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The Influence of Leadframe Oxidation on the Cu/EMC Interface Adhesion
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= & Cu/EMC AR 383l o)A 4stel ek FHsh7) 9o Szaole) N Aol gate] Zabsalct. o] el
B3¢ ), ALl HE Cu,0 #lo Cud 4¥8hEo] BA o] Cu/CuO(NIO)/CuO(NIO) /air e} AHEHE F2& vhehisich. Cu/
EMC A9 g3 st 289l meh 4% 2710 F43] F7hskch Hohgkel 0|23, ol 2] A5 A Frahis P4t
& Both HREL A% exu Az ge]) FRECH Anue] Folel AT 4B BAE Jehisich Ho) AR HHAYe] @
7E 4se] FAL =z el FHsh TR chF 20nm ok 30nm Abololl EASTH. 4% 2719 WA Fohe 4bs}
2 Q% EMCol thg 2e4el Z7hsh 7144 12t mste) F7bol Z)dstgck. A=z dsh EMCe) %3 Elo) ofjgk AES,
XPS $4o2 ¥, Asetel £7h 8 dolE CuO/Cu0e) AW %3] +EMC A 337t Bgtdo 2 dage ¢ + 2l
o hele] BET ARE Fe FHYE ehhe ARE Cu/Cu0 AR A E hebch.

Abstract 1.ow temperature oxidation of a Cu-base leadframe has been investigated to understand the effect of
leadframe oxidation on the adhesion between Cu-base leadframe (Cu) and epoxy molding compound (EMC). In con-
trast to previous studies, the small amount of CuO was observed next to the Cu.O, confirming the oxide layer structure
of Cu/Cu:0(NiO)/CuO(NiO)/air. The Cu/EMC interface adhesion strength rapidly increased with increasing oxidation
time at the early stage of oxidation, and reached a maximum point, then decreased with further oxidation. The
adhesion strength was closely related to oxide thickness rather than the oxidation temperature and the kinds of
leadframe materials. The optimum copper oxide thickness needed to obtain the maximum adhesion strength ranged
from 20 nm to 30 nm, independent of leadframe materials. The increase of surface wettability and mechanical inter-
locking effects due to oxidation were presumably responsible for the adhesion improvement at the initial stage of oxi-
dation. The AES and XPS studies on the fractured surface of leadframe and EMC indicated that the adhesion failure
took place partly at the Cu,0/CuO interface and partly by fracture of the EMC itself when the oxide film on the
leadframe was thin. On the other hand, the sample with low adhesion strength due to excessive oxidation showed the
adhesive failure at Cu/Cu.0 interface.
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Fig. 1. Configurations of (a) punched leadframe sheet before
transfer molding and (b) pull strength test specimen after
transfer molding.
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Fig. 2. Cu 2p, Ni 2p XPS spectra and Cu (L,VV) XAES
spectra for the leadframe oxidized for 5 hours at 1507C; (a)

as-oxidized, (b) after 5 min. sputtering, (c) after 10 min.
sputtering.
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Fig. 3. Schematic diagram of oxide layer structure formed at
low temperature.
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Fig. 4. The pull strength and oxide thickness change of
PMC-102M with the oxidation time; (a) at 1507, (b) at 200
. (c) at 300C.
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Fig. 5. Pull strength versus oxide thickness for the oxidized
leadframes; (a) PMC-102), (b) C194,
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Fig. 6. SEM micrographs of the mechanically separated sur-
face of sample A; (a) leadframe surface, (b) EMC surface
corresponding to (a), (c) the other part of leadframe surface,
(d) EMC surface corresponding to (c).
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Fig. 7. XPS narrow scans around the Cu 2p region for the
separated surface of the sample A; (a) leadframe surface, (b)
EMC surface.
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Fig. 8. SEM images of the mechanically separated surface
and energy dispersive anaysis of the EMC surface of the
sample B; (a) image of leadframe surface, (b) image of EMC
surface, (c) EDS spectra of EMC surface.
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Fig. 9. AES depth profile of the leadframe surface of the
sample B.
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Fig. 10. XPS narrow scans around the Cu 2p region for the
separated surface of the sample B; (a) leadframe surface. (b)
EMC surface.
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Fig. 11. Schematic diagrams describing the failure locus of
the Cu/EMC adhesion system.
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Table 1. Contact angles between the distilled water
droplet and leadframe sheet oxidized at 150°C, 200
C and 300<C.

Contact Angles(”)

150¢C 200C 300°C
5min. 82 ﬁmm_J 90 5sec. 90
10min. 76 2min. 75 10sec. 88
20min, 69 5min. 60 Imin. 81
1hr. 67 10min. | 51 2min. 66
Shrs. 70

Fig. 12. SEM images of the oxidized C194 leadframe surface

at 150°C; (a) for 5 min, (b) for 20 min, (c) for 1 hrs,
5 hrs.
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o] Z7tgel we} 48} 7]l = F43) Frksle} Azt
S’k F, ohA] At of g delligdch AW Ay
& FE Atslutel =L UG JFAE Bylow, 4kst &
T} gz gl FRele WohE A IAE BolA] o
ek Cu/EMC Al G o] o) o]2= A€ 737
AbEHE-2] FA= C1949 PMC-102M Bl=2 3 gl ¥
A 20~30nm Aol Tz} o™, AbEHE ] FAV}
60 nmE Joo M A3t el wA ¢& AfEct A
zteo] Wolxlch. Ab3F 2 7)ol Cu/EMC AW A ztefo] &
AEE olfre ASE e Ao ® EMCe) uigt AL &
7} Z3e} 7|AH nz aprp G E st el

ezl o A S Abstute] FAE gk Absh 2
7lel= Cu/EMC AHztA19] st3)7} EMCe] z] 3t=]e}
Cu.0/Cu0 AH #7e] B¢ me2 Agegct. 53]
2 JFo 4] XPS 2448 & %&oE Cu,0/Cul AH
o E #Esd ey, 9 A=rt & EMCrE A2 A
S kst 270 F2 FAFHE Ty BT 2 34 b
el :”4 FH gk AbstE G2 Al gRe debd
CU/CUzO A 2] E Jeblc 9}]43}‘5 Aks}
7} A" £5, Cu” o] &3 v whko g gAlole F¥
=°] Cu/Cu0 74]“40“ SA =] o] AW ZHxE ofshA]
7171 Wolc}.
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