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The low temperature electronic transport of highly The electronic transport in the metallic samples not only
boron-doped nanocrystalline diamond films is studieddepends on the properties of the grains (highly boron-
down to 300 mK. The films show superconducting doped single crystal diamond) alone, but also on the in-
properties with critical temperaturés. up to 2.1 K.  tergranular coupling between the grains. The Josephson
The metal-insulator transition and superconductivity is coupling between the grains plays an important role for
driven by the dopant concentration and greatly influ-the superconductivity in this system, leading to a su-
enced by the granularity in this system, as comparederconducting transition with global phase coherence at
to highly boron-doped single crystal diamond. The crit- sufficiently low temperatures. Metallic nanocrystalline
ical boron concentration for the metal-insulator transi- samples show similarities to highly boron-doped single
tion lies in the range fron2.3 x 102° ¢m~2 up to  crystal diamond. However, metallic samples close to the
2.9 x10%° ¢m—3, as determined from transport measure- metal-insulator transition show a more rich behaviour. A
ments at low temperatures. Insulating nanocrystallinepeak in the low-temperature magnetoresistance measure-
samples follow an Efros-Shklovskii type of temperature ments for samples close to the transition is explained due
dependence for the conductivity up to room temperatureto corrections to the conductance according to supercon-
in contrast to Mott variable range hopping in the caseducting fluctuations.

of insulating single crystal diamond close to the metal-

insulator transition.
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1 Introduction Renewed interest in doping-induced phonon-mediated pairing mechanism (see Ref. 8 and 9, and
electronic phase transitions came up as superconductivityeferences therein), in contrast to more exotic descriptio
was discovered in heavily boron-doped polycrystalline dia based on the resonating valence band model [10] [11] or
mond prepared in a high pressure high temperature processsing weak localization as a precursor for superconductiv-
[1], and was confirmed by several other groups [2] [3] ity [12] [13] [14]. In the latter case, a spin-flip-driven pai
[4] [5] [6] [7] in polycrystalline, single crystalline, and ing of holes weakly localized in the vicinity of the Fermi
nanocrystalline boron-doped diamond (see Ref. 8 and 9level accounts for the superconductivity. The pairing mech
and references therein). Most experimental and theoretianism is therefore a still open question, as recently dis-
cal work suggest a standard BCS approach involving acussed [15].
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However, in this paper we focus on the metal-insulator

transition in highly boron-doped nanocrystalline diamond Bned '1 " UV-Raman

(B:ncd) thin films, clearly showing the influence of the R 1332cm” D G 3o57m A

dopant concentration and of the granular structure on the - /

transport properties at low temperatures. A comparisonis = | [10% cm?]

presented with respect to highly boron-doped single crys- S Hall

talline diamond [17]. Tuning the microscopic parameters,a @ [ 039 1

granular metallic material can vary from a relatively good S 0.95 ]

metal to an insulator, depending on the strength of elec- > '

tron tunneling coupling between conducting grains. Super- g L 25 //‘/L_ .

conductivity is confirmed to occur at low temperatures in 9o 111 .,:&

metallic nanocrystalline diamond. £ ]
20

2 Experimental Nanocrystalline diamond films have e
been prepared using microwave plasma-enhanced chemi- 500 1000 1500 2000
cal vapor deposition (MPCVD) from a hydrogen-rich gas Wavenumber [cm'1]
phase, withC'H, /H> < 4 %. Boron-doping was achieved
by adding trimethylboron to the gas phase with molar con-
centrationsB/C' reaching 10000 ppm (see Tab. 1). The i
quartz substrate (suitable for transport measurements) we Figure 1 UV-Ramanjpectrg (325 nm) display the central
either prepared by mechanical polishing (Bmec prefix) orPhonon line atl332 em™" of diamond, shifting to lower ener-
by ultrasonic seeding (Bus prefix) with a monodisperse soJ1€S With increasing boron doping. A clear Fano resonance can
lution of nanodiamond patrticles, in order to provide a high Ee sdeedn. Inbado!ltlo:, the_Dband(? peaks, Oj'g'n‘?‘t'_g? figrt
density of nucleation sites for film growth [18]. The sub- onded carbon In the grain boundaries are aiso visible.
strate temperature was maintained at 7G0while the to-

tal pressure and input power were varied between 30 to 4Qesonance can be seen. as alread P

X . , y reported in highly boron-
TQ” and 2?500 t0 3500 W, resp'ectlvelly. The typical sampledoped single crystalline, polycrystalline, and nanocrys-
thickness is about 200 nm, with grain sizes of about 150, jine diamond [7] [20] [21] [22] [23]

nm. Fig. 2 shows a typical AFM imag® (um x 1um) of a

A van der Pauw geometry has been used for the meaporon-doped nanocrystalline diamond sample. The images
surements of resistivities and Hall coefficients. Care Wasave been taken using a carbon nanotube as AFM t|p Note
taken to measure in the ohmic range. The Hall effect washat the topological structure measured in height is not as
measured at room temperature switching the magnetic fieldietailed as the information obtained from the phase image.
between +1.8 T and -1.8 T. From room temperature downrhe typical sample thickness is about 200 nm, with grain
to 360 mK, electrical resistivity measurements were per-sizes about 150 nm. The grain size does not depend on the
formed using a Quantum Design Physical Properties Meagopant concentration [24].
surements System. A four terminal configuration for the Fig. 3 shows the room temperature conductivity as a
contacts has been used. In the same setup, magnetoresignction of the free carrier concentration as determined
tance measurements were performed with perpendiculafrom room temperature Hall effect measurements for
fields up to 8 T. A dilution fridge was used at lower temper- geyeral boron-doped nanocrystalline diamond thin films
atures with perpendicular fields up to 14 T. Micro-Ramanith boron concentrations (SIMS) in the range from
backscattering studies have been performed at room temy 7 1016 3 up t03.0 x 102! em=3 (see Tab. 1).
perature using a HeCd cw laser (325 nm) and a x 40 objeca, strong increase of almost 10 orders of magnitude from
tive, with a resolution of about cm~!. A liquid nitrogen (-8 (2em)~ L upto75 (2e¢m) ! already indicates a tran-
cooled CCD was used for signal collection. Atomic Force sition from insulating to metallic samples. Compared to
Microscopy has been used in tapping mode with a tip conyhe room temperature conductivity of heavily boron-doped
sisting of a carbon nanotube. The boron concentratign single crystal diamond , boron-doped nanocrystalline di-
has been deduced from Secondary lon Mass SpectroscoRynond films have substantially lower conductivities in
(SIMS) depth profiles of ' B~, 12C'~, and'! B1?C~ ions.  the high doping range (one order of magnitude) [17] [23]

. High temperature transport measurements on weakly-

3 Results and Discussion The UV-Raman spec- doped nanocrystalline diamond films reveal an activation
tra shown in Fig. 1 display the presence of the D and Genergy of abou890 meV [24], and, thus, indicate substi-
peaks [19], originating fromsp?-bonded carbon in the tutional incorporation of boron in these films (see Ref. 18
grain boundaries, as well as the central phonon line atnd references therein). Assuming full ionization at very
1332 em~! of diamond. With increasing doping a shift of high doping levels, the difference between the Hall carrier
the central phonon line to lower energies and a clear Fan@oncentration and the boron concentration as determined
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Figure 2 Typica! AFM image taken Wit_h a ca_rbon nanotube tip Figure 3 Room temperature conductivity as a function of the free
of a nanocrystalline diamond sample with grain size of about 100c4yvier concentration, as determined from room temperature Hall
nm. Note that the topological structure is better revealed in (b) thesffect measurements. shown for several boron-doped naswocry

phase rather than (a) the height. talline diamond thin films with boron concentrations (SIMS) in
the range fron9.7 10*® em ™ up t03.0 10%* ¢m ™3 (see Tab. 1).
Sampl¢T" M B] nHall,300;( [?] . 03001K The strong increase of the conductivity with boron doping, from
ppm [em™?] [em ™3] | [27 'em™ ] 1078 (2em) ™! up to75 (2em) ™!, already indicates the transi-
BusO <105 | 9.7-10° 15.10-8 tion from the insulating to the metallic samples.
Bmec50 1.2-10'° - 3.4-107°
Bmec150 7.0-10% | 2.4-10" 24-1073 . —
BUs20 5 mK is shown in Fig. 4 (a) for several samples. In con-
us 70 1019 - 0.25 trast to the minimum resistivity observed in single crystal
Bus100 9.5-10 - 0.30 diamond at intermediate temperatures [17], the resistiv-
Bmec2500 3.9-10"° | 2.3-10% 0.8 ity of nanocrystalline diamond increases with decreas-
Bus1000 25.10%° | 2.9.1020 6.2 ing temperature [24]. The highly doped samples with
Bmec5000 5.6- 10 | 1.3- 107! N t2t13 >_<thlo21_ct7_’f|3t(3ee Tatb- 1) alfSObS(?E(zW supercon-
— o1 — 1 uctivity with a critical temperatures of a =2.

Bus3000 1.1-10 13 1021 29.3 (Samples Bus1000 and Bme5000 behaved like a disor-
Bus4000 - [30-10 34.9 dered metal, but showed no superconductivity down to
Bus4500 1.1-10*" | 1.8-10* 63.3 350 mK). Fig. 4 (b) shows a zoom of the normalized re-
Bus10000 1.4-10% - 55.2 sistanceR/R(300K) for sample Bus5000, compared to
Bus6660 2.0-10% | 2.7-10* 75.8 the diamagnetic response obtained from a.c. susceptibil-
BUS5000 24.10% : 722 ity measurements. The onset of diamagnetic screening

corresponds to the transition to zero resistance, clearly
Table 1 The samples are designated after the seeding procedufdlcatlng the bulk nature_ of SI_Jperconductlwty n highly
on the substrate before growth and the boron concentration i oron-dop(_ed nanocrystalline (_jlamond. The _C_m'ca_l bo_ron
the gas phase during growth in ppm. The carrier concentratiorEOncentration,. for th2eo met%l-lnsulator trar;(?ltlon ?[IQS In
and the conductivity as determined from Hall and van der Pauwth€ range fron2.3 > 10 cm ™ up t02.9 x 10=" cm™, in
measurements taken at room temperature, as well as the resu@0d agreement with what was found for single crystal and

of SIMS measurements are summarized. Sample BusO showelaO'yC.rySta”ine. diamond (see Ref. 8 and 9, find references
no detectable Hall effect. therein). As will be shown below, the metal-insulator tran-

sition is due to the increasing doping within the grains. For

metallic samples close to the transition, the granular na-
by SIMS (see Tab. 1) indicates the compensating effects ofure is becoming important, reflected by the intergranular
the grain boundaries. For heavily boron-doped single cryscoupling between metallic grains.
tal diamond, the Hall carrier concentration gives values up  Fig. 5 (a) shows the temperature dependence of the
to ten times higher than the boron concentration measuredormalized conductivity for the weakly-doped samples
by SIMS [17] which is not yet fully understood. Bus100 and Bmec2500, which are close to the metal-

The temperature dependence of the normalized reinsulator transition. A Efros-Shklovskii (ES) type of hop-

sistancep/p(300K) in the range 300 K down to 350 ping dependence is observed over a remarkably wide range
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a) b) a) b)
. . . . 0,005 : 100
- .\ qu 00 Bus5000 4Bncd o = a/5(300 K) B:scd {001}
F \ 1 3 n, =4.0 10% cm®
ol ] ] 0,004 Ty = 210K
2
1] #5 ]
{0,003 = 1t
o 01} @ ] X & — 10}
X $ o Bustoo 05} 8 Xk o *
8 001} §,8 o Bmec2500] = S s &
2] ¢ = Bus1000 e 10.002 x %_ -1 T
% 1E3F  » o Bmec5000] [ 5 S
1Eab o+ Bus3000 L 2 ©
r §§; v Bus4000 1 40,001 £ 3
A + Bus4500 [ o Bmec2500
1E-5F » Bus100001 ol 4 T,=3100K \o 4] N6 =2410° cm’®
1E6 v Bus6660 ‘ 0.000 [ = Bus100 . Towmy = 3700K
r - <>I BusS(I)OO 1 . . ' 5[ T,=3300K
1 10 100 0,0 0,5 1,0 0,0 0',1 0,2 0,2 023 0:4 0:5 0:6 0:7
TIK] TIK 1705 (1K) 1T [1/K° %

Figure 4 (a) Temperature dependence of the normalized resistjq e 5 (a) Temperature dependence of the normalized conduc-
tancep/p(300K) from 300 K down to 350 mK. Highly doped ity for the weakly doped samples Bus100 and Bmec2500, fol-
samples withi > 1.3 10" em”™” show superconductivity with ing 5 Efros-Shklovskii hopping over a wide range of temper-
a critical temperatures of abofit = 2.1 K, (b) Zoom of the  4yre5. They, values of both samples are indicated; (b) The tem-
normalized resistancé&/R(300K) for sample Bus5000, com-  heratyre dependence of the conductivity of highly boron-doped

pared to the diamagnetic response obtained from a.c. SUSCEPlnge crystal diamond follows a Mott variable range hopping de-
bility measurements. The onset of diamagnetic screening COMe3endence.

sponds to the transition to zero resistance.

of temperatures, from 300 K down to 20 K. The exponen—VRH to Efros-Sthovskii V_RH_has recentl_y been reported
epy Tshepe et al. in boron-ion-implanted films [16] as well

tial decrease of conductivity with decreasing temperatur 5 by Sato et al. in a lower-doped sinale crvstal diamond
is typically seen on the insulating side of disordered mate- y ! W P Ing y :

rials such as heavily doped semiconductors. The interpla)@é}_" ThE thizqretical vt;alue dfo,ps for Efros-Shklovski
between thermal activation and tunneling processes lead N Eq. 1S given by
to hopping transport [25] [26], characterized by a stredche

2
exponential temperature dependence of the conductivity To 5g = i 2)
following ’ drkpeoer
T\™ with €, the relative permittivity and the localization
o(T) = opexp { <19) } Q) length (decay length of wave function for isolated impu-
rity atoms). The coefficient is equal to 2.8 according

with m depending on the hopping mechanism. For nearestto Shklovskii [26] or equal to 0.57 according to Adkins
neighbour hopping (NNH) m equals unity for simple ac- [33]. Takinge, = 5.7, 8 = 2.8, and§ = 0.3 nm as the
tivated behaviour [27], whereas = 1/4 in the case of effective Bohr radius of the boron acceptor in diamond
variable range hopping (VRH), as predicted by Mott [28]. [34], one obtains fom < n. Ty ps = 2.7 x 10* K.
Taking into account that Coulomb interaction leads to aFrom the fit of the low temperature transport data of the
reduction of the single-particle density of states near thdow doped samples Bus100 and Bmec2500 we Ting s
Fermi energy and, thus, to an opening up of the so-called/alues of the order of 3000 K (see Fig. 5 (a)), which is a
Coulomb gap, the hopping mechanism is called Efros-factor of 9 smaller than the theoretically predicted value.
Shklovskii VRH withm = 1/2 instead ofm = 1/4 [29] A discrepancy of a factor 5 can be explained by the choice
[30] [31]. The Coulomb interaction plays an important role of the values. Another possibility is the scaling dfy zs

at low temperatures, and the crossover from Mott VRHwhen approaching the metal-insulator transition[16], or a
to ES-hopping should be observed below a certain criti-temperature-induced smearing of the Coulomb gap [35]
cal temperature. As shown in Fig. 5 (b) for highly boron- [36].

doped single crystal diamond, insulating samples close to  An Efros-Shklovskii hopping conductivity over a wide
the metal-insulator transition exhibit Mott VRH and no range of temperatures has also been found in metallic and
crossover to Efros-Shklovskii VRH could be seen, prob-semiconducting granular arrays [37] [38] [39] [40] [41]
ably due to the decrease of tlig value when approach- [42] [43]. Multiple cotunneling processes can account for
ing the metal-insulator transition. A crossover from Mott Efros-Shklovskii-like variable range hopping in granular

Copyright line will be provided by the publisher
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metal arrays with weak intergrain coupling [43] [44] [45] a) b)
[46]. For quantum dot arrays, random charging of dots and 12 B -
long range Coulomb interactions create a soft Coulomb Bincd 6| ncd:B 100 mK
Bus4000

gap [47]. v Bus4000

A granular material is characterized by several physical e Bmec5000 5t

S, . . . 09F a Bus3000 E

quantities: the dimensionless intragranular conductasmce
the intergranular (tunneling) conductancé, the charging 4r
energyE,. = ¢?/4rkpege,d (d is the grain size), and the < o
mean level spacing = (vV)~! (v is the density of states 3 9| 1 29 500 mK
and V the volume of the grain) [44]. In the limjt < g % &l
one obtaines a "granular system”, whereas the gasej
can be interpreted as a homogeneously disordered system. 03 1 1
Metallic transport is expected in samples with> g¢., 1 ZH;]A 5
whereas samples with < g. show insulating behaviour. O 2100 mK + s x 50 MK
This corresponds to a situation with metallic grains, &ithe 00 ——————— 5 1015

with strong or weak intergrain coupling, respectively. The

critical conductancae, is related toE, ands as log (T/1K) HT]

ge = (1/27D) In(Ec/6) ®) Figure 6 (a) Logarithmic temperature dependence of the normal-
where D is the dimensionality [44]. For a grain size ized conductivity for several highly doped samples as expected
d =~ 150 nm and a typical density of states = for a granular metalT in units of Kelvin); (b) Magnetoresistance
10%° eV —tem 2 one getsE,. ~ 20K ands ~ 1mK. One of sample Bus4000 at several constant temperatures, revealing re-
could expect two-dimensional effects, as the grain sizegions with negative and positive magnetoresistance, respectively.
is of the same order of magnitude as the thickness andnset shows a zoom in of the same graph.
thus,g. ~ 0.52 or g. ~ 0.77 for a three-dimensional or
two-dimensional system. These estimates lie between theonductance whereas other growth parameters (e.g. nucle-
values of conductances for samples Bus100 and BuleOf)t. densit y determine th 'gt P | i 9-
(see Tab. 1). This is in good agreement with the criterion o1 G€NS| y) determine the intergranular coupling.

; o . For samples witly > ¢., several contributions to the
of effective activation energy used above to determmeConductivit can be seen. depending on the temperature
the metal-insulator transition in this material [24]. One Y  dep g P

range (see Ref. 42 and references therein). For tempera-

more energy parameter has to be added if the constitue - ) .
grains are made of a superconductor material: the supe?—ureST > I" (I" = 99 can be interpreted as the width of the

conducting gap! of the material of a single grain. Global smearing of the energy levels in the grains), one should find

macroscopic superconductivity can be obtained depenol‘r21 logarithmic temperature dependence (for two- as well as
ing on the interplay between Josephson couplingnd three-dimensional systems) of the conductivity[44]:
grain charging Coulomb energy.. . s

As already mentioned above, fgr < g¢. insulating _ 1o~ gEe| _ T 4
behaviour is predicted following an Efros-Shklovskii vari or =90 TZg In T a+bin(T) ()

a_ble range hopplng, which is observed in nanoc_rystallquith z the coordination number of the arbitrary periodic
diamond over a wide temperature range (see Fig. 5 (a))4ice (E. taken in Kelvin, orT in units of Kelvin).

An estimate of the localization lengthfrom the exper- This logarithmic temperature dependence of the con-

imentally determined’y values givest ~ 1 nm, which ductivity has been reported for several granular metallic
is much sr_naller than the typical grain size. 'I'_herefore,_ansys,[ems [39] [48] [49] [50] [51]. As can be seen in Fig. 6
interpretation as granular metallic system with weak in- (a), some of the nanocrystalline samples show a logarith-
_tergranular_ coupli_ng, leading to an insulating behaviour,mi(’: temperature dependence at low temperatures. Highly
'; Inot a;r)]pllcablelm OLr’]r case. Hlowever, as will be Srlm\?mconducting samples show a crossover to superconduct-
elow, the granular character plays an important role Oring behaviour (not shown in Fig. 6 (a)). The temperature

metalh_c nanocrystall_me diamond samples close to theat which the deviation from the logarithmic temperature
metal-insulator transition. The well-controlled growth o

) . nden k I incr with ing. Electron-
nanocrystalline diamond opens a way to study the abov dependence takes place increases with doping. Electro

. . ; ; ; %@lectron interaction is responsible for the logarithmimte
mentioned insulating behaviour of a metallic granular sys-

tem. The dopina concentration controls the intraaran Iarperature dependence. Interactions with phonons leads to
) pIng : intragranufary power law dependence at higher temperatures. As dis-

1 Both g andg dimensionless conductance (corresponding tocussed below, no clear logarithmic temperature depen-
one spin component) and measured in the units of the quanturelence can be seen for more highly doped samples.
conductance:?/h: g = G/(2¢*/h) with G the conductance Fig. 6 (b) shows the magnetoresistance of sample
(Gl = 271 Bus4000 at several constant low temperatures in the range

Copyright line will be provided by the publisher
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from 100 up to 500 mK and with perpendicular fields up a) b)

to 14 T. Extremely strong magnetic fields destroy the bulk S —

superconductivity (superconductivity of single grains). Bincd B:scd

The positive magnetoresistance in the high-field limit re- 0,025 2090 2ol -‘"f

sembles the behaviour seen in metallic single crystal and _-'-‘“'

nanocrystalline diamond films [7] [23]. A region with 15l AR

negative magnetoresistance is found when decreasing the = ’ TetTel

magnetic field. Superconducting behaviour is found at | . 05K (E ol .« osk

sufficiently weak magnetic fields, a qualitative similar be- I Z 06K| E [ *eu e 07K

haviour has been reported in other granular systems [40] ' F Lokl @ e 10K

[53] [54]. 05| ] 12k| 05 = Lt 43K
14K wes, o " 15K

The physics of granular metallic systems with weak in- 0,0 dbefeatel

tergranular coupling has been summarized recently by Be- s )

loborodov et al. [44]. Hereby, the negative magnetoresis- HT] HT]

tance of a granular metal can be explained by the suppres-  C)

sion of the density of states (DOS) due to superconduct- ‘3‘2 : : — -

ing fluctuations [55]. As layed out in Ref. [56], the theory a0l NS

of superconducting fluctuations near the transition inéo th 25f  fee ey,

superconduting state was developed long ago. The forma- E fg fat1a P

tion of a new transport channel via nonequilibrium Cooper T 1o} A" .

pairs leads to the so-called Aslamazov-Larkin contribu- oo L ey ]

tiondo 41,) [57]. Coherent scattering of electrons forming a BT 10 15 20 25

Cooper pair on impurities gives rise to the Maki-Thompson TIK

contributiondo ;7 [58] [59]. Both of these corrections en-

hance the conductivity, therefore leading to a positivemag

netoresistance. However, a fluctuational gap in the oneFigure 7 (a) Magnetoresistance for sample Bus6660 at several
electron spectrum is opening up due to the formation ofconstant temperatures; (b) similar to results obtained on equiva-
nonequilibrium Cooper pairs [60]. This suppression of thelent heavily boron-doped single crystal diamonq films. For sam-
density of states has been shown to lead to a correctiofle Bus666Q; ~ go > 1 holds and the properties are not very
of the conductivitydopos [55]. Beloborodov et al. has different from those of the bulk superconductor; (c) Phase di-
shown that in a granular systems the DOS correction play§9ram obtained from temperature sweeps at constant magnetic
a very important role [55] [61], whereas in conventional field and magnetic field sweeps at constant temperature indicate
superconductordo 4, andéaMT,are more important than a critical magnetic fieldZ.. of about2.5 T' comparable to values

S0 pos. This contribution to the conductivityopog is ~ °Ptained insingle crystal material.

negative. Its absolute value decreases with increasing mag

netic field, thus leading to the negative magnetoresistance Fig. 7 (a) shows the magnetoresistance for sample

which is seen for sample Bus4000 in Fig. 6 (b). Bus6660 at several constant temperatures. With increas-
ing magnetic field superconductivity is broken, the onset
is shifted to lower magnetic field values with increasing
?emperature. This behaviour is quantitativly similar te re
sults obtained on equivalent heavily boron-doped single
ystal diamond films, as shown for a highly boron-doped
ngle crysta111} diamond sample in Fig. 7 (b). Fig. 7

One should keep in mind that for sample Bus4000
g is close to one, approaching the quantum resistanc
Ry = h/(2e)? ~ 6.4k for which a superconductor-
insulator transition is expected. In this case, similar be-
haviours of the magnetoresistance have been reported [6

[63] [64]. The origin of such a transition is still under c) shows the - o ;
. . ; . phase diagrafii.,(7") a critical magnetic
debate. Some theories claim that it may be understood | eld of about2.5 T is estimated, similar to single crystal

terrr]r&s gf Ctooi;?](;:r-pag sca_tttlenng %lgt ogghe St%p?rcoln?rl:]c&nggiamond in the same doping range. Moreover, the temper-
condensate into a Bose-glass [65] [66], others cla Abture dependence of the conductivity at low temperatures

a perp_olati_on description of the superconductor-insulato of highly boron-doped nanocrystalline diamond films (not
trarr:iglc;ir:/i;s imc&re t?deq du%te b[rwe]ﬁ(i;'ereb{hgl?/\?al kSlIJiﬁEr'shown here) can be explained by localization effects and
conductivity 1 destroyed by bréaking up th€ Weak lInksS gq +ron_glectron interactions typical for disorderedatse
between the su.per.conductmg grains (Josephsc_)n ]unctlon? ee Ref. 50 and references therein), following

at low magnetic fields. At strong magnetic fields even ' '

the superconductivity in the grains is broken. The nega- o 1/2 /2
tive magnetoresistance is due to the increasing number of or =00+ AxT "+ B xT ®)
accessible states for normal transport in the phase spaaghere p is an index depending on the scattering mechanism
[67]. [52], and o the finite conductivity extrapolated to zero

Copyright line will be provided by the publisher
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temperature, similar to single crystal diamond [17]. One[14] J.J. Mares, M. Neadek, P. Hutk, and J. Kristofik, Diam.

possibility is that the intergranular conductamgdacreases
with doping. Therefore, one reachgs~ ¢y, and these

Rel. Mat.16, 921 (2007).

[15] J.J. Mares, P. Huk, J. KristofikM, and Nesldek, Sci. Tech-

samples should be treated as a homogeneously disordered nol. Adv. Mater.9, 044101 (2008).
system which explains the similarities in the electronic [16] T. Tshepe, C. Kasl, J.F. Prins, and M.J.R. Hoch, Phys. Rev.

transport properties of highly boron-doped nanocrystalli
and single crystal diamond films.

4 Conclusion We report on the metal-insulator tran-
sition in highly boron-doped nanocrystalline diamond
films. Low temperature transport measurements sugge

that metallic nanocrystalline diamond follows dependen-
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