner

� ���� 
�. ���� ����� 10-4~10-5 Torr�

���� �� Turbomolecular pump(Balzers TPH 510),

roots blower (Balzers WKP 250A)� rotary pump� �

���� ���� 
��, ���� ��� �����

760 Torr~0.6 mTorr	 Pirani gauge� 0.4 mTorr~4�10-6
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mTorr	 Penning gauge� �����. �� �� ��

� �� ���� ���� �� ��� ECR-CVD �

�� schematic diagram� Fig. 1� ��. ��� ��

� �� ���� 10-4~10-5 Torr� ����� ����

���� �� ��� Ar, ���� ��� �� ��

� H2� �� 75, 25 sccm� bubbler� ��� ���

���� 20 mTorr� �� ���� �� ��� ��

���. ���� ���� ��� �	� ���� �

���� �
��� ��� ���� ��, �����

�� 0 ~ -2.0 kV�� ���� � 
� pulse� DC

bias ��� ��, �����, �� ��� ��� ��

bias voltage� 	��� ���. �� ��� ��� �

���� Table 1� �����. 

2.3. �� ��
��� �� ��� �� ��� ����� �	��

�� FESEM(Field Emission Scanning Electron Micro-

scopy, Hitachi S-4200)�� ������ �� ���

���(Surface roughness)� ��� ���� �� AFM

(Atomic Force Microscopy, Park Scientific Instrument)

� �����. ��� �� PET ��� ����� �

�� ���� �� contact angle measurement(Titan

Tool Supply)� �����. ������ ��� ��

Deionized water� ethylene glycol� ���
 droplet

� PET ����� ��� contact angle� ��� �

Owens-Wendt��� 	����. ��� ��� ���

� �� �� ��� �� ��� ��� 1 mm 
���

��� scratch� � ASTM D-3359 ��� �� tape

test� �����, ASTM D-5179 ��� �� pull-off

test� �� �� ��� �����. Pull-off test� �

� Fig. 2��� �� �� 6 mm	 Aluminum���

stud� ���
 ����� ��� ��(Alteco F-05)�

�� ��� ��� �� �� ��� 1�
 �� �

��� � ��� 	������	 Instron(Model 4201)

� ���
 50 kg� load cell� 5 mm/min� pull-off

��� ���	 breaking point� 
���� PET �

�� �� ��� ���� ������ � ���

20~30� ���
 PET� Cu �� �� ���� 1/2

�� ��� ��� data� �����
 �����. 

3. �� � ��

3.1. �� ��
Fig. 3� ���� �� 	� PET� �� ���� �

�, ��� ��, ������, ion-implantation ���

��� �� morphology� ���� �� 10�� ��

� SEM ����. ���� �� �� PET ��� �

� �� ���� ��� PET ��� ECR�����

�� ���� �� ������ ����� ��� �

Fig. 1. Schematic diagram of ECR-MOCVD.

Table 1. Experimental conditions for ECR-MOCVD

Base pressure  10-4~10-5 Torr

Processing pressure  1.5�10-2 Torr

Bubbler pressure  200 Torr

Processing temperature  Room temperature

Bubbler temperature  110 oC

Plasma gas flow rate  25 sccm (H2)

Carrier gas flow rate  75 sccm (Ar)

Microwave power  700 W

Upper magnet current  170 A

Lower magnet current  120 A

(-) DC bias  1500 V

Deposition time  1 hour

Fig. 2. Schematic diagram of stud for a pull-off test.
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���� �	 �
� � ��� crack� ��� 10�

��� �� ��� SEM ����� �����. ��

�� ��� ��� �� ���� �� hole� ���

� ��	 �
� � ��. Fig. 3(d)� ������ �

�� �� ���� ����� �� PET� ��� �

�� ��� �� 1 µm�1 µm� �� 
� ��	 ��

� ������ ���� �� �� ��� morphology

� �� ��. Fig. 3(e)�� ����� 1000�� ��

� ��� �� ��� �� ��� ����� ���

����	 ���� ��. Ion-implantation ��� ��

SEM ��
 Fig. 3(f)� ����� �� PET ���

���� �� ���� ��� ��	 ���� ��.

��� ����� �� PET ��� ���� ����

��	 ������ �� ����, ���, �����

� ���� ����	 ��� �� ���� ��� �

� ����� ��� ����� �� ��� �	 �

���. ��� ion-implantation� �� ����� ��

PET ���� �� ���� ��� ��	 �	 � �

��.

Fig. 4� ���� �� �� PET� �� ����

��, ��� ��, ������, ion-implantation ��

� PET ���� �� ��� ��� �� SEM ��

�� 10��� ��� �����. ���� �� ��

PET� ��� ��� ���� ��� �� ��� �

Fig. 3. SEM micrographs(100k) of PET films pretreated by various methods. (a): no pretreatment, (b): O2 plasma pretreatment,
(c): acid pretreatment, (d): sandblasting, (e): sandblasting(1.00 k), (f): ion-implantation.

Fig. 4. SEM micrographs of copper-coated PET films. (a): no pretreatment, (b): O2 plasma pretreatment, (c): acid pretreatment,
(d): sandblasting, (e): ion-implantation.
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�� Fig. 3� �� �� ���� ���� ���

PET ���� �� ��� ��� ��	 �����.

����� �� ���� ��� �� ��� �� �

��� ���� ��� ��� ���� ��� ���

�� ��� ��� ��� ��� ��� ���	 �

� ��. ������� ��� PET� � ��� �

� ��� �� Fig. 3� �� ���� ����� �

� ��� ��� �� ����� ��� � ��, ion-

implantation� �� ����� �� PET ��� ��

�	 �
� � ���. ��� ��� �� �� ��

��� ��� �	� �� ��� �� ��� �� �

�	 	�	 �
� � ��. 

3.2. �� ���
Fig. 5� AFM ���� ����� �� �� ���

�� �� � ���� rms(root mean square) roughness

� ��� ���. Scan size 5�5 µm� ��� ���

��� ���� �� PET ��� rms roughness ��

� Fig. 5(a)� �����. ��� ���� ���� �

� ion-implantation ���� ��� ��� �� ��

� rms roughness� �
� ���� �	 �
� �

��. ������ ��� ��� SEM ��� ���

�� ��� ���� ���� 
� ����� ���

����� ����. ��� Fig. 5(a)� ��� ���

� ��� ����� �� ��� �� ��� ���

�, ���� ��� �� ���� ��� ��� ��

�� ���� �� 1�� �� �� �	 ���� �

	 �
���. Ion-implantation ��� �� �����

�� PET ��� � �� rms roughness� ����

�	 �
���. �� SEM �� ���� � ���

�� �	 � � ��. �� �� Ion-implantation� �

�� ����� �� �� 
� ��� �� ����


� ��� ��� ��� ��� ���	�� ���

�.

Fig. 5(b)� ���� �� �� PET� ��� ��

�� ��� �� PET ���� �� ��� ��� �

� ��� rms roughness� ��� ���. � ���

Fig. 5(a)� ��� �� �� ��	 ��	 �
� �

��,  �� ���� ��� �� �� ��� rms

roughness� �� ��� �	 
� �	 � � ��.

�� ���� ���� ���� �� �� �� �

rms roughness� ���� ��, ���� �� ��

PET� ion-implantation ��� �� rms roughness�

���� ��� � � ��. �� �� ���� ��

�� ���� PET ��� �� ����� �� ��

��� �� ���� ��� �� ���� ��

roughness� �� ���� ���� ����. ��� �

���� �� roughness� ��� ����� ��

PET� ion-implantation ��� �� �� ���� 


�� 
 �� ��	 �� �� � �� roughness��

�� ��� ��� ��� �� �� ��� ���

SEM �� morphology ����� Fig. 6(a), (b)� �

����� �
� � ��.

Fig. 6� AFM�� ��� ���� �� �� PET

� ��� ���� ��� �� PET ��� ����

���� 3�	 �	��. Fig. 6(b),(c)� �� ���

� ���� ���� �� �� ���� ��� ��

� Fig. 6(e)� ion-implantation ��� �� ����

PET��� �� ����� 
�� ��� �	 �
�

� ��. �, Fig. 3� �� SEM ��� �� ��	

��	 � � ��. Fig. 6(d)� ������ ��� �

�� ��� ���� ���� sand��� �� ���

���� ��� morphology ��� �� �� �� �

�� �� �� �� topography� ���� ��.

Fig. 7� ���� �� �� PET� ��� ���

� ��� �� PET ���� �� ��� ��� �

� �� ���� ���� 3�	 �	��. �� SEM

��� �� ���	 ��� ��	 � � ��. � �

�� �� ���� ��� ��� �� � ��� �

� ��� � ��	 ��� ��	 ����. 

3.3. �� ��� ��
PET ��� �� ���� � ��� �� ��� �

�� ����� ���� ��� contact angle mea-

Fig. 5. Rms roughness of samples for (a) pretreated with
various methods, (b) deposited on pretreated substrates
prepared by ECR-MOCVD.
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surement� �����. Deionized water� ethylene

glycol droplet� PET ����� ��� contact angle

� ��� � Owens-Wendt �� �� �� ����

����.17,18) ���� �� contact angle� �� ��

�� ��� Fig. 8� Fig. 9� �� �����. Fig.

8�� � � ��� � �� ���� �� ��� �

�� ���, PET ��� ��� �� ��� contact

angle� ��� �����. ������ ��� ���

�� ������ ��� PET � ���� �� ��

� ��� �����. ����� Fig. 9��� ���

� �� �� ���� ��� ��� ��� � ��

�. �� ���� �� �� ���� ��� PET �

�� ������� ��� ���� ���. ����

�� ��� �� ��������� PET� ����

� contact angle� �� ��� �� � ��� ���

Fig. 6. AFM topographs of pretreated PET films. (a): no pretreatment, (b): O2 plasma pretreatment, (c): acid pretreatment, (d):
sandblasting, (e): ion-implantation.

Fig. 7. AFM topographs of copper-coated PET films. (a): no pretreatment, (b): O2 plasma pretreatment, (c): acid pretreatment,
(d): sandblasting, (e): ion-implantation.

Fig. 8. Contact angle of PET substrates after various
pretreatments.
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. ������ ��� �� ���� ��� ����

� �� ��� ��, ������ ��� �� ���

���� �� ������ ��� ��� ����. 

3.4. ��� ���
PET ���� ��� �� ��� ��� ��� �

� ASTM D-3359 ��� �� tape test� �����.

� �� ��� � ��� �� ��� �� ��� �

�� �	�. ��� tape test� ��� ���� ��

� ����� ���� ��� �� ASTM D-5179 �

�� �� pull-off test� �����. ��� ����

� (1)� �� 	�� ��� ����� � ��. 

(1)

���� ��� ���� �	� �(F)� stud � �

�(A)�� ������� �� � ��� ��� SI �

�� N/mm2�� �����. ������ �� ��

6 mm� stud� �����, pulling speed 5 mm/min�

� ���� �����. ��� �� ����� ��

�� ��� ��� �
� �� ��� ECR-MOCVD

� �� �	� �
�� ��� �� 100 nm� ��

� �����. ��� ��� � ��� 20~30� ��

������ ���� Cu ���� 1/2 �� ��� �

�� data� �� 
�� �����.

Fig. 10� ���� �� �� PET� �� ����

��, ��� ��, ������, ion-implantation ��

� PET ���� ��� �� ��� pull-off test ��

��. � ��� ��� �� �� � ��� �� �

��� ����� �� PET� ��� �� ����

�. ��� ion-implantation� �� �� ���� ��

ion-implantation ��� ��
 ��� cross-linking �

�� degradation ��� �� PET�� ��� �	�

� ���� ��� ���� 
�� ��� ����. 

Fig. 5, 6� ��� ����� ��� �� ����

����� ��� ���� ���� �� � � ��.

�� �� � ��� ��� ���� ���� ���

� ��� ���� �� ���� ���� �	� �

�� ��� ��� anchor ��� ����� � ��.

�� ���� ��� �� ��� ���� ��� �

� �� � ����� �� ��� ��� ��� �

��� ��� ���� ����. ���� �� ��

���� ��� �� ����� ��� �� �� �

� ����� ��� ��� ��� ���� ECR �

��� ��� �� ������ ���� �� ���

��� ��� �� ��� ���� ��� � ���

����. 

4. �  �

DC bias� ��� ECR ���� ������ ��

PET ��� ��� Cu/C:H ��� ��� ��� �

�� �� ��� PET ��� ����� ��� ��

/���� �� ���� ��� ������ ��� �

� ��� ���.

PET ��� ���� �� �� ���� �����

�� PET� ion-implantation ��� �� 22.2, 27.0

mN/m� �� ����,  ������ ��� ��

36.0 mN/m� ���� �� �� PET ��� �� ��

�� ��� 	� �����, ���� �� 61.2 mN/m

� ����� �� PET �� 2.8� �� �����.

����� ��� �� ���� ion-implantation ��

� �� rms roughness� 20.1~20.7�, ��� 1.84~

2.96 N/mm2�� ����� �� PET �� �����

�	���� ���� 
�� �� ������ ���

� �� ���� 76.5~78.9�, ��� 3.4~5.29 N/mm2

�� 3� �� ��� ��� ��� �� �����.

��� ��� �� ��/��� ��� ���� ��

����, ��� ��, �� ���� ��� ��� �

���� �� � ������ ��� ��� ����

σ F
A
----=

Fig. 9. Surface energy of PET substrates after various
pretreatments.

Fig. 10. Pull strength of copper-coated PET films.
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�� �����. ��� ECR �������� ��

PET ��� ��� Cu/C:H �� �� ��� ���


�� ��� ��� ��� ��� �� ������

�� ��� ��� ��� �� anchor ��� ���

��� ��� ��� ��� ��� ��� � ���

���. �� ���� �� �����	 ��� ��

��� �� ���� ��� ���� ��� ECR

plasma� ��������� ������ � ��� �

���� ���� ����.

��� �

� ��� ���� �	(Dual Use Technology Project,

01-IT-MP-04) �	�� ������ �	� 
����

�. 
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