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Fracture Behavior of Cu-based leadframe/EMC Joints
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2 el slozyele] EH FAAHES YA 717 Aste] dge] g §H 4FHAZ] F EMC (epoxy molding
compound) & Ewstgz 71AA 7FE4 sl SDCR {sandwiched double-cantilever beam) ¥ SBN (sandwiched Brazil-
nut) A1 aHE4ich, SDCBS SBN A|WE 2=z <]/EMC Ald2) A2 & 212} & mode 1 813 ¥ TUEE 3 JHelH
B3] al A2 2457] siste] patslglch TR RE welul7] $5he] AR S Fof dojA Fe] sl glancing-angle
XRD, SEM, AFM, EDS 3! AESE o|-¢3le L4%5)5c}. SDCB A% 3¢ e #=]5)s opitel) ulz} A 7ha] Y= v}
dlgden, 2 e duryes Aay 9 45E 94 A DAY A7) Asich SBN AY £ f3E gl A sk
BEg o 2R Jhojals 54 ¥gbd, ok F4 3] &3} (dynamic fracture effect) ol 7Jlshe Zlelzt 4zHEe)
=5t 9jAbzte]] whel g AE ohE sy ofabg wgsd), of 14k mie} mode 1T A¥-el Witr] WE o2 fzHa

Abstract Cu-based leadframe sheets were oxidized in a hot alkaline solution to form black-oxide layer on the surface
and molded with epoxy molding compound (EMC), and finally machined to form sandwiched double-cantilever beam
(SDCB) and sandwiched Brazil-nut (SBN) specimens to measure the adhesion strength of leadframe/EMC interface.
The SDCB and the SBN specimens were designed to measure the adhesion strength in terms of fracture toughness
under quasi- mode I and mixed mode loading, respectively. After the tests, fracture surfaces were analyzed by various
tools such as glancing—angle XRD, SEM, AFM, EDS and AES. Resulis showed that three types of failure paths were
observed in the SDCB-tested specimens, which were closely related to the surface conditions of leadframes before

molding. For SBN- tested specimens, failure paths varied with crack speed and lcading conditions.
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#H AA3 (surface mounting type) =¥ Feixd
5§7]#] {thin plastic package}x etz #¥) 4] (ceramic
package) ol ¥t Azu|do] AHYPY & ol A7)
719} 4335, ZAgst 275 2 948 7 do4] das
A=z glok, e}, «lsf 27 (PCB ¢ Printed
Circuit Board)ell 4437 #1gt F4 £ =EF=2F
(solder reflow) 34 Eatel 5% 4T =97 4 (pop-
corn cracking phenomena) & do7# EA7 Heo] &
t}.'~* #F 74 (popcorn crack) & ZA| A 712} YR
Wi 4 . RAL EMCo} AGE A (i chip) Abele)
Autale] 9z JA=HE type [, e A=E A
tio] H=(die pad) & HEIAAFTE chel HEAA(die
bond adhesive) 9} r}eo| s Eo}o] ula]o) a4 HAYHE=
type 11, 22T the] M=o} EMCALe) 2] uhefeod] ofa)a o
A= type llelch. o[FolA Type I HE F4L L4
HIZ 7} Blad o n} 2= 9l (die pad) T EMC 4}o]

o] 73gk Aatee] g3l Y 9AE 4% shle A
o & ZyFEa oot>®

B d3d A gl= =8 9] (die pad) ¥ EMC Apeldl A
ggafe] 7lalsto] WA= type [l B2 ZY7 Wiko
WAl R g Fo|2A EMCE A4 ¥ (molding) 317] Aol
T4 gezaqle] de FH4AES 34417 ==
ZHoda EMC Atele] &S 217117 gt =
g, FAAHE-2] gAo] FHHe mlAe L AR
Azt w3 G3%A sde =Y A=9F A]H(sand-
wiched specimen)& AzHete] =S A AzjUdAA|
{interfacial fracture toughness) 2 &Aslgict, T2F
sHetalo 2 AEA] 7 el uls Boko] AFE Fo] §
A5, o]z|g AHEEL 1EAS} 7|AlH o2 T aste]
R aslr] wjEel Pitge] Frkshe A2 A U

2. ey

FejA ==y (AE: EFTEC-64T, £4 © Cu-
0.3Cr-0.258n-027n & EW A &2 Ad4ase
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{native oxide) & AA3 F A& ogde] Lol gy 1
Hell FAAS-EL A4 FD A slene e
454 A2 4 (compression molding system) & °]£-3}
o EMCE 433 ¥ 744 713-& $3led SDCB (sand-
wiched double-cantilever beam) 2] 2 SBN (sand-
wiched brazil-nut) *]#-2 A zbs}gict.®

AL 2)x) AJHWE (sandwiched specimens) € F2% (ho-
mogeneous) A]He)l gk& o|F AMEE ArYste] ),
AdE olF a7t A|H 7)o wishe] $8-3) & A
%, A AR izt M 4L 2R Heg
ole}. o

HAAZE grsll7] st FEH 3 Fof dojzl 7
Holl t5led glancing-angle XRD, SEM, AFM, EDS ¥
AESE o|&3to] £43t%int.
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31 SDCB A|He| njH 24
311 XRD &4

SDCB Ag %o PBejzl gl sz EMC obd
o] ¥& glancing-angle XRD #4¢ AAslgdm, 2 &
FE 291 (a) e () ol 2z Jebligict, 4kstz7)9) 2
=xgg] e Y E44EEe] 34" FHe XRD
Ao} vl Rt e}, 28 Fob 4AFA17 AT
AL Anrg 7t rleckes Ag < F U 48 &
o], Cu,0(111) peake] =Z7|g} Cud(111) +CuO(200)
peak®] Z71E vlzs] 29, HdE= CuO(111) +CuO
(200) peak® =717} A AL 37 Fef= CuL (11D
peak 9 2717} o] k= 7S 4 F ol o)E Bl
4 FHE Culs UdF-7 MEdy EMC Fe® de)
A W7t 2o 8 AzrEY, o]E yFe] B SEM ARl
A #ald 4= gl

TH, EMC F5e Afed Agda7r 3004
EMC peaks (32°, 35°, 46°) 7 Jelvtz, 43E peak
< UARA @oket 2Ey, ASEATE 1.5 ojite] =
W] A8HE peak Fo] ZHEHA| vrehdc), ol@d AR 4
A7 1.92871A) Z|&=e, ARAE 28] =9 thA
AEE peak & Aletzict, XRD A#ske 7=z #vg
o], glezgq] Edo Cu 0% A8 g2} Cu08 Cud
7} A £ o, 282 CuOst AT 1 e) 2} zjofabo)
7tz T2 AR FAED. &, ey THd Culd
ut Ea1& glel EMC/Cu0 AW FAellA =izt dod

= 7o AZrEE (Type A), == de] T Cu.0
3} CuO7t €7 =AY Bed= CuQ/Cud) A A ==
7} deojubs He @ AY2rE|T (Type B), ==de] o
€ CuO7} ¢33 Fei{zgE Zfeole EMC/Cu0 AW
AN A 37 o= Ao 2 A (Type C).

EMC el 221" Cu peakol CuQ/EMCAIH
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Fig. 1. Glancing-angle XRD results out of the (a) leadframe
and the (b} EMC parts after SDCB tests.
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SDCB A&¥ 9 A7 v]4 7§ SEM & o435l T
iz, 2 AzE 28 26 Jehlddoh =|A Type A9
I H2E ke AL 30&0] ASE 4AnEY, B
zdode] HHE 302 Bt THAFE FAFL YA ALE
4 ez A9l vlAF2ed vied wATFEE HA 2 o
Ax, EMC FH®2 olof AHg3ls n|AFZE 714" 319
t}. °1=F =g v|ATERE Type B2 FAARE 2=
ASAZE 1838 (1£50%) &) AFoE v 2ok 3}
2 9l

W, Type Co] RAHRE b= ARAZ 229 204
2 A# o} 2 okAte By}, 2luxd|q] mide oke] Y
F4451E0] HAHE A v ATFERE Ay 4R
T gldden, Type Av} Type B2l 2o u|ste] u]my
A EH ojATEE Zeve e ¢ F A

313 AFM 24

AbshA] == 4] EHI SDCB A Fof dojdl o
o] Bi5}e] AFM (Atomic Force Microscopy) S o4
o] Ralaverage roughness)gte S34sigz, 2 Ad&
23 3ol Gehdigieh, AR 2R A7 A e e B
o|t}7} Ak} A7 28] HH FHF] ghel F7Fehed, Ats)A)
7k 2% ool dAT g FA5hs Akl AP F
A57F A2 vlsdtedon, olzdt AR Fatyal dag
AL stsdoh ol ohE gbo] AR 4 slek, Type A
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Fig. 2. Fractographs from the leadframe part and the EMC part after SDCB tests.

2} Type BAE CuL7} Esle AW FAeH mt=7)
dod A9, e Fd3] Cud vlAT=Y Fikg uho}
& Raghd RolAgk, Type Cx¥ CuOr} &8 A
o ZAHAA FA27} dod Aol CuG wlAlTF-Z7}
I E sl uhed=le] $& Raghd Hol: Ao Az
L=

Type C2l #=AEE vty FAEHE AshAz 28
¢l A|He) wwe oll-g SEMo® faslely, 2 AxE
23 4o} Jepliaidct, o] AbxleA] vlEroke) Cud 2AA
ol FalA e AL LAY 4 slery, Tdo) vl A
Acke & o4 4 Aok ol Type CH #=7}F EMC/
CuO AHTAHAAM dopdehs F2 F7el9, AR 49
2} A& EMC7E CuQ AAHE AlolE AnSo] Hitgr)
Ee2 AzbEc).

3.2 SBN A|H2| ojH 24

321 SEM B4

SBN A#$-¢] gL nwy Bag 2A%e 2yl ¢
“&tell wzt o2 A Hgen, 3HE AR £7)
44k (crack tip) oA 717 B2 (near tip region :
NTR)# &=7] @d4ddels o Y& {far tip region :
FTR) 9 w}xjekabo] @gheh. 2% 5= ¥ = 84° ojl 4] =}
7b ot Hf-o] Hluxe) HS Aulg SEMoR P
A oo}k, el =gl B-37 EMCYE9] 230] ®n

A & dxste AE o4 5 ook 73 48] e o)
Z7) gdeo] AR Aeidd AL ALE o, ofd FAE
71&2 2 NTRel= 92 29| Wam, FTReE T
Ale] gl AS 4 5 Utk 98 A 4G (F =
T7°, 40°, -22°) & e AWe) HE REeA 9} e
AR HAFHU} ole AYHeE Fodo] sl
(temper embrittled) Ast7}ted Fdo] FHL YR
Awe aelricdzt K" 94 (cleavage) A2 o)
sl 445 418 54 3= £33} (dynamic fracture ef-
fect) WFo 2 A7Ech™ 5 29 63} 3o 94kt ¥
TE AY7] ol A ZE-E F fael ] Blm =
JUF-E e A%E 7HAA "o o2 qlEy
NCReME ez ddFe s gojo] Mol 24a}A
gw, afzbA 71 7AZ7 EMC/CuO Al ZHECHE Cu,
0/Cu AW THe| A$As AR HEc), =),
FCRe|ME Fde] 433 243 geo]eir], $4atzto]
F7H sle Abelel A4, 49 QLTI Hd w2
gl $dzt Frtadyt FE e adte] o5t Als)s
7] g&el =A@ 27} EMC/CuQ AHel 2| $-2& 7Ho2
BRI S

NCRellA] gt xo2] Ha2 glizbe] ZhadmA 7h4a
oz, fatzte) 22 iy dez 433 £¥sle ¢
Az, ol Hadztol A4 Wt mode 0 A o)
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Fig. 3. Variation of surface roughness of (a) before SDCB test
and (b} after SDCB test as a function of the oxidation time.
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FEsEw, 2 AFE 2§ Tl vehlddet. AulEE 3
24 Abale A o gk A3 ojFf X He] 2 o] o=
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Zle 9] zpolAL Ev] Annr] £5le EDSE Cu map-

ping < &sich. Cu mapping AFH& AR oA 24d
Aol B2 o] Tt EAEtZ, ofvA 2H9 AY
e Felrk Asl BAekA wE o e ¢ 5 Aok F
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I Hg A o7 U 2L Cul AR vl Fokd
32 gle]A EMC/CuOAH ] 22 &3] (flaw) o] HHF-
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Ztz}o) dhte] 7} 74 (branch crack) 9¥¢ 7] d %
o2 QYo' A, S Ao e Al TEI7t '
o] £l Al Yo 2 EE5F0] ke HoR v]Rof
Yo} 337} 2} 4FHE (Cu0+CuD) 8] WA Yot
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Zle 2 Az}, he XK gk Frie} AutAEe R
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(a) leadframe part

(b) EMC part

Fig. 4. Magnified images of the (a) leadframe and (b) EMC parts from two-minute oxidized specimen.
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Fig. 5. Fractographs from the (a) leadframe and (b) EMC parts after SBN tests.
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Fig. 6. The sign convention of the phase angle.
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Fig. 7. (a) and (c) are low and high magnified images of the Fig. 5 (b), respectively, and (b) is the Cu mapping image of (a),
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Fig. 8. Auger spectra of (a) bright region and (b) dark region in
the leadframe part after SBN tests.
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Fig. 9. Auger spectra of (a) bright region and (b) dark region in
the EMC part after SBN tests.
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Fig. 10. Glancing-angle XRD out of the near tip region: (a)
leadframe part and (b) EMC part after SBN tests.
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Fig. 11. Glancing-angle XRD out of the far tip region: (a)
leadframe part and (b) EMC part after SBN tests.
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