— Fraunhofer

[ISB

FRAUNHOFER INSTITUTE FOR INTEGRATED SYSTEMS AND DEVICE TECHNOLOGY II1SB

MNE 2015, 415! International Conference on Micro and Nano Engineering, The Hague, The Netherlands

Experimental characterisation of FIB induced lateral damage on silicon carbide samples
F. Stumpf 2°, M. Rumler 2, A. Abu Quba 2, P. Singer ¢, M. Rommel 2

2Fraunhofer Institute for Integrated Systems and Device Technology (I1ISB), Erlangen, 91058, Germany
b Erlangen Graduate School in Advanced Optical Technologies (SAOT), Erlangen, 91058, Germany
¢ Chair of Electron Devices (LEB), University of Erlangen-Nuremberg, Erlangen, 91058, Germany

Introduction

* Focused ion beam (FIB) as flexible tool for prototyping on the nano scale [1] TN S——
= Gaussian ion beam shape causes electrical damage outside of purposely irradiated area N / irradiated area
= SSRM measurements have shown to be extremely sensitive to irradiation damage on Si [2]

= Silicon carbide (SIC) Is a promising material for numerous applications, e.g. power electronics [3]
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===) Characterisation of ion beam induced damage on SiC of great interest
===) c-AFM measurements for complementary contact behaviour investigations

Extension of lateral damage

= Measurements performed on n-doped (0.8 — 2.0) - 101° cm3 4H-SIC substrate
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= For comparison with Si, as shown in [2], similar FIB irradiation conditions have been used: == Typical effect from surface

= FE| Helios Nanolab 600 FIB ;1517%* - oolishing
= 1 um circular patterns of different ion doses (3.0-101> cm2— 1.0-10'8 cm™) 3| e T e T S
= peam current 1.5 pA; beam energy 30 keV - g S
= chamber pressure 1 - 2:10¢ mbar m==) E|evation visible for various doses
= Swelling due to the FIB
= All AFM measurements performed with Bruker Dimension Icon A P X processing
= Electrical measurements (bias applied to sample, Nanoworld AG CDT AFM probes) | TR SN
* ¢c-AFM module (voltage ramps: -5V to 0V and OV to 5V = reduced anodic oxidation) Tapping mode measurement
« SSRM module (voltage bias: -3 V) of FIB patterned SiC sample
SSRM measurements c-AFM measurements

= Determination of the resistance change due to the ion beam and its lateral extension ol

600 | ._,ﬂﬂdmﬁﬂ = Schottky contact clearly visible

6.0 = Forward behaviour at negative sample bias
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determine the radial dependency of forward direction

===) Electrically damaged areas vastly exceed irradiated and topographically S +114.4

obversable areas
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ion dose [cm™]
m=m) |ateral damage extensions show power law dependency: |
= Slope: Si ~ 2.25; SiC ~ 2.45 e
== reason: higher dose necessary for amorphization in SIC? |
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m==) SSRM signals behave similarly for the medium range of ion doses, Voltage [V] : L0
l.e. 3-10 cm=? - 3:10%® cm™ P . e
===) Radial influence of the electrical damage on the I-V-ramps clearly visible
=== At high doses a Gallium layer forms close to the surface for Si [2]
== decrease of the SSRM signal ===) Possibility to determine radial dependency of ion doses due to beam tails?

Summary
In conclusion, this work investigates the FIB induced electrical damage on silicon carbide in comparison with the previously published work on Si
» Electrically damaged areas exceed the irradiated and topographically observable areas in lateral dimensions, comparably to the results on Si
» Resistances in the irradiated areas show comparable dependence on the FIB irradiation dose for Si and SIC, especially for the medium range of ion doses
» Schottky contact behaviour of silicon carbide has been shown and its changes due to the radial distance from the purposely irradiated area
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