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IC packaging evolution

- To meet the trend of miniaturization, light weight, high speed and various function in
electronic devices, new packaging technologies have been emerged

| ~1980 ~ 1990 ~1997 ~2000 ~2005 >
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IC packaging evolution

*  Waves of electronic packaging
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IC packaging Material evolution

* Packaging Material Trends
| ~1980 ~ 1990 1997 ~2000 ~2005__ >

- Electrical characterization

Packaging Material evolution - Organic substrate (Multi-layer)

+» Surface treatment

- Organic substrate (2~4 layer) + Embedded passives
« Ceramic substrate « Cu heat spreader « Environment-friendly materiat set
« Metal lead frame W - NifAu plating | - Lead free plating, Solder ball, paste
» Sn/Pb plating i . Gutectic Solder ball, paste Bk - Film adhesive
« Ag plating - Liquid encapsulation 1 « ACF, underfill

. SWT « Wafer bumping / UBM process
- Wafer thinning
+ Low K material set
- Materials for 3D packages
- High accuracy alignment system

increasing Thermal & Electrical consideration ) l
far High Frequency application !
Basic understanding /
of Material Surface
~..  characteristics -~
is essential

Complicated Packaging .ayer structures
and material cption -

Package Miniaturization PO JU—
R while increasing I/O Count and functionality .
; o s }'\ ~
mikor /
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Role of Surface analysis in IC
Packaging
* Why Surface Analysis is important?

The understanding of the outer most layers of packaging material plays a
critical roles in IC package’s quality, process yield and reliability.

Surface analysis provides information for the surface of Package’s

organic & inorganic interfacial layers

Electrostatic Contaminants

behavior Foreign materials Chemical activity

Corrosion adhesion

phenomena

inter-metallic Process residues inter-metallic
‘mk@r diffusion behavior and impurities wettability
Technolog}l © 2002 Amkor Tachnology, Inc. MinWoo Rhoo / S3P 2007 1 Sep 1002
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Role of Surface analysis in IC
Packaging

* Surface defect Failure analysis

The ability to analyze sub-micron defects or particulate contaminants is of
critical importance to increasing product yield in IC Packaging industry as
follows

» Semiconductor device fabrication

* Microelectronic packaging process
* Substrate manufacturing

* Packaging Material manufacturing

Inter-metallic diffusion

Dendrite growth

‘milcor
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Surface Analysis detection range

imaging only

blesitar analysis
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FTIR —Microscope

Case (1) : Organic contamination on Bond finger

« Bond finger contamination
- Polyimide Tape substrates have a contamination problem near the bond finger during
Wire bonding process
- This kind of contamination cause the wire bonding quality problem and yield loss.
i AuWire Die Mold Compennd
: r ’ Individuatty
. Molded

|

!

Fated i i

Copper Eutectle Polyimabe Tape
Conductor Die Attack Solder Ball Substrate

Something is
bleed out ?
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FTIR —Microscope
Case (1) : Organic contamination on Bond finger

* FTIR-microscope spectrum of contaminated area

By using FTIR-microscopy (ATR ) analysis, the contaminating material in discolored
position was found to be the hydrocarbon based material which had the alkyl group

S ’ / contamination #1 l
Uy e N R T .
l‘, v r N had T

/

g
i
- e e e e i/
v T W R | contamination #2 !
l "/ Mi ATR \/ w} g Y 2
“ o RESOL.~8CM-1 i
SCANS=32

o

T i

R / contamination #3 !
\ T ettt !

(VY /,u-—/"\,,___ e

)
_\\ f\f s & reference material l
i

00 320 2000 2000 2000 1800 180 1400 1200 1000 00 00

FTIR-microscope spectrum shows peak in wave number of :

«  2800~2900 cm-1 : which represents -CH, , -CH, of stretching
« 1500 cm-1 : which represents -CH, of bending
+ 1380 cm-1 :  which represents -CH, of bending
mkor
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FTIR —Microscope

Case (1) : Organic contamination on Bond finger

» FTIR-microscope spectrum of Suspected Materials

Suspected lamination adhesive and Solder resist material showed different spectrum
from the contaminating material detected by FTIR-microscope

(FTRIT. Solder resist Cu carrier frame
z 4’;“ Contamination
Tk

X
-

5: . "

: ¥ famination
: adhesive
3

o Polyimide film Substrate metal trace

Contamination

swaa e e P> 20 -__A - B w00
; Poly-butyl-acrylates =
' ‘ =
! lamination adhesive =
f e em mar o Tem me wee e s rem e e e
i “
| %
i :
{’ Solderresist ©  Modified Epoxy base -
l - ’
P . C
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FTIR —Microscope

Case (1} : Organic contamination on Bond finger

* Root cause finding : lamination adhesive cover film burr
FTIR spectrum of adhesive cover-lay film (Poly ethylene based) is exactly same with

contaminated material.
k\'\*"‘hfr—’\‘ — contamination #1
S = oa-w<af

w\‘\f[’—r\\“— . coverlay film 1st
VVY _‘/\—\W" !
] 2 ver-ay film_ 2nd

1600 0.0

Caover-lay fiim melted ol
to simulate the contamination.

« Contamination process «

20060 3000 1300

covar-lay film burr
1) Punched lamination adhesive __4—— copper carrier frame
is attached to carrier frame

cover-lay film burr remains

2) cover-lay film & back paper

is detached «— Tare cireuit

3) Tape substrate is attached -
to carrier frame

4) Cover-fay film is melt out
to bond finger at 180°C
heater block

mkor -
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FTIR —Microscope
Case (2) : Ball land discoloration

« Ball land discolor during elastomer curing process
Half of the circuit ball pads in the unit were covered by cover-lay tape to check elastomer
fume effects during cure process. In the old batch, sample shows severe discoloration
except covered area. But new batch shows no discolor at the same condition

Normal batch

Discolored batch

covered by cover tape
___Normal surface ) Discolored surface
o =Ty oE

T &

mkor ~ - - &
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FTIR —Microscope
Case (2) : Ball land discoloration

* Root cause finding : Epoxy resin
In the defected sample, both covered area and exposed area shows Epoxy related peak
->possible component is elastomer or tape adhesive.

discolored batch
with no cover ]
discotored batch
with cover

R e

?‘F—i o Epoxy related smail peak
Normal batch Vy‘ﬂ'\ ﬁ e ,.\\ :

With no cover

Nermal batgh I s
With covefu . 2 (InAIr) ~ el
b - -
] s Voo
e ‘ r r - -,
» .
P A S
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> hare circuit state N"\"\\'nl - N
e A e i -
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{Discalor symptom)
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C~0-C related peak
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e
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FTIR —Microscope

Case (3) : Substrate surface discoloration

« FTIR-microscope spectrum of contaminated area
Checked area spot size 10um

using ATR (attenuated total
reflectance) option

84
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i 76 E
1 743
72
70
3800 3700 a?[)o 3300 3100 2900 270 2500 2300 2100 1900 f700 1500 1300 1100 \\so¢ 700
Wave number (cm!)
3200~3200 cm-1 of wide range "
> NH or NH2 stretching CO2 peak [n_the air Near |6q0 cm’ Near 1100~1200 ¢m"!
~> negligible «> functional group of «> C-N or C-N-C stretching
-NH2 deformation
or - CONH
. or -COOMe
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FTIR —Microscope

Case (3) : Substrate surface discoloration

* Root cause identification
Basic functional group and Typical Structure

A N C)
¢ )
CH— N7 1. S
< Ny —~C—N—- —C
or or N O——Me
amine amide Carboxylic salt

* Root cause

The root cause were defined as bacteria in Au plating bath in
substrate — amide chemical compound ( bacteria’s protein )

mkor
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FTIR-microscope

Case (4) : incompletely cured Pl passivation layer

» Die top surface delamination during process

*From FTIR spectrum, delaminated Die passivation
area shows incompletely cured Pl structure (- COOH,
1700cm )

-Peak disappears when the damaged P.| undergoes
annealing process over 300°C

FTIR spectrum l

Incompletely
cured P.! layer
17¢0cm™’ (COOH weak)

Fully cured
P.l layer

Cure process

‘]LHO—CIQ:E N<0)-0<0)

Apstroance

(polyarmic acid)
e
ﬁ -<:>}7 +H0
’ 5000 ) ) . 1500
A | (polymndc) " ma‘ size
Technology © 2002 Amkor Tachnology., inc. MinWoo Rhes / 1531 2402 Sep 1002

EPMA

Solder Ball inter-metallic image mapping

= Solder bali reaction kinetics
The illustration the Eutectic 63Sn/37Pb’s reaction kinetics when 220°C reflow is as follows

Reaction kinetics of Eutectic 63Sn/37Pb Solder ball on Ni/Au pad

63S0/37P 635/37Pb s3swatey W
AuSn, e . AuSn,
BV S, A
o T e N Ni

P AW et 2
R
A

Reference :C.E Ho and &, “Reaction Kinetics of Solder ~Balls with Pads in BGA Packages
MmMeor during reflow soldering” JEM vol 28 No 11 November 1999 pp1231-1237
Techhology © 2002 Amkor Technology, Inc. MinWoo Rhes / 1S1P 2002 | Sep 1002
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EPMA

Solder Ball inter-metallic image mapping

e 63Sn/37Pb Solder ball inter-metallic image mapping by EPMA
{reflow condition 240°C)

Au{Blue), Sn(Red)
AuSn, (White)

+ Au plating is diffused to Solder during reflow and forms brittle inter-metallic with Sn

mkor
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EPMA

Solder Bali inter-metallic image mapping

+» Lead free Solder ball (Sn-3.5Ag-0.75Cu) inter-metallic image
mapping by EPMA ( reflow condition 240°C)

!
[ ]

Au(Blue)+Sn(Red)
AuSn, (White)

« Both Au and Ag plating is diffused to Solder during reflow
*The copper inside the 3.5Ag/0.75Cu balls gather at the interface of the Ni plated
and the solder ball { To form stable Eutectic inter-metallic composition near Ni layer )

‘mikor
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ESCA

Foreign materials on Package edge
« Foreign Material determination

ESCA analysis spectrum showed that the foreign material adhered at package edge is
Copper oxide rather than Cu. The root cause of this adhered material is oxidation of copper
carrier frame during packaging process

root cause Mold compound

é‘ e
cuo / :

7
individualizattolf of package

[P

NDUPUPRU |

1
t ‘a
[ [
¢ CuO | 1! i
: M I i 1 ocu p\ W /
| ! o
i W’MW‘ L o W '*
4 !‘n |, s Cu0 '
™ W W B M:.-:;m o LT ) NCIEE w o Loy [ Kl £
q {a) Tested sample {b) Cu - reference (c) CuO and Cu,0- reference
mkor
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ESCA

Foreign materials on Package edge

* Resistance of copper oxide film

CuO/Cu,0 layer near the Bussing line for
Ni/Au plating — electrically short ?

Resistivity of Copper Oxide film (Ohm m)

material
resistivity

Cu
1.684*10°

Bussing line

Cu0o
6000

—> Resistivty of CuQ and Cu,0 is as 109~10"" times higher than Cu

Calculation of Resistance of CuO (or Cu,0) film
Sheet resistivity : The resistance of a conductor or resistor in sheet form is according to

following equation

>

¢od

R=

r: electrical resistivity

color

ri
db

red

Oxidation layer thickness and its color

copper

reference CuxO thickness

~25nm
~40nm

) violet ~60nm
1: length of the material gray ~80nm
d: thickness yellow ~120nm
k b: width red 120nm ~
Yechnology ©2002 Arkor Technology, s MinWoo Rhee / ISHP 2002 ] Sep 1002
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ESCA

Foreign materials on Package edge

» Resistance from Measured datza

- Measuring method
Mega Ohm meter (0.1M~1G Ohm)
with fine needle electrodes

- Measured resistance {Ohm)

=" Calculated upper limit :16.8G Ohm

10E+10

, Calcutated fower fimit :14M Ohm

g TDERB [ = = == - - - -memm oo oo
£ S
(] . :
From the calculation and experimental
O measuring data, resistance of CuO (or
Cu,0) film could be safe from trace short
problem.
10E+04
0 2 4 6 8 10 12
——pUrple i YELOW = et
TE N BENNXY
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Galvanostat

Average oxidation layer thickness on Cu

« Basic principle of reduction method
» By the electrochemical reducton method , the amount of Cu,0, CuQ on Cu can
be measured. and also it can be applied to Cu,S, CuCl on CU, $n0O, SnO, on Sn
and Ag,0, AgO, Ag,S on Ag
< if we know the amount of charge which was participated to reduce oxide, we can
calculate the amount of oxide and this amount can be interpreted into thickness
easily.

Faraday’s law : Thickness of oxide

Where
1 : Current density (mA/cm?) o p e Cl refere ndo
it t : Reduction time(sec) - trod
O = ——V  V:Molar volume of the oxide phase. / o
2F (Cu0:12.4cm¥mole,Cu,0:23.9cm¥mole) Cument contrs) S NHburge
F : Faraday's constant L]
Potentin! variance va roduction Uma
0 1 2 3 4 5 ] /
| meimnmen | J
T
g Sample ssh typs
3 ctrpde
g I elsctrolyte
[
Lead frame with 42nm CuO and 65am Cu,0
Tomitom o it
g k fmefmin)
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Galvanostat

Average oxidation layer thickness on Cu

* Package delamination vs Cu Oxide thickness on lead frame
T -scan image : Moisture soak(85°C/85%)/ VPS 3X
Oxide thickness U Oxide structure

CuO/Cu,O/Copper Lead frame

CuO

Cuz20
Lesser oxidation. Severe oxidation
e‘u‘so_ Sample
75 ﬂ oxidation temperature
Eso o 160C
R 4 200C
§40_9/’8\g = 240C
£ \
o o
$30 A
G m A
520 ..
& 4 M T L
104
< = 0 T T T L L T T
\ 25 50 75 100 125 150 175 200
mkor Thickness(nm)
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EDS

Case (1) Foreign materials on Substrate metal trace
* Foreign Material on the Substrate metal trace

Rounded small particles are inspected on the metal trace The size of particles on the
traces are below 10um.

mkor
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EDS

Case (1) Foreign materials on Substrate metal trace
+ EDX analysis of Foreign Particle

Spectrum 4

Spectrum 4

LI

%  Atomic%

Az 4 e
e

E N
= Cirvor 200z xev (a3

Element | App Weight!

Conc.
CK 077 2141 39.46
Na K 12.91 33.88 32.63
CiM 1149 4471 27.92
Totals 100.00 100.00

*Detected elements ;: Carbon(C), Sodium(Na), Chloride(Cl).

*The atomic contents of Na and Cl are almost same : 32.63% Na / 27.92% Cl
refer to the results, the particles are NaCl.

*Possible root cause : human sweat by handling problem
: Salt remnant in plating bath in substrate process line.

Vmilkor
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Case (2) Dendrite growth during Non-Biased HAST

+ Dendrite on additive build-up organic substrate
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)

Dendrite
_ growth

AHAY]

mkor

2002 Amkor nology, Inc. inWoo Rhee / 1S} 22 | Sep
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EDS

Case (2) Dendrite growth during Non-Biased HAST

» SEM & EDX analysis of dendrite

+» EDX test shows that major component Element [ App  Intensity Weight% Weight%s  Atomic%

of the dendrite is Cu Conc. ~ Comn. Sigma
. CIK 138 0.8050 0.60 0.07 0.25
: CrK 168 08542 0.68 0.12 0.19
C and_O are detected from base material NK 088 08139 042 018 010
(organic components) CuK 3381 0.7713 15.31 058 354
cK 15063  0.8137 84.63 1.1 79.05
oK 19.41  0.3691 18.36 127 16.85

Totals 100.00
Teclmologx © 2002 Amkor Technology, . MinWoo Rhee / /s34# 2002 Sep 1002

* Root cause — ionic impurities on substrates

EDS

Case (1) Dendrite growth during Non-Biased HAST

lonic impurities level of defected substrate sample

« lonic impurity controlled sample

~ total ionic impurity : average 530.36 ng/sqm

- Analytical i : lon Cl ] Dionex - DX 100
- Test condition : 4 hrs extraction with D.). water at 125'C (ng/lcm?)
Substrate lon content mpla 1 Sample 2 mplg 3
Anion £ 650.53 732.99 763.02
Ci-} 91.88 83.33 94.75
Br () 0.00 0.00 000l ™ Passod HAST tost
== ~No detected
NO2 (-} 0.00 0.00 0.00
NO3 (-} 14.20 1276 7.16
PO4 (3-) 0.00 0.00
S04 (2-) 365.86 72.30
Totaf 1122.57 1661.38
Cation Na(+) 1161.00 2522 .41
NH4 (+) 361.01 352.62
K(+) 361
| Mg (2+) 57.85 1.80
Ca (2+) 403.14 1.52
Total 2018.25 2881.95

lon total 3140.82

4583.33

- lonic chromatography test results with raw circuit show higher impurity level. This
phenomena represent substrate manufacturing & cleaning process should control the

ionic impurity level.

mkor
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AES

Depth profile of discolored bond lead

* Non discolored sampie Sputtering speed : 370A/min in SI02 / Vacuum level (BP: below ~ 5 x 10° torr )

T T T

Au Plated ——

Cu Loag L Aut ]
.= " Au1 RN Cutl o«
slastomer 80 : e |
Chip ”f' E
£
801 4
Micro BGA
TR

S
3
T

Aomic Concentration (%)
g
ey
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x} \ ]

2 C 1 O -

e \ < H AT - TT—— — R
feriliiddd o o -
AM picture after oo s N [
35min sputtering s '° putr T (i, = * ®

¢ Depth profile for non-discolored sample shows that on the surface, there exist
C(carbon) until 3min sputtering.

¢ After 15min sputtering, the metallic is changed from Au to Cu

¢ Oxygen is exist on the Cu surface which means Cu oxide layer is exist.

| E Technologl ® 2002 Amkor Tochnolagy, Inc. MinWoo Rhee / ZSME 2002 ] Sep 1002

AES

Depth profile of discolored bond lead

« Discolored sample : lead bonding failure
speed : 370A/min in-$i02 FVacuum level (BP: below ~ 5 x 10° torr )

00

wk/ ~ -
s}

4
1
!
3
|
|
2

SAM picture after = C1
35min sputtering ‘ozg .
,_‘___,,‘ ________ e <

5 B i = £ 25 £ 3
¢ Depth profile for discolored sample shows that théF§"SEYC (carbon) on the surface
until 3~4min sputtering .
4 After 15min sputtering, the metallic is changed from Au to Cu

¢ Higher content of oxygen is exist in compare with non-discolored sample on the Cu
surface which means thick CuO layer is exist.

mkor
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SIMS

PDMS residue on organic substrate

« SIMS investigation of PCB substrate die attach area

The SIMS peaks in the survey spectrum show the presence of the organic silicone called
polydimethisiloxane (PDMS) on the PCB-B substrate which has a poor adhesion strength

Adhesion strength on the PCB 10t N N Anmgator sUR L
substrate "
g PCB-A ‘
o4 A
slrangtn . k lL )J A.I‘ L, J
tkordie) ° © 190 130 e 20 T e
—
o ) ArRoazor sUR o
] PCB-B The signals -t mlz-73 (CHy),¢ st
7=147, (CH,(0SI,")
' 7 mu-zor (C,H,0,51,"}
Dss HOSS §e miz=221, (C,H,,0,81,)
BPCB-A MPCB-B .
147
" F IR /) . 207 a1 281
* Failure mode : - - i = e
PCB-A: PCB-B
Solder Resist & substrate Cu D/A adheslve & Solder Resist surface
Vkor ﬁ rechnetSemic oAbt Ko
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SIMS

PDMS residue on organic substrate

*» SIMS investigation of swollen die backside

The SIMS peaks in the survey spectrum show the presence of the organic silicone called
(PDMS) on the die back side and Adhesive layer contacted to die backside.

e Arnaage sum
Si dio backaxdo 73
1 147
Die back side delamination 1 l l +
A ' : . 207 221 o
! g I | A i
- H b4 - = = = ps
w Jr——
244 Adhesive layer to lien die
N
1o
Oily components o |1 L X [ ; X
on the die backside » w0 ., = ) s
-

* Root cause : PDMS in Solder resist
- A component of solder resist CHs

Silicone oil such as PDMS used as leveling agent of solder resist. |
- Anti-foaming agent (CH3);8i—0 {s 1——0}5 (CH3)s

PDMS act as antifoaming agent to reduce the bubble or volds CH,
in solder resist developing or stripping process.

m ko r Technical Service of Ablestik Korea
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