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Welcome to the sixth and final MORGaN newsletter!

MORGaN is a project supported by the European Commission’s Seventh Framework
Programme to develop materials, processes and packaging for devices based on gallium
nitride (GaN). The target applications are high power electronic devices and sensors for
harsh environments.

The final meeting at coordinator IlI-V Labs’ premises outside Paris was a very exciting event!
The last six month period has probably been the most successful of the project, bearing the
fruit of three years close collaborative work. Dramatic results were reported in all areas of the
project: substrates, 1llI-V materials, packaging technology and sensor devices.

In this issue we report on several of these announcements:
* Three more MORGaN world firsts:
» GaN on silicon on diamond composite substrates
* ELOG cantilevers released

* First measurement of pressure using with a GaN cantilever sensor.

More information may be found on the project website (www.morganproject.eu) which has
many links to related technology and events. The website will remain online after the
conclusion of the project.

This newsletter is intended to provoke interest: please contact us if you have further
questions: contact emails are given at the foot of the page.
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[ Diamond substrates GaN on silicon on diamond composite substrate ]

STOP PRESS! (El(:‘l‘r‘lerltsi}(
. MOR_G_aN can report the f_irst demonstration of 2-inch fre_e stqnding wafers &% BATH
comprising of a 2 um (111) Si surface on a 70 um polycrystalline diamond layer > =
» Successful demonstration of FET transistors built on HEMT structures on - : - - EE
these wafers. e

Another MORGaN Milestone!

The MORGaN project has been able to report
several technical milestones to the scientific
community:

» Si/ poly diamond composite substrates have
been developed by the MORGaN
consortium and can boast the first
demonstration of 2-inch free standing
wafers comprising of a 2 pum (111) Si
surface on a 70 um polycrystalline diamond

layer.
* Unlike other approaches for exploiting T—
diamond this concept does not employ a 50 mm silicon diamond composite

substrate viewed from diamond side.

i

carrier silicon substrate. The polycrystalline
diamond substrate has a high thermal
conductivity (around 1000 WeK-m-1) and
using this approach it is possible to get
excellent heat spreading characteristics.
This composite substrate technology will be
further developed by Element Six in the UK.
 The suitability of these wafers for -V
compound semiconductor growth has been
demonstrated by the growth of InAlGaN
HEMT on these 2-inch substrates and
fabrication of FET transistors demonstrating
full pinch off at 1.4 A mm? with good A 55 mm diameter silicon diamond
leakage characteristics. composite wafer viewed silicon surface.

For more info, please contact:
Tim.Mollart@e6.com

GaN on silicon on diamond

Another MORGaN first: operational GaN
HEMT structures on Si/ polydiamond. composite substrate.
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[ [11-V materials Epitaxial lateral overgrowth (ELOG) cantilevers ]
4 2\
Objective
* Release self-supporting structures comprised of ELOG GaN.
- J

/Background \

To date GaN cantilevers are grown in bulk material and then etched out from their substrates.
These structures tend to be highly strained due to lattice and thermal mismatch between GaN and
substrate. Lattice mismatch also causes dislocations in the GaN, which reduces its structural
strength. The ELOG process involves the lateral epitaxial growth of GaN layers from a window in a
growth mask deposited on a GaN template. The ELOG layer is usually less strained and contains a
much lower density of dislocations. Therefore, sensors fabricated from ELOG templates should be
Qnore robust and have better semiconductor properties. /

/ ELOG template \

* Novel GaN templates were overgrown from the design
shown opposite using ELOG

*  Black line shows the edge of the growth window

* Red line outlines the area of GaN layer laterally
grown out from the window

 This template is designed to allow ELOG growth along
optimum crystallographic directions (60°to each other)

. ELOG GaN growth template (black), with
The MORGaN team aChIeVed Up tO 20 I.lm Of |atera| indicationofovergrowth(red) and marks

K overgrowth from these templates. indicating the release of cantilever(gw

and beam (blue) devices.

Release of MEMS structures from templates

» Using photolithography and plasma etching through the
GaN anchor defined by the narrow part of the growth
window, it was possible to release beams and cantilevers
from the ELOG template

* The elements are slightly bowed due to residual (but low)
strain relaxation, showing that the structures are indeed
free-standing and released from the templates

» |t was possible to repeatedly deflect 200 um long beams
and cantilevers by several microns, demonstrating the
robustness and high material quality of these ELOG
cantilevers and beams.

Outcomes
» Successfully fabricated ELOG beams and cantilevers

» Proof of principle of ELOG approach for fabrication of low
stress GaN cantilever and beam sensors established Images showing release from

. . _ . . . ELOG template of beam
M_lcron scale_lateral and vertl_cal deflections possible (above) and cantilever (below).
without breaking the ELOG cantilevers and beams.

For more info, please contact: Duncan Allsopp d.allsopp@bath.ac.uk




