( siorny

317 A1)

TME
AT A 9t =AY nAFE aAd 7]& ]
et ol QI nY A S E Ao WA el ol
A 7 A 7le st A A7), AR A

AR 5 2141719] A7]42] 27k Hof gt} 1965
d HojAdde dApAaAold 1 E Hojk B9
AAE7} 187] vttt 2v) 2 Sold Aolet d&37)
. Fol9] g &t & v A7} ey, w35 3
Zoli vl AZo] get 22 Y 0.lume] 4
2219 6] 0.09um 717 ekE| 7o) o] 2 H ).
o] 3t HEEA tuloj o) NAH-LEESHE W
X% 9] packaging 7] <o) T3 A 1E 0 A AN
I, 2 vt w7173 714-E o) TA Aol
Y3t 7| A A BE 7)o A Hoji} hokst R o}
AEE B4 tuto) Ao EF A7 H, A3 A
2 Y (reliability) @ AT E Zo3HA =t 19
U, stHo 2l chofet BAHE w73 FRe
st §7) 52 7 9714 ArES Ao
AeA Fefolls TAYSHA] GFd ubo] 22 ulE &
£ 71 0]3F B o] uAgt EFo] BFAlEIT Qo™
ol et FUY AL T A=Ak 5}717) 9
AR el Fadel A kotA 2 et

)

a1 2 HE 1o mi
I o

ﬂlﬁ%%%ﬁﬂiﬂéwi$ﬂﬂ
29t of 7)) A EIE A4S S42,
Yoz St BN A 5L
7,839 Fagelo] 5 34
U4 AAE) I LS Ao )

rlo

"

o to offt i XN
o ob rd i

B
3
&
_);I,
TS
Al

2. IR IR R AXHQ & 0|

2.1 Btx|| o7 |x| xo| LUg

Silicon Chip2 9|5 3|28} A7|AH o2 AZAA|F]
T AE B0l AREAo 2R BT
gohel H22 AL SoiAl Yl Aojd FA S
Through hole T+ Dip HH4} 9] s}j7izjo|th( & 1).
7% 80¥ o] Soj oA WS} SobH A
QFPL} SOJ 5] peripheral e} B 9] W T 23

E47h ofg B8 A% 7147 BAA B
2HHEA SR Al ool voll Al 44
She gel W BEE kol7] UG FREC| A4S
3 Eler o9 F2 SR 29 tfwFQl 17
A % 2 A PGA(Pin Grid Array) & 9| 2 € 4= it
1990 d thofl S0l WA 7H g7l W=
PCB (Printed Circuit Board) 7] < 2] = ¢]-& £31 BGA

M7\ FAAE A 164 F8Z£(20039 84) 11111 27



(_=Hory

(Ball Grid Array) ) S-74o]2t & 4= gt} 7] &9 g
sz 71X 8 24, 754 &AE o759
2718 A 27 aS &6t FESHA Hle

Aol 71&9 2lE =9 7| X EF v|AE g
71°6-3F o] TSOP}t Z+-& Imm ©]8} F7| &) #j7] %]
T eE]7] A&EQIT 1990 E ] S o] Fof =
AA 3] 2 7] F(flexible circuit)S E-835to] WLCSP
(Wafer Level Chip Size Package)t} uBGA S} -2 CSP
Z\eo] g Holon 22 Vs 52 B V)5S
FYsz F 7 o449 IC chipS& & 71 %] of
Z3t stackCSP 3t A8t E3, A7) " 93
A} 5-S =9l TEBGA(Thermally Enhanced BGA)Y}
HPBGA(High Performance BGA) 5 7| £9] 3|2 7|3
71eE thFsHA 838t ZoHAE deviced] &
E49& ol MEL H7)AE0] E&57] A&st

Rt

190 = 1950 AT 2000 08
IC Package Structure
—_—_— Thermalg Elsctical ;e poa
(High pafonnance)

Sehcs

T '
CA-868 ©55664 d!

e wih
S0P
—-> ar
- VB e
PEGA paer Loned CSP %

a8 1. IC package structure evolution,

20004 ol Folk upo Aol FAT AALE
o] S71E A3t GHz o4} nFh F2 O of7H
= 2}7)(self) T2 AFS (mutual) 915 €l A (inductance)
2 Qg 43 9] ot 43 7Hd (cross-talk)t 2
2 ZAE WA Hj7] 2o FAAA A7) Kt
FzEo| FuetA A&3HE7] ARttt g 7] 4]
o] 23} substrate S ) ] wire bonding 7] & 0] of
) metal bump 214 AR} AMEA 2241
A 714 458 A flp chip 9718 7]0]
HAS HAge A2E ol Y7|A Y 4359

28 1l Eop)E - 7Y ME(1)

S 2 astelr) A3 HAo) W14 A7)

< A st B=A w72 Yol o]
system= -5 8+= MCM(Multi-Chip Module)o| 1}
SIP(System in Package)7} 54 1 9 2457
Stk CHE 3 ZWO L Thabet 754 BHEA]
vlo] A S, & MEMS(Micro Electro-Mechanical
System)t} CCD}F CMOS3-9} image sensor B E-A184-
3 cufol St Zo] £ A/ Mz AF
g& gol 7A™Q ATy F4AT Fof thst Y&
g §oldHA st 8= EF 7Y £3S
PV she wheA) Tstol 2] sh7)% 7|6 B3
PYelA U= L AL ok E3, 23 L o
712 71 £3 o % A3Eo] £ 05mmo]ste]
2019 o7 2)7] golut Ao T M2 7] 8] 4%
253 glon foln WM 148 S8t 4
mother boardl| 4%} 3}+= DCA(Direct Chip Attach) 7|
= B3 ALH o2 HHsH g Aol

2.2 =X mi7|X|E A 7|ge we

N A H7) 2§ o] dd-E Z- A Yk A
H7|Z) 2] 7159d & FAE I AAFHE 1). 1990
A o] M9 Bt=A| Hrjx] 9] 8 7|5 A A
7N Az AG Y YR AHORHE Y HT R A
ZIARQ oA WA 7] A2 T 5= Y
ohotebd 22 7e dEad axie #7149
MY U A2 A £37)43 BEA HEA)
2 % 7] EMC(Epoxy Molding Compound) 7]& 59|
FH Ao T iAol & a4t

1990 o] o], I3 2 71 279 7= =Y
< A /7] LEA B D 328 S5 &
ALl ML=t E3 v Z7|d A= 7|&
£ B4 eFst 079 TUE 17)549) £
YA 971 21§ 7He A st o, A 7R = QL
M3 Z27]|H-& £33 BGA7| & 0] BT A 7] A& &
A HRE 25T YTk HE THelo] obd HE
2 A gEoprt otsitt. B3, BGAAAE 242
A] Sn/Pb solder ballHH = AR 7)1} c}oFst BGA
& 7|2 8-tof £gs}t= b3t Encapsulationg-
LEA 2AEO] Aol H ok

1990\ o 25tk 2000 o Z2ykol] AA Ao o]



27172 44 9] S5 HBte 5 F
w21 g E AT A IS Y3t
S8 FHu Aoy AfAdee 2 tigt |
TFfdro} ghitsiA] M= 3L 9tk Aojr}. 14 3]
2718 A z7) e, B3 HS nA3 5, 512
7l@o] W E I glon, BtTA 7| A7}t dedt
A1) M 9 237504 gloju tjuto] 29
B8 R0l Shtel M7 HApHel AlaTe 2
W37 FEHQ JUE 81 Yt 2, Flip
Chip B3 T4 34 2409 W8 W=e B4
3}7] $1 3t Metallization 7| 2 A7 5o| A|EH o=
M= 22 ¢l © ™, ACF(Anisotropic Conductive Film)
4 A D(underfill) 5 LEA 2AF E3F FARE
383} Hloj 7kl 9l Aol th 8L 3D ] Ao
o3t Ja8 487« 2 Wafer Thinning 7} A H
oA 9 7j@o] A-&3E L Qo B 1A T
o 7|2 e Fa&exd)T 22 22
THFE Y 84 A Az f7| X8 LA
NS g o] A&E L gl

oj Aol A AT 2 e} Zro] Wt A| w7 x| Lo}
o|o} {AH Ao W2 WA tjuto] 29 FH A
ol HAE T F AT SV Qe P E H7) A
719 aeh, E3F o Aa gFa 7S HEA e o
Fe FY Yutol 29 7|15 84S ol 7|
AL 7HA= st Al AR o T Ql4o] ¥A
wojgieh. A7) Sl A & o7t 22t 7] 5 A
< Foq3t= AR E0l et Adat A7 o FsHA
ojFojA At WA, AR et F28 7S
& Q8= WhEA 7] A2 2o ohE 2ol o
g ojAIst E8-31eHA], B A7]-AAE 45 ol
ot AL FF U= tulo] A9 7| e A &S
FAANL AL E ol ¢ FaTqEE

SEEPSEE

o
7159l o]

AR AHE (1)

H 1. Requirements for IC packaging materials

based on development tier.

Period (packages)

Requirements for IC
packaging Materials

~1990

‘Chip Protection’

- Ceramic substrate
- Metal lead frame

technology

- Sn/Pb plating
- Ag plating

(DIP/QFP/PGA/SO) | . Conductive die attach
adhesives
- Organic substrate
1990~1999 (2~4 layer)
- Metal heat spreader
‘High density and | - Ni/Au plating
performance’ - Eutectic Solder ball,
‘Chip Scale packaging’ | paste

(TQFP/PBGA/CSP/ | - Liquid encapsulation

cavity BGA/Array
mold package)

- Ball attach & SMT
- Non—Conductive

adhesives

1999~2003(current)

‘Electrical design for
High Frequency
application.’
‘Functionality’
‘3D & ultra thin
packaging’
(Flip—chip/SIP/MCM/
MEMS/CCD Module/
Opto—electronic
Packaging/Multi-die
stack/Paper—thin
package stack/
Direct Chip attach)

- Electrical character

ization of materials

- Organic substrate

(Multi-layer over 10)

- Thin Organic subst

rates

- Surface treatment
- Embedded passives
- Environment—-friend

ly material set

- Lead free plating,

Solder ball, paste

- Film adhesive
- ACF, underfill
- Wafer bumping/UBM

process/BCB

- Wafer thinning
- Low K material set
- Materials for 3D

pac kages

- High accuracy align

ment system
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Contaminants
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Electrostatic

behavior Chemical activity

Corresion adhesion

phenomena
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and impurities

inter-metallic
wettability
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diffusion behavior

33 2. Surface Failure modes in the organic
and inorganic layers of Semiconductor
package structure(PBGA).
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4.2 Depth Profiling
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H 2. List of surface analysis instruments with their general specification and typical application.

Analytical Typical Signal Elements sotrrgc?tglrce detection| depth !imaging| Lateral
technlque application ) detected ” detected information | ”l";mn teso!utlon mapping|resoiution
Elemental surface Auter
analysis high lelectrons from . 0.1~1 -
AES resolution depth | near surface Li-U N/A atomic% 2~6nm Yes 100nm
profiling atoms
identification of )
. polymers, Plastics, N
I;,l}rcﬁg Contaminants, énfared M?}lecular 1000‘1 No 15um
Organics films, absorption roup ppm
fibers and liquid
Molecular
. e hemical
identification of  chemica’ confocal
Raman organics and RamaAn 1dentf1f1cat1 ~0.1wt% mode Yes lum
inorganics scattering on irom 1~2um
vibrational
spectra
Surface analysis
of organic and o Chemical 0.01~1 N 10um
XPS/ESCA inorganc Photoelectrons| Li-U bonding | atomic% 1~10nm Yes 90um
molecules
Thin film
XRF Thickness X-rays Na-U 10ppm No 100um
composition
Secondary ion
imaging and and N -
(ISEESI) elemental backscattered B-U atodrlnicl% 1(E%usr? Yes 41?;[(1]5:8]3]381\)/[)
microanalysis | electrons and
X-rays
Dopant and { lum
impurity depth i B 1E12~1E16| (imagin)
SIMS profiling, surface Secondary ions|  H-U atoms/cc 5~30nm Yes 30um(depth
and microanalysis profiling)
Dopant and
impurity depth 1E14~1E17 { 5um
Quad- e . / (5 v (imagin)
SIMS profth'ng, surfacAe Secondary ions| H-U atoms/cc nm es 30um(depth
and microanalysis (ppm~pph) o
i profiling)
insulators
Surface
. . S d Molecul
TOF-SIMS Hl“coa“a‘ylslst‘?f ions atome, | H-U  |ions to Mass <;f§;“g”/gs . Olla | Yes | 0.10um
po Z?fii:;; rf‘iislcs’ molecules 10,000 J L

Sol Az 0 MBS 27 %ol §rHAL 2
7] IL53F FTIR spectraS 2X3 917] wZof B4+
*Quantized Energy : EE=hv where {:::,Z::l;:,:[o,':mm] @‘o] 7}-—‘5-‘5‘}4:]—,
o9} Zr-2 712 g shof| AA vH=A] w712 Yo
A A §7] £& TERAAA A3 EFY
2ol EA ok A9 S A n A,

E=hy

Not absorbing the Infrared energy absorbing the Infrared energy
for specific vibration

13 5. Principle and Theory of FTIR.
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5.2 Micro—-FTIRE AIESt PCB bonding
pad 28 24
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5‘;
|
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Conductor Solde Ball Substrate

13 6. organic contamination on wire bonding
pad in flexible circuit for tape BGA
packages.
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A7 ME(T)

== 4 cover-lay film burr
.. 4— COpper carrier frame

1) Punched lamination adhesive is
aftached to carrier frame ;

2) cover-lay film & back paper is
detached

3) Tape substrate is attached to
carrier frame

- cover-lay film burr remains

& Tape circuit

4) Coveray film is melt out to bond
finger at 180° C heater block

T~

Contamination

18 7. wire bonding pad contamination process
-root cause illustration.

contamination #1
Rotsol: San-lv
T WF.J\\ cover-layfilm Ist

cover-layfilm 2nd

------------

aniean

& 8. micro—-FTIR spectrum of organic contami
nation on wire bonding pad and cover-
lay film as a root cause.
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38l 9. photograph of #BGA and its structure.
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a2l 10. Organic contamination on the flexible
circuit used in #BGA,
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a2l 11, The micro-FTIR spectrum of the
contamination in the flexible circuit for
uBGA package: showed Amide group
which later found to be from bacteria in

the plating bath.
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THb).

(a) (b)

SEM image ( x 10,000)

3% 12, C-scan photograph of delaminated area
between die top and Epoxy molding
compounds (a) and delaminated die top
surface, showing irregular texture (b).

ol2|gh @At A=A FHHUE EMC
2} die topE H 9| Polyimide passivationZ 7+2] 2+
Hste) €21e B 98] micro FTIRE 4243
948 ul, W27 Qofut Hel FE 1700m ¥
20| —COOH F47h 7 Uehbs 212 S314 74
St A EHA o2 A& FAY 4 AHIH 13).

Polyimide] 7 8Hh4 2 ote) 1% 149} 2t} —

Incompletely cured P.llayer
1700~'(COOH peak)

Fully cured P.Ilayer

Absorbance
<
=

1600

a3 13, Incompletely cured Polyimide passiva
tion layer:shows FTIR absorption
spectrum near 1700cm™ and the peak
absorption decreases by thermal aging.
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38l 14. Polyimide curing reaction.

il

COOH 7]& 7}A & Polyamic acid7} -2 A 73}
HHA E& FAHEE 37| Polyimide2 % #
ohootebd A H oz AR dREgew -
COOH peak ] =7} dojubA] gkgkojol ah=d] &
A7t ¢ Polyimide passivation& E-¢H4 3 33
2702 Aafj A $AF3p7F dojix] kot of
et .2 3192 moldingE 8 Al F7HA Q1 A3t
Aofub A HAYEE £57) 9] Ao 2 Qs A uha)
WAl ol Ao 2 BHE ). Molding £
ofl &(300°C o]/ &2 743 #-¢-+= —COOHY
Hol 4 G4} QojuhA] o AL HelE 4 ek

o0]¢} Z+o] micro-FTIR2 17|59 2¥ 9 F79
oe HE 2uoh g, whg A A3t AEL 45
I ZA7E A7 w9 ot 57 ZEAYS =
4ol WS ATH FE AL U % Atk

5.5 EPMAS AIZ3t 347 8 34 24

EPMA(Electron Probe Microanalysis) = SEMi} Z+o]
AAEL 2R F14Eol wAR ARl ATl
SEedte] HEAT o9 AR F, 22; AR F whA
AAE sl 24 Jelof et 4 B 5
Ao AAb5-o] A7 g E AR R HO A A}
£ 7] ekt X-A-& Wave length Dispersive X-ray
spectrometer(WDS)E -5l €4 HZE FA|o H&
ko uj g G of] ZFH Yl YAE) et A
0 BHRAS U 4 ASS THED, 2 500~
1000ppms] ] 4 8424 744] 7V shet,

0|9} & EPMAY] 7|52 HIEH 24719 A
D = BEFEA Y 583 ABE AP
29 155 BGA W7 X0 4 3 27)99] Aug} Ni &
Zo] sjo] 9l T2 v Ao WEH 63%Sn/37%Pb
Eutectic Solder ball 2] 240° Coj| A o] 247F A3t & A
oA Hol= F4 gito] tjste] EPMAE -3
3 7 %olh

I 7% e (1)

Sn. L Au, - Pb.

a3 15. EPMA mapping results of the interme
tallic diffused layer between Eutectic
solder and Ni/Au plated ball attach pad
on the printed circuit board substrate,

F2 Archo] SEM imageol| A Rol= Z&7 2%
o] ti3te] EPMA ¥24% mappingS £5}0} Q14 3
2 7)79 24 =(Cu) $12 =2 52U Ni, Au2] &
A4S 2 4 Qlth. Auk Soldering £ 0] By&
uf, o]u] W-E =2 FHAte]o] Ballo] H FYef £
5ol 2L B 4 YU NS AHoE
BAHES 2150 Y Aol A Solder ball £ 2
7 pm FAHE A& & 4 Qloh Nio| barrier 0.2 o
32 314 Fo| Cu ball pad= FHito] Aojiutz] gre
AL B 2 9lon, Ball 99 Sni} Pbi z}zhe]
rich® §& o8 D24 sy Qe AL & 4
ch. E3], Auzt SAE A AuSndE F A8 E
=l o] BFE-S F Aol FobA 27| Be gt
Au =52 97| 2]E mother boardo] A%} = AgHAl
24& F5hA 7] Yelo] "ok

1990\ of ke g7 23FHA W=A 974
o] o] gslA =0 HA 7 BHRof &Y
7o} 712 9] Eutectic SolderS thA] & 4~ = £A
4-t|(lead free solder) 7| o)tk 18 1604 = 1
158 FLe Ao AdA B £ol(Sn/3.5%
Ag/0.75%Cu)9| &7k 24t dAbol ti gk EPMA
mapping 2 S YEY 31t} Eutectic £ £}49] 2}o]
e AR, 24 Sn3t Ag7} Ball Ao T24)
HA e T lead free ball ol A3 9=
0.75%2] Cu7} Ni% 202 34+=]o] Cugt Nizt Sn
9| Ternary intermetallicZ®S & A3t= AL B 4 ¢
o} B3 (Cu, Ni)Sns7} 45l A2 B &
2 A it

H71HRMHE 16 H82(20031d 88) i1l 35



(oY

33 16. EPMA mapping results of the interme

tallic diffused layer between lead free’

solder(Sn/3.5%Ag/0.75%Cu) and Ni/Au
piated ball attach pad on the printed
circuit board subsirate,

EPMAE &} A] solder ball ¥4} o}uj &}, Au wire2}
Al pad, |0} -§-8-5 = Cu vj A3} B H Cu pad}
Aut} Cu wire®] @4, =53 W2 &4t 9 Flip Chip
€ bump3 Al A UBM(Under Bump Metal)u] ofj 4 2]
A 5, B H7)7] Yol E45t= thFd 55
MY 2ol S BT 4 3l

5.6 ESCA/ XPSE AE&t 24 siat 29
24

ESCA(Electron Spectroscopy of Chemical Analysis)
5.2 XPS(X-ray Photoelectron Analysis)+= X412 24
shnAt b Ewol YA AlA BA4SRA ohe 9
Ao RS W& AR of 7] A FAE] o A
£ hvetal b gREe] o v Ao ojsiA e F
% Z(photo-electron)®] 2| & HEHLZH Fof
2 FAHsoft-X ray)2t W& FHAS] o= & 2
ol TR FF o AAA = e AT
U E oA "k ojot 22 e 19 1790
el A

L0000
E=hv-E,

—_0 0
Photon hv : the energy of the photon
(Xray \ /%hamm Ej: the binding energy of the atomic orbital
onilly Ex: measured kinetic energy of emitted electron
38 17, Principle of XPS: accomplished by irrad
iating a sample with mono—energetic

soft X-rays and analyzing the energy
of detected electrons,

36 1l Hop71E - ij7)d M=)

EFESCA) A ZA}o] Aol 1 2] (binding energy)
Eke 719] Atsted i ehe7t #9224 aheh4]
Ao YL L7 g & A B
ThE Chemical shiftE ¥.o|A ©}. o] 2|3 2|2 ¢
ZAstiizt stz 2HY EAET ofy2t A9
Zo] i FJEE d2 4 A= Ao Aok

1% 182 dAA 32 7] Z(flexible circuit)S A3
G718 SHAM G54 o]FH o] THHE A
ESCAE T4 24T AE Uetlideh #7142 &
Hofl Yl wAE S54 ol 222 ©A B
EA7E otz 714 el A & o] ozt A
E o] T 4 Ytk T ol fre 2 dHIE 7]
#ol ZHoe Tl AuNiEFE AT EiAd
o) o] AT tA 0z EA7] Y g of 714
o ZHo) A4 ol o] F& 4% AAlGhort)S

Q.07 4 9l7] ti2oltt.

&l 18. Metallic foreign materials adhered at
the lateral side of BGA packages (a)
yellow color (b) purple color,

ESCA 24& F3)4 245 A3 o] o] &3 Cu
o] Akstuato 2 wgol et 18 19914 (@)= o
71219 &9 olgd o] gt 2 {A] spectrum
£ vetliglen (b= ¢48 Cug &9, (0)=Cu0
2} Cu,09] reference Al 55 LFeERATE Spectrum Afof]
A E ) 9712 SHQ o] & o] Cu0g}t YATH=
A& & ook

AIE utgo & o]9F 7H2 BGAH| 7] A 9] &9 o]
EZ9 ddE AATAE W, 72 carrier frame]
4 3|2 7] H(flexible circuit)o] HAHE o] FHE A
A B 129 E-& A =i, o] & Qdte
T-eo ®mof A7 Aksteto] mold 374 0)%, EMC
o e o Abstutzie] Aol HEH o2 PAdHrt
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(a) Tested sample

{b) Cu - reference (€} CuO and Cu,0- reference

32l 19. ESCA binding energy vs Normalized
intensity spectrum.:shows tested
sample found out to be Cu oxide,

oleiat AR Aste] 7|7 ZHef o] 2AZ ¢
ohl7l Bl 2ol Eele] 5ot
oo} Zol B4, RAMRY UARAH BYTE

°
£ A0 BAY S YL ESCAL 7|52 BEFO
2 Eof T3t YA YR E PS4 UL, EF o)
AL AN A8 TANA olHe ANE B4
S MEH AR AT AT FFL BAY
% giet

AA

5.7 Galvanostatg A28t 3% Atatat A
£y

oA WP A w7 2] A4S E oo ot At
3} Aol thgte] A52 sHATh AAZ 1 frame
S Ak BhE A B 7| X 9] - e EHY At
Aol weby Eole) B Asine) £E 24t
£ 7]712A] Galvanostatg -§-8-sto] Arshdt F7of
w2 sk E e oS AT B,

Galvanostat= 1% 200} A} ¢ A|3} vle} ZHo] A
oM Y EE £REE B0 AL, g0l
38t MK 7])Fol| vl #| gtk Faraday o} A7) &
slel el olatel Aroterg 471802 Bl
Ao 2 3y A F U = (current density : e} £ Q%

o

oft Il

Faraday’s law : Thickness of oxide o 1 E R
Where | p————
1 Current density (mAfcm?) ey

it t: Reduction time(sec) g
S =——T1 V:Moarvolume of the oxice phase. i
N (CuO124cmiimole Cu,0:23 Semiole)

F: Faraday's constant

!

€ Load framewith 420mCu0 and 650mC; !

Total: 107am |
ety

a8l 20. Faraday's law: The amount of charge
which are participated to reduce oxide
are calculated from the amount of oxide.
This can be interpreted into thickness,

A 7He), 22831 z+ Ak3katke) molar volume(cm/mole)
oz RE Astatel Yo FAE AikE sHA He
Aol 17 209] $-Zof A H T Z= Abs}
sto] BF WA A7]E Cu AHaetEe] A3 A9
Zte] H3HE EaAl CuO7t EH A A S F
i, o Cu0 Fo| == dAZ |3E vet
ek Cu 2 H 99 Cu0, Cu02] 2t} o] FA1E &3
4 ek

3% 212 o] 3 Galvanostat®] Y2|g ©]-83}]
Z+zke] e g =2 Y(Cu lead frame) 2} AFSL H =
2 th2s) sto] Ashere) £AA7t e HEEH Yo
Z A v s)7] X £ 85° CR5% ==
ol A 48A)7F E<5 & 218" C VPS(Vapor Phase Solder
ing)& 39 AP F Lol ] E4E 2395
Sl v 53] 2 (T-scany S SAHA Arsjete] 7]}
whe| @A Tke] A Lhehd Aol

AIE FolA] Astete] FA 7L oF 40~60nm e
AL 7H o) 74 2ol 2 202 YErth

Oxide thickness

a8 21, Package delamination vs Cu Oxide
thickness on lead frame : T-scan image:
Moisture soak(85 C/85%)/VPS 3X 218°C.
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ﬁso_ Sample
<E . oxidation temperature
Ego- o 160C
o 4 4 200C
L4007 8¢ = 240C
030 A N
w4 “.m A&
=20 e
& i B AT n__
10
0 T T

T T T T 1T
26 50 75 100 125 150 175 200
Thickness{nm)

12l 22. Adhesion of EMC and Cu lead frame
with different oxidation thickness: near
20~35nm shows the maximum adhesion.

245} BT ol 24 ZH AL Abste Al

ALY B o] 25T T E
ateleh sl 9B A o 4ol Thed
stoe gohie 2 720 T2H FHpyom
stel @3le) F4ute] AgAL Wolmelng
Felo] Wol g & 4 itk 1Y ReAE AT
Aol gat A2te AU A7 Uehuit. o
CEREBEEY EEEESDESLEETES

7]
e}
°

oSz odoomX

O ok > J

3
B

1

Galvanostat+= Y¥HAQl 7fd e FHEA A=
ot Rt Bt= A o 7| 2] & 447 9] & o] o wt
2 415} gko) Abojof w2 A1 2| = o) HH3tof tfsho]

2% 4 Sl BT T 5 Yok

Y

5.8 SEM-EDSE A%t 27| 0|2E &4

HE SEMT} 3 A& E o] daid oz B3}
+= EDS(Energy Dispersive X-ray Spectrometry)+= 500A
~10pm2] A& A2 EH| FAAA AR EH
oA WAL B4 XA T FES XARF
712 43, 1 ujag o] 0.1%~1% o4 &
so] Qe 948 A4 L A% BYshs Aol
2% SEM3 §7] A2bo] Hs 317 wEe] Bl gol
A@sta #4 A1zko] whE Hgo] glek. Zojof of
o Bohol WolAILt m7)2] T o)Al 10-20umo]
A FA19) AlHolu o] B off thet &4 o= 83t
A A8 % slek.

38 il Hob2l g - 217 A= (1)

A3 = 7]l A &) F< Dendrite ] 442 T
AL glol SHEA| tiuto] A9 7H4 2| Al 2. F
A 2= A Fofl htol7] hiiEel 1 dAd
S ST S YAS AsHA B Aot
A& HEste A2 WA fubo]| 9] A7 H
A18)/44-& 2R s=T) ul-¢ F a3t}

I 232 A3 2 71 Yol A ARE 7HeHA &
2 non-biased HAST test (130° C/853%R.H./72hrs)& 7
Z) 2L @ Zoof HHA St dendrite & LFER SiT

Dendrite”} ¢F 50~100um? & 2] Aof AA 4 <o
27t AAE A3 AS g & 4 9lew,
Ui v Mo A= 2z s Aol A Ad4EE Dendrite7} A
2 AR AT A= W HUTH EDS testE
S A A dendrite®] Y-S FAF A1 Cus
2 Cudf ABHE 2 A EUTHTE 24).

Dendrite®] Q1< #4317] 5t} ZA 7} 24T
Al Hof o3} ion chromatography &8 3+ A&
3 30 YERA ST

1k

S

A

e

0 1
22l 23. SEM image Dendrite: dendrite is detected
on the metal trace of organic substrate
(additive build—up process) after the non—

bias HAST test(130° C/85%R.H./72hrs).

Eiectron Image 1
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12l 24, EDX test results shows that the Dendrite
is Cu or Cu related compounds.

H 3, lonic impurities(ng/cm?®) level of defected

substrates,

Substrate ion content| Sample 1 | Sample2 | Sample3
F(-) 650.53 732.99 763.02
Cl(-) 91.98 6333 9475
Br(-) 0.00 0.00 0.00
. NO2(-) 0.00 0.00 0.00
Anion 1530 1420 1276 716
PO4(-) 0.00 0.00 0.00
SO4(-) 365.86 872.30 313.76
Total 1122.57 1681.38 1178.69
Na(+) 1161.00 252241 1534.73
NH4(+) 361.01 352.62 475.67
Cation K(+) 35.26 3.61 0.46
Mg(2+) 57.85 1.80 8.85
Ca2+) 403.14 1.52 39.77
Total 2018.25 2881.95 2059.47
Ton total 3140.82 4563.33 3238.16
Zo] At A e

ol BT A ATA &5 AR
Holx &o ]__EH F-(650~750ng/
cm?) &} SO, 2-(300~900ng/cm?)o] thef HE F gl oH,
Cl-(60~100ng/em) = A3t Fo| A2 A RS E
it oFoj L © 2 A Na+ (1000~2500ng/cm?), NH4
+(350~500ng/cm2)31} Zrol olukm ol Feke st
L ko] o] 0] AZE|Qon o|Zo] v|AHAFH O T
12 o2 B4EBS D8R0 27N LA
o) &30] 850) Sl 7219 EAA Qi
Ald ZLA3) precipitationo]] &3t Ao 2 £=3
ch G 250 HelA Cot 445 Ao
700 4050l Yolup etk 2d, e
Yo AljtetEm 28 43 28717 Cug
Ao R Yol A2 4o Hglon, 013

Drﬂ—lELa”rl

I3 )7 A B(T)

kS A A 2 500ng/cm’o] 32 WE QLS uf FH
dendrite7} HHAY 8} A] b= A o 2 Eolo] F Q)

5.9 AES depth profilingE 0|88 =235
g2 24

orA] A3t ute} ZFo] AES(Auger Electron Spectro
scopy) 713 Bol o]t EREARUZA 4|
“s(resolution)©] -8}, depth profileo]] B €3t Al
58 SRS BHo| Utk ABS WA HAelE
()3 Axpglo] gt B4 A1) 19 259
Ueh e,

(a) (b)
Auger process
Fermi level &

3dM,; ©O——

3pMyy; — = Electron pre

Auger Analytical
resolution

3sM,

pl; ——y
pL, ——O—
2pL,
1s
a3 25, (a) illustrates AES process for energy
dissipation with titanium as an example.
The illustrated LMM Auger electron
energy is ~423eV(Eauger = Ee = Ems ~ Eva)
(b) shows the AES analytical volume:
lateral resolution as ~10nm/depth
resolution as 2~6nm.

Auger process= = keVE 7}l = AR YR
?1.“594 A2H2pL) S HEA 7| L, ol A1 hole2
© Fermi 29(3dM.»)o] Q1= A A7 A7}
holei o] £} HA AT oA B dL 2L A
A3pM2,3)7t ZE A& 7HA 2 2= A et
olFA WEH AAE Augerd A2l gt oA
By 2] of) 98)A Augerd 2] oY A& Euer=
Ep—Ew—Ew® Fo| XA "t
o|2{gt AESE T3t NI=A| w7 2§ 2 27|
e =532 Bl #3ll Hold ¥4 EAdepth
785-ol st Ao ERch 29 262
22 g8 Ao #HE Ued

profiling 3+
#BGA®] 2
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% 26, (a) #BGA ba!IApad area of normal case.
(b) 1BGA ball pad area of discolored case.

2 o rlo »
of
L,
o f

Rl ox o

i rir

g B

4= 9191 o 1, solder ball H3}o]
bonding & AT A ol WoiAx A
4 olsith. WAle) §1Q10] 7] & D2 A
A€ micro-FTIRE 13 Hotoy §7]E2
20| obd Ao2 WY Yot BT £2F
2440 7455 AESE 0] §5}0] depth profiling
bl

=55 tiet depth profilinge] W3t 205 19
279 YEtH At} vBGAO A= E.§ wire bonding &
3= BGA Q1432 7|5t 2 lead bonding &
517) go] AehH2 2 A4o] 5L Niplaing 3}
A Feth (e AFACE =59 Fol g 25
24 £33 370A/min A =2 sputtering& & wj], 2 7]
A= Au EHO| F2EGlE BHARE Hol= 50
SHA A Z A Au 7t Egdtth Al 7o
Aof whet 29 Au Fo] Aastil Cu Fo] EY
U 2o A B HEEHE AE E U
gk o 2 Yz} %H] L] Cu(85atomic%), O(13
atomic%) 2 H, AuR 35 53] Tef o] By
oz Aeke A€ o 4 ook A2 AugtCu
o gAY AAI} Yehts AHL Si0, /|1 F
370A/min®] sputtering &= 2 1782 3 Vel AL
£ 4ok 28 u, 2o HAE (b)Y A9 sYst
Z710]| A depth profiling& A At A3} Auzt A A<
T, Uebd FEuiA FollA Y YA% v &0l Cu
(45atomic%), O(55 atomic%) = A (a)Q] -2} A
the] A4 B A& E e, o= CudFol

X

4 uE ok o i 5o o) uT

o

40 i 5oy - 717 Xj=(1)

3 15 i =
Bputter Time Orin}
o CAu1
wl: Ve
0
L b \ o1
s T e e
i L i T
5 o S Cu
Vg
EY /,’\
2n& c1 5
mé‘g 4
S - N
] i : 5 E 3 s
Bputter Thrw {min)

a8l 27. AES depth profiling results of the
normal plated layer of Au on Cu (a)
and discolored plated layer (b) the
discolored layer showed severe copper
oxidation CuO Sputtering speed : 370 A
/min in SiQ..

ZoHA AR FHE B

ol ¥ EF R i A pattemo] AJH T,
PAHE Astuto] =g Ao 35k BH A 2
FA0] BEHIAY B, BE A 2 7)o
A Cugt Audf A3 A4S s HEE 3= Ni
plating & t}2 7H5A2 B A4 FH27|HoA Cu
o Au9] A3 AHS whe 93-S sk uBGA T2
o] EAA} Ni plating & 314 &0 2 ¢15te] A7

[of

AZEAE 9 3% A Golo] o3t Astat AAto
2 AR AYL FAT 5 9tk

5.10 TOF-SIMSE 0|83t =0j¥ |7 E&
g 4.

SIMS(Secondary ion mass spectroscopy)] 2o
sho] 19 289 WER )Tk ~10keV H 0] 259
HAZ 7F45E 12 o] Z(primary ion)o] £ sz}
St A me) Ro] $EeHH 13 0] 29 25 ofy]
A2 Qs EH ARS7re] A2 Q) FE Aol
ot} ojF Aoy Rjolde EEAHAE %



Primary ions

Seconda
(~10KeV) v

ions, atoms, molecules (~10KeV)

o em® O o
[ éﬁgz’ge o M
W o, .

Vacuum o hv v oo o
- o

Z Sampling
) Depth (~1nm)

CHIOK

Penetration
Depth (~10nm)

"3 28, Sputter effects in SIMS: a fast primary
ion passes energy to target atoms in a
series of binary collisions. Energetic
target atoms(called recoil atoms)
collide with more target atoms.

L REEHYR, PO L, Fol2F) o] YHE F
ool 259 AFr) A w LS ATl X
29 UAFR, T2, 24 5 S5 Yol

24 ppb"/P—?JQJ u|eF FHEA
depth profiling & ©]u| 2| mapping = Alr,},

3 27| A 3 2E HE 5} Hs}@] EE HE
Solder mask®} 2 2HA|(Die attach adhesive)Ato} 9] 7
Ao Jahe Astet g BAE AT AE A
HE . 217 299 A = B A S 2 7] A]
o] ujAArA 9l ¢ HAE & i gAS Hol1

S 9L % 340 2 @%@az—sﬂ st
o7

a2l 29. PCB and Silicon chip full test fracture
mode (a) Normal facture mode between
solder mask and Cu trace (b) abnormal
fracture mode between Die attach
adhesive and solder mask surface.

3317 A (1)

Atk (= AFHQ 71 ZEE Ued 22z
Chip¥} Q14 3] 2 7] & H 9 Solder maske} 2]
adhesion Zro| Aol 4] 13.2kgfE R o)t wh3) (b)
L a7 dutoE £ 0)X] L 63kefSE UFEHRY
ol AHE 28 AUANS BT o
RO 4B 2)

H 4, Die Shear strength comparison between
PCB type A and B: A showed 2~25 higher
adhesion value then type B for both high
and ambient temperature condition,

PCB-A | PCB-A
Die shear strength(kgf/die) 13.2 6.3
High temperature Die shear strength| 4.9 1.9

ol 3t A4t YL £4317) ¢i8to] TOF-SIMS
€ A4EA AR E Ve = 27| H A
type T &0 ZA7t 9l B typed #4323t
£ 1 300 Yebl At @4% 34 & o, Type
A9 AL At Ql <14 3] 2 7]Z-8 Solder Mask
off thgh g Beot Y28t spectraE Ve &) WESE
o} (a), type BO] 7%= A A2 9l solder maske}+= Tk
£ spectras Ve = AE & 4 Aqch A= o
2 B &R peakE A B EH m/z=73(CH,):Si+,

s . . ARRO4101.3UR

e 50 100 130 200 250 200
miz

19 N N Amuze .SUR
=4 (b) The signals at mz=T3, (CHJ)Js.
miz=147, (C,H,,081,")

LG 5 miz=207, (CiH0:Si,")
£ miz=221, (C;H,,0,5i,")

147
”'{ e L 207 221 281
4 L ) L L
4 .
q

T ¥ T
s 100 50 200 250 00
iz

18 30, TOF-SIMS mass spectra for (a) Type A
PCB and (b) Type B PCB with abnormal
fracture mode :the results shows that
the surface of type B covered Si, C, O
related organic compounds.
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m/z=147(CsH;s081.+ ), m/z=207(CsHs0:Si; +),
m/z=221, (CH.O:Si+) S0 2 A] SiA|" o] TTE
ol%= RIIEEE] YULE FZo] HoHr}

I 31014 = A I 2 7] type BE AHE-31]
71 A%t 7 9o 1ojA A7l Chipd} Die attach-&
adhesive7+9] ute]® AHE Ve qlch (= dhel
H 3o ZH AE b= UM IR 71 Holl &
oFgl dreld EHE VEb . (o= F&AI 7L AR
A Hojzl o] Ao ool v B4
gt Fek dn| 7 9 Apzlojrt. vhel E AW FES
5 4s}HA TOF-SIMSZ £4]3}%-& ] PCB type B
HFHAAM LFo2 BMH Si AE 7188 5
U3t spectra7} YEH = A& 2 4= At 32).

T+ 235 1 5 o Type B AHI 27|10 &
Hol| 2A3t= EHAR7] 2 F0] Die A E 530

(a) (b) (c)

Cst o C# A

A A ~
Die back side delamination

38 31. Chip backside delaminated sample when
using PCB type B for PBGA (a) backside
of the Chip with adhesive residue (b)
PCB side (c) Optically magnified photo
of Si chip back side (100x).

x 10" s . APR241D1.SUR

Si die backside
147

PaLs . . APR24201 SUR

Adhesive layer contacted to swollen die backside }»

N AR [ A

° s so0 150 200 250 300
miz

J% 32. TOF-SIMS mass spectra of (a) backside of
the clearly delaminated Chip (b) adhesive
side of the clearly delaminated area.
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