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I. Mechanical Properties and the Corresponding Crystal Orientations of

Intermetallic Compounds Formed in Microelectronic Solder Joints
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I1. In-Situ Observation on the Growth of Tin Whiskers in Electron Microscopy
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Fig. 7: Current stressing-induced tin whiskering.
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Why Synchrotron?

v Non-destructive method

v' Surface topology has no
influences

v’ High energy X-ray provides
means for probing higher depths
(~70 um for PbSn alloys)

v' Provides crystallographic
information/precise residual
lattice strains (0.01%)

SEM-EDX

(Shadow)

v' Provides concentration profiles
of various ions without shadow
effect

Sn Lat

" Outline
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@ How synchrotron x-ray microscopy (in Argonne)
work?

@ Recent x-ray microscopy studies on
(1) EM in eutectic PbSn solder joints
i whi

@ Submicron XRD beamline in TPS
(Principal PI: Prof. Haydn Chen, Tunghai University)

¢ Summary

Brief Introduction to 3-D X-Ray Structural Microscopy
at 34-ID-E

Studies of materials on mesoscopic length-scales require a penetrating
structural probe with submicron peint-to-point spatial resolution.
CCD

(Gene Ice et. al)

u The diff |-aperture x-ray y (DAXM) method is general and applicable to
single crystal pcl'ircryslalhne. composite, deformed, and funchionally-graded matenals,
Lo

# White beam Laue pattems from x-ray microbeams provides local structure,
onentation, and elastic strain tensors with 30 submicron spatial resolution

[B. C. Larson et al, Nature 415, 887 (2002)]

» Monochromatic DAXM techniques have been recently developed as well for
aftice | with 30
[Lyle E. Lavine et al, Nature Materials, 5, 619 (2006)]

® These capabiliies provide a direct link to theory, simulations, and modeling of the actual
materials microstructure and evolution on mesoscopic length scales

Courtesy of Dr. Wenjun Liu, Beamline 34-ID, APS, Argonne

Microbeam 3-D Diffraction Microscopy

ye 200!

)]L’oly tu_

slit
L 1

5 ¥
differential aperture
(wire scan, ~ 200 pm

above sample surface )

Sample stage
100 nm accuracy
K-B Focusing Sl
mitrors

How small the beam size?

Courtesy of Dr. Wenjun Liu, Beamline 34-1D, APS, Argonne

Spot Size of Beamline 34-ID

0.3 um

(2009)
( ~03x03pm2 _ ) epanis e e

Courtesy of Dr. Wenjun Liu, Beamline 34-ID, APS, Argonne




— -
differential aperture

(wire scan, ~ 200 pm
above sarmple surface )

How 3-D X-Ray Microscope Works?

—
Larson, B. C., Yang, W., Ice, G., Budai, J. D. & Tischler, J. Z. Three-dimensional X-ray structural
microscopy with submicrometre resolution. Nature 415, 887-890 (2002).

.

piffracted X-ra k2 ol

White Laue Pattern

Differential aperture
(ex. 1 um/step)

-03x 0.3 gm? White X-ray

The beam can be rapidly switched between
monochromatic (AE/E~2x10") and
polychromatic options and the monochromatic
beam can be tuned over a wide energy range of

~7-24 keV.

At one point,
100 imiages at
diflerent wire
positions

1

Sorting from Wire to Depth

—
oD
Laue pattern
X-ray
104 images at At one point,
different
depths

— 1
take sucoessive
differences, and
sort 1o depth

100

subiract

@ 0 pm

Courtesy of Dr. Wenjun Liu, Beamline 34-ID, APS, Argonne

Data Analysis

Images at different

i Scan with Mono Beam

CCD pixels: Intensity (i, j) vs. Energy

4
Index reflections |
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Caleulate orientation matnx
and unit cell shape

Fit ) to calenlate
absolute lattice parameter

z Full strain tensor
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v e strain
idilatation)

Courtesy of Dr. Wenjun Liu, Beamline 34-ID, APS, Argonne

Why White Light?
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@ How synchrotron x-ray microscopy (in Argonne)
work?

@ Recent x-ray microscopy studies on
|(1) EM in eutectic PbSn solder jointsl

(2) Tin whisker growth

@ Submicron XRD beamline in TPS
(Principal PI: Prof. Haydn Chen, Tunghai University)

4 Summary

Pb-Sn Binary System

Sn-rich phase Pb-rich phase

William D. Callister, Jr., Materials Science and Engineering: An Introduction, 4th ed., John Wiley & Sons,

Inc., New York (1996).

EM in Eutectic PbSn Alloy

Initial

After EM

BIEL OB-Jun-01 WD1S . 7mm 15.0kV w700

X-ray Fluorescence Spectroscopy

» A narrowly focused, high energy (17 keV,
Horizontal focusing AE/E =10~ monochromatic synchrotron x-
K-B mirror ray radiation of a spot size of about 0.5x 0.5
- pm? was used as the source to excite x-ray

Fluoresce X-ray " — N fluorescence emissions from the specimen.
lonochromatic
(17 keV) » X-ray of 17 keV had attenuation lengths of
— about 10 and 50 pm in Pb and Sn, respectively,|
Vertical focusing providing an integrated elemental

K-B mirror concentration to corresponding depths.
» Aging@150°C under 10* A/lcm?

Specimen

05pum x05 pm

Fluorescence Sn Ka Fluorescence Pb La

less shadow effect less shadow effect

C. E. Ho, A. Lee, K. N. Subramanian, and W. Liu, “Early stage of material movements in eutectic SnPb solder joint
undergoing current stressing at 150°C,” Applied Physics Letters, 91, p.021906, 2007.




X-ray Fluorescence Spectroscopy

Electron flow
—

Sn-Ka. only

e
{a) 16 hrs

Intensity (Arbitrary)

0 20 40 60 80 400 120 140
Distance (um)

@ Microbeam x-ray fluorescence spectroscopy is a very valuable tool to obtain
quantitative distribution of atoms, which no surface manifestation can be noted in
contrast with other characterization techniques.

Synchrotron X-ray Microdiffraction

. Differential-Aperture X-ray Microscopy

>White beam X-ray can penetrate in Beamline 34-ID, APS, Argonne
pure tin & pure lead to about 100 &
15 pm, respectively.

»In  2-D (without differential
aperture), the scanning steps along
both x- and y-axis (direction of
electron flow and the width of the
joint) were 2 um/step.

Laue Pattern

| CCD X-ray Detector

Diffracted X-rays

Differential aperture

. (1 pm/step in this study)

>In 3-D (depth-scanning), the
scanning steps along x-axis was 2
um/step, and the depth profiling step
size was 1 um when the differential
aperture X-ray microscopy
technique was used.

»In crystal orientaton maps, the
misorientation sensitivity is about
0.01".

OIM of the Sn-rich Phase after EM

@D T e +

| -

Aging@150°C for 3 days under 10* A/lcm? J
(2-D) 60 pm

underneath
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(Accuracy: 0.01%)

Residue Deviatoric Strain Fields of Sn

-0.1 % 0.1%
| -
&z
i
e- i .
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0w W W o B 0 M m
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A. Lee, W. Liy, C. E. Ho, and K. N. “ X-ray studies on of a two-phase

material,” Journal of Applied Physics, 102, p.053507, 2007.

Construction of An Undulator Beamline for Materials Research in TPS (2014)

Principal PI: Prof. Haydn Chen, Tunghai University

4 Our beamline is to split the ID beam into two parts: a pink beam side
station for general purpose diffraction (XRD) and a dedicated end station
specifically designed for microbeam 3-D diffraction microscopy (p-XRD).

—  XRD T l -XRD
FOE . SOE ToE | | F
m i " ps — bC Ao ' IDE

(Schematic Submicron-XRD Beamline Layout)

Optical Enclosures and Experimental Hutches:
U FOE: the first optical enclosure.
4 SOE: the second optical enclosure.
J XRD Hutch: experimental station for powder diff.; general diff. & scattering.

U p-XRD Hutch: experimental station for 3D micro/nano diffraction.




Preliminary Plan for Submicron-XRD End Station in TPS

- —
34ID-E (before July, 2009) TPS (2014)
Key items Specification Specification
Optical table and enclosure 100 nm stability <50 nm (mechanical and thermal)
Area detectors CCD (2K x 2K pixels) EP PE detectors
0.3Hz 15 Hz
KB mirror system ~0.3 microns E> ~0.1 microns
(mirrors + control box)
High performance 3D sample stage 100 nm accuracy, <20 nm accuracy,
Linch travel range 1 inch travel range
Differential aperture 3D stage 100nm accuracy, <20 nm accuracy,
1 inch travel range 1 inch travel range
Energy-dispersive detector KETEK or Vortex KETEK or Vortex
Optical microscope 200X Keyence digital
Apertures, slits, ion chambers standard standard
VME, Stepper motor drivers, Electronics standard standard
Computer for data analysis PC or MAC cluster

Summary

@ 3-D X-Ray Microscopy is general and applicable to single
crystal, polycrystalline, composite, deformed, and functionally-
graded materials, etc.

@ Diffracted beam profiling provides the basis of point-to-point 3D
x-ray structural microscopy with submicron spatial resolution
and high angular resolution for local crystal structure,
orientation, strain tensor measurements.

4 Quantitative, non-destructive investigations of the
microstructure and structural evolution of materials have been
demonstrated as electromigration and metal deformation cases.

@ These capabilities provide a direct link to theory, simulations,
and modeling of the actual materials microstructure and
evolution on mesoscopic length scales.
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Yuan Ze University

A private university founded by
Far Eastern Group.

1989 Established as
Yuan Ze Institute of Technology

1997 Upgraded & Renamed as
Yuan Ze University
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Yuan Ze University

5 Colleges at Yuan Ze University

College of Engineering
College of Management
College of Informatics

College of Humanities and Social Sciences

College of Electrical and Communication
Engineering

Yuan Ze University

Degree Program | Student Number
PhD 254
MS 905
MS (part-time) 1170
Undergraduate 5889
Undergraduate 973

(part-time)

Total 9191

Yuan Ze University

Faculties : 282

Staffs: 247

Assistant
Professors
29.88% Lecturers
: . 13.15%
! : /Professors
) 18.73%

Associate

Professors

38.25%

Introduction to

»Yuan Ze University

»Department of Chemical

Engineering and Materials Science

CEMS Faculty (full time) in YZU

Students at CEMS in YZU

Title Number ENERGY and ENVIRONMENT
Professor 11 Chedcal Enaineering | Materials Sclence
Associate Professor 5 7
Eitechuology ¢ Pl materials
Assistant Professor 5 (5 i alifSe Elaide) 7
- '*
Pl :
Lecturer 1 . o merganic
, P . neaterials
Total 22(+3) "' :"1‘:{:‘:‘? s 4 facsdties)

5 of faculty members in Biotechnology area.

=5 of faculty members in Process Engineering area.
=8 of faculty members in Polymeric Material area.
4 of faculty members in Inorganic Material area.

Undergraduate | MS program MS program PhD
(full time) (part time) program
Students ~450 ~ 100 ~60 ~15




International Activity

* Student exchange program offers great opportunities to
enrich the knowledge and to extend the globalization view|

¢« Many exchange students coming from the world, e.g.
India, Bangladesh, and French students study in this
department for internship and graduate program.

Departmental layout Instrumental Center

Scanning Electron Microscope SEM,
FESEM

X-ray Diffractometer XRD

[

Total Area : 3869.6 m?

19 Research lab

5 Undergraduate teaching lab

1 Instrumental center

10 Graduate student meeting room

1 Departmental administration office

2.

3. Atomic Force Microscope AFM
4. Elemental Analyzer EA

5. FTIR, FTIR-Microscope

6. Inductively Coupled Plasma ICP
7.
8.

Gas Chromatography GC

Ultraviolet-Visible Spectrophotometer UV

9.Micromeritics ASAP2000ASAP

10. Digital Universal Material Testing
Machine Instron 2518-800 Instron

11. Thermogravimetry TGA ™~ |

8 12. Polarized Optical Microscopy POM M

Research and Development

Biochemical 1. Biodegradable plastics--
f - PHAs ’
Engineering 2. Fine chemicals—Surfactin, 6 faculties
Group glucosamine
Energy and 1. Fgel cell
Environmental |2 Biofuelcell faculti
Grou 3. Organic/inorganic solar cell | 15 faculties
p 4. Sustainable energy carrier
R 1.  Liquid crystal
SOf(t;Mate”al 2 Nano-particle 12 faculties
roup 3.  Conducted polymer
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