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WELCOME TO NMJ'2014 
 

 

On behalf of the conference committees, we welcome you to the Second International 
Conference on Nanojoining and Microjoining (NMJ’2014) in the beautiful Swiss Alps arena. As 
highlighted during the first NMJ meeting in Beijing in 2012, micro- and nano-joining technologies 
are becoming key technologies for the cost-effective manufacturing of miniaturized devices and 
the successful integration of nanomaterials in functional multi-material assemblies. The 
development of cost-effective processes and materials in the fields of nano- and micro-joining 
much relies on improved fundamental understanding of, in particular, the size-dependence of 
materials behaviour and functional properties from the micrometre size down to the scale of 
atoms. Scientific and technological exchange among renowned experts from academia and 
industry worldwide is an essential step to advance the highly interdisciplinary research field of 
nano- and micro-joining for the benefit of industry and society.  

The NMJ conference series provides the platform to exchange recent progress in the field of 
nano- and micro-joining. In course of our two-days technical program, the fundamentals of 
nano-/micro-joining technologies, the integration of nano-/micro-scale materials and devices, 
the involved processing issues and the methods of nano-/micro-joint characterization will be 
presented by renowned experts in the field. We cordially invite all of you to foster progress in 
the field by contributing your expertise to what promises to be a very exciting meeting. Please 
enjoy the time spent with the NMJ community in the wonderful landscape offered and get 
acquainted with Swiss culture and habits.    

Finally, we would like to thank all the speakers, presenters, participants and sponsors for their 
participation and support. 

Wishing you a rewarding NMJ'2014 conference 

 

 

November 12, 2014 

Conference Chairs 

              

Lars P.H. Jeurgens           Jolanta Janczak-Rusch                       Norman Zhou                 Akio Hirose 
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MEETING AT A GLANCE 

 

TIME SUNDAY 
7.12.14 

MONDAY 
8.12.14 

TUESDAY 
9.12.14 

WEDNESDAY 
10.12.14 

THURSDAY 
11.12.14 

08:00–

08:20

ARRIVAL/ 

CHECK IN 

OPENING    

08:20-

10:00
ORAL SESSION I ORAL SESSION V 

EXCURSION 

MOUNT RIGI  
EMPA VISIT 

10:00–

10:30
COFFEE BREAK COFFEE BREAK 

10:30–

12:10
ORAL SESSION II ORAL SESSION VI  

12:10-

13:30
LUNCH LUNCH 

13:30-

15:30

REGISTRATIO

 

ORAL SESSION III 
PARALLEL ORAL 

SESSIONS VII AND 

VIII  

15:30-

16:00
COFFEE BREAK COFFEE BREAK 

ARRIVAL 

LUCERNE  

16:00-

18:00
ORAL SESSION IV 

PARALLEL ORAL 

SESSIONS IX AND 

X 

VISIT 

CHRISTMAS 

MARKET  

TRANSFER 

TO AIRPORT 

ZURICH  

18:00-

19:00
WELCOME 

RECEPTION 

BREAK POSTER SESSION 

TRANSFER 

TO HOTEL OR  

AIRPORT 

ZURICH 

19:00-

20.00
DINNER  

&  

SOCIAL EVENT 

(TORCH-LIT 

WALK) 

BREAK 

 20:00 CLOSING 
SWISS GALA 

DINNER 
20:00-

23:00
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SOCIAL EVENTS 

Welcome Reception (Sunday, 7th Dec.) 
The conference will start with a welcome reception on Sunday, 7th of December, starting at 6:00 pm. 
Refreshments and drinks will be served in the Seeblicksaal with magnificent view on the 
"Vierwaldstättersee", the famous lake of the city of Luzern. The welcome reception is included in the 
registration fee. 
 
Torch-lit walk with punch and chestnuts (Monday evening, 8th Dec.) 
After dinner, you are invited to join for a promenade in the near-surroundings with torches, where 
you will be served with hot wine punch and sweet chestnuts – a typical Swiss tradition in winter time. 
This social event is included in the registration fee. 
 

 
 
Swiss Gala Dinner (Tuesday evening, 9th Dec.) 
On Tuesday, we will have our Swiss Gala Dinner with musical entertainment of accordion and  
contrabass – the traditional Swiss sound. The gala dinner is included in the registration fee. 
 

 
 
Excursion to Mount Rigi and Luzern (Wednesday, 10th Dec.) 
On Wednesday morning, we will organize a conference excursion to Mount Rigi, followed by a visit to 
the Christmas Market of Luzern. After the excursion, you will have the option to go directly from 
Luzern to Zürich Airport (or some other favourite Swiss destination). 
We will leave the Hotel in the morning and drive to Vitznau, at the foot of mount Rigi. Rigi is also 
called the Queen of the Mountains, because she thrones majestically in the surrounding landscape. 
From Vitznau, we will take the first mountain railway of Europe to the top of the Rigi to enjoy our 
lunch with magnificent view at the Hotel Rigi Kulm. After a 2 hours break, we will take the mountain 
railway back to Vitznau and continue by bus to Luzern (arrival at approx. 15:30 pm). Here you can 
take an individual walk through the city and visit the traditional Christmas Market. About 70 
homelike market stands offer all kind of fancy things and souvenirs to buy. The cultural programme 
offers performances with Christmas music from wind instrument players and choirs, with mainly 
local, young performers. A particular gem of the Christmas market is the unique nativity scene. The 
life-size, lifelike figures have been reproduced very realistically to reflect that era. At 17:15 pm, we 
will meet again to drive back to the Hotel by bus. Alternatively, you can start your home journey 
from Luzern or continue your journey to some another favourite Swiss destination. 
 
Visit to Empa with subsequent transfer to Airport Zürich (Thursday, 11th Dec.) 
On Thursday after breakfast, the local organizers from Empa will offer a free transfer from Emmetten 
to their materials research institute, the Swiss Federal Laboratories for Materials Science and 
Technology, in Dübendorf, which is very close to the Airport and city of Zürich. After the laboratory 
tours and a joined lunch, you can have a free transfer to the Airport. Please advise in the registration 
form, if you would like to take part in the laboratory tours at Empa. This scientific and technological 
experience is included in the registration fee.  



TECHNICAL PROGRAM 

MONDAY, DECEMBER 8TH, 2014 
PART 
NO.

08:00-08:20

OPENING – WELCOME - INTRODUCTION 
L.P.H. Jeurgens1, J. Janczak-Rusch1, Y.N. Zhou2, A. Hirose3  
1Empa, Swiss Federal Laboratories for Materials Science and Technology, Switzerland  
2University of Waterloo, Centre for Advanced Materials Joining, Canada  
3Osaka University, Division of Materials and Manufacturing Science, Japan 

CHAIRS

Session ORAL SESSION I (PLENARY)
Room SEEBLICK 
Chair Y.N. Zhou, L.P.H. Jeurgens 

08:20
ASSEMBLY AND PACKAGING TECHNOLOGIES FOR POWER DEVICES AND MODULES 
Y. Kashiba 
Manufacturing Engineering Center, Mitsubishi Electric Corporation, Japan 

KEYNOTE

K1

09:00

HIGH TEMPERATURE VIABLE INTERCONNECTION REALIZED BY SINTERING Sn-M IMC 
NANOALLOYS AT LOW TEMPERATURE 
C. Wang, Y. Zhong, Z. Zheng 
State Key Lab. of Advanced Welding & Joining, Harbin Institute of Technology, China 

KEYNOTE

K2 

09:40

SYNTHESIS AND CHARACTERIZATION OF NANOTHERMITE FOR MICRO-JOINING 
APPLICATIONS  
J.Z. Wen 

Dept. of Mechanical & Mechatronics Engineering, University of Waterloo, Canada 

INVITED

I4 

 

10:00-10:30 COFFEE BREAK

Session ORAL SESSION II (PLENARY)  

Room SEEBLICK 
Chair A. Hirose, J. Janczak-Rusch 

10:30

SIZE EFFECTS ON THE THERMODYNAMIC PROPERTIES OF NANOALLOYS 
C. Ricolleau1, G. Prévot2, J. Nelayah1, G. Wang1, D. Alloyeau1 

1Laboratoire Matériaux et Phénomènes Quantiques, Université Paris 7 – CNRS, France 
2Institut des Nanosciences de Paris, Université Paris 6 – CNRS, France 

INVITED

I2

10:50

MICROSTRUCTURAL EVOLUTION OF NANO-STRUCTURED Ag-Cu/AlN BRAZING FILLERS 
UPON HEATING  
M. Lewandowska1, M. Andrzejczuk1, G.Pigozzi2, L.P.H. Jeurgens2, J. Janczak-Rusch2 
1Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland  
2Empa, Swiss Federal Laboratories for Materials Science and Technology, Switzerland. 

INVITED

I3

11:10
SILVER SINTER JOINING AND NEW THIN FILM BONDING FOR WBG DIE-ATTACH  
K. Suganuma, S. Nagao, T. Sugahara, C. Oh, H. Zhang, S. Koga, S. Park 
Institute of Scientific and Industrial Research, Osaka University, Japan 

INVITED

I5 

11:30

COPPER NANOCOMPOSITE PASTE FOR HIGH RELIABLE INTERCONNECTION AND ITS 
JOINING CHARACTERISTICS 
K.-S. Kim, S.-B. Jung 
School of Advanced Materials Science and Eng., Sungkyunkwan University, Republic of 
Korea 

R0

 

11:50
NANO BRAZING TECHNOLOGY IN INDUSTRIAL ENVIRONMENT 
M. Türpe 

MAHLE Behr GmbH & Co. KG, Stuttgart, Germany 
R1 

12:10-13:30 LUNCH 

  



 MONDAY, DECEMBER 8TH, 2014 PART 
NO. 

Session ORAL SESSION III (PLENARY) 
Room SEEBLICK 
Chair G. Zou, W. Tillmann 

13:30

BRIDGING THE GAP BETWEEN ATOMISTICS AND THERMODYNAMICS OF INTERFACES 
TO CONTROL WETTING AND PHASE FORMATION FOR METAL-CERAMIC JOINS 
W.D. Kaplan 
Israel Institut of Technology, Israel 

KEYNOTE

K3

14:10

STATE-OF-THE-ART LOCAL ELECTROCHEMICAL CHARACTERISATION OF MICRO- AND 
NANO-JOINTS 
T. Suter, P. Schmutz, J. Janczak-Rusch 
Empa, Swiss Federal Laboratories for Materials Science and Technology, Switzerland 

R2 

14:30

JOINING TECHNOLOGY THROUGH SINTERING OF SILVER NANOPARTICLES DERIVED 
FROM SILVER OXIDE PASTE 
T. Ogura, A. Hirose 

Division of Materials and Manufacturing Science, Graduate School of Engineering, Osaka  
University, Japan  

R3 

14:50

JOINING OF COPPER BY AG NANOPASTE: MICROSTRUCTURE AND STRENGTH 
BEHAVIOUR 
B. Wielage, S. Weis, H. Podlesak, S. Hausner 
Institute of Materials Science and Engineering, Germany 

R4 

15:10

SYNTHESIS AND LIGHT INDUCED NANOJOINING OF SILVER NANOWIRES  
Y. Tian, S. Ding, C. Wang 
State Key Laboratory of Advanced Welding and Joining, Harbin institute of technology, 
China 

R5 

15:30-16:00 COFFEE BREAK

Session ORAL SESSION IV (PLENARY)  

Room SEEBLICK 
Chair A. Hu, B. Wielage 

16:00

RELIABILITY OF LEAD-FREE SOLDER JOINTS IN MICROELECTRONICS 
E. Hodúlová, B. Šimeková,  
Slovak University of Technology in Bratislava, Faculty of Materials Science and 
Technology in Trnava Institute of Production Technologies, Slovak Republic 

INVITED

I6

16:20

WIREBONDER-MADE MICRO ELECTRO MECHANICAL SYSTEMS 
J.G. Korvink1, U. Wallrabe2 

1University of Freiburg, Dept. of Microsystems Eng., Laboratory for Simulation, Germany 
2University of Freiburg, Dept. of Microsystems Eng., Laboratory for Microactuator, 
Germany 

INVITED

I7

16:40

EFFECT OF RAPID SOLIDIFICATION ON MICROSTRUCTURE AND PROPERTIES OF Sn-Ag-
Cu LEAD-FREE SOLDER 
S. Lu, F.J. Wang, Z.X. Zheng 

Provincial Key Laboratory of Advanced Welding Technology, Jiangsu University of Science 
and  
Technology, China 

R6 

17:00
LEAD FREE BGAS SOLDERED WITH SnPb SOLDER 
G. Grossmann1, G. Nicoletti 
EMPA, Swiss Federal Laboratories for Materials Science and Technology, Switzerland 

R7 

17:20

EFFECT OF ISOTHERMAL AGING ON IMPACT STRENGTH OF Sn-Ag-Cu SOLDER BUMPS 
J.X. Wang1, 2, H. Nishikawa2 

1Jiangsu Provincial Key Laboratory of Advanced Welding Technology, Jiangsu University 
of Science and Technology, China 
2Joining and Welding Research Institute, Osaka University, Japan 

R8 

17:40

EFFECT OF THERMAL TREATMENT ON Cu EXTRUSION OF TSV AND SOLDER BUMPING 
FOR THREE-DIMENSIONAL PACKAGING 
S.H. Kee, M.H. Roh, S.J. Lee, J.P. Jung, W.J. Kim 

Dept. of Materials Science and Engineering, University of Seoul, Korea 

R9 

18:00-19:00 BREAK

19:00 DINNER & SOCIAL EVENT (TORCH-LIT WALK) 

  



NOTES 



 TUESDAY, DECEMBER 9th, 2014 PART 
NO. 

Session ORAL SESSION V (PLENARY) 
Room SEEBLICK 
Chair M. Mayer, P. Gröning 

08:20
FEMTOSECOND LASER NANOSTRUCTURING, PRINTING OF NANOPARTICLES, AND 
MICRO-JOINING 
B. Chichkov 
Laser Zentrum Hannover e.V., Germany 

KEYNOTE

K4 

09:00

FORMATION AND CHARACTERIZATION OF SUBCLUSTER SEGREGATED NANOALLOY 
WITH FEMTOSECOND LASER IRRADIATION 
Z. Jiao1,2, W. Duley3, N. Zhou2,4, P. He1 

1State Key Laboratory of Advanced Welding Production Technology, Harbin Institute of 
Technology, Harbin 150001, China 
2Centre for Advanced Materials Joining, University of Waterloo, Canada 
3Dept. of Physics & Astronomy, University of Waterloo, Canada 
4Dept. of Mechanical and Mechatronics Engineering, University of Waterloo, Canada  

INVITED

I8 

09:20
ULTRA-LOW POWER INTEGRATED PH NANOSENSORS 
A.M. Ionescu, S. Rigante, E. Buitrago 
Nanolab, Ecole Polytechnique Fédérale de Lausanne, Switzerland 

INVITED

I9 

09:40 GROWTH AND ASSEMBLY OF GRAPHENE THIN FILMS ON INSULATING SUBSTRATES 
T. Ogino 

Division of Electrical and Computer Engineering, Yokohama National University, Japan 

INVITED

I10 

10:00-10:30 COFFEE BREAK

Session ORAL SESSION VI (PLENARY) 
Room SEEBLICK 
Chair F. Baras, H. Nishikawa 

10:30

JOINING REFRACTORY AND DISSIMILAR MATERIALS USING REACTIVE NANOFOILS 
A.S. Rogachev1,2, A.S. Mukasyan2,3, S.G. Vadchenko1, A.A. Nepapushev2  
1Inst. of Structural Macrokinetics & Material Science Russian Academy of Science 
(ISMAN), Russia 
2Center of Functional Nano-Ceramics, National University of Science and Techn., “MISIS”, 
Russia 
3Dept. of Chemical and Biomolecular Engineering, University of Notre Dame, USA 

INVITED

I11 

10:50

ADVANCED NANOSTRUCTURE FORMATION VIA INTERFACE AND GRAIN BOUNDARY 
TAILORING 
S. Baylan1, G. Richter1, M. Beregovsky2, D. Amram2, E. Rabkin2 

1Max Planck Institute for Intelligent Systems, Germany  
2Dept. of Materials Science and Engineering, Technion, Israel 

INVITED

I12 

11:10

NANOJOINING: FROM NANOSINTERING TO 3D NANOMANUFACTURING 
A. Hu1, R. Li1,2, Q. Ma1, D. Bridges1 

1Dept. of Mechanical, Aerospace and Biomedical Eng., University of Tennessee Knoxville, 
USA 
2Dept. of Electrical Engineering, Southeast University, China 

INVITED

I13 

11:30

PATTERNING OF INDIUM TIN OXIDE MICROWIRES USING LASER-INDUCED THERMAL 
PRINTING METHOD 
T. Sano1, S. Iwasaki1, S. Katsura2, K. Yoshida3, A. Nakayama4, A. Hirose1 

1Div. of Materials and Manufacturing Science, Graduate School of Eng., Osaka University, 
Japan 
2Nippon Denki Kagaku Co., Japan 
3General Co., Ltd., Japan 
4Ion Technology Center Co., Ltd., Japan 

INVITED

I14

11:50

EX- AND IN-SITU X-RAY BASED ANALYTICAL STUDIES ON SOLDER MATERIALS FOR 
MICROSYSTEMS PACKAGING APPLICATIONS 
A. Neels1, T. Bandi2, R. Kaufmann1,  J. Janczak-Rusch1, L.P.H. Jeurgens1, A. Dommann1 

1Empa, Swiss Federal Laboratories for Materials Science and Technology, Switzerland 
2SSC, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland 

R10 

12:10-13:30 LUNCH 



 TUESDAY, DECEMBER 9th, 2014 PART 
NO. 

Session ORAL SESSION VII (PARALLEL) 
Room WALDHORN (ROOM 1) 
Chair L. Quintino, J-P. Jung 
13:30 SOLID-LIQUID DIFFUSION BONDING OF COPPER USING Sn/Ag MULTILAYERED FILMS 

S. Fukumoto1, K. Miyake2, M. Matsushima1, K. Fujimoto1 

1Graduate School of Engineering, Osaka University, JAPAN 
2Graduate Student of Osaka University, JAPAN 

R12 

13:50 NANO-SIZE Ag/AlN MULTILAYERS FOR LOW TEMPERATURE JOINING APPLICATIONS  
M. Chiodi, F. Moszner, C. Cancellieri, G. Pigozzi, J. Janczak-Rusch, L.P.H. Jeurgens 

Empa, Swiss Federal Laboratories for Materials Science and Technology, Switzerland 

R14 

14:10 AQUEOUS Cu NANOPARTICLE INK STABILIZED BY PVP-SDS 
A.Y. Li1, 2, B.H. Wang2, C. Yao Huo2 

1State Key Laboratory of Advanced Welding & Joining, School of Materials Science & 
Engineering Harbin Institute of Technology, China 
2School of Materials Science and Engineering, Harbin Institute of Technology at Weihai, 
China 

R16 

14:30 MELTING, MIXING AND NUCLEATION AT INTERFACES IN Ni-Al NANOFOILS : A 
MOLECULAR DYNAMICS APPROACH 
V. Turlo, O. Politano, F. Baras 
Laboratoire ICB, UMR 6303 CNRS-Université de Bourgogne, FRANCE 

R18 

14:50 START TEMPERATURE MANIPULATION AND EFFICIENCY IMPROVING OF SELF-
PROPAGATION CHEMICAL REACTIONS IN MULTILAYERED THERMITE MATERIALS BASED 
ON ALUMINUM-COPPER NITRIDE COMPOSITE 
D.G. Gromov1, E.A. Lebedev1, S.P. Timoshenkov1, Y.I. Shilyaeva1, V.A. Galperin2, D.I. 
Smirnov3, E.P. Kirilenko4 

1National Research University of Electronic Technology, Russia 
2Science Manufacturing complex “Technological Center”, Russia 
3Lebedev Physical Institute of Russian Academy of Science, Russia 
4Science-Technological center “Nano- and Microsystems technics”, Russia 

R20 

15:10 INVESTIGATION OF COPPER-BASED NANOSTRUCTURED MULTILAYER SYSTEMS FOR 
BRAZING APPLICATIONS 
W. Tillmann, B. Lehmert, L. Wojarski, M. Kuck 

TU Dortmund, Institute of Materials Engineering, Germany 

R22 

15:30-16:00 Coffee Break
Session ORAL SESSION VIII (PARALLEL) 
Room WALDHORN (ROOM 1) 
Chairperson P. He, M. Yavuz 
16:00 FEMTOSECOND LASER INDUCED NANOJOINING 

L. Liu1,2, L. Lin1, D. Shen1, H. Bai1, G. Zou1, Y.N. Zhou3 
1Dept. of Mechanical Engineering, Tsinghua University, China 
2The State Key Laboratory of Tribology, Tsinghua University, China 
3Dept. of Mechanical & Mechatronics Engineering, University of Waterloo, Canada 

R24 

16:20 TRANSIENT THERMAL IMPEDANCE OF IGBT MODULES JOINED BY LEAD-FREE SOLDER 
AND SINTERED NANOSILVER 
M.Y. Wang1, Y.H. Mei1, X. Li1, G.Q. Lu1,2 

1Tianjin Key Laboratory of Advanced Joining Technology, School of Material Science and  
  Engineering, Tianjin University, China 
2Dept. of Material Science and Engineering, Virginia Tech, USA 

R26 

16:40 LASER ASSISTED LOW TEMPERATURE HERMETIC SEALING OF OPTOELECTRONICS 
DEVICES 
R. Jose James1, E. Rutz1, T. Stadelmann1, S. Berchtold1, M. Lützelschwab1, Ch. 
Bosshard1, M. Epitaux2, A. Hold2, C. Vélez2 
1CSEM SA, Switzerland 
2Exalos AG, Switzerland 

R28 

17:00 EFFECTS OF HEAT TREATMENT ON RESISTANCE MICROWELDING JOINTS OF CROSSED 
NITINOL WIRES 
Y. Huang1,2, A. Pequegnat2, N. Zhou2 

1National Defense Key Disciplines Laboratory of Light Alloy Processing Science and Techn. 
  Nanchang Hangkong University, China 
2Centre for Advanced Materials Joining, University of Waterloo, Canada 

R30 

17:20 Transfer to Poster Session SEEBLICKSAAL
17:30 POSTER SESSION SEEBLICK



 TUESDAY, DECEMBER 9th, 2014 PART 
NO. 

Session ORAL SESSION IX (PARALLEL) 
Room ZEDER (ROOM 2) 
Chairperson T. Ogura, G. Grossmann 
13:30 IMPROVEMENT OF IMPACT RELIABILITY OF SOLDER BUMPS USING LASER PROCESS 

H. Nishikawa1 , N. Iwata2 

1Joining and Welding Research Institute, Osaka University, Japan 
2Graduate School of Engineering, Osaka University, Japan 

R13 

13:50 DISPLACEMENT ANALYSIS OF BONDING WIRES UNDER DC CURRENT 
T. Dagdelen1, M. Khater2, S. Park2, R. Saritas1, E. Abdel-Rahman2, M. Yavuz1 

1Mechanical and Mechatronics Engineering Department, University of Waterloo, Canada 
2Department of System Design Engineering, University of Waterloo, Canada 

R15 

14:10 INTERMETALLIC COMPOUND JOINTS PRODUCED BY ULTRASONIC SOLDERING PROCESS 
IN Cu/Sn/Cu SYSTEM 
M. Li1,2, Z. Li1, C. Wang2 

1Shenzhen Key Laboratory of Advanced Materials, Harbin Institute of Technology 
Shenzhen Graduate School, HIT Campus ,The University Town of Shenzhen, China 
2State Key Laboratory of Advanced Welding and Joining, Harbin Inst. of Techn., China 

R17 

14:30 MECHANICAL RESPONSE ON Cu-Sn INTERMETALLICS 
F. Wang, X. Li, and K. Qi 

Provincial Key Lab. of Adv. Welding Techn., Jiangsu University of Science & Techn., China R19 

14:50 SHEAR STRENGTH DEGRADATION OF Pb-FREE SOLDER JOINT WITH MOUNTED 
LOCATION IN AUTOMOBILE 
W.S. Hong, A Young Kim 

Components & Materials Physics Research Center, Korea Electronics Technology Institute 

R21 

15:10 3D STEREOLITHOGRAPHIC PRINTING OF TERAHERTZ WAVE PHOTONIC CRYSTALS 
THROUGH MICRO JOINING OF OXIDE AND METALLIC GLASSES 
S. Kirihara 
Joining and Welding Research Institute, Osaka University, Japan 

R23 

15:30-16:00 Coffee Break
Session ORAL SESSION X (PARALLEL) 
Room ZEEDER (ROOM 2) 
Chairperson D.G. Gromov, T. Sano 
16:00 INSPECTION OF MICRO DEFECTS USING BACTERIAL CELLS 

T.G. Santos1, R.M. Miranda1, L. Quintino2, C.C.C.R. de Carvalho3 

1UNIDEMI, Departamento de Engen!Ulria Medinica e lndustrial, Faculdade de Ciencias e 
Tecnologia, Universidade Nova de Lisboa, Portugal 
2IDMEC, lnstituto Superior Tecnico, Universidade de Lisboa, Portugal 
3lnstitute of Biotechnology and Bioengineering, Centre for Biological and Chemical Eng., 
Dept. of Bioengineering, lnstituto Superior Tecnico, Universidade de Lisboa, Portugal 

R25 

16:20 STABILITY AND MELTING OF FCC TRUNCATED OCTAHEDRAL AG NANOPARTICLES BY 
MOLECULAR DYNAMICS SIMULATION 
H. Alarifi1, 2 3, A. Hu4, M. Yavuz5, Y. Zhou5 

1King Abdulaziz City for Science and Technology, Saudi Arabia 
2Kayseri Vocational School, Dept. of Electricity and Energy, Erciyes University, Turkey 
3Dept. Materials Science and Engineering, Cankaya University, Turkey 
4Dept. Mechanical, Aerospace & Biomedical Eng., University of Tennessee Knoxville, USA 
5Dept. Mech. & Mechatronics Eng., Centre for Adv. Mater. Joining, Univ. of Waterloo, 
Canada

R27 

16:40 NUMERICAL ANALYSIS OF MICROBUBBLE BEHAVIOR AND MICROPOROSITY 
FORMATION IN LASER BEAM WELDS OF ALUMINIUM ALLOY 
H. Mori1, Q. Zhou1, K. Koyama1, F. Miyasaka2, Y. Murakami3, Y. Kawahito3, M. 
Mizutani3, S. Katayama3 

1Osaka University, Graduate School of Eng., Dept. of Mngt. of Industry & Techn., Japan 
2Osaka University, Department of Adaptive Machine Systems, Japan 
3Osaka University, Joining and Welding Research Institute, Japan 

R29 

17:00 EFFECT OF ITO INTERLAYER ON THE Au/Hg3In2Te6 SCHOTTKY CONTACT 
CHARACTERISTICS 
L. Yapeng, C. Liu, L. Fu 
State Key Laboratory of Solidification Processing, School of Materials Science & Eng. 
Northwestern Polytechnical University, China  

R31 

17:20 Transfer to Poster Session SEEBLICKSAAL
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Abstract 
The development of Cu–Sn intermetallic compound (IMC) at the solder/Cu joints interface had been studied 
using five Pb-free solders as Sn–3.0Ag–0.5Cu, Sn–3.5Ag–0.7Cu, Sn–1.0Ag–0.5Cu–1.0Bi, Sn–1.5Ag–0.7Cu–
9.5In and Sn–0.67Cu–2.0In alloys (composition given in weight %). The effects of Bi and In additions on the 
intermetallic phase formation in the lead-free solder joints with copper substrate were studied. The soldering of 
the copper plate was conducted at 250 °C for 5 s. The solder joint reliability production with Sn–3.0Ag–0.5Cu 
and Sn–0.67Cu–2.0In alloys was assessed to evaluate the thermal cycling test in the range from -40 °C to 
150 °C. Altogether 1500 cycles were carried out. Solder joints were exposed to the thermal cycling due to 
practice requirement. The solder joints with Sn–3.5Ag–0.7Cu, Sn–1.0Ag–0.5Cu–1.0Bi and Sn–1.5Ag–0.7Cu–
9.5 In alloys were subsequently aged at temperatures of 130 – 170 °C for 2-16 days in a convection oven. The 
joints interface, activation energy, structural integrity were studied on the produced solder joints with optical 
microscopy, energy dispersive x-ray spectroscopy (EDX) microanalysis. Designed solder alloys reached the 
most suitable result for microelectronic. With the increase of the strain rate, the failure mode migrates from the 
ductile fracture in the bulk solder to the brittle fracture in the IMC layer. 
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1. Introduction 
Wirebonding experiments started in 1956 at Bell Telephone Laboratories, where scientists very rapidly realised 
that silicon needs to be wired up with other devices [1]. Remarkably, these early experiments already worked 
with wire diameters all the way down to 5 μm. One could stop here, and say that the rest is history. What we 
found rather remarkable was the fact that, apart from a few scattered reports in scientific journals, wirebonding 
was always industrially used for its primary purpose, namely, to wire up chips. Yet wirebonding machines are 
capable of so much more, and have such a unique position in semiconductor process technology, not only 
because as back-end equipment they possess very high process reliability, but also that they uniquely introduce 
wire as a feedstock into the microtechnology business that is dominated by a wafer orientation. 
 

We, and others of course [1], have recognised this opportunity and have, based on the support of a wirebonding 
company who allowed us to influence process parameters via the controlling software, pushed bond wire based 

 
Fig. 1: Micro coil for NMR wound on a 150 μm diameter post. The 
coil has 7 windings, and is 210 μm high. [6] 

Fig. 2: Phased-array of 7 overlapping micro coils, each with a 
diameter of 2 mm. Each coil is wound around 6 pillars spanning up 
a hexagon.  

Fig. 3: Two concentric coils wound on SU8 ring structures. Both 
coils are operated in the low MHz regime and driven with a 180° 

phase shift. The inner coil levitates an aluminium platelet, whereas 
the outer coils ensures radial stabilization. 

Fig. 4: Closed-flux-loop on-chip power transformers. The cores are 
made of laminated multi-layer metglas foils, which are cut to shape 
using EDM and subsequently assembled onto a glass substrate. The 
primary and a secondary coils are wound directly on top of each 
other.  
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microsystems into a few interesting application domains where microstructuring via wire feedstock would bring 
a decided advantage. These applications include inductive sensors, energy conversion devices, and magnetic 
field generators. 
 
2. Experiments 
Because wirebonders are capable of moving along freely programmable 3D trajectories, our initial purpose of 
“misusing” a wirebonder was to fabricate micro solenoids. Typically, we fabricate a post of arbitrary shape and 
out of a variety of materials on different substrates, to then wind a solenoidal structure in one or several layers 
on the post. The coil process starts and ends on metallic pads via ball and wedge bonds. Coils as small as 150 
μm in diameter for micro nuclear magnetic resonance spectroscopy (NMR) [2], overlapping phased-arrays coils 
for micro magnetic resonance imaging (MRI) [3], concentric coils for micro magnetic levitation [4], and coils 
on rectangular magnetic posts for on-chip transformers [5], are only some examples of the “zoo” which has 
emerged so far. To avoid electrical shorts, we prefer to use 25 μm diameter insulated Au or Cu X-Wire  from 
MicroBonds Inc, Canada. The move from Au to Cu has also benefited our applications, for example on-chip 
buck converters [5], by helping to reduce power consumption, resistive losses, and cost. Current process 
challenges that face novel applications are associated with long wire spans, or winding multilayer coils in a 
precise manner. For this purpose we are currently developing a process simulation tool that completely captures 
the looping behaviour of the wirebonder, including plastic deformation of the wire due to arbitrary capillary 
kinematics. 
 
3. Conclusions 
In this presentation we will review the exciting new focus in which new electrical or mechanical features are 
integrated into micro electro mechanical systems, primarily with the aid of an automatic wirebonder, and we 
will show interesting recent results from our own work. We will wrap up the presentation with a provocative
suggestion for the wirebonding industry: We will discuss what it will take to develop this new approach into a
viable business, which will hopefully greatly broaden your client base without significant risk on your side, and
help to decrease the dependence of your turnover on fluctuations in the IC industry. 
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1. Introduction 
Field Effect Transistors (FET) are promising ultrasensitive sensors for direct and label-free detection of ionic 
and biological species. With respect to their mechanical and optical counterparts they can guarantee a direct 
response, durability and direct integration with the readout. Their potential as pH sensors has been widely 
demonstrated [1], but large-scale production and circuit integration have not been achieved yet. Carelessness of 
the device architecture optimization and low power and CMOS constraints represents an obstacle to the 
spreading of such technologies in healthcare systems. Monitoring of pH is not an overdue task.  In many 
applications the sensor integration within a low power, ultra-accurate and wireless electronic system may play a 
crucial role. Continuous intra-arterial blood pH monitoring is, for example, highly desirable in clinical practice 
[2], either during anesthesia in major surgery (at least 10 hours) or for post-operative monitoring (several days). 
Also, the gastric acid output (GAO) has to be monitored continuously to address chronic acid-related diseases, 
but the absence of a non-invasive and stable tool has slowed down its clinical use [3]. 
Herein, we explore state-of-the-art nanoelectronics devices as nanosensors, looking forward to a definitive 
integration of such sensing units into smart and wireless systems. 
2. Experiments 
Two fully-depleted n-channel FET architectures are presented: 2D arrays of FinFETs (Fig. 1.b, 1.c and 1.d) and 
3D stacked vertical SiNW/Fins (Fig. 1.e, 1.f and 1.g). A FinFET features two lateral conductive channels, as 
shown in Fig. 1.a. The gate, whether metallic or liquid, generates an electrostatic potential surrounding the 
almost totality of the device and providing an excellent channel control. This results in a steeper subthreshold 
slope, i.e. higher readout sensitivity, upon scaling. Thanks to a precise assessment of the technological 
development, it also provides high stability and repeatability. FinFET advantages are well known in electronics 
[4] and 22 nm FinFETs are today implemented in the last Intel’s microprocessor on Si-bulk. 
The fabrication of both architectures with critical features down to 15-30 nm has been demonstrated on Si-bulk 
substrate [5,6], allowing to reduce the production cost. The electronic performance of the devices can be tested 
independently from the microfluidic set-up through metallic gates.  
3. Results and Discussion 
Excellent outputs are achieved: Subthreshold Slope (SS) values are overall < 100 mV/dec with maximum SS  
72 mV/dec for the 2D FinFETs and SS  100 mV/dec for the 3D stacked SiNWs at the same condition of 
backgate potential Vbg = 0 V. By applying Vbg = 3 V also the 3D stacked SiNWs can reach SS  75 mV/dec, as 
presented in Fig. 2. The difference is due to a more accessible control of the FinFET thickness for all wires for 
the 2D FinFETs. The ratio Ion/Ioff is for both > 106.  The 3D stacked SiNWs have the advantage of performing 
higher transconductance values up to gm > 10 S. 
From the technological point of view, 2D FinFETs can be fabricated with similar output on Si-bulk and silicon-
on-insulator (SOI) substrates. The 3D stacked SiNWs should preferably be fabricated on SOI, since the bulk 
insulation is not possible through the same spacers technology used for the 2D arrays and may result into a 
severe performance degradation. 
In order to achieve maximum pH sensitivity, a careful assessment of HfO2 as sensing gate oxide has been 
performed. The use of a high-k oxide is in perfect accordance with Moore’s scaling law. A final gate stack of 
SiO2/HfO2 allows not only to achieve the maximum pH response but it also addresses the problem of hysteresis 
(  5 mV), which, despite its relevance, is rarely treated in SiNW sensing related works. A TEM image of the 
gate stack and the corresponding CV measurement is presented in Fig. 3.  Alternatively, a SiO2 gate oxide can 
be optimized by APTES functionalization. 
The experimental results leave no doubts on the efficiency of the presented devices. The measurement setup is 
shown in Fig.4. Both can reach the maximum pH response with threshold voltage variation Vth  59 mV/pH 
(Fig. 5.a) and current variation up to 0.8 dec/pH (Fig. 5.b and 5.c). According to the desired current level and 
specific power constraints, 2D or 3D arrays can be implemented. The overall power dissipation is extremely 
low. For the 2D FinFET array it varies from tens to hundreds of nW, i.e. 8nW < PFin < 150nW for Vds = 100 
mV, according to the operation regime. For biological applications, where extremely low current are preferred, 
the overall power can reach even lower values, down to PFin  0.4 nW. Being the number of SiNW for the 3D 
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arrays 10 times higher, the power consumption varies accordingly. To guarantee the compatibility of the sensor 
with CMOS ICs, the backgate is preferrably grounded. 
Long-term stability has been verified for the 2D FinFETs continuously for 5 days at a fixed pH = 6. The 
FinFETs behaved in an extremely stable way with drift Vth/ t = 0.14 mV/h for multiple wire FinFETs (5 
SiNWs), and Vth/ t = 0.10 mV/h for the single wire FinFETs, which corresponds to 0.07% variation of the 
nominal Vth value, as shown in Fig. 6.a. Such results overcome many previous results [7,8] and even the ones 
provided by commercial devices [9]. In addition, by monitoring two identical entities located at different wafer 
positions the two data set superpose. The subtraction of the two population of data returns a residual average 

Vth = 0.6 mV.  The long term reliability of the 3D stacked SiNW has been tested by measuring the sensor 
response with respect to pH 10 days after the initial measurements, as shown in Fig. 6.b. In this case, the drain 
current shift was overall found to be  5%.  
The 2D FinFETs are highly apt to circuit integration. They have been tested in a common source amplifying 
configuration achieving a pH readout sensitivity beyond the Nernst limit [10] and a linear Vout(Vin) correlation, 
as shown in Fig. 7.a. The amplification has been achieved by connecting a metal gate FinFET as load to a 
FinFET sensor and without applying additional potentials to back or side gates. In [11], a pH-dependent 
frequency circuit based on FinFETs has also been demonstrated. For all designs, the circuit and pH sensor units 
present the exact same architecture. On the other hand, 2D array of FinFETs suffer from a poor topography 
which may lead to a low sensitivity for biological applications. For pH sensing, in fact, the H+ concentration is 
sufficiently important to make any highly dense surface fully responsive. Small biological entities, such as 
molecule and virus, need a higher functionalized surface to make the interaction event more probable. 
Moreover, the 3D SiNW/Fins are located into cavities which act as traps for biological species which need a 
higher interaction time to bond with the functionalization chains onto the sensor surface. The detection of ultra-
low concentrations (down to  17 aM) of the protein streptavidin has been demonstrated with a biotinylated 
SiO2 sensing gate for the 3D stacked SiNWs (Fig. 7.b). To the best of our knowledge this is one of the lowest 
protein concentrations ever measured by SiNW-based FET sensors. 
4. Conclusions 
Multiple arrays of SiNWs are an essential requirement for the monitoring of vital signals and differential 
measurements are irrevocable in order to understand the meaning of a single measurement (“Is it a heart attack 
or just a muscle cramp?”).    
We believe 2D FinFETs arrays are the optimal technological choice for ultra-low power chemical applications, 
especially where a full monolithic CMOS integration is required. Instead, for ultra-sensitive biological 
applications, the use of 3D SiNW/Fins embedded into microfluidic cavities is more recommended.  
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Figure 1: a) sketch of a FinFET cross-section; b) SEM FinFET cross-section obtained by FIB after the SiO2 bulk insulation; c) optical top 
image of a 2D FinFET array for sensing applications with an SU-8 opening next to the FET channels; d) SEM top image of a single FinFET 
with metal gate; e) SEM cross sections of 3D stacked SiNWs formed with a combination of anisotropic and isotropic etches; f) sharp 
scallops, FinFET like structures; g) top-side view of the cavity containing the 3D stacked SiNWs after release from the oxide.  
 

 
Figure 2: Electrical characterization of FinFETs and SiNWs: a) 
Id (Vg) for a metal gate 2D FinFET (on Si-bulk substrate) and Id 
(Vg) obtained with lateral side gates for the 3D SiNWs (on SOI 
substrate).  
 

 
Figure 3: CV measurement obtained by a MOSCAP structure 
with the gate stack SiO2/HfO2 (TEM image on the right). The 
CV curve is obtained by a Vg sweep from accumulation to 
inversion and vice versa; the inset shows the leakage current up 
to 4V. 

 

 
 
Figure 3: (left) measurement setup of the 3D stacked arrays of 
SiNWs within a Cascade probe station with PTFE tubes 
externally connected to an active pumping system used to 
hydrodynamically transfer fluid to/from the device; (right) the 
2D FinFET arrays have been mounted onto a chip carrier 
connected to a PCB; in both measurement setups the 
microfluidic channels have been realized by PDMS and the 
Ag/AgCl reference electrode has been externally connected. 
 

 
Figure 5: Electrical characterization of liquid gate SiNWs: (a) Id 
(Vref ) transfer characteristic for a 2D array of FinFETs with TFin 
= 30 nm for 3  pH  10 with the inset showing the curve shift 

Vth; the gate oxide is HfO2; b) Id(pH) for the 3D stacked 
SiNWs for an increasing number of SiNWs 7 × 10, 15, 20 as the 
device is operated in subthreshold and weak inversion with VRef 
= 1, 1.5 V, respectively and (c) as the device is operated below 
threshold VRef = 1, 1.25 V and in weak inversion VRef = 1.5 V 
and strong inversion VRef = 3 V for 7 × 15 SiNWs array. 



 
Figure 6: a) 2D high-k FinFET long-term stability measurement 
at constant pH = 6 with Vth monitored over 5 days for equal 
single-wire FinFET sensors at different die locations with the 
inset showing the two data set difference; b) Id(t) for the 3D 
stacked SiNWs as the pH value is changed from pH = 4 to 10 as 
the device is operated at VRef = 2 V at high (Vd = 1 V) and low 
(Vd = 50 mV) drain potentials and 10 days after the initial 
measurement for an unmodified SiO2 gate oxide. 
 
 
 
 
 
 

 

 
Figure 7: Other applications of the pH nanosensors: a) sensing 
common source amplifier based on 2D FinFETs, with Vout (Vref) 
of a metal gate (black curve) and sensing (colored curves), Vout 
(Vref) was measured for 3  pH  8, the inset shows the curve 
shift Vth along with the corresponding amplification Vout; b) 
Id(t) of the 3D stacked SiNWs implemented as biological 
sensors for the detection of streptavidin in PBS solutions as the 
device is operated in the weak inversion regime VRef = 1.5 V and 
Vd=50 mV.
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1. Introduction 
Nanomanufacturing composes of both the synthesis of nanomaterials and the production of nanodevices through 
either a “bottom-up” procedure initiating from nanomaterials or a “top-down” processing with highly precise. 
Nanojoining is thus a critical “bottow-up” manufacturing which bridges technical gaps between nanomaterial 
synthesis and functional nanodevices. The developing of nanojoining can significantly facilitate the 
nanomanufacturing of devices for energy, environment, microelectronic and biomedical applications [1,2].  
 
One of nanojoining methods is nanosintering [3]. The sintering is a mass transfer through a solid state or liquid 
phase atomic diffusion. The nanosintering can be dramatically speed up by the size effect, the shape effect and 
/or the surface melting [1].  
 
In this work, we presented the shape effect by investigating the nanosintering of silver nanoplates. We displayed 
that the shape-induced nanosintering of nanoplates was remarkably higher than both nanoparticle and nanowire 
pastes. The experiments showed the bonding strength of nanopaltes was 2 times stronger than nanowires. We 
compared the photonic sintering using static light and the flashing light. The latter provided a better bonding 
perforrnance. These results are further compared to nonthermal nanosintering by femtosecond laser irradiation. 
We discussed that it is possible to develop 3D nanomanufacturing by combining nanoplate inkprinting and 
photonic sintering. 
 
2. Experiments 
Silver nanoplate inks were synthesized through a modified hydrothermal processing with polyvinylpyrrolidone 
(PVP) as the surface capped agent. The concentration was controlled by the centrifugal process. Statistic 
analysis showed the average size was 150 nm and the thickness is about 10 nm (Fig. 1a).  The bonding was 
carried out with springe dripping. The 2D to 3D patterns were developed with a 2D programmed writer and an 
air-brush spraying. 
 
The photonic sintering was carried out with a 250 W tungsten lamp, 1,500 W flashing Xeon lamp or 2W 500 fs 
fibre laser, respectively. The temperature was monitored by a thermal couple and controlled with a ventilation 
fan. The bonding strength was measured by a tensile strength machine with 10 micrometer resolution in 
displacement. Microstructure and crystalline orientation were characterized with scanning electron microscopy 
(SEM),  transmission electron microscopy (TEM) and X-ray diffractometer. Optical properties were measured 
with a UV-NIR spectroscopy. The conducting and sensing properties were determined with transporting 
measurement.   
 
3. Results and Discussion 
 
Fig. 1 (a) shows a typical photo of bonded Cu wires with silver nanoplate paste and the SEM image of the paste.  
The bonding performance is compared with various nanopastes and nanosintering. Shown in Fig. 1(b) for the 
thermal nanosintering, the bonding strength of nanoplate pastes is double as the bonding of nanowire pastes [4]. 
The photonic sintering with a static wide band white light displays 25% enhancement. At 80oC, the bonding 
strength of silver nanoplate pastes is about 20 MPa.  With a flash light the bonding strength is further improved 
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to 24 MPa. Even at the room temperature, the bonding strength is 20 MPa, good enough for practical applation 
for room temperature packging of thermal sensitive devices.  
 

   
 

Fig. 1.  (a) Images of bonded Cu wires and silver nanoplate pastes. (b) Bonded strength with various nanopastes and nanosintering 
 

                       
 
Fig. 2.  (a) Sintered silver nanoplates. (b) 2D printed sensor circuits with silver nanoplate inks  
 
Fig. 2 (a) shows SEM images of sintered silver nanoplate plates. Both the side to side and plate to plane sinters 
are founded. It is obvious that the current paste displays a higher density than nanowire pastes [4]. This may 
partially explain why nanoplate pastes have a better bonding performance. Fig. 2(b) shows a circuit written with 
the nanoplate ink. We investigate the rheological properties of nanoplate inks and developed the appropriative 
formula with controlled viscosity and density for printable electronics applications [5].   
 
4. Conclusions 
 
We successfully developed an innovative silver nanoplate pastes for excellent bonding applications close to 
room temperature and nanoinks for printable electronics. We compared different photonic nanosintering with 
static wide band light, flashing light and pulsed laser. We demonstrate that appropriative parameters and 
nanosintering controlling allow us develop high sensitive sensors for application. 
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1. Introduction 
It is desirable that electronic devices not only work efficiently at elevated temperatures but also consume lesser 
power when packaged, and bonding technology that can meet these requirements needs to be developed. It is 
anticipated that the use of nanoparticles as bonding materials in die-attach technologies will provide feasible 
alternatives to the current microsoldering techniques that require the use of high-temperature solders such as Pb-
10Sn or Pb-5Sn. During bonding process, rapid sintering of nanoparticles occurs after the release of the organic 
elements around the nanoparticles, and then the metal-to-metal bonding can be achieved through a sintered 
bonding layer. In this bonding process the decomposition and removal of the organic element adhering to the 
nanoparticles are necessary to bring out the low-temperature sintering property of the nanoparticles. This is a 
bottleneck of the bonding process. In practical applications, a productive cost of Ag nanoparticles is problem as 
well. To overcome these problems, a new bonding process through in-situ formation of Ag nanoparticles instead 
of the filler material of the Ag metallo-organic nanoparticles has been developed [1]. The Ag nanoparticles 
formed by the reduction of Ag2O particles and immediately sintered each other. The bonding process, therefore, 
enabled further reduction of bonding temperature and/or bonding pressure. In this study, the bonding 
mechanism, mechanical and electrical properties of the joints, the effects of bonding conditions and bonding 
substrates on the bondability in the joining techniques through sintering of nanoparticles in copper joint are 
discussed.  
 
2. Experiments 
Silver oxide (Ag2O) particles of 2 m to 3 m diameter were used. The particles were milled using an alumina 
mortar, mixed with a reducing solvent to concentration of 180 L/g, and processed to paste or bonding. The two 
types of reducing solvent tested were diethylene glycol (DEG), and polyethylene glycol (PEG), which vary 
primarily in carbon chain length and molar weight. A copper substrate was used as the bonded material. The 
silver oxide paste, prepared with DEG, TEG, or PEG, was applied to the lower substrate using a 50-lm-thick 
mask and preheated at the optimized conditions in order to remove excess reducing solvent. Subsequently, the 
upper substrate was placed onto the lower substrate, and the samples were heated to 300 C at a rate of 60 C/min 
using an infrared heating furnace and held for 5 min at a pressure of 5 MPa. After bonding, the samples were 
cooled using forced air. The shear strength of the joints was measured using a strain rate of 30 mm/min. The 
thermal characteristics of each silver oxide paste were measured with a combination of thermogravimetric (TG) 
and differential thermal analysis (DTA) at a heating rate of 60 C/min in ambient atmosphere. The cross-section 
and fracture surface of each joint was observed by scanning electron microscopy (SEM). 
 
3. Results and Discussion 
Fig. 1(a) shows the shear strength measured for the joints prepared with each type of silver oxide paste [2]. The 
strength increased with the molecular weight of the reducing solvent. The redox reaction between silver oxide 
and reducing solvent occurred at the onset temperature of DEG, and PEG still remained after the exothermal 
peak until the temperature reached 300°C, which is the bonding temperature. The shear strength of the joint in 
the DEG/PEG mixed sample is achieved a strength of 29 MPa. This is higher than that found in gold-to-gold 
joints made with Pb-5Sn, which is the current industrial standard for die-bonding (=18MPa). This higher 
strength is explained by microstructural observation, as shown in Fig. 1(b). The dense sintered silver layer was 
formed and the growth of oxide film was not confirmed and direct bonding between silver and copper was 
achieved by the decomposition of copper oxide. 
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When bonding techniques involving the sintering of nanoparticles are used, attention must be paid to the ion-
migration tolerance of the bonded circuits, since a sintered layer of pure Ag is formed on them [3]. In this study, 
the bondability of the joints formed using a reducing-solvents-containing mixed paste of silver oxide (Ag2O) 
and copper oxide (CuO) as a second metal was investigated. The Ag2O particles and CuO particles were mixed 
in the ratio of 9:1 (in mass%) in the combined solvents of polyethylene glycol (PEG) 400 and a viscous solvent. 
The strength increased with an increase in the bonding temperature, and exhibited has higher strengths than 
those of gold-to-gold joints formed using Pb-5Sn (29 MPa). In the water-drop test, Ag atoms of the anode were 
ionised and made to pass through water towards the cathode under an electric field. On reaching the cathode, 
these Ag precipitated, forming Ag dendrites. The Ag dendrites grew in size and eventually reached the anode. 
The ‘‘arrival time’’ for the dendrites, which was defined as from the time period extending from the application 
of the 3 V potential to the moment the Ag dendrites reached the anode, was used as a measure of the ion-
migration tolerance. Fig.2 shows the arrival time plotted against the volume fraction of CuO in the sintered layer 
[4]. The arrival time for the mixed paste was approximately four times as large as that of a layer of pure sintered 
silver. Although the quantitative evaluation such as migration rate is not clarified yet, thus, the addition of CuO 
improved the ion-migration tolerance of the sintered silver layer.  
 
4. Conclusions 
1. Direct bonding between silver and copper was achieved by the decomposition of copper oxide. 

Combination of DEG and PEG produced higher shear strength in the copper joint, as PEG suppressed the 
growth of copper oxide and DEG promoted the formation of a dense sintered silver layer. 

2. The ion-migration tolerance of the bonded layer was improved by the addition of second metal. The ion-
migration arrival time of the Ag2O/CuO mixed paste was approximately four times that of pure sintered 
silver. 

 
 
 
 
 
 
 
 
 
 
 
Fig.1(a) Shear strength of the Cu-to-Cu joint using various silver oxide pastes and (b) SEM image of the copper/silver interface using 
DEG/PEG mixed silver oxide paste [2]. 
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Fig.2 Time taken by the silver dendrites in the sintered layer to grow from 
the anode and reach the cathode during the water-drop test. This parameter 
was termed the ‘arrival time’ of the dendrites [4]. 



Institute of Materials Science and Engineering
Technische Universität Chemnitz,

Erfenschlager Str. 73, 09125 Chemnitz

Email: susann.hausner@mb.tu-chemnitz.de

R4



0

9

18

27

36

45

54

63

0

20

40

60

80

100

120

140

0 5 10 20 40 60 80

Po
ro

si
ty

 [%
]

Te
ns

ile
 s

he
ar

 s
tr

en
gt

h 
[M

Pa
]

Joining pressure [MPa]

Tensile shear strength Porosity

a)

0

0,2

0,4

0,6

0,8

1

1,2

1,4

0

10

20

30

40

50

60

70

250 300 350 400 450

Po
ro

si
ty

 [%
]

Te
ns

ile
 s

he
r s

tr
en

gt
h 

[M
Pa

]

Joining temperature [ C]

Tensile shear strength Porosity

b)

0
0,2
0,4
0,6
0,8
1
1,2
1,4
1,6
1,8
2

0
10
20
30
40
50
60
70
80
90

100

2 5 10 30

Po
ro

si
ty

 [%
]

Te
ns

ile
 s

he
ar

 s
tr

en
gt

h 
[M

Pa
]

Holding time [min]

Tensile shear strength Porosity

c)

0

10

20

30

40

50

60

0

10

20

30

40

50

60

10 20 50 100

Po
ro

si
ty

 [%
]

Te
ns

ile
 s

he
ar

 s
tr

en
gt

h 
[M

Pa
]

Thickness paste application [μm]

Tensile shear strength Porosity

d)

2 μm

200 nm 200 nm



Synthesis and light induced nanojoining of silver nanowires  
 

Yanhong Tian, Su Ding, Chunqing Wang 
 

State Key Laboratory of Advanced Welding and Joining, Harbin institute of technology, HIT 

Harbin, China,150001 
Email: Tianyh@hit.edu.cn  

 
Keywords:  silver nanowires, nanojoining, surface enhanced Raman scattering  
 
1. Introduction 
With the development of electronics, miniaturization and intellectualization become important trends of 
electronics. It is an emergency need to do research on nanotechnology and nanoscience. There are a lot of 
achievements on fabrication of nanomaterials, including metal[1-3], semiconductor materials[2, 4-5] and 
complicated compounds[6]. Compared to the synthesis of nanomaterials, the nanojoining technology is a fairly 
new field lacking of basic theory and enough experimental data. There are many methods  have been reported, 
such as joule heating by electric[7],  electron or ion beam welding[8], cold welding[9], ultrasonic 
nanowelding[10], femtosecond laser induced joining[11], and soldering[12].  Recently, a light induced 
nanojoining technology has been reported[13]. The technology involves melting of nanowires only at the points 
of contact through a surface enhanced Raman scattering(SERS) effect that greatly reduces the damage to the 
substrate. This technology could apply to optoelectronics, especially convenient for transparent electrodes. 
Transparent electrodes are widely used for touch screen, solar cells, liquid crystal display panels, light-emitting 
diodes (LED) and so on. Metal nanowire, especially silver nanowire, transparent film with low cost and 
flexibility is a promising candidate to instead of indium tin oxide (ITO) electrodes which is mostly used now. 
One crucial drawback impeding the application of silver nanowires films is that the high contact resistance 
between nanowires exists due to the insulating surfactant or solvent used in the fabrication process. The light 
induced nanojoining technology has been developed to improve the electrical property between nanowires 
further to apply in transparent films[13]. The goal of our study is to connect silver nanowires using light induced 
nanojoinning technology and discuss the formation mechanism. 
2. Experiments 
Silver nanowires have been fabricated by a polyol method, employing Polyvinylpyrrolidone (PVP) as surfactant 
and ethylene glycol (EG) as reduction. A small amount of ferrum nitrate(Fe(NO3)3) was added to adjust the 
shape of products. The precipitate was collected by centrifugal separation and dispersed in alcohol for later use. 
The synthesized nanowires were characterized by X-Ray diffraction (XRD) and scanning electron microscope 
(SEM). XRD patterns were collected with a Rigaku D/max- B diffractormeter with Cu K  irradiation. 
Morphology and structure of the nanowires were checked with a field-emission SEM (FEI Quanta 200F) and a 
FEI Tecnai G2 F30 microscope operated at 300 kV. 
The silver nanowires solution was dispersed on silicon or polyethylene terephthalate (PET) polymer, followed 
by heating at 60  for 5minutes. A halogen tungsten lamp with a colour temperature at 3000K was used to 
illuminate silver nanowire networks. The nanowires were processed at different illustration intensity and power 
that affected the quality of joints. 
3. Results and Discussion 
To synthesize the Ag nanowires, 0.8mmol silver nitrate, 1mmol PVP and 2.2 molFe(NO3)3were dispersed in a 
flask heating in an oil bath at 160  for 1 hour. Fig.1 shows the XRD pattern and SEM images of the Ag 
nanowires. XRD pattern in Fig. 1a states that the obtained product is phase-pure Ag (JCPDS 65-2871). The 
nanowires have smooth surfaces with diameters around 100nm and lengths up to 50 m as shown in Fig. 1b and 
1c. The silver nanowires were further characterized by TEM as shown in Fig. 3. For keeping a long time in 
alcohol the nanowires began to connect at the ends without PVP attached to the surface as indicated in Fig.2a. 
The SAED pattern in Fig. 3b ensured that the obtained nanowires is silver nanowires with penta-twinned 
structure that the two sets of spots indexed in the figure clearly show the twinned structure and the presence of a 
sequence of diffraction spots marked by arrows in Fig.2b indicates the five-fold structure. The growth direction 
of silver nanowires is along [110] according to the HRTEM image. 
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Fig. 1 XRD pattern and SEM images of silver nanowires. 

 

 
 

Fig.2 (a) TEM image of silver nanowires; (b) Corresponding SAED patterns; (c) HRTEM image of silver nanowire. 
4. Conclusions 
Silver nanowires with unformed diameter have been fabricated by a polyol method. Silver nanowires growth 
along [110] direction and have five-fold structure. The nanojoining induced by a halogen tungsten lamp with a 
colour temperature at 3000K was completed .  
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1. Introduction 
The issue of mechanical reliability becomes increasingly urgent for the miniaturization of the solder joints. The 
shear failures are very often in the BGA joints, which are caused by thermal mismatch [1]. Traditional ball shear 
test is a widely used method to assess the bonding quality of solder joints, but it is typically limited to quasi-
static conditions, as the shear speed usually ranges from 0.6mm/min (0.01mm/s) to 60mm/min (1mm/s). 
The impact reliability of lead-free solder joints has been one of the critical concerns due to the failure of joints 
in portable electronic products under drop impact loading [2, 3]. Compared with the board level test method, the 
impact shear test for the single solder bump is more convenient and economical, and is actively pursued by the 
industries.  
In this study, in order to investigate the shear strength and fracture behavior of Sn-3.0Ag-0.5Cu solder bumps 
under high-speed impact and static shear condition during isothermal aging, the solder bumps after various 
aging treatments were tested with the speed of 1m/s and 0.02mm/s, respectively. The composition of the fracture 
surface was identified by means of electron probe microanalyzer (EPMA) so that the visualization in elements 
distribution of fracture surface was obtained to study the fracture behavior of solder bumps during isothermal 
aging. 
 
2. Experiments 
Sn-3.0Ag-0.5Cu solder balls with the diameter of 0.76mm were soldered on Cu pads in nitrogen atmosphere. 
After the reflow soldering, solder bumps were aged in an isothermal oil bath at 423K for 168h, 504h, and 1008h, 
respectively. 
The microstructure of solder/ IMC interface during isothermal aging was analyzed, and the shear strength of 
solder bumps was tested by means of high speed impact test as well as low speed shear test. In the impact test, 
when the angle ( ) of test hammer (25.44 gram) was /3 radian, the test speed was about 1m/s, as illustrated in 
Figure 1, and the impact behavior was examined by evaluating the maximum load values and energies in the 
load-displacement curves.  
 

 
Figure 1 Schematic of high speed impact test. 

 
Besides the impact test, the conventional shear test was also conducted, and the shear speed was 0.02mm/s. The 
distance from the test tool to the surface of the solder resist on the Cu pads was 20 m in both shear and impact 
tests. Twenty joints were measured under each condition, and the average value was used for evaluation.  
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3. Results and Discussion 
The relationship between the test load and displacement of solder bumps for high speed impact test and static 
shear test is shown in Figure 2. Furthermore, the maximum load value under the novel high speed impact test is 
much higher than that under the tradition static shear test owing to the test strain rate, thus the shapes of load-
displacement curve under high-speed impact test and static shear test shown in Figure 2a and 2b are quite 
different. 
In Figure 2a, the slope of the ascending part of the impact force profile decreased with increasing aging time, as 
the hardness of the solder decreased with increasing aging time. The peak of load-displacement curve moved 
left and below, owing to the interfacial strength decrease with increasing IMC layer thickness in accordance 
with the increase in the aging time.  
 

 
Figure 2 Load-displacement curves of as-soldered and aged joints. (a) in high speed impact test, (b) in static shear test. 

 
Figure 3 shows the maximum load of solder bumps in high speed impact test and in static shear test. With the 
increase of aging time, the maximum force decreases gradually under both high speed and static test conditions. 
That is to say, the crack is easy to initiate and propagate after long time isothermal aging.  

 

 
Figure 3 Maximum load of as-soldered and aged joints.  

 
4. Conclusions 
(1) The fracture is found inside the bulk solder in low speed shear test regardless of the aging effect, and the 
ductile failure mode is identified from the fracture morphologies, thus the static shear test is more a measure of 
solder strength than the adhesion bonding to pad interface. 
(2) Under 1m/s impact condition, the crack initiation position is changed from solder/ Cu6Sn5 interface to 
Cu3Sn/ Cu interface after long time isothermal aging. The fracture occurs inside the bulk solder accompanying 
with IMC in both of the as-soldered and aged solder bumps, and ductile as well as brittle failure modes are 
identified.  
(3) The thickened multiple IMC layers during isothermal aging account for the degraded impact resistance, and 
the change of the solder matrix is another factor for reduced impact resistance owing to Sn residue on the 
fracture surface.  
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1. Introduction
In recent years, the demand for electronic products with multi functions has greatly increased, creating a need 

for high density and light weight electronic components. To fulfill these needs, three dimensional (3D) 
packaging technologies using through silicon via (TSV) has attracted much research and development effort. 
Through-silicon-via (TSV) is an essential technology that enables vertical stacking of several semiconductor 
chips for 3-demensional packaging [1-2]. However, thermo-mechanical reliabilities of TSV such as Cu 
extrusion, crack or delamination between Cu-plug and Si via wall, and void within Cu –plug become important 
issues [3-4]. In this study, Cu was filled in TSV by electroplating, and the effect of thermal shock and annealing 
on Cu extrusion of TSV was investigated.

2. Experiments
A Si wafer of <100> p-type having a thickness of 525 μm and diameter of 4 inch was used as a substrate. Via 

holes were drilled in the Si wafer by etching with deep reactive ion etching (DRIE) process. SiO2 of dielectric 
layer, Ti and Au of adhesion and seed layer, respectively, were deposited in via walls as functional layers. The 
Si wafer was cut into chips sized of 5x5mm2 and used as a cathode for Cu electroplating. A Pt plate with size of 
10x10 mm2 was selected as an anode. Cu filled TSV sample having a diameter of 30 and depth of 70 was 
fabricated by electroplating using minimized additives and the effect of thermal shock on Cu extrusion of TSV 
were studied. Thermal shock test was conducted from -65 C to 150 C for 250, 500, and 1000 cycles. Annealing 
was also applied to the Cu-filled TSV at 450 C for 30 min. The experimental results showed that Cu-filled TSV 
with defect free was obtained by electroplating using periodic pulse-reverse current form (Fig. 1).

Fig. 1. Schematic and mechanism of periodic pulse reverse.

3. Results and Discussion
Cu filled TSV sample having a diameter of 30 and depth of 70 was fabricated by electroplating using 

minimized additive. Thermal shock test was conducted from -65 C to 150 C for 250, 500, and 1000 cycles. 
Annealing was also applied to the Cu-filled TSV at 450 C for 30 min. Cu extrusion was occurred after thermal 
shock test, and the average height of extruded Cu increased from -0.3 to 0.78 μm with increasing thermal shock 
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cycles from 0 to 1000. The interfacial crack between Cu and Si was observed after 1000 cycles (Fig. 2). The 
average grain size of Cu during thermal shock test from 0 to 1000 cycles increased from 0.65 to 0.83 μm. Cu 
extrusion by annealing became 1.36 μm. The Cu extrusion can be suppressed by deposition of Cu alloy and 
composite.

Fig. 2. Cross-section of Cu filled TSV with thermal cycles; (a) after 500 cycles and (b) after 1000 cycles.

4. Conclusions
Cu extrusion was occurred after thermal shock test, and height of pumped Cu increased with increasing cycles.

Also, Cu extrusion by annealing became 1.36 μm. Thus, Cu extrusion was occurred not only high temperature 
process such as BEOL but also reliability test like thermal shock test.
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1. Introduction 
Restriction of the use of Hazardous Substances (RoHS) restriction is widely applying to electronics assembly 
from July 2006 [1]. Even though automotive adopted many electronic control unit (ECU) modules, End-of-
Vehicle (ELV) will be started to restrict to the vehicle from January 2016. In focused on the use environment 
and service life for automobiles, the use of Pb-free solder in automotive electronics is quite different when 
compared to use in normal electronics such as mobile electronics. Because of very long service life spanning 10 
years and over 100 thousand miles and high reliability expectations in cars. Also, ECU modules have a different 
operating temperature with mounting location in the automotive. In case of mounted in passenger room, normal 
operation temperature need from -30 to 85 deg. C, but, in module for engine room, its temperature is -30 to 125 
deg. C. Because of difference of use environment temperature, Pb-free solder joints show a different 
degradation property of solder joint strength. Due to this difference, it is need to understand the degradation 
characteristic of Pb-free solder joint in car electronics. So, we have measured the solder joint strength with 
diverse chip components size under thermal cycling condition. Based on these results, we confirmed the 
tendency of failure mechanism and degradation property of solder joint under automotive environment. 
 
2. Experiments 
Test vehicles were prepared as shown in Fig. 1 (a). Sn-40Pb (eutectic) and Sn-3.0Ag-0.5Cu (SAC305) solders 
were used. The eutectic solder used for comparing shear strength with SAC305. 145 deg.C Middle Tg (glass 
transition temperature) PCB and organic solderability preservative (OSP) surface finish were utilized for test 
coupon. Thermal cycling (TC) tests were conducted from -40 ~ 85 deg. C for cabin room condition and from -
40 ~ 125 deg. C for engine room condition until 1500 cycles and each one cycle time was 67 minutes. To 
investigate chip size effect, we used various chip resistor and capacitor which were 0402, 0603, 1206, 1608, 
2012, 3216 size. To compare the degradation tendency of shear strength, we measured shear strength at 500, 750, 
1000, 1200, and 1500 cycles using by bonding test machine (Dage 4000, England). We have also observed 
solder joint interface and crack generation mechanism using a field emission scanning microscope (FESEM). 
 

    
 

Fig. 1. Photographs of (a) test vehicle, (b) equipment set-up, and (c) temperature profile. 
 
3. Results and Discussion 
Void content of solder joint in test vehicles was under 15% with compared to up to 25% of industry guideline. 
All kinds of solder joint shear strength were decreased with thermal cycling number. In the same test condition, 
with increasing the chip components size, higher initial shear strength was shown in eutectic and SAC305 solder 
joints. Even though SAC305 solder joint indicated higher shear strength than eutectic solder alloys, with thermal 
cycling number, degradation rate of SAC305 is dramatically decreased than eutectic solder joint. Intermetallic 
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compound layer (IMC) thickness was increased with thermal cycling number, and total IMC formation of 
engine room condition was a slightly ticker than cabin condition. After 1500 thermal cycling, IMC was growth 
3.84~4.06 micron meter. Comparing with IMC growth rate which was calculated the deviation with as-reflowed 
and final TC cycles, engine room and cabin condition were 67% and 54%, respectively. Furthermore, cracks 
were developed at the solder joints and progressed with solder and IMC interfaces. With increasing the thermal 
cycling number, crack propergation length was increased. In case of same TC number, crack length of engine 
room condition was longer than Cabin condition. This result is caused by a large CTE mismatch due to a large 

temperature deviation (△T=165 deg. C) of engine room condition rather than cabin (△T=125 deg. C). It is well 

known that solder joints crack is generally addressed to thermo-mechanical fatigue stress [2,3]. Initial crack was 
occurred at the solder matrix and progressed along the IMC and solder interfaces. This was good evidence that 
those crack generation mechanism was the same phenomenon. From these results, we estimated that SAC305 
solder can be used in cabin automotive electronics instead of Pb-contained solder alloy. But, if harsh 
environment, we known that new solder candidate is need for engine room electronics. 
 

    
 

Fig. 1.  (a) Cross-sectional micrographs of lead-free solder joints with thermal cycling number. Shear strength degradation curves of (b) 
eutectic solder and (c) SAC305 solder of 1206 and 1608 chip resistor with engine room and cabin electronics conditions 
 

4. Conclusions 
To apply Pb-free solder in car electronics, we have examined the degradation rate of solder joints with various 
chip components size under use environment conditions of cabin and engine room electronics. With increasing 
the chip size, degradation rate of shear strength is a larger. Also, in case of same size of component, degradation 
rate in engine room condition is faster than cabin condition, which was normally 4-5 times faster than cabin 
environment. Based on these results, we can guess that SAC305 solder is possible to replace the eutectic solder 
in cabin electronics. Even though having a similar shear strength of SAC305 and eutectic after TC 1500 cycles, 
crack length of SAC305 is quite longer than eutectic solder joint. Therefore, we known that new solder alloy for 
harsh environment automotive is needed. 
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Fig. 1.  Experimental results for AA1100 sample. (a) Matrix of defects. (b) Smallest defects detected (red circles) after 5 min penetration 
time. 

 

   
 
Fig. 2.  Experimental results for AISI 304L sample. (a) Matrix of defects. (b) Smallest defects detected (red circles) after 5 min penetration 

time. 

 
 
4. Conclusions 
A micro defect identification and characterization technique based on bacterial cell was presented and 
experimentally validated. For the penetration time tested, a minimum defect size was detected for each material 
and these were 4.3 μm depth in aluminium, and 2.9 μm in steel. The technique was efficient in revelling very 
small defects in the materials under study. The technique can be therefore applied to inspect nano and micro 
components. 
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1. Introduction 

The unconventional properties of Nitinol shape memory alloys (SMA), pseudoelasticity and shape memory 
effects, are what drives their use in a wide variety of applications such as medical devices, aerospace 
applications and micro-electrical-mechanical systems (MEMS) [1]. As the complexity of Nitinol-based devices 
continues to increase, other processing methods such as welding are required to help meet these expectations. 
The resistance microwelding (RMW) is more desired compared to other manufacturing processes due to the 
ease of use, low cost, and simply setup.  

There are a few reported studies on resistance microwelding of crossed Nitinol wires that showed solid-state 
bonding in addition to good retention of base metal strength and intrinsic shape memory effect property [2]. 
Modifications to base metal transformation behaviours [2] have been shown to occur during the application of 
heat or mechanical deformation. Thus far, however, the damage of microstructures and mechanical properties of 
welded Nitinol to shape memory effects (SME) of weldment have not been examined in sufficient detail. 
Furthermore, weldments should be heat treated to recover SME or pseudoelasticity, before being put in use. 
Therefore, the heat treatment after welding must be thoroughly understood in order to refine the protocol for 
achieving functional welds. The current study has examined the effects of heat treatment on RMW joints of 
crossed Nitinol wires. 
2. Experiments 

Commercially available 0.410 mm diameter cold working Nitinol wires (Memry Corp., USA) were used in 
this study. The material’s nominal composition comprised 55.8wt% Ni with the balanced Ti. The RMW system 
consisted of a MacGregor DC4000P DC power supply and a Miyachi 300 series Fast Response Weld Head 
coupled to a ±0.2 m sensitivity Heidenhain displacement sensor. Cylindrical flat-ended class 2 Cu-Cr 
electrodes with a diameter of 3.2 mm were used. Wires were welded at right angles to each other, using variable 
currents from 100 A to 400 A. Weld time was 10 ms with an upslope and down slope time of 2 ms; different 
welding forces of 3, 5, 8 kgf was applied during the entire welding sequence.  

A tensile testing in right angle is used to determine the joint breaking force (JBF). The tensile tests and were 
performed using an Instron model 5548 microtensile tester manufactured by Instron, Massachusetts, USA at a 
crosshead speed of 4 mm/min. The pseudoelasticity was tested with setting cyclic tensile testing procedure. 
Three joints were tested for each set of welding conditions to obtain the average JBF. The surface appearance, 
fracture surfaces, and cross sections of the joints are examined using an energy dispersive X-ray spectroscopy 
(EDX) equipped scanning electron microscope (SEM). The joints or Nitinol wires as received was sealed in 
Quartz tube with replacement of air with Ar gas, and then heat-treated in universal furnace. 
3. Results and Discussion 
3.1 Optimization of RMW of CW Nitinol wires  

The effects of welding current on JBF at different welding forces are shown in Figure 1. Under a certain 
welding force, JBF increased sharply with the increase of current. Further increase of current resulted in 
overwelding and degradation to joint strength due to the introduction of weld defects. An onset welding current 
of 100 A was required to initiate bonding. The maximum JBFs of 8N, 11.8N, and 12N were achieved at 
different welding forces of 2kgf, 5kgf, and 8kgf, respectively. 

Transition of fracture modes from interfacial at low currents to HAZ at high currents was schematically 
shown in Figure 2. Mixed mode failure occurred when using intermediate currents. The sum of their effect 
determines the actual joint strength. Maximum JBFs were obtained at intermediate welding currents and higher 
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welding force where the fracture across the whole joint, as shown in Figure 2 (d). The sound JBF achieved in 
high electrode force of 8kgf was benefit from the lower heat input, which reduced heat damage to HAZ. 

      
Fig. 1  JBF versus welding currents at different electrode forces 

 
Fig. 2 Schematic of failure modes transitioning 

  (a) Interface (IF), (b) From weld (W1), (c) From HAZ (HAZ), 
(d) From weld (W2) 

3.2 Effect of heat treatment on JBF and SME 
The JBF comparison of joint as welded at the parameters of 8kgf and 250A between joints heat-treated with 

different aging or sold-solution parameters is shown in Figure 3.  There was no sufficient change of JBF with 
aging at 300  for 1h compared with as welded joint. Whereas, JBF was increased from 12N to 30N when heat 
treating at 800 for 5min, but judged from the S-S curve, as shown Figure 4, the heat treatment with 800  for 
5min destroyed the SME. Unacceptably, the JBF conversely decreased, when heat treated with combination 
annealing at 800  for 5min with aging @ 300  for 1h. Micrograph of cross-sections of joints as welded and 
heat treated at 800  for 5min were shown in Figure 5. The heat treatment caused the growth and unification of 
grains in the regions, and was helpful to release stress concentration to some extend, which contribute to the 
increase of JBF. But the rapid growth of grains changed the microstructure of joints which was directly related 
to the SME.  

 
Figure 3: JBF of as welded joint and heat-treated joints at 

different conditions 

 
Figure 4: Curves of Strain - Stress of CW wires at different heat 

treatments 

         
Figure 5: Cross sectional images of CW wire joint as welded (a) and heat treated joint as annealed at 800  for 5mins(b) 

4. Conclusions 
The effect of heat treatment on RMW jonts of crossed wires have been investigated. The major conclusions 

are summarized as follows:1) Solid solution at 800  with 5mins increased JBF from 12N to 30N; 3) Solid 
solution destroyed the pseudoelasticity due to the change of microstructure with grain growth. 
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Abstract: ITO interlayer was deposited on the surface of Hg3In2Te6 (short for MIT) wafer by Pulsed Laser Deposition method. Then element 
distribution and core level at the ITO/MIT interface were analyzed by X-ray photoelectron spectroscopy.  In addition, the electrical 
characteristics of Au/ ITO/MIT Schottky contact was studied by current-voltage(I-V). The results showed that the element diffusion at the 
ITO/MIT interface appeared. Meanwhile, the binding energy of O 1s, Sn 3d and In 3d  increased about 0.5 eV, 0.3 eV, 0.2 eV at the 
interface respectively. Furthermore,  the leakage current of Au/MIT schottky contact decreased from 2.28×10-4 A to 8.11×10-4 A and the 
Schottky barrier height increased from 0.522 eV to 0.606 eV when the ITO interlayer was applied. 
Keywords:  Au/Hg3In2Te6 Schottky contact; ITO interlayer; XPS; I-V 
1. Introduction 

MIT is a novel semiconductor material for near-infrared photoelectric detection[1]. It’s obviously important 
to get a stable schottky contact between the electrode and MIT wafer during the manufacture of the MIT 
infrared detectors. Some researchers have found that the ITO interlayer should reduce the leak current of the 
Schottky contact[2~4]. In addition, the ? interlayer could improve the quantum efficiency of the MIT 
photodiode[ ?]. At present, the effect of ITO interlayer grown by pulsed laser deposition (shorted for PLD) on the 
property of MIT photodetector was not reported. In this paper, PLD was applied to prepare ITO interlayer on the 
surface of  MIT crystal.The X-ray photoelectron spectroscopy (XPS) was applied to analyze interface 
characteristics of ITO/MIT structure. Meanwhile, the influence of ITO layer on the electrical properties of  
Au/ITO/MIT schottky contact was discussed in detail.  
2. Experiments 

MIT ingot with the diameter of 30 mm gown by vertical bridgman method was cut into5×5× 1 mm3. After 
mechanical polishing, the wafers were then chemical polished in 2% (bulk concentration) Br2-C3H7NO solution 
for 1 minute to remove the mechanical damage on the surface of MIT wafer. At the same time, the MIT wafters 
were cleaned in deionized water and dried. Then the ITO interlayer was deposited on cleaning MIT wafers by 
PLD. Finally, the Au electrode was deposited on the ITO layer and  Cu electrode was evaporated on the other 
side of MIT wafer by means of ......method  to get the Au/interlayer/MIT Schottky contact.  

In this paper, the elements distribution and core level at ITO/MIT interface was studied by the ESCALAB 
250Xi X-ray photoelectron spectroscopy (XPS). The electrical properties of the Au/ITO/MIT Schottky barrier 
diode  was analyzed by the Agilent 4155C semiconductor parameter analyzer.  
3. Results and Discussion 

Figure 1. show the core level spectra (a) and the distribution of elements (b) at ITO/MIT interface by XPS 
depth profiling. From Fig.1(a), it’s obvious that the binding energy of O 1s, Sn 3d5/2 and In 3d5/2 were 530.11 
eV, 486.61 eV and 444.81 eV respectively for the ITO layer on the MIT wafer before Ar+ etching. According to 
the XPS database, there are In2O3 and SnO2 on the surface of ITO layer before Ar+ etching. After Ar+ etching 
seven times, the binding energy of O 1s increase about 0.5 eV. The binding energies of Sn 3d5/2 and In 3d5/2 
were shifted to the high energy level about 0.3 eV and 0.2 eV respectively. It can be deduced that the element 
diffusion may happened at the interface between ITO layer and MIT wafer. After the etching eight times, it was 
found that the binding energy of O 1s and Sn 3d kept constant, as well as the In 3d5/2 binding energy were 
shifted 0.4 eV to the high energy level. It can be speculated that In-O bond instead of In-Te bond may happened 
during the deposition of ITO layer.  

Figure.2 is the I-V characteristics of the Au/MIT contact and Au/ITO/MIT schottky contact at room 
temperature. It was found that the reverse leakage current decreased from 2.281×10-4 A to 8.11×10-5 A after the 
introducing of ITO interlayer. This may be due to the reduction of dangling bonds and decreasing the interface 
defect density on the surface of MIT when the ITO interlayer was applied  

It is well known that the thermal Emission model (TE) was widely used for the calculation of the Schottky 
height. According toTE model, the relationship between current I and diode bias V under positive bias could be 
obtained as follows[5]: 
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Fig.1.   The core level spectra (a)and the distribution of elements (b) at the ITO/MIT interface by XPS depth profiling during the Ar+ etching 
process 

 
Fig.2 The I–V characteristics of Au/MIT and Au/ITO/Hg3In2Te6 Schottky contact 
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where IS is the saturation current, n is the ideality factor, k0 is Boltzmann’constant, T is thermodynamic 

temperature, A is the contact electrode area, A* is the effective Richardson constant, q is the electronic charge, 
b is the zero-bias barrier height, mn* is the electron effective mass.  By TE model, the Schottky barrier heights 

of the Au/ITO/MIT and Au/MIT Schottky contacts were calculated to be 0.606 eV and 0.522 eV respectively.  It 
was due to the mutual diffusion existed at the interface between the ITO layer and MIT wafer, which decreased 
lower energy level gaps in the depletion layer. 
 4. Conclusions 

Through XPS depth profiling, it was found that the element diffusion at the interface between ITO layer 
and MIT wafer. Meanwhile, the binding energy of O 1s, Sn 3d and In 3d  increased about 0.5 eV, 0.3 eV, 0.2 eV 
respectively at the interface. Compared with Au/MIT schottky contact, it can be obtained that the leakage 
current of Au/ITO/MIT schottky contact decreased from 2.28×10-4 A to 8.11×10-4 A and the Schottky barrier 
height increased from 0.522 eV to 0.606 eV. 
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1. Introduction 

Recently, the technology for power generating from recovered exhaust heat has been advancing. 
Thermoelectric generation is one such heat energy recovery technology. Thermoelectric modules can directly 
convert heat energy into electric energy[1]. However, these modules have only been used in special applications, 
such as satellite power supply, because of the high cost and low conversion rate to electricity. 

A thermoelectric generation system has many advantages that include ease of maintenance, because of its 
simple structure and lack of moving parts in the module. Therefore, many engineers have developed elements 
with higher conversion efficiencies using super lattice structures, nanocrystals, and new structure modules. We 
found that a Si-Ge thermoelectric element and electrode could be bonded reliably using low cost aluminum[2].  

Our research focused on the aluminum diffusion bonding technique for mid to high temperature (about 327–
873 K) thermoelectric modules, specifically the use of aluminum for bonding between an Mg2Si element and a 
nickel electrode. 
 
2. Experiments 

Aluminum foil 25 m thick with a purity of 99 % was selected as the joint material. Fig. 1 shows a 
schematic view of the bonding process and specimen size. This process was performed in a chamber under a 
pure nitrogen atmosphere. The bonding pressure was set to 6.1×103 or 3.0×107 Pa, and the temperature of the 
hotplate was set to 953 K for 180 s. 

Figure 2 shows a schematic view of the shear test for the Mg2Si element/Al foil bonding/Ni electrode 
thermoelectric element. The Ni electrode was held on a shear tester stage, and the shear test was executed with a 
shear speed of 50 m/s and a shear height of 200 m. The available loading range was under 1000 N. 

Characterization of Mg2Si to Ni electrode joints with Al foil was conducted by field emission-scanning 
electron microscopy (FE-SEM). 

Cross sections of the bonding interface were prepared after the joint sample was molded in epoxy resin. The 
surface of the cut sample was polished with polishing papers and diamond paste. FE-SEM observations and 
quantitative analysis by energy-dispersive X-ray spectroscopy (EDX) were then performed.  

 
 

 
  

Fig. 1 Schematic views of bonding process to joint between 
Mg2Si element and Ni electrode with Al foil. 

Fig. 2 Schematic view of shear test for Mg2Si element to Ni 
electrode with Al bonding. 
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3. Results and Discussion 
Figure 3 shows the results of shear testing one for each bonding condition. Elements No. 1 and 2 were 

bonded under low pressure (6.1×103 Pa) while No. 3 was bonded under high pressure (3.0×107 Pa). In addition, 
element No. 2 had its Mg2Si surface polished before bonding. Element No. 1 showed the lowest strength 
because of low wettability between the Mg2Si surface and molten aluminum. This low wettability can be 
explained by the surface oxide film on the Mg2Si, which is consistent with the Ellingham diagram that 
magnesium is easily oxidized[3]. Element No. 2, surface-treated Mg2Si, exhibited a shear strength higher than 
element No. 1 because of the elimination of the oxide film. The shear strength of element No. 3 achieved 17 
MPa and the joint formed an Al-Ni reaction layer that included magnesium and silicon. This demonstrated that 
bonding under high pressure has the largest effect on improving bondability under each tested condition.  

A prototype Mg2Si /Si-Ge twin couple module was bonded on the basis of the results of the shear test. This 
prototype Mg2Si/Si-Ge twin couple module, bonded at 3.0 107 Pa, generated 1 W without damage at T = 
620 K. This output level is 20 % higher than that of a conventional Si-Ge/Si-Ge twin couple module. 

 
 

4. Conclusions 
Aluminum foil was tested as an alternative material to conventional silver alloy braze because of its cost 

advantage and bondability. 
(1) The shear strength of the aluminum joint between the Mg2Si element and the nickel electrode was 17 MPa 

when bonded at 3.0 107 Pa. 
(2) The generation capacity of the prototype Si-Ge/Mg2Si twin couple module was  20 % higher than that of a 

conventional silver alloy braze Si-Ge/Si-Ge twin couple module. 
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Fig. 3 Results of shear sterngth tests between the Mg2Si element and Ni electrode (‘n’ is the number of samples for each test condition). 
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Fig.1: [Empa] Nanostructured brazing filler (10nm-Cu/10nm-AlN on Al2O3) in nanomultilayer (NML) configuration 
showing significant melting point depression of around 500°C, thus allowing a reduced brazing temperature: a) He-
FIB cross-sectional micrographs of NML before (left) and after heating up to 750°C in Ar (right). Molten Cu flows 
out, causing local sintering of adjacent AlN layers. b) molten Cu droplets formed on NML surface after heating up to 
700°C in N2/H2.
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Fig.2: [University of Waterloo]Femtosecond Laser Joining of Ag NPs (a)-(b)shows joined Ag-Fe (immiscible) NPs. 
Note lattice matching and structural ledges at the interface to reduce interfacial energy.  

BSC 2012: Proceedings from the 5th International Brazing 
and Soldering Conference
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Experimental investigation and modelling of nanoscale solid state reactions with high technological impact.
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