Aluminum to Aluminum Bonding at Room Temperature

F. Marion, B. Goubault de Brugiére, A. Bedoin, Mblgert, F. Berger, A. Gueugnot, R. Anciant, H. Ribo

CEA - LETI,

MINATEC

17, rue des Martyrs — 38054 Grenoble Cedex 9, Eranc
fmarion@cea.fr+33 (0) 4 38 78 41 20

Abstract

In this work we show that high density and very lo

pitches face to face Aluminum/Aluminum cold bondirgy
feasible when using Aluminum coated micro-tube<riresl
into Aluminum pads.

First, mechanical simulations by FEM show that the

insertion pressure felt on the top edge of the Ahum coated
micro-tube is sufficient to break native aluminumxide
present at the interface and also insure the lgigstic
deformation of aluminum terminations necessary dood
electrical and mechanical contact at the joint.

Then an electrical demonstrator with ovef &onnections
at a 10 um pitch is designed, assembled and cleaized: the
resistance values of the Al/Al bonds prove to bmailar to
those obtained with Au/Al bonds.

lon Beam cross-sections associated with SEM miomsc
is used to characterize the morphology of the fater and
shows that seamless Al/Al interfaces can be obtiaingertain
conditions are fulfilled.

Finally the fundamentals of the cold insertion biogd
process are discussed and a relationship estathgite “cold
roll bonding” mechanisms, it is shown that the techniques
present some similarities related to very large sta
deformations of bonded materials. This helps udeteelop a
bonding theory to thoroughly explain the mechanisthe
Aluminum/Aluminum bonds formation during the insent
process, as well as its kinematic scenario.

Introduction

Applications: Higher device performance comes with

In the present study we replace Gold coated migbesg by
Aluminum coated micro-tubes in order to create a

omogeneous and continuous Al0.5Cu interface betwee
micro-tube and its connecting pad.
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Figure 2: Al/Al bonds

This approach has four major advantages:

a- The material homogeneity of the Al/Al bonds dHbou
reduce the inherent reliability concerns presennost other
bonding techniques using heterogeneous metal staksas
“Insertion Bonding” with Au/Al interfaces [1,3], “@oper
pillar Solder Bonding” or “Transient Liquid Phasemling”
(TLP) with various UBM/solder couples. For all tkes
bonding techniques reliability concerns are geheralated
to intermetallic formation and evolution at thenirontier.

b- All vertical interconnections inside a 3D sta@K have
the same_thermal budget thanks to the room temperat
bonding process.

c- Any Gold processing being eliminated of chip

increasing /0O counts, which, when coupled to IQesi preparation, this process make possible the wedeel |

reduction and 3D integration creates the need &y Vine
pitch flip-chip technology for inter-stratas contiens inside
3D chip stacks. In order to increase density ancgazh a 10
pum or smaller vertical bonding pitch reliable flighip
interconnection technology are needed, in this work

fabrication of the micro-tubes and pads througmdsad
BEOL (Back End Of Line) processing lines, wheremloum
is a fully qualified and accepted material.

d- Known Good Dies (KGD) using standard Aluminum
pads (without additional chip preparation or pastegsses)

demonstrate that Aluminum to Aluminum (Al0.5Cu) d@ol can be readily flip-chipped over bottom chip or cait

bonding technique is a potential candidate.

Rational for Aluminum / Aluminum cold bondingn
previous works, connections of Gold coated mictmetu
inserted
positively demonstrated (figure 1 & ref. [2, 3]).
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Figure 1: Au/Al bond

equipped with Aluminum coated micro-tubes.

Definition of cold Welding:“Pressure welding utilizes

inside Aluminum (Al0.5Cu) pads have beepressure to rupture surface film at the joint ifstee of two

metals and also to extrude virgin metal betweeands of
surface contamination so that metallic bonding tedwe place.
The process is characterized by high pressure,iesppbr
short periods of time on metal that can be eitludd or hot.
By necessity bulk plastic deformation of the metwilsoccur.
In pressure welding it is generally accepted thando
formation is controlled by the extent of deformatiof the
faying surfaces...” [1]. Four consecutive stages ati@rize
any pressure bonding process:



When modeling the insertion described in figune@,are

- 1 Tracking the plastic deformations of the Aluomim layers

1- Removal/breakup of surface oxides or contaminants,

2- Contact between regions of uncontaminated metagspecially interested in:
(virgin metal extrude thru gaps in the ruptureddeyi

3- Activation of contacting atoms to form metallic labn on micro-tubes and pads in the first moments ofirisertion
(the contact area determines the extent of bonding) process.

4-

treatments or stress relaxation.

From this general definition we can deduce thenitedn
of “Aluminum/Aluminum cold bonding”:

“It is the process in which two Aluminum (or Alungim
alloys) are pressed one against the other at ughygressure
so that it induces such high plastic deformatiothatcontact
junction that native oxide or contaminants reagifgsent on
both surfaces are broken and that solid state Al#ids are
created at the interface”.

Applications of cold weldingwo interesting and common
industrial applications of pressure welding ardl“bmnding”
(metal foils assembly) and “wire bonding" (Aluminuto
Aluminum wire-bonding is routinely practiced in tlsemi-
conductor industry; it utilizes high deformation ain
Aluminum bonding wire pressed on an Aluminum pad).

In this later case the Aluminum/Aluminum wire bodde
joints are prone to enhanced reliability when comagato
Gold/Aluminum wire bonded joints because homogegseol
Aluminum bonds are not subject to intermetallicnfation
related to heterogeneous Gold/Aluminum joints [7].

The use of cold pressure welding has also beenopexp
for 3D vertical interconnections with various metal
combinations:

- Insertion of Gold micro-tubes in Indium or Aluminum
pads has been demonstrated [2, 3],

- Low pitch vertical Gold to Gold pressure welding eeen
demonstrated by Watanabe [5] using cone shaped G¢
bumps inserted into doughnut shaped Gold electrode;

- A Copper to Copper cold welding process has be¢
demonstrated by Okoro [6] with the insertion of @pBer
bump structure into sloped Copper landing pad (@teoto
increase significantly local plastic deformation).

Finite Element M od€ling:

Atoms re-arrangement as a consequence of heat po&t-Tracking the behavior of the native Aluminum @ion
the Aluminum pads and micro-tubes.

Simulation methodology and outpufdhe micro-tube and
pad are modeled as a 2D-axisymmetric problem utieg

“ANSYS” software. Initial geometries are extractéim
SEM views of real micro-tubes and pads (Fig 8 andT@e

model construction and boundary condition are diesdrin
[11]. Table 1 shows the mechanical parameters udsed

Aluminum modeling: it is modeled as an elasto-ptast

material described using a stress/strain curve cbase a
logarithmic approximation built oay, om values issued from

table 1 and a non-zero final slope for large ptadéiformation
(strains up to 1000% are defined).

Figure 3 describes the initial structure beforeitien.
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Figure 3: Model for the micro-tube insertion,

Now we refer to figure 4 (modeling during inserjicand

Introduction: the insertion of Gold coated micro-tubesye gefine:

inside Aluminum (Al 0.5Cu) pads has been modeled i
previous works by Finite Element Method (FEM) [4,11
making possible the prediction of the mechanicdlaveor of
the assembly described in figure 1. In the preserk we
replace the Gold coating on the micro-tube by amhum
coating (figure 2). The mechanical modeling of ctiues
involving Aluminum differ of those including Goldebause
their mechanical characteristics are quite differespecially
those related to large plastic deformations, (Table

E (GPa) | oy (MPa) | om (MPa) | v
Al0.5Cu | 64 110 350 0.35
Au 90 300 825 0.45

Table 1: Gold and Al0.5Cu mechanical parameters.

N_ " as the “insertion depth= the distance betweka fiat

of the pad and the highest point of the Aluminuip leeyer
of the micro-tube

- “e” as the “residual thickness of the Aluminum daper”
(distance between the highest point of the Alumirzap
layer and the highest point of the rigid WSi sulusture.

- R as the reduction factor (the reduction in thedsiof the

Aluminum cap layer)R=(&init-Efinal/€init).

FEM results (1), evolution of the pad shape during
insertion: using the FEM model, the shape of the tube and pad
can be tracked and predicted. Figure 4 gives tioduton of
pads and micro-tube’s morphologies during the finsiments
of the insertion process. The top aluminum cap iist f
deformed up to statb where an equivalent plane to plane
mechanical contact is reached. Pursuing the insettirough



state ¢ conduces to statel where an insertion depth of
I=405nm is reached (note the non-symmetrical dedition of
the tube shape due to the proximity of the pad $teface on
the right side). In statd, Aluminum cap thickness reduction
is R=70% Thanks to multiple re-meshing cycles, piestic
deformation has been modeled up to an insertiof.5pm.
For deeper insertion depths, the observation of caaes
(micro-sections described in the experimental eaftiakes
over and gives the morphological evolution aftex present
FEM limit is met.

iy

e=320nm e=195nm e=130nm
-state a- -stateb- -statec-

[=405nm
- state d-

e=96nm

Figure 4: Pad and tube deformation at various steps during

insertion.

FEM results (2): prediction of aluminum oxide bregk:
a 3 to 5 nm thick AlI203 film is readily present the micro-
tube and pad surface before insertion; it formsinady after
Aluminum deposition when returning to atmospheree Tilm
is a nonconductive dielectric impeding the formatiof an
electrical contact between pad and tube at conféeminum
oxide is a brittle material with an ultimate tepsfitrength of
1.5 GPa [12, 13] and an ultimate strain of 1% (Ewmheation
greater than 1% will lead to the film breakage)e Thira-thin
oxide layer is not modeled in our Finite Elementsddl but
we assume that it undergoes the same deformatiotheas
comparatively very thick and ductile Aluminum maaér
present underneath (either on the pad or the ntidres).
Figure 5 shows the total mechanical strain massateb and
d.

In stateb, the Aluminum strained over 1% is colored

orange. If we compare this strain with the ultimatein of
Al203, we can predict that the dielectric layer kedn the
entire contact surface. Pursuing the insertion aoes to very
high strains of Aluminum.

FEM conclusion:the large deformation modeling at the
Al/Al interface is a real challenge because it degith strain
ratio largely over 100% and thus requires numeroeis
meshing cycles during the solving process.

The model has been used for an insertion up toib0ut
shows its limit for larger insertion depths, most#jated to re-
meshing issues. Until this point, it allows to potdan
Aluminum cap layer reduction of R=70% for an ingert
depth of 1=405nm (fig. 4) and to predict that aecéiical
contact may possibly be formed in the red contaeas of
figure 5 through largely disrupted Al203 lands

Experiment

The test vehicle of figure 6 shows the Al0.5Cu edat
micro-tubes on bottom chip and A0.5Cu pads on thip c
before insertion, connections yields are electiyjcadsted
thanks to daisy chains. Figure 7 is a microscopev\of the
bottom chip with its peripheral probe pads.

1N

Al pads

SRR

Daisy chains Al tubes

Figure 6: Daisy chain measurement

In stated, the red area endures a strain of over 80 %.: very Figure7: Daisy chain measurement

large islands of Aluminum Oxide free surfaces amesent at
the interface, they allows to predict that, if akecérical
contact is to be formed, that will be in the rechtesting
areas.

e=96nm
[=405nm

- state d-

Il <1%
O >1%

Bl <30%
B > 80%

- state b-

Figure 5: Total mechanical strain in the assembly

The number of vertical connections is 100 000 aph®
pitch, the total number of connections addressethéydaisy
chains is 9744 (9.7 % of the total connectionsgytigive
access to the interconnection yields: % opens, éftstand
vertical resistance of the connection.

Micro-tube fabrication: micro-tubes fabrication on
200mm wafers is described in [2h the present work 4 um
diameter micro tubes are built over a rigid Tungs&icide
supporting structure, they are 2.2um high. A 300 thiok
Al0.5Cu cover layer is deposited over the Tungsten
shaped” micro-tube.

The capping Aluminum layer thicknessi*at the tip end
is measured to be 300nm (FIB psection + SEM vieng).



any case as a “true stress” which is obviously meiferm as
shown in FEM section.

t= 5,36 urh

Figure 11: projected micro-tube section area

Force Number “om” Ramp F' | Holding
: Fm (mN) | Samples| GPa | (mN/sec.)| time (s)
o — 6 2 1,12 0,1 1
Figure 8: Al0.5Cu micro-tubes, SEM / FIB psection 8 2 1,49 0,1 1

Pads fabrication: 5.6 um diameters, 2.5 pm thick,TabIeZ: Experiment (wafer scale DOE)

Al0.5Cu cylinders are processed on 200mm transparen
wafers using sputter deposition of Al0.5Cu layed atandard
photolithography tools/techniques for pads defimiti Pads
are arranged in a 10 um pitch array perfectly netdo the
micro-tubes array.

The experiments are implemented using a chip temwaf
(C2W) assembly technique; the populated wafer is
represented in figure 12, each die is inserted thighinsertion
conditions described in table 2.

. 3 b 1 Bonded
T i N chips
e b=
~ B

Figure 9: Al0.5Cu pads, SEM top view

Figure 12: Chip to wafer bonding (C2W)

Bonding: bonding is performed using an SET's FC30Qxperimental Results
flip-chip bonder, the experimental design vary thaximum Electrical results: Connecting yields (opens and shorts)
applied loadFy between two values ffin, Fmax for fixed and serial resistances per connection are extréaiedprobe
loading rate Fand fixed holding timeth. (fig. 10). The measurements. 5124 connections per chip are tested
interconnection yield, the interconnection resistaand their statistically calculate the connection yield, 46&thnections
standard deviation are chosen as responses. FAQUBGAM per chip are tested to calculate “shorts” betwedjacent
capped chips are assembled for electrical tesBirips with connections. The serial unit resistance of eachmection is
6 mN load per connection, 2 chips with 8 mN load pegiven by the slope of the line plotting chains s&mice’s
connection. Top and bottom chips final alignment ¢® versus number of connections per chain (chains, d02 50

measured thanks to the transparency of the topratds connections). The calculated resistance includeink “|
resistance” between connections and “access nesistérom
F link to connection. More precise measurements uaingyed
Fumz P the > Kelvins are in process in order to extract “puregrtical
connection resistance purged from link and acaesistance.
Fu Yield Serial resistance per
th connection
Force | Ref Connection | Shorts | Mean Min/Max
F (mN) CH Yield mean| Defects | resistance| resistance
) t % % (MmQ) (green cell only)
Figure 10: Bonding parameters per connection 8 103 ] 100 0 | 183 1017264
The mean equivalent stregst) is representative of the mean® 104 1 99.95 0 | 259 180/620
stress at the micro-tube’s end at maximum loais, ieported | 6 91 88 0 | 570 160/10330
in tablel, it is derived fronem= Fm/St with St= projected g 109 | 55 0 | 360 180/1670

micro-tube area (area of a micro-tube as physicathasured

on a SEM top view: fig. 11). It should not be caesid in .
Table 3: Electrical results



Devices CH103, CH104 are inserted with a force ofN per

connection; devices CH91 and CH109 are insertetl wit

force of 6 mN per connection
The “mean resistance” reported in table 3 is theraye

Microstructural analysis:we perform a transversal cross-
section analysis of CH109 in order to quantify fhentier
between a good and a bad connection. We first lesttadblink
between electrical measurements exposed in figdrearid

microstructural results extracted from the crosgige of
sample CH109. Observations are done on this saimpleler
serial resistance cell, the “max. Resistance” it thf the to determine the physical limit between good andl ba
higher serial resistance cell. connections on a component presenting an evidewot Itw
Discussion on electrical resultsthe mean value of the insertion force” of 6 mN per connection. We userpl€ lon
interconnection resistance per connection is 22Dfar the 8 Beam Cutter (EM TIC3X) from Leica to cut throughrgae
mN insertion group, it compares favorably with tesistance CH109 until we reach the connecting area; then wasure
of 293 Q) obtained in previous works for the insertion offom SEM views of the cross sectioned area theriiose
4um diameter gold coated micro-tube into AlI0.5Cudm([4]. depth ‘17 and the residual Aluminum cap thickness™ at
The mean interconnection yield of the high forceeition points A,B & C points, as described inside figute 1
group is 99,97 %. Inside the “8 mN” group, the devCH103
is totally free of any connection defect (shorbpen: fig 13), A E C
the device CH104 has only one connection opene@ (on .
missing chain).

resistance of all 100% vyielding cells (green ceflfigure 7 &
8 for example), the “min. Resistance” is that oé tlower

~

In revenge, the 6 mN insertion group presents \@BIgr \‘?\A B
interconnection yields (55%, 88%) ‘\\ i

Let's detail now one sample out of each group ideorto e c
analyze the dissymmetrical low force/high forcectieal ‘P\
results (fig 13: sample processed using high fofice, 14: N

sample processed using a too low force). The iaterection
map of figure 14 shows clearly identified non-corted areas
for a “low force” condition device (red cells repemt at least
one open chains inside the cell), connection defa later
analyzed then discussed in the “microstructurallysis
section for device CH109.

Connect. CH103
Yield Shorts  MeanR.=183 mQ Rmin (mQ) Rmax (mQ)
100% 0% Force 8 mN 101 264
Connection yield (%) Good yield
100% connected cells
100 100 100 100 100 100
Bonding resistance CH 103 - F=80 mN
10 100 100 100 100 100 100% /
100 100 1200 100 100 100| E *° ~
; 60%
100 100 100 100 100 100 % 0% // 113 5
: Fadoy i -
100 100 100 100 100 100 20 / i1
0% i §
100 100 100 100 100 100 0 100 200 300 : '
Resistance (m€2)
100 100 100 100 100 100

42 cell plotted Figure 16: Microstructural analysis: CH109

Figure 13: Connection yield/access resistance (8mN) Table 4 compiles vertical resistance values, if@mertiepth

Connect. CH109: E——. E— and reduction factor at point A, B, C.
Yield Shorts | Mean R.=410 mQ | (mQ) (mQ) With, as defined in figure 15:
55% 0% Force 6 mN 180 1670& open | |= Insertion depth extracted from SEM views
~ Connection yield (%) Poor yield R=Reduction factor = (e e4) /e1.
108, 100 Largely unconnected areas - e1=Aluminum cap thickness before insertion (figure 8)
100 180 Bonding resistance CH 109-F=60 mN - e4=Aluminum cap thickness after insertion (figure 15)
100%
100 € oon - Rs= serial resistance measured before cros®sagiof the
100 g oo sample.
§ 0%
100 100 100 20% —
\\ % /
100 100 100 100,100 B
100 100 100 100 100 LOO~ Reslstance (m02)

Figure 14: Connection yield/access resistance (6mN)



=842 nm I=609 nm I=1058 nm
e4=44 nm e4=63 nm e4=30 nm
R=85% R=79% R=90%
Rs=[251-354] Poor connection | Rs= [178-289]
mQ yield /opens mQ

L WO N S T N
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Al (pad)

Al (tube)

200nm Signal A= nlens  EMT = 3.00KkV I mﬁ;
Meg= 36.02KX  WD=é0mm R

Figure 18: Seamless Al / Al frontier, CH104

Based on this full microstructural analysis (4 skwpross-
sectioned, three observation points each) and tessc
coupled electrical measurements corresponding toh ea
observation point, we can state that a minimum riitse
depth of 800 nm coupled to a minimum deformatidiorR=
83 % are required to insure acceptable connectielusy
these morphological conditions are insured by amlig8

1Feb 2013 133417
Uitra Plus.

Table 4: CH109: access resistance (Rs), insertion depth inimum insertion force per micro-tube.

and reduction factor (R)

Discussion: first, the compared SEM view of table 4
clearly shows that the electrical contacts arebdisteed_at the
tip of the micro-tube (partial seamless joint fienkt

At point B a low insertion depth is measured (609 and a
clear frontier (seam) observed between the Alumimdrthe
micro-tube and Aluminum of the pad (poor or no meed
electrical contact). At point A and C a high ingantdepth is
measured (842nm, 1058 nm) and a seamless frordier
observed between the Aluminum of the micro-tube #red
Aluminum of the pads (good electrical contact mead)

Other cross sections analysis are practiced on0GHL

CH104 which belongs to the 8 mN insertion group.(fi7,

18), they clearly show that the insertion depthtfis group is
always above 1000nm for all observation points toad the
residual Al0.5Cu layer always remain under 60 nre.:(i
e4<50 nm, R>83%). They confirm that the electrivahtact
is established on the top end of the micro-tubsgamless
frontier between Aluminum of the micro-tube and winum

of the pad can be observed) and that a solid sfat®inum

bond is prone to be established in this area, THislyais
should confirm these assumptions. In all cases, i@l

300nm high Aluminum cap of the tube (fig. 8) isgaly

deformed into a “mushroom like” shape, spread auttle
internal and/or external sides of the Tungstercifigi micro-
tube’s structuring heart (table 3 & figure 17,18).

——————

I=1290 nm
e4=30 nm

R=86%
Rs=215 mQ

I=1290 nm

Signal A= inLens  EMT= 300KV

1Feb2013 132756 g
Mag= 30I5KX  WD= 40mm s Plus. ;

Figure 17: Microstructural analysis, CH104

Discussion:
The FEM simulation section has shown that:
Native Aluminum Oxide layers starts disrupting wtiae
insertion depth exceeds 1=195 nm (orange aread)fi
Large Alumina areas of pure Aluminum lands are epen
for 1 > 405 nm (red area of fig. 5), SEM profilet the
junction around I=500nm confirm that simulated et
. are conform to real measured micro-sections (mashro
I like shape of the micro-tube’s tips)
Unfortunately, the too large plastic deformatiomsolved
over I= 450nm do not yet permit the FEM modelingleéper
insertion depths but the experimental section shibat it can
thoroughly complete the morphological study for 384nm
allowing us to build a first kinetic theory of thgonding
process, which is exposed in the next section.
Bonding mechanism theoryanalogies exist between the
“insertion” and the aforementioned “cold roll bongi
mechanisms. Let's remember that, in the roll bogdirocess
two metal foils are stacked together and then prefisrough
a pair of rolls until an appropriate deformatiorahieved to
produce a solid state bonding between the origivethl foils
[8, 9, 10]. Figure 19 describes this process amdnsarizes
the basic rules that insure good bonding relativtelythe
reduction factor R (R=reduction in the thicknesghsf foils),
let's assume the thickness entering rolleristhickness at the

exit is €ou, thenR= (&in - Eout)/ &n.

Bond strength (MPa)
40

[10]

|
&n Roll 1 Colq bond

/\I<->
Deformation zone

0

0 20 40 :eo 8R (%)
Figure 19: roll bonding, & Figure 20: bond strength versus
reduction factor reduction factor R for Al foils



Depending on surface preparation, Aluminum to Alwmn
roll bonding becomes effective from a minimum rethrc
factor of 21% (figure 20).
Four different theories have been proposed yekpdae the
cold roll bonding mechanisms [8, 10]: the “film drg”, the
“energy barrier theory”, the “diffusion barrier trg” and the
“recrystallization theory” (or combinations of tkes
The “film theory” is the most accepted one; it ppeps that
the bonding take place in a three stages procesagh the
fracture and extrusion of the work hardened surfagyer
pressed in contact:

1- Physical contact,

2- Activation,

3- Interaction between bonded materials.
We may extend the roll bonding theory to the Alfiddertion
case, what we propose here is a derived “four stepsario”
for the Aluminum to Aluminum insertion bonding cagkis
bonding scenario is described in figure 22.

Stepl: First contact between micro-tubes and top surddice

pads.

Insertion depth is zero, the Aluminum thicknessering the
micro-tube is el (original film thickness), mechaaticontact
is established between Aluminum surfaces covergd Svihm
native oxide on each side, no electrical contapbissible

Step2: the insertion depth i

Aluminum thickness on tube
deformation and reduced to e2. Native AI203 filnartst
disrupting on the micro-tube and on the pad duehitgh
plastic deformation (as shown by FEM simulationgry/poor
/ noisy electrical contact can be established ¢t&@8btonfirms a
poor electrical contact is obtained at point B four
experimental conditions).

Step3: the insertion depth is;|
Aluminum thickness on tube is further modified bagtic
deformation and reduced to e3. Native Al203 filnisrupt

largely on ptube and pads and pure Aluminum exsude
Pure extruded

through these disrupted AI203 lands.
Aluminum from pads and micro-tube joins and stadaeding
Larger contact areas and then good serial resistaan be
obtained for increased insertion depth | and rédadactor R
(SEM view point A & C, table 3 confirms). Aluminubmoth
ends fully interacts to build solid state bonds andjood
electrical contact is established

Step4: thermal annealing may be necessary to compleftoe

solid state bonding by diffusion.

This scenario is supported by a good correlatiotwéen
electrical results (bonding resistance) and micuostral
results after insertion (i. e.: insertion thickneswl reduction
factor) obtained at point A, B, C of the sample ©BI1
(Table 4).

is modified by plastic N

I= 405 nm
e =96 nm

(FEM)

e =96nm
I =405nm

- state d-

Bl < 80%
> 80%

I=609 nm
e =63 nm

(SEM)

s oef

Figure 21: comparison of FEM with real cross section

T

STEP 1. Mechanical contact. STEP 2: Al203 disrupted on Al
Native Al203 (both sides) preventspad only. No electrical contact:
from electrical contact Al203 continuity on ptube tip.

STEP 3: Pure Aluminum is

extruded through largely disrupted A S
Al203 lands in regard. ,\\M* e3™ jﬁ/:/
Interaction occur  between pure i’: 3,
extruded Al, solid state joining Nk
begins

Good electrical contact established

r high 13 & low e3 values.

STEP 4: (optional) good electrical contact can be compleby thermal
annealing.

Figure 22: an Al/Al bonding scenario



Conclusions

We have shown that cold Aluminum to Aluminum pressu 9.

bonding is feasible under the conditions exposeithigiwork
and for an interconnection pitch of 10 pum.

For the two Aluminum parts to be bonded under casgive
pressure, it is imperative that the Aluminum cowngrlayers
on the bonded surfaces are fractured to allow fraaterial
underneath to flow through and create metallic dsaliate
Al/Al bonds

For this to happen it is necessary to create sughastic
deformation of the two parts that the Aluminum dager at
micro-tube’s end is reduced by more than 83% ioktiess
together with a minimum insertion depth of 1 pum.

Future works will explore:

- Micro-tubes insertion into_buried Aluminum padsoirder
to suppress “pads tearing” that can be observedrass
sections, then force contact areas and finallyeimse solid
state “seamless” bonding areas.

- The development of a pre-applied underfilling pséo
prepare components to a full reliability thermalfiidity
stress cycle.
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