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Aligned Wafer LLevel Bonding can be described as process that
allows stacking| two or more processed wafers together involving,
“‘the application of intermediary layer, wafer alignment and bonding”
(Lindner, 1439).




BEnEiits e AligneaVaier Bonding

« Jihe benelits of device stacking are:

« "S|ze reduction

* jncrease In “silicon efficiency

* ‘reduction in signal delay

« reduced parasitic

« decrease In power consumption

* 'Increase In speed

* ncrease In number of neighboring devices

* extension of bandwidth”
(Linder, 1439).




Intermediate Layers for Wafer
Bonding

An intermediate layer is necessary when bonding two wafers or substrates
in wafer level alignment.

There are seven different types of intermediate layers, “available for 3-D
interconnection technology and wafer level packaging:

/ <ISolder alloys: requires low temperature and low force
~«/Gold to gold wafer bonding: requiring high temperature and high force
~«Copper to copper wafer bonding: requiring high temperature and high force

—<Aluminum to aluminum wafer bonding: requiring reduced atmosphere
(forming gas), high temperature and high force

“<@Anodic bonding: requiring high temperature, high vacuum, high voltage
Z<Silicon direct bonding (SDB): requires ultra clean bonding environment

“=Polymer bonding: requiring low temperature, low force, high vacuum”
(Linder,1440).

The various mechanical properties of the surface is vital to the viability of
the process viscosity, thermal mismatch and fragility of the bonding
elements should be considered.




Infrared Alignment:

One ofi the first metheds used in
waler alignment was; Infrared
Alignment.

TIhis method! utilizes the infrared
light for the alignment process.

Silicon is, “transparent in the
infrared spectrum, 6ne can| VIew.
and aligni beth wafers to each
other” (Mirza, 677)

The limitations of using infrared
iImaging|is diffraction; “alignment
errors of +/- sum”

Tiransparency: of the wafers may.
not be entirely clear due to
composition of the wafer,
particularly metal components that
do not allow infrared light pass
through (Mirza, 677).

Figure 2. Infrared alipnmeni of two silicon wafers by through
wafer IR video imaging




ThreughrYWaier Via iHoles

« Elches an hole entirely:
tnreughitie first water to
view! the second waler for
the alignment process

shown i figure 3. 1
* This process “requires §

the backside via hole
mask to the front side of
the water (Mirza, 677).

« This method!is useful in ___4™Objective

MEMS a PP I (_:atl ons Figure 3. Use of through wafer via holes for wafer to  wafer
WhEere the thickness IS alignment

several microns.

precision registration of . & FEtched ViaHole




Wafer Backside Alignment

Utilizes alignment keys onithe
backside ofi the first:wafler which
are then aligned to the front side
alignment marks of the second
wafer, shown in figure 4.

Ihis method 1S, “al standard for
MEMS wafer bonding.

[Requires, precision| registration
precision registration of the
backside alignment keys to the
front side marks and exact
alignment of the wafers.

The registration oft alignment keys
and the aligning of both wafers,
“each introduce errors of the order
ofi 1 um” (Mirza, 678).

|s aceceptable for MEMS
applications; in the order of two or
more microns.
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Figure 4. Wafer to wafer alignment using Wafer
Backside Alignment Keys.




Face to Face Alignment: Using
SmartView

Ultilizes two) microscopes, for
alignment, ene aboeve andione
below! the wafer stack.

The two microscopes, system
focuses on a common axis
calibrated for each alignment.

Each microscope objective
observes one alignment key on
the surface ofi the waier”

Each micrescope digitally stores
the alignment key of the farthest
water thenialigns the wafers
according te the digital alignment
keys (Dragoi, 426).

Both wafer alignment stages,
‘uses encoded stage motors that
allow X,Y movements of 0.1
micron” (Mirza, 679).




Face to Face Alignment: Using
SmartView

« ' Bothwater alignment stages, uses encoded stage
motors that allow X, Y mevements of 0.1 micron™ (Mirza,
679).

«1 The face to face alignment method is able to, “achieve: 1
micren alignment precision: (Dragoi, 425).

« This process also has an “repeatability of the

T2e6a)surement system is/less than 0.35 microns”(Dragol,

«  Smart View, can be a completely automated system or a
semi automated system.

* [Face toface alignment is the most accurate alignment
available and Is completely viable in a commercial
Process.




Wafer Bonding

Intermediate bonding layers ane
either spun or sprayed on for
unifermity: of the layers.

Sprayed bonding agents such as
polymers; “average uniformity
achieved was 7.5%: (Lindner,
1440).

The process, ofi forming the
Interconnects and bonding the
wafers:is shown below: in figure 6.

Tihe usual thinning process

procedures are: ‘mechanical

grinding, lapping, reactive ion

etchingl(RIE), wet etching, ADP- N

DCE (Atmospheric Down Stream

Plasmai Dry: Chemicall Etching)” . : :
(Lindner’ 1 441 ) After thinning bOth Fzgure-&.. 3D Ifltexcomtems through alighned wafer bonding.
the top and back side of the it i

resulting wafer stacks.




Applications

3-D IC APPROACHES

/0s, A/Ds, sensors

andgluelogic Soquentially align, bond,

thin and interconnact

|/0s, A/Ds, sensors
and glue logic
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