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Measurement of Adhesion Strength between Oxidized Cu-based Leadframe and EMC
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= B @Y 4% 7A 2jcz#9d/EMC(Epoxy Molding Compound) Ade] AHaHL £ eE24 (solder reflow)
T4 ol 3% 9wy Ecbay H7)A 9 FE ¥ P4 (popcorn-cracking phenomena) & Aot} & A7 E =z g/
EMC A2 A3y e F4A7)7] lste] el zags dae] 4o @3 EHo| brown oxide® 34A)zlew, EMCE &1
{molding) #}*§ SDCB (Sandwiched Double Cantilever Beam) 4|3 % SBN (Sandwiched Brazil-Nut) A}3& Fu}slo 7.;!2}
2 g £A4sl9r). Bl=x 3] brown oxide HelE vlAIF viER}Y CuO AAES =gl Fd0 YA R, 2=
HY/EMC AR dzteg spaAigich. Haae] FAbe 4t FFFA 751"\;17"’7 o] slsdeh. ele =A% H}T—;E“-J
Cu0Q A E o] EMCe} 7]1#) 42l 7% (mechanical interlocking) & 3}7] W&o 2 AYz}glc),

Abstract Due to the inherently poor adhesion strength of Cu-based leadframe/EMC(Epoxy Molding Compound) in-
terface, popcorn-cracking phenomena of thin plastic packages frequently occur during the solder reflow process. In
this study, in order to enhance the adhesion strength of Cu-based leadframe/EMC interface, brown-oxide layer was
formed on the leadframe surface by immersing of leadframe sheets in hot alkaline solution, and the adhesion strength
of leadframe/EMC interface was measured by using SDCB(Sandwiched Double Cantilever Beam) and SBN(Sand-
wiched Brazil~- Nut) specimens. Results showed that brown oxide treatment of leadframe introduced fine acicular CuQO
crystals on the leadframe surface and improved the adhesion strength of leadframe/EMC interface. Enhancement of
adhesion strength was directly related to the thickening kinetics of oxide layer. This might be due to the mechanical
interlocking of fine acicular CuO crystals into EMC.
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MY A2 E €0 FEZ 24 (solder reflow) TAHE F3}
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EMC (Epoxy Molding Compound) 7} 354 o) 738} S
Ho 2 Re cleFe] R (HY 3 wt%) & F5317] o Fell
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Fig. 1. Schematic diagrams of (a) propagation of interfacial
crack during the solder reflow process and (b) three types of
package cracks.
(Mode II component) 2 A2} (Fig. 1. @) #3)
ueta, Adgde P4 EHREE (mixed Mode) 5ol 4
A AeA "ot Algate}rt 3] dejuA =Hd 7))
F-EA =5 ol & EMCS F93¥4go 2 o]ox), o]
g 799 ¥AL vk FEE F& HHY ol F F43)
A doldet. zM olF “FE FE A (popeorn-
cracking phenomena)” olgtx &9, 2 A2 4 EMCol
H4" #9€ ‘22 7o (popeorn crack)” ozt g},
FE LS ZA A A ¥R JE 4 sled (Fig. L.
(b FZ), A= EMCeF A2 3 (Si chip) Ake]o] A
kel oJsiA FAEE type [ AL AEE I o
ol = (die pad) & A=A AF+= tro] A4 (die bond
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ZHdF EMC Apele] AR A 7|23} kgt &
g, brown oxide®] ¥Alo] &Y v]x)&= 3L 4ty
B2 $Jgte] AAYEE EHsdEd, F3 984 Ade
=9ited FH|FF A=A A)HE (sandwiched speci-
mens) & o|-&3tod AW 3 AJHXE FAstua} d¢3}
ek, FEIE 3teha o2 A7) BEdel uvle wofe]
ASLE Fo] HAEH, oleidt AISIEEL TR Abe} J)AH
o2 3aste] Hatalr] wiFof o) Frlsle How
&eA gich?

21 57HA] F2]A ez ¥ gzt EMC Abo] o) A2kl g g
4217171 g dFE ZA A FRE JE $ ok 3A
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o] 73] 914 A I'e} &3 (bending) o 2§t T&-59) 44
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Yo 4] 1kxl SDCB (Sandwiched Double Cantilever
Beam) A]He]u} SBN (Sandwiched Brazil-Nut) A]3-¢&
o] 43l Zo] st} SDCB AlHelu} SBN A|HE o]
$3td S A oA WEE (critical energy-re-
lease rate) Gegt-& £24 oJv)7} H&sln, Aw 513 <
= e} 22 e zher).

AREde 2AT A5 YPo SAste FdF3E o
g AR o SA4E BHug'? oReA A sE
(Mode I loading) 2+ 7}sttiet s Fddobel A= s 3A5
9] zpo] (elastic mismatch) wW&el A} 23 (tensile
stress) ¥ olujz} Mk 23 (shearing stress) o] 7 &
R, w3, Alddde] W ik dFAdE £
EE (mixed Mode) Aeigldl, dutde = AW Hre:
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#Hefsle] o= A= Ad &8 A8 (Mode Il com-
ponent) °] F7I3tHzte F9L AHE v} AL 2 A}
Al Flcth 28y, 3EEEE Mode mixity) 7F oJH A
& oo R FUE AReE Fde AR WRE Az

(kink) 5o} HSA Pe}. Db ARFL) AT B
@S2 g dadE AFEGES 2eirh BHAol
o},

odutAel AHFLe S, A7 (=tan" ' (K/K))
o] Adigte] F7igtell we}t AE =) A7} Stk
A Btk 2 olfE A $H o ESA/-To BAIG
o] FAAAE FAH A A 3-Hell 27t Ao
7] (debonding) o 2]&3}7] wEolct. ¥ut olvye} F g
7re) 'AAIS ghel Aozt F Afole 44 ¥}
Golvk ookl wel FEFDA-o] (effective crack
length) &) #3517} 4717] wjFo) AW w3 QA=) A9
o] AT FPot'? aeba, WhEA] £33} ko 9
47 Hel AXA AYgHez AW zh A4 F4
& Fslof 3o}

2 A4EYY
FeA slez 9] (AE9: EFTEC-684T, 4 : Cu-
0.3Cr-0.255n-0.2Zn) & X WA Al =bd4tsbet (na-

tive oxide) & AAY F AL dzte] S gy
ol brown oxide'? & FAAIZch T4 4A3ES Y427
7] 9% 428 §49 =AE Table 1o Jebligdz, A}
A3 AYAA 9] N Q] 2/ E Fig. 200 ehuigich 4
AR AFEE-9] ujAl 2 SEM L Edlo] AlHugty, &
&= A (phase) & YAHZHE 2°2 1A A)F) glancing-
angle XRDE o]&3le] #qlslglch. 4339 FAE
galvanostatic reduction method?* & &Hslgich 4
A ql galvanostatic reduction A& XE Fig. 3o v}e}
Weich o] e dAT ARE FFEA AgAF
(working electrode) o4 2] F8] A& Fdol] Fo gk A
¢ (potential) & W3S A7t W) 7| F8le] FAR B4k
e e g, Zhzke] ) 43HE (CuO, Cu0) Eo) #Y
o 22F 1f9 HAYE AR 97 "ol AFEEo]
%72 (layered structure) & o|Fi ¢ A%, EA 4
shEeo] U5 Fatoles AA7F A F-A=] "y
- A7} FA41ol ek (plateaun) o] vel}7] wio F4 <
Fabo] 7bedttl. &, CuOE -820 mVel4 Y= &
ut-ge] zgY=EE Folols -820 mvVeY HYE He o
AstA FAT? Cu0 -900 mVella EA=s 33
o] A= Fatolls -900 mV e HAE 7o dAHFA
F A%tk Cu 07 25 B24dsle] Fuj7t 24 dsfjde
34 =9 Fo] EaiE] 40t HAFHA HH, o] wig
A= -1400 mVolr). o]zigt EA4E Holr] uiol +
2JAtEE0) o 2R E doal A - A2k FAel= o8
el Heido] AR ojite] FAelA Hele 2 Uk
o] T g ARE, A g FA A L ukg-
o a3 Ao o) gt HRE AFHFEE Fara-

Table 1. Composition and bath temperature of brown-
oxide forming solution.'”

Composition Temperature
NaClO160g/1) 70 C
NaOH(10g/1)
Thermogcouple

Beaker

/ Thermometer

Heating Element

Temperature
Controller

L@ ©) stirrer Specimen@

Fig. 2. A schematic diagram of experimental apparatus.
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Galvanostat . Leadframe

| 2) Reference Electrode
; Saturated Calomel
Electrode (SCE)

Differential Electrometer

3) Counter Electrode
; Pt mesh

0.1M NaOH Solution

Fig. 3. A schematic diagram of galvanostatic reduction appara-
tus.

day's lawoll 4] 4% 4 (1) & o] &3l 7 A5t F
A2 Bate] 753t

=t
= FV (1)

d : oxide thickness
7 : applied current density (mA /cm?
¢ : reduction time
V :molar volume of the oxide(CuO : 12.4cm¥/
mole, CuO : 23.9cm?/mole)
F: Faraday constant
Atztajeigl el xd)qld b5 44" (compression
molding system) & o]&8te] EMCE A33 T 7|AA
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Fig. 4. Schematic diagrams showing the geometry of (a) SDCB
(Sandwiched Double Cantilever Beam) and (b) SBN(Sand-
wiched Brazil- Nut) specimens.

713-& E3le] SDCB A1H ¥ SBN A|HE AFs}gdct.
Fig. 4] SDCB A|#H3} SBN A|He] /Al 2okg o}
et it
A= 2}2) 218 (sandwiched specimen) & #2&F (homo-
geneous) AlHef| gk o|F M EE AYste] gwto =gy, @
AR o|F Aas} AW 7)ol ulste] £33 e A
5, AT AW HF Y A 2HE AL 5 QU
SDCB Al#H¢] 7% 4] (2) & o83l siAgch.®
12 P¢a?

Glc= pauny
#PE

2
/
[3.467+2315( %) | @

714, Gee YA AR WEF (critical energy-re-
lease rate) °|i, Pe= 315-H$ FAAM FAHE A
5% (critical load) gtel=l, Ex Hw WHy§ Aehele]
a1} A< (tensile modulus) 24X E/(1— A2 2=}
(E: Young's modulus, v: Poisson's ratio). Y™ =*] a,
t IS A 23 A ole FEEA at TEAHC), ¢
AT, 12 A|H Fo]o vk (1/2) & 9)u|gtc} (Fig. 4
9 (a) FR).

SBN 4189 3% 4 (3) & olga4 sageh»

4714 G, P, Ex SDCB A|Rel|4s} e oju]Z A}
£H9em, K3 K= 2424 Mode 13} Mode 11 3 7
% Al (stress intensity factor) & 2|m|gc}, 6= 837}
& %39, o, ¢, 152 AW 2 B FEEA
Fig. 49] (b & Fxust7] wigkcl. ¥ 947 (phase
angle) o], 8% EH=E AFHo 2 Yello] F7] 4
gtod =]ljk Wigolth wla, A& 7 AHEALC]Y BFAAIS
z}o] (elastic mismatch) o 2J3}o] W AYs}= )4kz}olr} 2
£ A7 =z /EMC Alade] A stAdASs) 2
7} Table 2¢} 2o B 2 digk 3° 7} =t}

SDCB A|H& &5 oA 3135 77hE 315 =20 A
qA R WEE, Gitts 5457 A5l 2 A9
o], SBN A)|HL& ¢35 T2l A oA wha-E,
Geghd 57317 $15be] kg A|Helrd

Table 2. Elastic Constants of Leadframe and EMC.

wHA A 4~
A5 E “ y
EMC(#:& 1) 1400kg/mm?| 560kg/mm? | 0.25
Leadframe(A & 2) |12500kg/mm? 4596kg/mm?| 0.36

3. Zot & I3

31 EBl=meg EHe| MEEY
311 SEM T o

Fig. 59 Yepbd SEM Alzl¢ AR d, o= 3
2| & =z gl Hdo] HaPgE FFH7) go] EAE
£ Zlo] Hol&u, o]& oz 9le AZE w YT
(cold rolling) & E3led AZXs 7] o Fel YAR 7oz
Az} olag FAF FFHE AFHE & Fox
I EAEG o, A 208712 2HE FAFHA
o}, ¥ SEM AkAlg B9 ==z |y EHe= 100
~ 300 nm A=e =7|E zhe oA vls 2 (fine
acicular shape) & AFSE ZAAHEo] SATU= 7L <
5 s}, olzi’h nlA|g vl Boke) AISE AAEL 4HE
AIZE g 2 oo Bl 28 AAE doiuzled,
ARELAIZE 302 ol RE AAS =kt wHebA, 302
o] Folli= AFs}AI 7ol wE v A T2 Wisbr} ¢lgin). u)4)
g uls moko AR AAEE EMC2e] Faeo) glo)4]
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Fig. 5. SEM micrographs of oxidized leadframe surfaces : Oxidation times are (a) 0, as-cleaned,
(c) 30 sec, and (e) 20 min. (b), (d) and (f) are magnified images of (a), (c) and (e), respectively.
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Fig. 7. Variation of oxide thickness with oxidation time.
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dEhEFel FAEI sl o] FolsheE Aoz B
iz}, o]x3 brown oxidert VA =iz dolzt
EMCe| #7177} 714% 23ko]7] ool A3l o] HF
FAZ B7VEFE Geghel B71ehe 2o 2 Az, &,

o
—
=

=

5

2T O
Ml e

100

80 |- T T
W/Eri M <
60 |
S
E
-
3, ol l
%)
20 |4
0 / L . .
0 5 10 15 20
t(rmin)

Fig. 8. Variation of fracture toughness of leadframe/EMC inter-
face as a function of the oxidation time. The loading state near
the crack tip was quasi-Mode I loading( p~37).
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Fig. 10. Fracture toughness of leadframe/EMC interfaces as a
function of the Mode mixity. Leadframes were treated in the
brown- oxide forming solution for 20 minutes.
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< Bged), ol Wang® Suo®u} Liechti® o) 73gks}
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Z7ksbA Gegrel 718k 3 olf= g Aox
ARl odubd e Fdol A Astew F < (crack
surface) | 4] 73t2] =}7] (debonding) 7} F 2= oJo} 3l+=
o], olzigt Agte) Hrl= Aok 3 AR (Mode 1l com-
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Fig. 11. Crack deformation with sign of phase angle.
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7} F7Veta, W2 ¢jadzte] o BEE Zhe AfolE
Fig. 11 (b) ¢} 7o) Al Fdo] B3]A = FEFIEH
o|7} Aashe Aoz AztEch webA, oyt H4kzte
530 2 g ele] M3} gie Go~ ¥ FALe A
AE 72 Eata, ANE 2R £3h7] dol 4k
P-Zel w2t FGo/o P9 gho] Hebls Ho 2 A=

g, Yitzte] ~45°d o AHFLL ¢ o)ik AL
w2} 21HEk] 23lx EMC WREZE 7lase] AAsgs
dl, o]FA #do] M W2 AT Ffol SHE A
o] ol x= Ao gk 3}k3] =7} of)7] wiE-el
bt o 2 Hojxls T FAY FAolA Wol doly} oS
< & = ok AldFde] EMCUR-E 7ad oo Ggt
& ~150 J/m? o]l o] g EMCE] mHrjal A =] (~
240 J/m?* o} DAHF FAo) ol Ao B M7tEw, FFo
kAol ajAde] glefop & Zojc}

o] Azt M BEzEYd WER Fdo] A=A
A A¢E e, 25 Alde o) z3sky
e}, ol T lAdR| 9 zle] WFo 2 AzhEch &, EMC
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< A7 27] B Eol o g4zte] HW Awgd
°o] AdE o} A ¥k EMCHRE FHsts A
o] A He 2 o A AR wslo] sz ole
A7} 27] fgel fdzte] Frlsirizls AW
dol Bz e AAss ARohs AW gt 2
ke Ao] A2 o2 o] ehAg ARo|y) RO E 8
A},
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1) Bl=xzqle] ¥ brown oxideE 44|79, v
A vlg Zoke] Cu0 AAEo] YA FH, 45447 28
7hARE FAEle] oF 150 nme) FAZ 238 F o o)A
4781 7) ekskel.

2) SDCB A|®& <183 == 83)/EMC A9 933
AGA &4 A, obFHE 81A] ¥e Yz le A
9] 0 J/m*9] & B A", brown oxide”} A H 2=
ZH AL A AR 2871A] Fo)sted oF 80 J/m¥) =i}
mp2}a], AFSEA|ZE 280] 2 9] AbEA)Z ol S o 5
Rt

3) == /EMC AlRY HAdMAE CuO %9
FA ) vlgsle F71slgdc}. o) CuO ZAAo] olAgh u}
T RE 3l lej4 EMCe 71A1" 13 (mechanical
interlocking) 7172 Azts}7] wjLo 2 yztgich,

4) SBN test A7}, @& iAol o) AR 53] 914
= SDCB 9| AW 53] Q4 x|e} & Axstdzw, bzt
o] S7FstHA AW 3l7) QA X7} Zrkshs Ayl TA
& HAFAAL, FA9 9 gL g}

5) #4zt -45°d o AlWFALe EMC W32 7)=s
of AAEHAT, o] ) Ge= < 150 J/mPolglon, Bl
ZH ] WE-2E A8 Fas)o] A-sA] ).
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