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ABSTRACT 

InN is now one of the hottest materials in the world. Interest stems from the potential for the development 
of the next generation of mobile communication hardware. Intemational research is increased dramatically, 
however Australia remains a pioneering research force in this area. In this paper, we present OUT latest 
results on the optical and elecnical characterisation of InN thin films prepared by RF reactive sputtering of 
an In target with pure nitrogen gas. A new aspect of target conditioning is identified as an important growth 
parameter. A series of samples were grown with different thickness under optimized growth conditions. 
Films were characterised hy x-ray difiaction, atomic force microscopy and Hall measurements. Optical 
measurements show that films have hand gap values close to 2 eV. A comparative study of the optical and 
electrical properties is reported after removing 100 to 200 nm of the film surface by reactive ion etching. 

1. INTRODUCTION 

Although the highest mobility nitride films ever grown were polycrystalline indium nitride grown by RF 
sputtering [I], the exact conditions for obtaining these high mobility films remain elusive. In previous work 
we were able to show preliminary results after long conditioning periods of the growth[2]; the effect of the 
target nitridation on structural properties [3,4]; the improvement of the InN films by removing surface 
oxide [ 5 ] ;  and the high nitrogen incorporation in the InN [6] .  The present work continues to study the 
optimisation of indium nitride towards the goal of reproducibly achieving high mobility polycrystalline 
InN. 

2. EXPERIMENTAL 

InN films were grown in a reactive ion sputtering system operating at 13.56 MHz. The system has recently 
been updated with a turbomolecular pump, a throttle valve pressure controller with feedback from the 
Baraton gauge, an in-line gas purifier capable ofreducing oxygen species down though 10 parts per billion, 
and a load-lock allowing the growth system and the pure In target to remain constantly under vacuum. For 
these experiments a base pressure of between 2 and 5 xlO' Torr were used and a gas flow of 23 sccm. No 
sample heating was used, though it is estimated that the samples could have heated up to 80 "C during 
sputtering. The growth period was 1 to 2 days and all the films reported here were grown on borosilicate 
glass degreased and cleaned prior to loading in the growth system. The RF sputtering power was kept 
between 40 and 60W. 
The film thickness was measured by an Apha-step Tencor surface profiler. A Cary UV-Vis double beam 
transmission spectrophotometer was used to collect optical transmission spectra for the hand-gap 
measurements. The elecizical resistivity, the carrier concentration, and the Hall mobility were measured by 
the van der Pauw method using Au contacts on comers of 0.4 by 0.4 cm2 samples. The structural and 
morphological properties were investigated using X-ray dif€raction (XRD), scanniug electron microscopy 
(SEM), secondary ion mass spectroscopy (SIMS) and X-ray photoelectron spectroscopy. The stiuctural and 
morphological propenies were investigated using XRD and atomic force microscopy (AFM) after 
removing sequential surface layers 200 nm thick by low power reactive ion etching (ME) using CF4 and AI 
chemistries. 
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3. RESULTS AND DISCUSSION 

In all our grown samples recently analysed, there is no significant improvement of the mobility and carrier 
concentration. The mobility varies between 5 and 94 cm' / V.s while the carrier concentration varies 
between 3.4 x IOl9and I x IO2' ~ m - ~ .  It has been observed that there is a s'uong correlation between carrier 
concentration and mobility in RF reactive ion sputtered InN[I]. We recently went back to all our results 
and looked more closely at the carrier concentration and mobility as a function of target aging for most of 
our grown samples. Table I reports on these measurements. The most interesting samples are shown, 
especially the ones just after the nitridation of the target and after a very long period of samples growth. 

Samples #I  to #6, were grown prior to the growth system modifications. SIMS and XPS measurements 
revealed a strong C incorporation in these samples. After modifications and improvements of the growth 
chamber, potential sources of oil contamination have been greatly reduced. Therefore the C incorporation 
decreased and XF'S measurements show a nearly nil atomic concentration for C inside the samples. SIMS 
measurements are in accordance with X P S ,  showing that there is a decrease of C in InN samples after 
modification of the growth chamber. Samples #a and #b should then be our best samples, however despite 
showing best mobility and a reduction of C concentrations they don't have a low carrier concentration and 
are still highly degenerate. If we then look at the lowest carrier concentration, according to [ l ] ,  best 
mobility samples should have low carrier concentration around 5 x 10l6 - 5x IO'"f3, the best sample is 
then sample #2 with carrier concentration of 3.58 x IOt6 cm". With greater target age, after sample #2, the 
carrier concentration increases and the samples again become highly degenerate. Recently we demonstrated 
that theses degenerated samples have high nitrogen to indium ratios and that very high nitrogen 
incorporation levels could be possible within InN[6]. This could explain why there is a very small growth 
window where InN would be prepared in stoichiometric form due to a specific conditioning of the target. 
From table 1, we can deduct that the optimum conditioning of the target occurs just 20 to 40 hours after 
nitridation has begun. Conditioning of the target is one of the crucial conditions to add to the list of growth 
parameters. Several experiments have been performed to strip off the excess of N coming from the over- 
nitridated target. After modification of the growth system, the target has always remained under vacuum. 
Two different methods have been attempted. The first one was to run at a very low RF plasma power of 20 
W for 2 days to ~IY to remove any excess of N in situ from the target. From this attempt there wasn't any 
improvement of InN mobill and carrier concentration. The second method was to melt the target in situ at 
very low pressure of 4 x 10. Pa to 2 x lo4 Pa. Surprisingly there was no need to wait 100 hours of growth 
to see the nitridation of the target. Samples #x and #y were growth just after melting the target in situ. Tbe 
photon transmission data from the Samples #x and #y are shown on Figure 1 with the other samples. 
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Figure 1. Photon transmission data showing transition to a hand-edge approximating that of InN (lower 
wavelengths) as target nitridation proceeds with samples #x and #y just afler remelting the target in situ. 

Figure 1 shows the progression in the aansmission spectra of films grown during the nitration process. For 
lower transmission, the progression from 600 nm to 300 nm ranges corresponds to samples grown t?om a 
metallic target to a nitridated target. The transmission spectra of samples #x and #y correspond to samples 
grown with a target where the process of nitridation has started. What is called nimdation of the target may 
also he suspected as being a conditioning of the target for 100 hours that removes any excess oxygen when 
starting growth with a new target, which has been exposed to air. In our case the target has been prepared 
and used under vacuum. 
The XRD measurements on the InN samples all show the same characteristics; with a preferred (0002) 
orientation indication the c-axis of the hexagonal I d  stlucture is perpendicular to the substrate. Figure 2 
shows typical XRD of sample #a, well oriented with all crystallites having (0002) and (0004) planes 
parallel to the growth surface. As we improve the quality of our InN films by modification of the growth 
chamber and investigation of the optimum growth conditions, the (0002) and (0004) peaks become sharper 
indicating a good quality material with a single orientation. 
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Figure 2. Typical XRD shown for sample #a. 

85 

Authorized licensed use limited to: MACQUARIE UNIV. Downloaded on February 17, 2009 at 21:54 from IEEE Xplore.  Restrictions apply.



A new RIE technique, using CF4 and AI chemistries, has been developed for our InN films for future 
device fabrication purposes[6]. A number of etch tuns using different plasma power has been performed to 
obtain vertical and smooth sidewall profiles, they showed that the hest results were obtained for a RF 
power of 70 W. At this RF power, XRD and W-v i s  measurements on etched and un-etched samples were 
similar. Beyond 70 W, XPS and SIMS revealed that there was a strong F radical incorporation in InN 
causing etch-induced damage. Figure 3 shows the AFM measurements on the InN before and after etching 
200 nm at a RIE power of 70 W in a case of a sample before nitridation of the target and after nitridation of 
the target. Before nitridation of the target the sample looks amorphous, the etching just reveals the defects 
seen at the surface. For the sample after nitridation of the target, the grains of the InN can he seen and are 
very similar and smaller after removing 200 nm ofthe surface. 

Figure 3. Tapping-mode AFM 1 w2 images of InN films. a) before nitridation of target, h) before 
nitridation of target, after removing 200 nm top surface by RIE at 70 W c) after nitridation of the target 

and d) after nitridation of the target, after removing 200 nm top surface by R E  at 70 W. 

4. CONCLUSION 

RF sputtering of indium nitride layers has been re-visited in these labs in order to clarify the optimum. 
growth parameters that can he used to produce high mobility layers. We can already establish hest 
parameters for reliable and steady InN material growth. This work includes a new parameter. This 
parameter is the conditioning of the In target just after nitridation in order to obtain InN in stoichiometric 
form. Further work is under investigation at the moment to be able to control the conditioning of the target. 
It has to be nitridated but not over-nihidated. 
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