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Wafer Bonding and NanoCleave:

The New Lithography Scaling

By Thomas Uhrmann, EV Group

In semiconducior manufacturing,
3D integration — the manufacturing.
vertical assembiy, and packaging

of muttiple diffierant dies into a

singie package — is increasingty
important in optimizing the power,
performance, area, and cost (PPAC)
metric in semiconductor design and
manufacturing, as well as enabing
roadmap continuation. At the same
time, wafer bonding is a critical
enabier for 3D integration. Cne can
even argus that waser bonding is the
new E&hography scaing because
without temporary and permanent
wafer bonding one cannot vertically

stack components and dies (Figure 7).

In the past, 3D integration was
driven primarity from a packaging
perspective. In other words, different
dies on interposers or fan-out wafers
wers connected to each other, with
considerable performancs inCreases.
Howsver, the dies were decigned
and manufactured as a classically 2D
System on a chip. Despite enormous
efforts and successas in the arsa

of ithography and transistor node
reduction, performance increase has
slowed down and requirst a rethink
in the manufacture and design of
futurs processors and memories.
Above ai, thers is N0 way around

8D integration anad wafer bonding or
layer transéor.

Moving Beyond Glass Carriers

Carrier tachnologies utilizing glass
substrates, coupied with organic
adhesives and wafer bonding
processes, have becoms an

stablished method for building up
device layers in 3D devices. The
device wafer is temporarily bonded
onto the glass carrier wafer using the
organic adhesive, whera it is then
thinned on the backside. Next, an
ultraviolet (UV} wavelength laser is
used to dissolve the adhesives and
release the device iayer, which is
subsaquently permanently bonded
onto the final product wafer.
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Figure 1: Key industry drivers for improved system p
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Figure 2: Reconstructed D2W integration combining die placerment and processing @nd recon-
struction of ultra-thin chiplets with high bandwidth W2W hybird bonding.

Howsver, giass substrates

are difficult to process with
semiconductor fab equipment

that has been designed primarily
around sdicon, and that requires
costly upgrades to enable glass
wafer processing. Simple things
such as wafer edge detection and
pre-akgners can be upgraded to
make established equipment carrier
compatible. More fundamental
issues with glass cariers are their
elactrical and thermal isolation
properties, which demand new
recipes for deposition or the
deposition of extra layers on the
wafer backside 0 allow slectrostatic
chucking in deposition and etch
equipment. In addition, organic
adnesives are genserally limited {0
processing temperatures below
300°C, which limits their use in back-
end processing.

In a parfect world, fabs could

utilize silicon carriers with inorganic
release layers to avoid these
temperature and glass carrier
compatibifty issues. Recently, a
revoiutionary layer ransfer approach
was introduced that eliminates

the nead for glass substrates for

F28 Layer Stacking

advanced packaging. This avoids
Doth temperature and glass carier
compatiility issues and enables the
ability to transfer ultra-thin (single
micron and below) layers via carriers
in front-end processing without
changing the processes of record.

Revelutionary Infrared Laser
Releasze Technology

This new layer release technology for
siicon, called NanoCleave™, utilizes
an infrared (IR} laser and specialy
formulated inorganic release
materiais to enabie laser debonding
on silicon with nanometsr precision.
Tne backside of the silicon wafer

is exposed to the IR laser, which
operates at a unique wavelength to
which the silicon is transparent. An
inorganic reieass layer that is pre-
puilt into the silicon stack through
standard deposition processes
absorbs the IR light, resuiting in

the cleaving of the sikcon ata
predetermined and precisely defined
layer Or area.

Utilizing inorganic release layers
enabies more precice and thinner
release layers to be used in

the range of a few nanometers

versus a few microns for organic
adanesives. Subsequent stacking

of such thin device layers enabies
higher bandwidth interconnects,
and opens New opportunities

0 design and segment dies for
next-generation high-performance
systems. In addition, the inorganic
release layers are compatible with
high-temperature processing (up to
1000°C}, enabling layer transfor for
many new front-end applications,
such as epitaxy, deposition, and
annealing, whers organic adhesnes
are incompatibie.

The nanometsr-pracision of the
NanoCleave process supports
advanced semiconductor device
roadmaps cafing for thinner device
layers and packages, increased 3D
integration, and reduced processing
costs through thin-layer transfer ana
the slimination of giass substrates.
At the same time, NanoCisave's
compatibility with nign-temperature
processss anabies nybrid and fusion
bonding sven of ultra-thin layers on
silicon carriers, which in turn enables
completely novel process flows for
3D IC and 3D sequential integration
applications.

For interposers, several
improvements in integration and
patterning density are on the
industry roadmap for leading-eage
applications below 500nm line/space
pattsrning resolution. Furthermora,
integrated passive devices require
high process temperatures (mors
than 300°C) for dielectric deposition
and etching. This is generally
unsuitable for agnesive-based
carrier systoms since the processing
temperatures of most thermoplastic
and thermosst materials are smited
to 270°C.
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Figure 3: Face 10 back stacking of ultra-thin wafers on front-end compatitie siicon carmiers enabled by NenoCleave process.
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For fan-out wafor-level-packaging
(FOWLP}, glass carriers are

now standard and meest many
requirements of today's packages
and interconnact densities down 10
about 2um linewidths. However, new
concepts are nesded 10 take FOWLP
further with Enewidths well Delow
1um. This is very easy 10 realize

with sikcon carriers and IR debond
and aliows seamlass integration of
copper and dual damascens.

Enabling Die-to-Wafer

Hybrid Bonding

Reconstructed wafers circumvent
the restriction of wafer-to-wafer
(W2W) bonding Dy allowing tested
good dies 0 be placed on a carmier
substrate and then filing the gap
Detween dies with a disiectric
oxide filling process. In thic way,

a continuous wafer with an oxide
surface Serves as a base for further
process steps. Figure 2 describes
the process flow in detail.

One of the main reasons for

this process flow is t0 eliminate
tragitional packaging materials and
replace them with fab-ciean and fab-
standard materials. This shifts the
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standard packaging process from
back-end-of-ling processing to the
fab front-end where interconnectc
ars being processed. AS a

sult, mors and thinner layers of
interconnects in chip processing can
Ds achieved than ever befora.

NanoCleave is perfactly suited for
enabling silicon as a starting carrier
gdus to the following reasons:

= It provides for a fusion bondable
surface to attach chips top side
up or bottom side down for
mechanical attachment

It provides the high-temparature
capability for all standard
fabrication processes at process
temperatures of 450°C and higher
It combinas with W2W nybrid
ponding to enable layer transfer
and unform stacking of multiple
thin wafers, enabing high
bandwidtn interconnecis

It enables the delamination
of ultra-thin films in the sub-
micron rangs

Ultra-thin Layer Transfer and
Stacking Using “Temporary”
Fusion Bonding

Another significant appication of
NanoCieave is the combination of
IR laser release technology with
fusion bonding, which enabies
fusion bonding to carriers and then
area-selectve detachment after
processing. The IR laser reiease
technology is based on front-end
compatidie and avaiable materials
and deposition processes. This
means that there are no limitations
in process temperaturs, that the
NanoCieave and release of the
product wafer can be conducted
without any adaptive process, and
that integration fiows do not nead to
be adapied and requakfied due to
new materiais in the fine. Another
key advantage of using inorganic
rolease layers is ther high film
uniformity in comoination with
fusion bonding. As the materials are
highly uniform over the wafer and
do not aiter their properties during
processing, the NanoCieave carrier
System enables a tremendous
raduction in device thickness to
sub-micron vithout damage
rasulting from the carrier process.

Continued on page 66
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Continued from page 36

specially in hybrid bonded memory
applications, such as SRAM or
DRAM, camer systems have a
crucial role in wafer stacking. To
stack the same wafar layouts,
without mirroring one of the

devices, face-to-Dack stacking is
needed where one device wafer

is mounted, thinned and backside
processad on a carrier used for
hybrid bonding (Figure 3). By freeing
any temperature restrictions and
enabing ultra-thin silicon processing,
tnrough silicon vias of 50um depth
can become through sdicon contacts
of oniy a few MiCrons, resulting in
improved thermal, electrical, and
better cost performance. As a

result, NanoCieave carriers are a kay
enabier for using hybrid bonding on
ultra-thin device wafors.

Conclusion

Wafer bonding and layer transfer are
critical enablers of 3D integration.
Giass carriers and inorganic
adhesives have traditionally been
usad for building up layers in 3D
devices. Howaver, continued
roadmap scaling requires a new
approach to layer transfer technology.
A novel and universal IR relsase
technology througn silicon wafers,
calisd NancCleave, nas besn
deveioped that provides pracicaly
controlied clsaving without IR
transmission Or risk {0 the dsvice
layer. The use of inorganic IR reivass
layers enables nanometer-precision
separation of layers and higher
procassing temperatures, theraby
supporting front-and processing and

enabling die and wafer processing
with thicknessas beiow 1um for
improved PPAC. The NancCleave
technoiogy is demo ready at EV
Group's Heterogeneous Integration
Competence Centar™ (HICC) — the
company's innovation incubator for
heterogensous device integration —
located at #s neadquarters in Austria.

Beyond today’s application, wafer
bonding and NanoCleave can

piay a key role in upcoming devica
deveiopments by providing a
boost to ithography scasing for 3D
sequental and even new transistor
designs, such as complementary
FET (CFET). Further research into
this ic being investigated.

The Importance of Smart Data Solutions

Continued from page 37

In the highly competitive,
high-voiume, data-intensive
semiconductor industry, with fabs
manufactuning at or near capacity,
smart data solutions have bscome
indispensable.

Smart data solutions provide a
comprehensive solution tailored to
the semiconductor manufacturing
environment. They compie the
encrmous amounts of data being
collected at every step of the
manufacturing and testing process
and condense and transform # into
valuable, actionabie information
companiss can use.
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By combining smart data solutions
and Al applications for the
semiconducior industry, such

as machine earning, predictive
analytics, and Al aigorithms, a
YMS fulfilis all the data needs of
semiconductor manufacturers.
These cutting-adge analytics help
manufacturers get the maximum
benefit from their data with 6.g..
automatc pattern recognition,
tool combination anaytics, and
multivariate monitoring (Figure 2).

The key to increasing yield often
ieS in identifying the combination of
factors that contribute to a specific

problem or in quickly pinponting
which wafers or iots were afiected
by a particular issue. A YMS helps
uncover these hidden corrsiations
and patterns. Manufacturers using
YMS aiso save on engineering time
that normally goes to gathering

all the data by making the
manufacturing and test data easily
accessible.

In short, A YMS created specifically
10 solve data probiems in the
semiconductor industry integrates
multip¥e innovative and powsrful
tools to heip manufacturers quickly
make smarter JecCisions. ¥



