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Introduction

Wide Band Gap (WBG) materials such as SiC
and GaN are today the most attractive material@tioof
silicon world applications such as high power, high
frequency, high temperature and short wavelength
optoelectronic applications. These applicationstatay
pushing bulk material developments required togerig
their use at an industrial level. In this artiokee propose
new innovative substrates solutions using the S@art
process, dedicated to above listed Wide Band Gap
applications with a special focus on GaN. The Smart
Cutd technology is now recognized as a technology of
choice for the development and manufacturing of thi
film substrates whose interest relies on the gdain o
performance they can add to the applications coeaptr
bulk approaches. The most popular example is SOI
substrates (Silicon On Insulator) which are nowdubg
most IC manufacturers who see in SOI substrates the
opportunity to develop new high performance dev|dés
SOI substrates are also the first example of futhie
film composite substrates that will bring even kgh
performance enhancements in the devices of theefutu
For non-silicon applications and in particular, feide
band gap materials, bulk substrate issues ardastifrom
being completely solved for SiC applications as|esl
for GaN devices. In this article, we particularbcéis on
innovative substrate solutions for GaN growth.

Substrate solutionsfor GaN applications

Today, the GaN industry mainly relies on SiC
and sapphire substrates for development and industr
production of blue, green and white high brightneSBDs
for lighting as well as blue, and violet laser disdfor
DVD applications. The reasons of the use of these t
substrates have been already extensively discuyg3ed
Nevertheless, even if these solutions are todahgquliso
propose products on the market, substrate issweadar
solved and today limit device performance. Thet finig
issue is epitaxial layer quality. Whatever GaNrisvgn on
SiC or sapphire, blanket epilayers exhibit arouét-1.0°
dislocations / cm? due to lattice and CTE mismatche
This high level of crystalline defects may rapitily seen

as an obstacle as device performances need to be

improved. This limitation has already been ideatfifor
more stringent application than LEDs such as high
lifetime laser diodes. Expensive ELOG or pendedagpi
growth techniques have enable to partially sol® igsue
but less defective substrates obtained do not #&xhib
homogeneous defect density.

Moreover, besides epilayer quality, bulk
substrate properties are far from being optimamfra
device performance point of view. In the case @&,3he
main advantage relies on the possibility to hawergical
packaging which simplify the manufacturing techmgyio

and allows the overall cost of the LED to be coritivet
with sapphire based LEDs. Moreover, the vertical
conductive structure make these LEDs very well ssthp
to ESD sensitive applications. Main drawback of $§i€
substrate is its bulk photon trapping property thukarge
refractive index. This feature has led to substsaigping

to enhance the external quantum efficiency of tEDL
through better light extraction. Finally, the stitbw
crystalline quality and high price of SiC substsatme
limitations. In the case of sapphire substratest tha
represent today around 75% of the substrate maithket,
transparency of the substrate is clearly one adgenthat
advanced packaging, such as flip-chip, aims tovderi
benefits from, allowing light to escape from thecka
substrate side. On the other hand, substrate resdne
during backside thinning steps performed in the
manufacturing process, make dicing step more ditfic
and increase LED overall cost. The low thermal
conductivity of sapphire can also be a limitaticuridg
high power operation. From a packaging point ofawie
the electrical insulating behavior of sapphire nsake
packaging more complex. Apart these two main
substrates, technological developments performeadliyna
on silicon have not exhibited yet satisfactory perfance

to compete with SiC and sapphire solutions.

For electronic applications such as power RF
transistors, substrate issues are the same than for
optoelectronics even if focus is done on electrical
insulating and thermal conductive substrate prageert

Smart-CutO substrate solutions for GaN epitaxy and
related applications

Innovative substrates developed using the Smart-
Cut technology must be seen as composite sulstrate
comprising a single crystal layer bonded onto a
supporting wafer. The possible combination of etiéht
materials due to wafer bonding flexibility allowsiriking
of new substrate solutions for new or already @gst
devices solutions. Among the different possible
combinations, SiC single crystal on Si substratstained
with the Smart-Cui process [3] is today one example of
development. In this article, we will describe some
material solutions such as bonded composite substra
obtained with the Smart-Cldtprocess and involving SiC,
Si, sapphire materials as well as GaN substratdayto
available as epiwafers or as free standing sulestrat
Wafer bonding and layer transfer results of WBG
materials will be presented as well as their apgitin to
GaN material growth.

Refer ences

[1] SOl technology for the GHz er@.G. Shahidi, IBM
J. res. & dev. vol. 46 no. 2/3 march/may 2002

[2] Substrates for gallium nitride epitaxy, Liu, J. H.
Edgar, Material science and engineering R37 (2002)
61-127

[3] Silicon Carbide on insulator formation by Smart
Cut® processL. Di Cioccio, F. Letertre, Y. Le Tiec, A.
M. Papon, C. Jaussaud and M. Bruel, Material Selenc
and engineering B, volume 46, issues 1-3, April7, 3.
349-356



