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Abstract. In today’s nanoelectronics devices, thermal management is a major issue to miniaturization. Because of
its high thermal conductivity, diamond is an extremely interesting material for heat spreading. SOI (Silicon-On-
Insulator) technology suffers of the poor thermal dissipation due to the silicon oxide buried layer. Thus, SOD
(Silicon-On-Diamond) based on dielectrical diamond layer is seen as a promising candidate for future bulk
solution. Polycrystalline diamond layers of extreme insulating properties*($1€m) are successfully synthesis

with thickness under 150 nm on 2 inches silicon wafer. However, defects due to the growth and the polycrystal
structure are responsible for the detrimental current stimulate by alternative electrical field. The defects activation
energies were measured on columnar nanostructured diamond grown under different conditions. Values of 0.56 to
1.56 eV were found for defects in these films and were correlated to the growth parameters as well as the diamond
morphology.
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INTRODUCTION

Columnar Nanostructured Diamond (CND) as a dielectrical buried layer in SOD architecture was revealed to be
an effective solution for thermal management [1,2,3]. Indeed, CND layers exhibit a very high thermal
conductivity, thousand time higher than $i@ Wmi'K™) with an equivalent electrical resistivity (34@.cm).

To replace SOI technology, one of the specific requirements due to standard Fully Depleted MOS processing is
that the CND layer thickness do not exceed 150 nm. Commonly in the literature, CND layers with interesting
electrical properties were synthesised with thickness of few hundreds of nanometres to several micrometers
[4,5,6]. It was although related that polycrystalline diamond features decay with the thickness especially on
ultrathin film (<150 nm). In previous work [7], we have shown that ultrathin CND layers could exhibit electrical
insulating properties comparable to thicker diamond layer. These films were synthesised using BEN (Bias
Enhanced Nucleation) as a nucleation method to reach high nucleation denstyc¢iiothat allows fully

covered films as thin as 150 nm [8].

The use of SOD as a substrate for microelectronics implies the use of high frequency devices creating an
alternative electrical field into the bulk layer. Detrimental current leakage stimulate by the AC electrical field
yield to the improper use of SOD in such applications. Many researches [9,10,11] described the current
mechanism in polycrystalline diamond layers as hopping conduction through defects with activation energies
which range from 0.13 to 1.38 eV in diamond grain and grain boundaries. In this study, we focus on the
evolution of the defects activation energy correlated to the synthesis parameters.

EXPERIMNTAL SET-UP

Ultrathin CND layers were synthesized in a homemade MPCVD (Microwave Plasma assisted Chemical Vapour
Deposition) reactor equipped with a 2.45 GHz—-2 kW SAIREM microwave generator. The base pressure of the
reactor is 10 hPa and high purity research grade gases were used: N55 for methane and N90 for hydrogen from
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a catalytic purifier installed on the gas line.Uladed from the wall of the MPCVD reactor, the dude holder
was biased at negative voltage during the BEN skgm inches doped silicon (100) substrate (R0 thick)
was placed on a rotating substrate holder to imgptbe uniformity of the process (below 9% on 2 exfl2]).
The synthesis of each ultrathin CND layers is dddidnto three steps: (i) carburation, (i) BEN, gl growth.
After the BEN step, the 2 inches silicon wafer wasinto four equal pieces to be able to perform4tdifferent
growths on the same nucleated surfaces. CND filer®e wynthesised with different methane fractiorirduthe
growth step. The fraction of GHn H, is 0.1, 0.6, 1 and 10% for sampl&sB, C and D respectively. The
detailed process and experimental conditions grerted in Table 1In situ laser interferometer measured the
diamond film thickness controlling the growth stapcording to the sample thickness rather than d@pos
time. With this method, we ensure that the samgidsbit the same thickness and the same crystal gize.
Thickness and roughness were characterized usihg-&/is Spectroscopic Ellipsometer (Horiba Jobin-Yiyo
UVISEL) at a fixed angle of 70 All the samples have a thickness of 350+30nm. fSEBM microscope
(HITACHI S-4500) was used to image the morpholo@yhe different samples. After growth, the samplese
annealed at 673 K in air during 1 h to remove thérbgen termination conductive surface layer. Gblahn?
square contacts (150 nm thick) were evaporatedhendiamond films using an electron beam evaporator.
Diamond films dielectric resistivity was deduced tgasuring the current density flowing through dewice
from a top contact to the substrate as a back coriKeithley 6517 was used as a voltage geneadavell as
an ammeter. A substrate temperature managementdded to access to the sample resistivity at eiffier
temperatures, from 300 to 600K in air. The AC chteazation was performed using a Biologic VMP3
impedancemeter with a frequency range from 1 mHiz MHz.

TABLE 1. Experimental parameters used for the synthesis of CND layers via successive carburation,
BEN and growth steps.

carburation BEN growth
Microwave power (W) 950 950 1100
Pressure (hPa) 26 26 35
Temperature (K) 973 993 1123
Bias voltage (V) 0 -307 0
Vol% CH, in H, 10 10 0.1-10
Duration (min) 30 6 n/a

RESULTS AND DISCUSSION

It is well known that the resistivity of diamond decrease strongly with the frequency of the applied AC field [10].

In Fig. 1a, we observe that the resistivity of CND (sample B) strongly decreases from static field to high
frequency (8 orders of magnitude). To prevent this current leakage through the diamond bulk in SOD
application, we need to understand the conduction mechanisms which take place into such diamond films. As the
samples were synthesized with different fractions of methane, we could access to materials presenting the same
grain size but different chemical quality and morphology.

SEM micrographs, displayed in Fig. 2, show the morphology of the 4 samples. We observed that the crystal
quality, in terms of secondary nucleation, changes with the fraction of methane. The samples grown with the
lower methane concentration exhibit crystal faces without secondary nucleation (sAnapiéB). SampleD

(10% CH,) could not be considered as a columnar nanostructured material because the secondary nucleation is
too important for columnar growth [13].

Fig. 1b shows the evolution of the diamond layers resistivity with respect to the inverse of the temperature. The
logarithm of the resistivity allows extracting the slop of the curve and thus measured the activation energy of the
different defects present in the diamond films. The static resistigiyof the CND, respectivelA and B,
decreases from 10to 10° Q.cm when the methane concentration increases. Sahmehibits a static
resistivity of 5x10 Q.cm, far underneath the columnar nanostructured material. The samples with the lower
methane concentratiorA( B) exhibit clearly two different defects conduction mechanisms. The electrical

conductivityc is described by equation (1), with the static conductivitys; the conductivity due to shallower
defects (<0.52 eV) ansb, the conductivity due to deeper defects (>0.52 eV) and T, the temperature.

) g=0,+0,(T)+0,(T)

The shallower activation energies (<0.52eV) are in this study considered to be responsible for the hopping
transport leading to the detrimental leakage current at room temperature described in Fig. 1a. We observe that
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the hopping conduction could be described by NNiegest Neighbour Hopping) as well as VRH (Variable
Range Hopping) [14].

From Fig. 1b, we also observe that the defectyattdn energy decrease with the increasing of sdsmgn
nucleation on the sample crystal faces. Indeedpkaf(0.1% CH,) exhibits crystal faces with few secondary
nucleations and possess the best electrical feaiithedefects activation energies of 0.52 and 961t is also
important to notice that the temperature influeisc&eaker on diamond with enhanced crystal morgholo
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FIGURE 2. SEM micrographs of samplés B, C andD. The thickness of the samples is 350+30nm.
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CONCLUSION

Polycrystalline diamond films were synthesized witifferent morphology due to the different fractiof
methane applied during the growth step. We obs#rae the dielectrical resistivity of these filmscdeases
drastically with the increasing of the electricald frequency. For the samples exhibiting a colamn
nanostructure (samplé and B), hopping conduction through shallow traps (<062) was found to be
responsible for the electrical resistivity dropnidishing the fraction of methane during the groditminish the
secondary nucleation on the diamond crystal fanddrecreases the defects activation energy. Thiedbedrical
resistivity was found for low methane synthesisl%9.CH,) and leads to columnar nanostructured diamond
layers with reduced secondary nucleation. Thecstasistivity of such diamond film is 10Q.cm. We also
observed that the resistivity decreases more slaitly the temperature for sample
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