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OSIRIS project, a Research and Innovation Action (RIA), started on May 1st 
2015. It aims at improving substantially the cost effectiveness and 
performance of gallium nitride (GaN) based millimetre wave devices. It 
proposes to elaborate innovative SiC materials using isotopic sources in 
order to offer thermal conductivity improvement of 30% which is 
important for SiC power electronics and microwave devices using GaN high 
electron mobility transistors (HEMT) grown on SiC semi-insulating 
substrates. The improved thermal SiC properties will be obtained by using 
single isotopic atoms for silicon and carbon, namely 28Si and 12C. The SiC 
wafer size will be targeted to 100mm (4-inches) which is today widely used 
in industry. For microwave GaN/SiC HEMT, this isotopic approach should 
create a complete shift in the currently used SiC substrate/GaN epi-wafer 
technology by growing the high thermal conductivity (+30%) semi-
insulating SiC on top of lower cost semiconducting SiC substrates. The 
project will evaluate HEMT microwave power performance improvement 
at 30GHz thanks to better thermal environment. For power electronics, 
this innovation will be essentially focused on thermal improvement not on 
price fall, i.e. better electron mobility at a given power dissipation as 
mobility and drift mobility decrease with temperature and also better 
carrier transport thanks to lower scattering rates. Schottky and p-i-n 
diodes will be tested using this material.  
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OSIRIS quantitative objectives are based on initial thermal simulations for the two 
targeted applications: 
I. Microwave applications 
- Potential cost of processed wafer: decrease of 30% 
- Thermal resistance improvement: 5°C.mm/W for 20 mm total gate development 
- Lifetime: improvement by around 1 order of magnitude  
- Microwave gain: increase of 1dB 
- Electrical efficiency: increase of about 5% for high frequency CW applications  
II. Power electronics applications 
- Planar device: Thermal resistance improvement of 5°C.mm/W for 100 mm gate 
width. 

III. OSIRIS  Partnership 

OSIRIS Partnership includes six companies and three public institutions from four 
European countries : France, Norway, Slovakia, and Sweden 

Project Leader : Sylvain Delage;  III-V Lab (sylvain.delage@3-5lab.fr) 
Dissemination : Pierre Ruterana ;  CIMAP (pierre.ruterana@ensicaen.fr) 
Website : http://osiris-ecselju.eu/ 

II. Project objectives   
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IV. 1. Norstel: 

• Substrates and planarization after SiC epitaxy 
 

IV.2. Linköping University:  
• on-axis SiC epitaxy SiC on natural SiC 4’’ 
• First thermal characterisation of grown SiC 
 

IV. 3. Isosilicon: 

• isotope production technique 
 

IV. 4. Ascatron :  
• First device results using isotopic SiC 

 

IV. 5. III-V Lab:  
•HEMT grown on-axis epitaxial SiC  

 
IV. 6. STUBA:  

• Results on thermal modelling of HEMTS. 
• Electrical defect characterisation 
• e-Learning 

 

IV. 7. Intraspec technologies:  
• Results on the development of  analysis techniques 
suitable to GaN components 

 

IV.8. CIMAP:  
• FIB + HRTEM of GaN  HEMT 

 

IV. Results and Progress  
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IV.1. Norstel : Substrates and planarization after SiC epitaxy 

Norstel have supplied substrate tailored 
for the on- and off-axis growth of isotope 
pure epitaxy. After epitaxy at Linköping 
university the wafers are planarised at 
Norstel. The wafers surface is fully CMP 
polished and a 3x3 µm AFM 
measurement show atomic steps and 
low roughness of 1.3 Å. Wafers are when 
delivered for HEMT epitaxy. 
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IV.2. Linköping University 

SiC epitaxial growth 
• Thick (100 µm) Vanadium doped semi-insulating SiC on 4” on-axis SiC substrates 

• PiN and Schottky device structures on 4” off-axis SiC substrates 

• Both natural and isotope pure precursors were used 

First thermal characterisation of epitaxial SiC 

Isotopic purity as measured by SIMS. 

Surface of 200 µm thick epilayers (N+/N-) for 10 kV PiN diodes, 

comparing natural (left) and isotope pure (right) layers. 

GaN HEMT device structure 

Thermal conductivity of natural SiC (reference) and 

isotope pure SiC in the two main crystal directions. 

Growth of GaN HEMT 

structures was done on both 

natural and isotope pure SiC 

epiwafers 

 

Both carbon and iron doped 

buffer layers were grown, with 

identical active layers to make a 

fair comparison at device level 

possible 

 

CV characterisation show 

consistently different values for 

isotope pure and natural SiC 

wafers 
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IV. 3.  Isosilicon’s isotope production technique 
  

An obvious difference between isotopes of a same element is their respective atomic mass. 

The tiny mass differences may induce likewise small variations in the physical and/or 

chemical behavior of molecules bearing those isotopes e.g. gas diffusion, deviation in a 

gravitational or/and centrifugal field, boiling and freezing points, electrochemical potentials, 

molecular vibrational energy levels etc. The small differences may under certain favorable 

conditions be exploited for enrichment or depletion of one isotope with respect to the 

other(s). The effect is however so tiny that just to observe or/and measure it most of the 

time poses a major challenge. Consequently, purification to a suitable degree always 

requires the enrichment step be repeated many times. 

Frequently cited enrichment methods include gas permeation through a membrane, 

distillation, electrolysis, electromagnetic deviation, centrifugation, nozzle separation, ion 

mobility, chemical exchange, chromatography, LASER induced molecular excitation.  

Within OSIRIS a feasibility study has confirmed that silicon isotopes were currently not 

industrially/commercially produced, but several methods could be envisaged for their 

purification. Our study looked closer at (i) Molecular Laser Induced Separation (MLIS), in 

which a fine tuned LASER may selectively excite a specific molecular energy level (ii) 

Aerodynamic Separation Process (ASP) combining centrifugal and nozzle separation (iii) 

Chemical Exchange of isotopes when weak chemical bonds (e.g. hydrogen bonding) are 

involved (iv) gas chromatography, in which a silicon bearing gas molecule (silane SiH4) 

moves through a packed column charged with a stationary phase. Light and heavy 

molecules may have different apparent velocities through the stationary phase, thus 

enabling isotope discrimination. In gas chromatography a combination of several 

phenomena such as gas permeation enhanced by a large specific area of the stationary 

phase can lead to effective isotopic segregation. The same four methods can also be 

developed and applied to carbon isotopes. Experimental results achieved within OSIRIS 

have shown evidence of isotopic separation with Isosilicon’s proprietary chromatographic 

systems. The enrichment factor was so promising that Isosilicon and OSIRIS partners 

decided to put all efforts on this process route. Our intermediate conclusion is that the 

method is capable of achieving 1000 kg/year 99% 28Si at a cost of 5 €/g and that the barrier 

of 1 €/g can be overcome with a production volume between 10 and 20 metric tons per 

year. 
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IV 4. Ascatron – First SiC diodes made using isotopic materials 

A first batch of 1.2 kV class Junction 
Barrier Schottky diodes based on OSIRIS 
material has been fabricated. Two types 
of epiwafers were used: one based on 
pure isotope material and one with 
natural isotope content as a reference . 
The purpose is fair comparison of natural 
vs. isotope pure based JBS diodes 
processed under the same conditions.  
 
A second batch of 10 kV class HV-PiN 
diodes based on OSIRIS material has 
been also fabricated.  
 
The two successful  batches are under 
fine electrical characterisation.  
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IV. 5.  III-V Lab: HEMT grown on-axis epitaxial SiC  

III-V Lab has successfully grown AlGaN/GaN 
and InAlGaN/GaN HEMT heterostructures 
for Ka-Band devices on Semi-insulating SiC 
substrates supplied by NORSTEL and on 
natural SI SiC epiwafers supplied by LiU.  
Although the standard growth process of 
GaN HEMT structures has been previously, 
some studies have been necessary to 
optimize the growth on this new type of 
substrates. 

The epitaxial quality of the HEMT structures and their physical properties 
(surface roughness, crystal quality, 2DEG density and mobility) are excellent 
and very similar on SiC reference substrates and on OSIRIS SiC epi-wafers. 

Five InAlGaN/GaN HEMT structures have been delivered to III-VLab 
processing team for the realization of HEMT devices 

HEMT structure on 
OSIRIS SiC epi-wafer 

HEMT structure on a  
standard SiC substrate 
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IV. 6. STUBA : Results on thermal modelling of HEMTS. 

Perfect interfaces 

Calibration of material thermal coefficients for the structure model  using 
micro-Raman spectroscopy  

Thermal analysis of the multifinger power HEMTs at stationary and pulse 
operating mode 
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IV. 6. STUBA : Electrical defect characterisation 
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Trap 
ΔET 

(eV) 
σT (cm2) Possible origin: 

ET1 
0.59 

 0.02 
1.4 7.0×10-15 

in undoped non-polar n-GaN films 

with a high density of stacking faults 

and dislocations  

ET2 0.74 1.73×10-15 
native donors associated with Ga 

interstitials 

ET3 
0.68 

0.04 
0.3 2.0×10-17 

linear array of defects due to 

dangling bonds along edge 

dislocations, N-rich growth 

conditions 

HT1 0.59 9.3×10-17 unknown origin 

HT2 0.80 1.3×10-16 unknown origin 

HT3 
0.87 

0.03 
0.6 2.5×10-17 

gallium vacancies and residual 

oxygen donors 

HT4 1.25 1.4 6.0×10-14 carbon interstitial defect 

Parameters of identified deep energy levels 
with reference data 
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IV. 6.  Communication kit targeted towards middle school students was created as 
an  e-Learning course entitled “GaN/SiC based High Electron Mobility Transistors for 
integrated microwave and power circuits” available online at 

http://uef.fei.stuba.sk/moodle/course/view.php?id=165 

The purpose of the course 
is to teach the students 
about basics of HEMT's 
characteristics and its 
operation  with the focus 
on applications in 
microwave and power 
applications. 

http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
http://uef.fei.stuba.sk/moodle/course/view.php?id=165
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IV. 7 Intraspec technologies: Results on the development of 
analysis techniques suitable to GaN components 

  
Vgs=-0.100V   Vd: Floating   Igd=1.7mA Vgd=-0.100V   Vs: Floating   Igd=1.5mA 

 

Lock-In Thermography on VE27 device (10X) 

Intraspec Technologies is still investigating on Magnetic Microscopy Imaging, Lock-in 

Thermography and Light Emission techniques capabilities to perform analyses on the standard SiC 

transistors delivered by III-V lab. 

Prior to perform these analysis, components need to be backside opened. This process is done 
thanks to a technique we developed in our lab. This is based on resin potting and flat polishing 
methods. The remaining thickness of silicon carbide should be the thinness as possible, generally 
between 5µm and 20µm, in order to optimize magnetic field detection. Since SiC material is 
transparent to visible light, the thickness of the remaining SiC is not critical for optical techniques 
but the backside opening is mandatory to get access to the active region. 

Backside opening process 
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Emission microscopy imaging on VI23 (Vgs=-1.5V / Igs=5.4mA / 50s) 

 
 

Vgd(ac)=1.5V   /  Vgd(dc)=0V  / Igd(ac)=966µApkpk /  
Igd(dc)=0A 

Magnetic Pixel 2µm / 95Khz / WD: 30µm 

Vgs(ac)= 1.5V  /  Vgs(dc)=0V /  Igs(ac)=988µApkpk  
/ Igs(dc)=0A 

Magnetic Pixel 1µm / 95Khz / WD: 30µm 

 

Magnetic Microscopy on VE27 device 
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From the month of May 2017 Intraspec disposes of new facilities that can add devices 

characterization and analysis capabilities to those previously presented and described. New 

instruments are available: a high-performance Focused Ion Beam (FIB), a latest generation 

Plasma-FIB (PFIB), and FTIR analyser. 

Both FIB and Plasma-FIB have the same electron type of column leading to the same high-

resolution SEM imaging capabilities (sub nanometer resolution).  

The FIB microscopes are well suited to perform 

serial sectioning via cross-section milling with 

extremely fine resolution, and at the extreme can 

provide average serial section thickness of 

approximately 10–15nm. So, volume reconstruction 

(3D computed tomography) can be easily achieved 

thanks to that feature, with voxel dimensions 

approaching tens-of-nanometers. 

The PFIB increases the cross-sectioning capabilities of the standard FIB, leading to perform large 

area sections in relative shorter time. So, the PFIB can be effectively used for the delayering of 

relatively large surfaces. It is therefore possible to reduce the thickness of the substrate (backside 

thinning) to perform more accurate analysis on the OSIRIS devices with both LIT and MM, as the 

resolution of both defect localization techniques will be clearly increased. 
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IV. 8   CIMAP : FIB+HRTEM Analysis of GaN/SiC HEMT. 

EMMI 
Defect 

Perfect interfaces 

Accurate localisation along gate length 
and  along gate width and  HRSTEM 
analysis  at atomic level 
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A. OSIRIS Meetings : 1. Kick-off  meeting at III-V Lab, Marcoussis, France, 

May 21st 2015; 2. Sixth Month meeting at Norstel, Norrköping, Sweden,  1st-

2nd December 2015; 3. First Year Review Meeting in Brussels, Belgium 28th-
19th June 2016; 4. Eighteenth Month Meeting at UMS, Villebon-sur-Yvette, 
France, 2nd December 2016. 

Members of OSIRIS present at the Six Month meeting in Norrköping, from left to 
right: 1. Jr-Tai Chen (LiU), 2. Jaroslav Kovac Jr. (STUBA), 3. Björn Magnusson 
(Norstel) , 4. Per Zellman (Norstel), 5. Piero Gamarra (III-V Lab), 6. Bruno Ceccaroli 
(Isosilicon), 7. Sylvain Delage (III-V Lab), then First row: 8. Jaroslav Kovac (STUBA), 9. 
Marie-Pierre Chauvat (CIMAP), 10. Guillaume Bascoul (Intraspec Technologies), 11. 
Pierre Ruterana (CIMAP); second row also from Left: 12. Dag Øistein Eriksen 
(Isosilicon), 13. Jawad Ul Hassan (LiU) 14. Sergey Reshanov (Ascatron), 15. Örjan 
Danielsson (LiU) 

B. OSIRIS Workshop 
1. Workshop on material research directed to GaN/SiC structures at the  5th 

international conference on Advances in Electronic and Photonic Technologies - 
ADEPT 2017, 19th-24th June 2017, Podbanské, Slovakia 
 
C. Upcoming events of interest to OSIRIS 
1. International conference on nitride semiconductors (ICNS-12th) , 24-28 th 
July 2017, Strasbourg, France 

V. Events 

Website : http://osiris-ecselju.eu/ 


