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Abstract: Al, Ti, Ta, and Cr thin films were deposited on a polyimide substrate using DC magnetron
sputter to study the adhesion characteristics of metal films on polyimide substrates, while RF bias of 0
- 400 W was applied to the substrate during DC sputtering. The adhesion strength was evaluated using
a 90-degree peel test. The peel tests showed that the adhesion strength was enhanced by applying the
RF bias to the substrate in all specimens. Scanning electron microscopy and Auger depth profile of the
fractured surfaces indicate that the polyimide underwent cohesive failure during peeling and heavy
deformation was also observed in the metal films peeled from the polyimide substrate when the RF bias
applied during the deposition. Cross-sectional transmission electron microscopy revealed that the metal/
polyimide interface was not clear and complicated. This complicated interface, likely formed due to the
RF bias applied to the substrate, was attributed to the adhesion enhancement obseved during the bias

sputtering.
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Fig. 1. Plot of the peel strength of the Cu/adhesion layer
strips on the polyimide substrate versus RF bias
power applied during the adhesion layer deposition.
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Fig. 2. The peel strength of Cu/Cr strips on polyimide
coated Si substrate when biasing RF power on
substrate during Cr depostion.

o] 52 o] Bojx| Ut} RF Hpojo) 2 glo] &
st & F 79 *MOME e} e AEgs B
At} RF H}o Z 100 W73 Cr/Zglolm =

i

Al of| A jJEﬂ*E S o E W #F A%E
1% 40 VFER R{TH RF vlo|o] 2 E 7h8HA] 9
Ald s ge] BHHe vwd AR A o &g
Aol SR A Ho AT 28 5= RF HE
0101#;_- 400W=. 3to] 525k Cr/Pl Al 9] 57
HS SEMO g #3234 wjo|t}, 13‘ 5(a), (b)=

#EE FARolE] 27 5, (d= Eolv =S
HA otk (b)s} (e (@)% ©F zuﬂgoﬂ A
23 Apdolt), ¥& g w5 A3 Wegnt o]

FolA AT 53 2™ S@F EU% 33 &
Fejolv| = o] W) WPHUL S & T 9}

AR EE S0 A5 248171 A& AES

62 CriEgjoln| = Al He] &
A Aol RF Hlo]o]2& 7}
% rcﬂ CrzZ: o)Al cro]l §x 934
22400 WS HEC N, 05
g B3It} C, N, O Zgjo|r=e] A F el
2 FEHEA g on| = AFEI U S &
4= Q. 27 Auger Z o] B4 (depth profile)
AR RFufo|oj 25 7}t & AlH (2”7
(@)= Eelolv| = 4 &< NoJ Holz| &
3 Cro] THFY #FEuE o] AJHE Cr3} PI
Ao M 7t ok & & %E} c9 o=
Al ER A oM B S8 AR
U 7] Tl =29 w A7 A *ﬁ}% W 5
AR Aoz BAop. 28 7(b)ollA BH Eejo]
o Zof X gk 1} 2= No| Holm Cr2 Auger +4
7] A 2HE 5 28 o] stofof gAEHE
2 o] AJHLE A 2X Zlo]n|= U FollA 3t
27}t %_101‘*1:—% ¢ Ak 1HEE 1Y 5a),
(b= F5EH SHA E]olv|=rt HoA A=
ElE st Aoy myrt Feloln = IHTE
dolwh-&& EIAA o =3 29 4@ AR
e %FAO]UFL}M ol o)g £ Olﬂlc
Ho ] o] gk W& AHI T oA A7) CrE
< ¢ 7 Utk

nz Fkl

3.3 & TEME O|&8l Cr/Z2|ojoj= AH|oigHat
Crz} Egolv|= AP L 9d TEMO 2 #2hs5)

()

wi8, 008 S

SEM BEI 150KV

7
i

Fig. 3. SEM images of peeled surfaces from Cu/Cr strip on polyimide substrate. Cr layer was deposited without applying
RF bias to the polyimide substrate; peeled metal (a) peeled metal surface (b) polyimide substrate surface.
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Fig. 4. SEM images of peeled surfaces in Cu/ Cr/ polyimide. RF bias of 100 W was applied to the polyimide substrate
during the Cr deposition; (a) peeled metal surface (b) peeled polyimide surface.

Fig. 5. SEM images of peeled surfaces in Cu/Cr/polyimide system. RF bias of 400 W was applied to the polyimide

substrate during the Cr deposition; (a) and (b) peeled metal surface, (c) and (d) peeled metal surface. The (b) and
(d) are the magnified images of (a) and (c).
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Fig. 6. Auger survey data of Cu/Cr strips peeled from BG2480 polyimide; (a) RF bias 0 W (b) RF bias 400 W.
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Fig. 7. Auger depth profiles of Cw/Cr strips peeled from
BG2480 polyimide; (a) RF bias 0 W (b) RF bias
400 W.
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Fig. 9. Transmission electron micrographs of RF bias
sputtered(100W) Cr/ polyimide (a) Bright-field
image (b) dark-field image
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