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Figure 1.1 NEC’s 3-D stack-up chip scale package
(CSP) for memory devices.
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« Primary current issues in Microelectronics Packaging
e Embedded passives
e Thermal dissipation
* 3D integration

« Nanotechnologies in Microelectronics Packaging
¢ Nanoparticles
e Carbon nanotubes
e Nanoparticles & CNTs in ECAs
o Nanowires, nanospring contacts
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Nanoparticle inclusion in epoxy: AGNO,
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Figure.l Silver napocubes as obmained by the procedurs
datailed.

Surface treatments to avoid agglomeration ‘

Surface
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Fig. 10 Silver nanoparticles in-sitv formed in  the | . .
cycloalophatic epoxy matrix in the presence of HMPA - Figuze 1. Scheme of surface modification for mano-size filler
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Nanoparticle Properties (High surface/volume ratio-»catalysts, etc)
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Embedded PWB passives (Das et al, ECTC 2009, 591-598) )
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Nanoparticles 11/13/2009

/

High-k Ag nanocomposites
Ag nanoparticles from AgNO4

Coulomb blockade effect reduces leakage/loss?

Dielecric Properfies of Z0CBMAg Series
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(Morris)

Spherical nanopatrticles, radius r, separation s
Electrostatic charging energy:

Nanoparticle Charging: the Coulomb Block
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Electromicrographs of (Cr,Si
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Electrical characteristics typical of Coulomb Blockade devices
Qoulomb effects “wash out” at room temperature (thermal charging)

[80]:[20] [SiO]:[Cr] R(T) +ve/-ve TCRs
Balance TCR,; <0 and TCR ¢y >0

(Wu & Morris) ~ 11/13/2009
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(Prmted Nanoparticle Interconnect Deposition (Felba&

Schaeffer)
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Ag nanopatrticle paste : Initially, and
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600s, 3600s (Wakuda et al)

Au line cured by 300mW laser
(Bieri et al)

Nanoscale Ag on Si, before and
after sintering at 280° (Bai et al)

4 N
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One solder reflow

Metal Nanoparticles added to SnAg Solder:

Intermetallic Compound (IMC) Growth (Amagai)
Impact resistance markedly improved by the addition of Ni, Co, or Pt

Four solder reflows

& {

Top:
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IMC growth
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11/13/2009
Hg T Pt Bi Pa AL Rn A|SO CO, Pt

Lee et al, ECTC'05

Frzure 1 Acid-medified surface strocmrs of CNT

|

Young’s Tensile

Modulus (Tpa) | Strength (Gpa)

SWNT ~1(1-5) 13-53¢
Armchair 0.947 126.27
Zigzag 0.947 94.57
Chiral 0.927
MWNT 0.8-0.98 150
Stainless steel ~0.2 ~0.65-1.0
Kevlar ~0.15(0.257) ~3.5(29.67)
\ TTheoretical EExperimental

ﬁarbon Nanotubes (CNTs)

Arc/laser deposition - random ”spaghetﬁ"\
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High T CVD V-L-S process: vertical growth, uniform lengths

CNT classifications:
Single wall SWNT
Multi-wall MWNT

El ti
;nbgr:En Armchair, Zigzag, & Chiral
(%) Metallic & Semiconducting
SWNTSs: typ. % metallic, % semicond
Grow at ~ 900°C
231 MWNTs:  Metallic
. Grow at ~ 700°C (—365°C)
15.6-17.5
CTE~O0
Thermal conductivity ~6600 W/m.K
Electrical (Metallic CNT):
1550 Imaxcent > 10°A/cm? (¥1000 X I,
Ag/c)
._2 4

Menr ™ 70 X W,
Ballistic resistance

~12.5kQ
CNT “ropes” 104 Q.cm /
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EMC Sh Ield I ng Oh et al, Nanotechnology, 19 (2008) 495602 \
MWCNTSs (Cheng et al) : - :
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o Cu Wire, W= 50 nm . I o
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Graham et al, Diamond & Related materials (2004)
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(CNT IndUCtOrS (Mousa, Kim, Flicker, Ready, ECTC 2009, 497-501)
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0.9 vol % acid-etched CNTs:
+27% bending strength
+25% fracture toughness

Mechanical Effects (Yamamoto, Nanotechweb.org)

Acid etch:
Aids dispersion
Increased interfacial friction
Better than smooth CNTs

CRACE BRIDGING

SEM image of a fatigue crack being bridged by carbon nanotulbe fibres
(Image credit: Rensselaer Palviechnic Institate)
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(Yang Chai et al ECTC’'08)
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Figure 1: Schematic diagram of Blech-Kinsbron segment
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a
CNT Contact Bumps

(Liu & Wang)

/ / Silicon Chip
L

Lithography,
Evaporation & Liftoff

4/ Chip with
4 catalyst

ﬁ PECVD

Chip with -] .
\ i - CNT bumpS .h‘d 2 r;‘t“k"' [ ¥ 1’{?‘;-. ™
Placement of Aligned CNTs for Packaging
(Kyoung-Sik Moon, ECTC’08; Zhu et al, ECTC’06; Soga et al, ECTC’'08)
\B Doutie-z! o _
e £ e !
] ST g Do E
[ e i Hemcen & chig — —
Gj Figure 2. Schematic of the CNT-polvimer composite
Figure 6. Schematic dagem of “CoT mansfer technology™ preparation process using double-sided polyimide tape as
UBM: tnder bamp metallization. Ses the text for demiled a transferring layer.
explanations.
‘CNT Growth on Si: Localized heating (ting xu et al, ECTC'08) AT~400°C

50 pm
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( CNT Thermal Interface

(Zhang et al, ECTC’006)
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Pradham et al,
Nanotechnology, 20 (2009) 2457OQ
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CNT Heat Sink

(Liu & Wang)

T4

Fig. 1. SEM image of MWONT from plasma deposition. The scale baron the
leftis 1| micron and the one on the dght i 200 nm.

TR

2] =] =
=] @ o
T T T

Chip temperature (*C)

m
Y

o
(3]

(=)

(zhaonian Cheng, SMIT Center, Shanghai University)

26

MC2 1aKu

1 1 1
2% 3% 4% 5%
CMT volurne fraction of suspension coolant

1%




IEEE Santa Clara Valley Chapter, Components,
Packaging and Manufacturing Technology Society

November 11, 2009

percolation threshold
Ag more effective as flakes

Until sintering!

/Nanoparticles in Isotropic Conductive Adhesives\
(ICAS)
1012
9.
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G
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E’ 3 Pofj Flakes Spherical Particles
Z 10’ -
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= 10%
&
104
P g
10°° . ' . r
0 10 20 30 40
\ Particle Volume Fraction p, /v% 9 /
/
Ag nanoparticles added W
to Ag-flake ICAs
Fan/Su/Qu/Wong [ECTC 2004]
[Wong et al, ECTC’06]
» 80% Ag + nanoparticles: no effect o
e 70% Ag + nanoparticles:

i)

Figura 1. Schaparic of pardcles and Sakes beramsn the mam]
md pads. (2] & coodurtive adbesives with sibsr fzkes as
fllars; (B} & coeducivs adbecac wi2 both fiakec and
mnoparticles as Sllem; (o) & condective adbecives with
sintared pesticlss ameeg flakes as Sllars.
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a
Nano-particle sintering

[Wong et al, ECTC '04 & '06] !
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4 N

Ag Nanowire Anisotropic Conductive Film (ACF) (Au seed, Co alignment)
[Lin et al, ECTC'05]
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Ni Nanowire Contacts
[IEEE Trans CPT (2008)]
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Microsprings
(Ma et al)

Sputter deposition: Ti release layer

|

Sputter deposition: Mog,-Cry,
(Stress-engineering)

\

Define release
window

Etch release
layer

Interconnect curls

up
automatically

Pattern interconnect
by photolithography

=

|
A==

l

\—

Ti Release layer

MOgy-Cry, metal |

Substrate

Photoresist

November 11, 2009
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(a) Bare wafer
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Summary

» Nanopackaging materials (electrical, mechanical, thermal):
» Nanoparticle applications
e Carbon nanotube (CNT) applications
e Electrically conductive adhesives (ECAS)
» Nanowires, nanospring contacts

» “Nanopackaging: Nanotechnologies in Electronics Packaging,”
J.E. Morris (editor) Springer (August 2008)

IEEE Nanotechnology magazine (regular Nanopackaging column)
IEEE Transactions on Nanotechnology

Nanotechnology (I0OP)

IEEE NANO conference (nanopackaging sessions)

o Nanoelectrenics
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