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Nanoelectronics era is already here!

Replace Nanojoint
conventional : formation
solder paste Nanoelectronics
v' nanoparticles in different |ntegrati0n v Interconnections between

materials such as Au, Ag, nanocomponents such as

Cu, Sn, In and alloys in the nanotube, nanowire...

form of paste or inks.
T3S

H. Jiang et al., Chem. Mater. 2007, 19, 4482 4485
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> Flexible Electronics

> Medical Devices
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> M E M S Pa C ka g| ng http://www.cmst.b;/projects/intercon.html

» Chipworks (u1-BGA = nano-BGA)

pm
5X nalog Devices L345B CW TB
http://memsblog.wordpress.com

» Micro/Nano-electronics assembly and packaging  /20090s/28/chipworks/

(nanowire FET, sensor)
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Theoretical plot of the melting point due to
nanosize effect as function of particle size for

Sn-4.0Ag-0.5Cu alloy.
W.Guan el al. 2006 IEEE
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Melting Point (°C)

Alloy system Bulk size
63Sn/37Pb 183
Sn 231
Sn/3.5Ag 221
Sn/3.8Ag/0.7Cu 217
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Nanosolders Assembly and Packaging

QO Contact pad
Nanoscale SH05550 Nanosolder segment
solder 4 SO
parti PR

Nanosold
bum

Nanosolder bumps

2-dimensional interconnect

/nanoparticle solder 1-dimensional interconnect
--close to the conventional soldering technique /nanowire bridge

F. Gao et al, Proceedings of the 2011 Nanotechnology Conference, 2011, 2, 422-425
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1. Introduction

v' 2. Nanowire-based Nanosolder
* Surface oxidation and flux effect
* One-dimensional diffusion for nanosolder joint formation

3. Nanoparticle-based Nanosolder Paste
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Nanosolder Fabrication

Electrolytic
solutions
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Free standing nanowires

Base metal segment
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Nanosolder Oxidation

Solder Oxide layer (10 nm)

D Oxide
Micro 1um 0.01%
Nano 30nm | 11.11%

Nano-size particle
Micro-size particle (D,....=30 nm)
(Dricro=1 um)

nano

micro .
] !

VAS 7‘1‘ \.'
=

-\.

A

F. Gao, K. Rajathurai, Q. Cui, G. Zhou, I. NkengforAcha, Z. Gu. Applied Surface Science 2012, 258, 7507-7514.
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Flux Effect of Nanosolder

» Remove oxidation layer

» Enhance wettability

* Quantity

Flux Vapor Vs. Liquid Flux

* Cleaning residue

W= Solder

Rosin based flux mainly formula:
C,4H,4COOH

RCOOH + MX = RCOOM +HX

M= Sn, etc
X = oxide, hydroxide or carbonate

SnSolder BaIlS :

- Si/Si0, Substrate
- 5 pm

»
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F. Gao, K. Rajathurai, Q. Cui, G. Zhou, I. NkengforAcha, Z. Gu. Applied Surface Science 2012, 258, 7507-7514.
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Interface Diffusion in Nanowire

y
2-D 74
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How much IMC in nanosolders?

1-D —— x M Y
4

Nanowire (1-D)

F. Gao, et al, Science of Advanced Materials 2012, 4, 881-887
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Solder Joint Formation
? E’ --Nanowire assembly and

1|
Magnetic Stirrer

Nanosolder joint formation in liquid phase

Magnetic nanowire segment + External magnetic field
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F. Gao, Z. Gu. Nanotechnology 21 (2010) 115604 (7pp)
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Solder Joint Formation

Electrical Property

- 0.003 —— No NWs Connected
—— NWs Connected
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Left: optical microscope images of assembled
ordered nanowires

Right: electrical measurement by probe-station

F. Gao, Z. Gu. Nanotechnology 21 (2010) 115604 (7pp)



APEX ‘ _
G:CEXPO - — MANDALAY BAY RESORT AND
(it :

——— -

CONVENTION CENTER

NEW IDEAS ... FOR NEW HORIZONS  LAS VEGAS, NEVADA

1. Introduction

2. Nanowire-based Nanosolder
* Surface oxidation and flux effect
* One-dimensional diffusion for nanosolder joint formation

v" 3. Nanoparticle-based Nanosolder Paste
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Nanoparticle-based Nanosolder Paste

Sn/Ag, Sn/In alloy nanoparticle synthesis: Chemical Reduction Method

e o

* Mu&ﬂim,
SE SEM LEI 5.0kvV  X130,000 WD 83mm 100nm

SEM image of Sn/Ag nanoparticle
Size range: 20-40 nm
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Nanoparticle-based Nanosolder Paste

Nanosolder Paste Formulation:

* Lead-free nanoparticles

* Flux ratio varies between 20%-40wt%
* Nanoparticle loading
 Halogen-free water soluble fluxes

Nanosolder Processing:
* Printing with stencil (much smaller size)
* Modification of reflow profile (Peak Temp and time)

Reliability test:
, * Shear test
3 * Intermetallic formation and growth

Prepared Nanosolder Paste
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Conclusion

v Nanosolder on multi-segment nanowires have been successfully fabricated
by electrodeposition method,;

v' Flux assisted environment enhanced reflow result and micron scale solder
spheroids formed on non-wetting Si substrate;

v' 1-D interdiffusion on Cu-Sn two-segment nanowire were observed through
the thermal heating;

v" Individual nanojoints formed between nanowires and a network was
constructed;

v Sn/Ag Nanoparticle based nanosolder paste is developing for practical
application.
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Future Work

Material

1-D diffusion study of confined nanowire in one-dimension;
Nanosolder size effect for melting temperature depression;
Different nanoparticle solder materials for real applications.
Processing and Applications

Joint formation between nanowires for device packaging;

Joint reliability study (individual nanojoint and paste formed joint);

Real device testing, e.g., nano-wire bonding.



.4.“ MANDALAY BAY RESORT AND
— S+ CONVENTION CENTER

NEW IDEAS ... FOR NEW HORIZONS  LAS VEGAS, NEVADA

Acknowledgement

Collaborators

. Dr. Zhenyu Liu, Prof. Judith C. Yang, University of Pittsburgh

. Dr. Guangwen Zhou, State University of New York (SUNY)

. Pamela Eliason, Dr. Gregory Morose, Toxics Use Reduction Institute (TURI)
. Robert Farrell, Benchmark Electronics

Funding support

. Gu, Zhiyong and Shina, Sammy , “Collaborative Research: Investigation of
Fundamental Properties of Lead-free Nanosolders for Nanoscale”,
NSF grant September 1, 2012

. Toxics Use Reduction Institute (TURI)

. 3M Non-tenured Faculty Grant

. Center of High-rate Nanomanufacturing (CHN) Seed Fund
Chemicals and materials in-kind support

. Edward Briggs, Indium Corp.

. Don Longworth, DDi Corp.

Group members
Dr. Qingzhou Cui, Dr. Xiaopeng Li, Molly Clay, Yang Shu, Weihan Chin, Karuna Rajathurai, Erica Chin,
Subhadeep Mukherjee, Yingying Sha, and many undergraduate students.




APEX -
G’EXPO . . " MANDALAY BAY RESORT AND
il

— CONVENTION CENTER

NEW IDEAS ... FOR NEW HORIZONS  LAS VEGAS. NEVADA




APEX ‘
GEXPO . — MANDALAY BAY RESORT AND
il

— CONVENTION CENTER

NEW IDEAS ... FOR NEW HORIZONS  LAS VEGAS. NEVADA

New England Lead Free
Consortium Members 2000-2013

Raytheon d ==y isola

. A V.Yde),

w.'-i n | “ |
; EMC w@nhALL
ﬁ, COErLARY where information lives Wall lndustries, Inc.

f/'j;ZZZS/’ ¥ STENTECH

| |
= TURI ]

International Rectifier


http://www.bench.com/viewer/services.asp
http://www.bench.com/viewer/services.asp
http://www.teradyne.com/
http://www.teradyne.com/
http://www.textron.com/index.html
http://www.textron.com/index.html
http://www.emc.com/index.jsp
http://www.emc.com/index.jsp
http://www.irf.com/
http://www.irf.com/
http://www.wallindustries.com/index.asp
http://www.wallindustries.com/index.asp
http://www.enthone.com/de/news_detail.aspx?Page=news_ormecon.ascx
http://www.enthone.com/de/news_detail.aspx?Page=news_ormecon.ascx
http://www.google.com/imgres?imgurl=http://www.asmalldoseof.org/historyoftox/1940-1960s/EPA_logo.png&imgrefurl=http://www.asmalldoseof.org/historyoftox/1940-1960s.htox.php&h=600&w=551&sz=100&tbnid=IW73V7GYH3AJ::&tbnh=135&tbnw=124&prev=/images?q=epa+logo&hl=en&usg=__JVg7zdXN8pUM_TkELTRyd0PTcRs=&sa=X&oi=image_result&resnum=3&ct=image&cd=1
http://www.google.com/imgres?imgurl=http://www.asmalldoseof.org/historyoftox/1940-1960s/EPA_logo.png&imgrefurl=http://www.asmalldoseof.org/historyoftox/1940-1960s.htox.php&h=600&w=551&sz=100&tbnid=IW73V7GYH3AJ::&tbnh=135&tbnw=124&prev=/images?q=epa+logo&hl=en&usg=__JVg7zdXN8pUM_TkELTRyd0PTcRs=&sa=X&oi=image_result&resnum=3&ct=image&cd=1
http://www.cobham.com/
http://www.cobham.com/
http://www.cobham.com/
http://www.cobham.com/
http://www.brandsoftheworld.com/download/brand/195425.html
http://www.brandsoftheworld.com/download/brand/195425.html

APEX - \
Gfxpo . —~— MANDALAY BAY RESORT AND
il

NEW IDEAS .. FOR NEW HORIZONS  LAS VEGAS, NEVADA

Interested in Joining proposed Nano
Solder Development Consortium in 2014?
Contact
Professor Sammy Shina 978 934 2590
Sammy_Shina@uml.edu
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