Characterization of surface graphitic electrodes made by
excimer laser on CVD diamond
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In this work graphitic structures were fabricated on high quality polycrystalline CVD diamond by using a UV laser beam (A =
193 nm). Two different kinds of structures were realized on diamond to study the evolution from di-amond to graphite at
different irradiation conditions (spot like structures) and to study their electrical transport properties (strip like structures).
The graphitic structures were characterized structurally and morphologically by micro-Raman spectroscopy and atomic force
microscopy. The electrical properties were evaluated using the transmission line model. Finally, a full carbon detector was built

and tested showing good nuclear detection properties.
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1. Introduction

CVD diamond material is an attractive choice as ionizing particle
sensor for extremely demanding applications ranging from high energy
physics to radiotherapy and nuclear fusion reactors. The realization of
reliable, radiation-hard and polarization free ohmic contacts on dia-
mond is one of the crucial steps to fulfill. In addition to this, there is a
growing interest in full-carbon sensors for nuclear physics experiments
(such as active carbon targets [1]) and for applied physics (such as bio-
chemical sensors [2]). It was shown that metal-less contacts fabricated
by laser writing techniques present an ohmic behavior and are polariza-
tion free [3]. Moreover, a diamond detector with graphitic contacts was
irradiated with a total fluence of about 2.5-10 '> protons/cm 2 and
turned out to be radiation resistant [4]. In this work it is presented a
more systematic fundamental study to better understand the previous
promising results in order to exploit the laser graphitization technique
for the above mentioned applications. In this respect, the laser-
induced graphitization process on diamond surfaces was systematically
studied by realizing two different kinds of structures (spots and strips),
changing the experimental irradiation conditions (beam energy densi-
ty, number of laser pulses and cycles of scans) and applying different
complementary analysis techniques in order to evaluate the
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morphological, structural and electrical properties of the realized struc-
tures. This comprehensive experimental study allowed to understand
the interplay between the graphitization and ablation processes and
to measure quantitatively the electrical resistivity and the geometrical
parameters of the graphitic contacts. Subsequently, thanks to this
study, a full carbon detector was realized demonstrating the good
charge collection properties of the graphitic electrodes. In this respect,
twenty strip electrodes were realized on a detector grade polycrystal-
line CVD diamond which were tested with 120 GeV pion during a
testbeam at CERN, in Geneva.

2. Manufacturing of graphitic spots and strips

From the literature it is well known that when a laser radiation hits a
diamond surface, with appropriate values of wavelength and energy den-
sity, the localized heating, induced by electron thermalization, could
overcome the potential barrier of the diamond-graphite transition,
which is T>T,~700 °C in air [5]. In particular, if the energy density is
large enough, the diamond photothermal modification occurs already
at the first laser shot. Then, due to the different physical properties of
graphite with respect to diamond and in particular the higher absorption
coefficient, the other laser shots can induce graphite ablation (T =
T ¢ =~ 4000 °C). Moreover, if the laser fluence is high enough, the surface
graphitization and ablation can occur within a single laser shot: the sur-
face graphitization can be induced by the leading part of the laser pulse
followed by the ablation of the graphitic material by the rest of the
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laser pulse. Understanding the physical evolution and the interplay be-
tween the photothermal diamond graphitization and graphite ablation
phenomena it is crucial to have a good control of the process and opti-
mize the realization of ohmic contacts on the diamond surface. For this
reason, two types of graphite structures were realized on CVD thermal
grade polycrystalline diamond of dimensions 10x 10 x0.25 mm > with
different aims: graphitic spots, to study the physical evolution of the
graphitization process, and graphitic strips, to find the optimal irradiation
parameters to create good and reliable ohmic contacts. The experimental
setup is illustrated in a simple schematic picture Fig. 1. The key elements
of the graphitization process are an excimer laser, to produce an UV radi-
ation highly absorbed by the diamond material, and a focusing optical
system. For the realization of the two graphitic test structures on sample
several combinations of laser parameters were used with a fixed laser fre-
quency (10 Hz). In particular, the spots were realized using different
numbers of laser pulses (N = 1, 2, 4, 8, 25, 40, 50 and 100) and fluence
values (F = 2, 5 and 7 J/cm 2), while the strips were realized using differ-
ent numbers of up-and-down scans (C = 1/2, 1, 2,6, 8,10 and 12, where
C = 1/2 corresponds to one up scan) and fluence values (F = 2, 3, 5 and
7]/cm2). The laser scans velocity was fixed at v = 0.2 mm/s for the strips.
In Fig. 2 is reported a picture of the graphitized CVD thermal grade poly-
crystalline diamond. The unirradiated sample was a CVD thermal grade
polycrystalline diamond (TM100) provided by Element Six Ltd (UK) of
dimensions 10 x 10 x 0.25 mm?>. This sample was a material doped
with boron and its most important properties are listed here: thermal
conductivity >1000 W/(mK) @293 K, bulk and surface resistivity equal
to 1x10 ' Om and 1 x 10 8 Qm respectively, roughness after the surface
polishing of one side <50 nm (graphitized surface) and after lapping of
the other side <250 nm.

A preliminary inspection with an optical microscope permitted a se-
lection of the structures to investigate both for good graphitization ho-
mogeneity along all the graphitized areas and for not excessive
ablation phenomenon. The selected test structures are reported in this
work: spots realized with F = 5 J/cm 2 and N = 1, 2, 4, and 8 and strips
realized with F = 5and 7 J/cm ? and C = 2, 6 and 8.

3. Characterization of graphitic spots and strips
3.1. AFM and micro-Raman analysis of graphitic spots

Generally, at the first stage of the laser-induce process (few laser
pulses, at least just one) the diamond graphitization results in a bump
on the surface profile due to the mass density difference between the
two carbon phases (Pgiamond = 3-5 g/cm? and Pgraphice = 1.9 g/cm?) [5].
The next pulses, overlapping with the previous ones, induce a continuous

Fig. 1. Scheme of the experimental setup for the diamond graphitization. It was composed
by an ArF excimer laser (1) which produced a UV radiation (wavelength A = 193 nm and
pulse duration 7 = 20 ns), a rectangular aperture (1 x 1 cm?) (2) and a variable iris (4) to
reduce the beam size, an energy attenuator (3) to modify the laser energy, and a 15x UV
objective lens (5) to focus the radiation on the diamond surface (6). The diamond and its
holder (7) were fixed on two submicrometric motorized translation stages (8) for the
movement in the X-Y plane perpendicular to the beam direction. A LabVIEW software
(9) was used to remotely control at the same time the laser and stages machines.

Fig. 2. Laser-induced graphite structures on CVD thermal grade polycrystalline diamond
surface. The graphitic structures were realized with several combinations of the
irradiation parameters (laser energy density and number of pulses). The spot diameter
was 130 + 10 um, while the strip width was 35 + 5 um. The strip length was 1 mm.

transformation of the surface profile due to the simultaneous occurrence
of the graphitization and ablation processes. In order to study the laser in-
duced modification of the diamond surface profile, atomic force micros-
copy (AFM) investigations were carried out using a Park System Xe-70
in non-contact mode, equipped with a tip of silicon nitride with radius
of curvature <10 nm. The AFM scans were performed on area of
20 x 20 um 2. Fig. 3 shows the physical evolution of the average height
of the spot structures obtained after laser-diamond interaction with re-
spect to the number of pulses obtained by AFM measurements. Positive
height values were found for N = 1 and 2, corresponding respectively
to 108 & 3 nm and 75 4 3 nm, and negative height values for N = 4
and 8, corresponding respectively to —8 4+ 1 nm and —106 + 1 nm,
where the zero level refers to the flat surface of unirradiated diamond
[6]. This means a swelling phenomenon up to two pulses followed by a
crater formation phenomena increasing the number of laser pulses. In
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Fig. 3. Average height of the spot structures obtained with a laser fluence of 5 J/cm 2 as a
function of the number of laser shots [6].



particular, the first pulse creates the graphite bump, the second pulse in-
duces a partial ablation of the visible graphitized zone, and the next
pulses generate craters with increasing depth as a result of the dominant
ablation with respect to graphitization. Fig. 4 shows an AFM image of the
crater generated by eight overlapped laser pulses. The image is taken on
the boundary between the irradiated diamond surface and the unirradi-
ated adjoining zone (zero level). The overall trend of the spot average
heights is almost linear with the number of pulses, in agreement with lit-
erature data [5]. However, studies on graphitic spots and strips demon-
strated that for any number of pulses, below the ablated layer of
diamond, a graphitic layer is present.

In order to investigate the structural nature and evolution of the
bumps and craters micro-Raman spectroscopic analysis was per-
formed on these test structures. The measurements were realized
using a Renishaw InVia Raman Microscope, with an Ar + laser
(A = 514.5 nm) focused by a 50x optical objective (Leica,
Germany) to a spot of 1 um diameter on the sample surface. The
backscattered light, collected by the same objective, was analyzed
by a microscope equipped with a holographic Notch filter (cutoff at
100 cm 1), a 1800 lines/mm diffraction grating and a
thermoelectrically cooled RenCam CCD detector. The wave-number
resolution was 0.5 cm ' in the range from 100 to 8000 cm ~'.
Raman spectra were taken in the center of each graphitic structure.
In literature, the Raman characterizations performed on CVD dia-
mond samples with the same excitation associate a sharp peak at
1332 cm ! (d peak) to carbon in diamond phase and a broad peak
at 1580 cm "' (G peak) to carbon in graphite phase. The intensity
ratio of the two peaks indicates how much of each carbon phase is
present on the surface [7]. Furthermore, in any carbonaceous materi-
al the graphitic phase presence with different degrees of disorder is
associated also to other two peaks: the peak at 1350 cm ! (D peak)
and at 2700 cm ! (2D peak). A micro-Raman spectrum of the unirra-
diated diamond is reported in Fig. 5. It shows a narrow d peak cen-
tered at 1332 cm ! and a G band extending from about 1450 cm ™!
to 1650 cm ~'. The sharp and well defined d peak is expected for a di-
amond material, while the G band is most likely due to the presence
of graphitic carbon structures in CVD diamond [8]. In Fig. 6 the
micro-Raman spectra of laser-induced spot-like structures with a
laser fluence of 5 J/cm 2 at different number of laser pulses are
displayed, while in Table 1 the relative intensity in a.u. of the d and
G signals, associated to diamond and graphite phases respectively,
are reported together with their ratio. It is possible to note that the
spots created with one or two laser pulses show no evidence of any
diamond phase while, increasing the number of laser pulses the d
peak is again visible together with the G peak whose intensity is
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Fig. 4. AFM image of the graphitic spot boarder realized at laser fluence of 5 J/cm 2 and 8
overlapped pulses.
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Fig. 5. Micro-Raman spectrum of unirradiated diamond.

reduced. The lack of the d peak for spot with N = 1 and 2 in the spec-
troscopic measurement means that the graphitic bump height must
be thick at least as much as the micro-Raman sampling depth
(50 nm for A = 514.5 nm [9]) consistent with the heights estimated
by AFM analysis. Conversely, a diamond peak is expected in corre-
spondence to spots with craters due to competitive ablation process.
Together with the G peak, also the D peak of graphitic phase is con-
stantly present in the spectra of all the spots. In particular, it is clearly
visible that for the spot N = 1, where the diamond phase is absent,
the D peak is broad and well defined; while increasing the number
of pulses, the D peak exhibits a reduction of the relative intensity
as opposed to the growth of the peak d. The constant presence of
the G and D peaks confirms that both after the dominant diamond
graphitization process (swelling phenomenon) and after the domi-
nant graphite ablation process (crater formation phenomenon) the
presence of trigonally coordinated carbon (graphite) is always true
on the surfaces of the spots. It is worth to report that to obtain the
peak intensity values of the different carbon phases no subtraction
operation by baseline was done. The aim of micro-Raman analysis
in this work was to investigate the structural nature and the evolu-
tion of the graphitization and ablation laser-induced processes by
the valuation of the presence or absence of the different phases of
carbon, and in particular, where possible, to define a trend of the be-
havior of the irradiated diamond surface to changing experimental
parameters.
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Fig. 6. Micro-Raman spectra of laser-induced spot-like structures with a laser fluence of
5J/cm ? at different number of laser pulses: N = 1,2, 4, 8.



Table 1
Relative intensities and intensity ratio of the d and G Raman peaks for spots (upper half)
and strips (bottom half) like laser induced structures.

d intensity G intensity d/G intensity
I ratio
(au) (au)
Spots
F5N1 ~0 6.0x102 ~0
F5N2 ~0 1.0x 103 =0
F5N4 65x102 8.0x102 81x107!
F5N4 40x102 65x102 62x10""
Strips
F7C2 12x10° 20x103 60x10""
F7C6 ~ 26x10° =0
F7C8 75%x102 1.0x10° 75%x10°!
F5C6 23x10°3 28x10° 82x107!
F5C8 27%x10°3 12x10° 23

3.2. Micro-Raman and electric measurements of graphitic strips

In Figs. 7 and 8 are shown the micro-Raman spectra of the strip-like
structures realized with a laser fluence of 7 and 5 J/cm 2 respectively,
while in Table 1 the relative intensities of the main peaks are reported
together with their ratio. In particular, in Fig. 7 are presented three
micro-Raman spectra related to the strips realized with laser fluence
F = 7]/cm 2 and number of scans C = 2, 6 and 8: a progressive decrease
of the d peak intensity moving from two complete up-and-down scans
(C = 2) to six complete up-and-down scans (C = 6) is shown. On the
other and, the G peak intensity increases with the increase of up-and-
down scans (from C = 2 to C = 6). Similarly to the spot structures,
this is due to the graphitization swelling phenomenon. For C = 8 the
d diamond peak appears again and the G graphite peak is reduced. As
before, this behavior is ascribed to a substantial ablation phenomenon
and to a continuous graphitization process. The combination of laser pa-
rameters F = 7 J/cm ? and C = 6, due to abundance of carbon in graphit-
ic phase (a high G peak and a little pronounced D peak) and the absence
of diamond phase (d peak), seems to be the most interesting one for the
realization of conductive layers on diamond surface for nuclear detector
and bio-sensor applications. It is also interesting to evaluate the micro-
Raman spectra of the strip-like structures realized with laser fluence of
F = 5]/cm? and number of laser scans C = 6 and 8 (Fig. 8). Both show a
definite presence of d and G peaks. In particular, comparing the intensi-
ty values of d peak among the strips realized at same number of laser
scans C = 6 or 8 but with different laser fluence F = 5 and 7 J/cm 2
(Table 1) it is possible to note that the diamond peak presents a
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Fig. 7. Micro-Raman spectra of laser-induced strip-like structures realized with a laser
fluence of 7 J/cm ? at different number of laser scan cycles: C = 2, 6, 8.
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Fig. 8. Micro-Raman spectra of laser-induced strip-like structures realized with a laser
fluence of 5 J/cm ? at different number of laser scan cycles: C = 6, 8.

considerable fluctuation of intensity, confirming that once the graphiti-
zation process is started the ablation phenomenon takes place simulta-
neously and it is very sensitive to variations in energy. In addition, it is
worth to report that for all the micro-Raman spectra of the strips
(Figs. 7 and 8) the D peak is constantly visible and it completes the pres-
ence of trigonally coordinated carbon in its different phases, similarly to
the case of the spots (Fig. 6). This is always true for all the strip-like
structures realized at the several combinations of the irradiation param-
eters (laser fluences F = 5 and 7 J/cm 2 and scan cycles C = 2, 6 and 8).

The most promising strip-like structures (those which had shown
the high G peak intensities) were electrically characterized. In particu-
lar, the considered structures were that ones realized with F = 5 and
7])/cm? and C = 6 and 8. The electrical characterization was performed
using a probe station composed by two probes with tungsten tips of 40
um in diameter, hooked to two micromanipulators for 3D movements
and a by labVIEW software to control a Yokogawa 7651 programmable
DC source, a SR570 low noise current preamplifier and a HP34410 digi-
tal multimeter. The ohmic nature of the graphitic strips were verified by
measuring the current-voltage curves. An accurate method, based on
the transmission line model (TLM) [10] was used to evaluate the electri-
cal resistivity of the strips.

In particular, by measuring a current-voltage (I-V) curve among
probe contacts placed at an increasing distance d along one strip, it is
possible to extract the total resistance Ry from each I-V curve. Thus,
the resistivity can be estimated from the dependenc of the total resis-
tance Ry on the distance d between the contacts, which is expected to
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Fig. 9. Current-voltage characteristics recorded along the graphitic micro-strip realized
with a laser fluence of 7 J/cm 2 and 6 laser scan cycles at different probe distance d:
0.25 mm (solid triangles), 0.5 mm (empty triangles), 0.75 mm (solid squares) and
1 mm (empty squares).
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Fig. 10. Total resistance versus the distance between the contacts for the graphitic micro-
strip realized with a laser fluence of 7 J/cm 2 and 6 up-down scans.

be linear for homogeneous strips according to the equation:

pd

Rr=2Rc+00, (1)

where Rc is the probe contact resistance and p, w and t are, respec-
tively, the electrical resistivity, the width and the thickness of the
strips. Fig. 9 shows typical [-V curves measured on a graphite strip
(F= 7]J/cm ?; C = 6) for a distance d varying from 0.25 mm to
1 mm. Each curve exhibits an almost linear trend which allows ex-
trapolating the electrical resistance Ry value by means of a linear
fit. In Fig. 10 the obtained dependence of Ry on the distance d is
shown, and the graphite resistivity p in addition to the probe contact
resistance Rc were calculated by the slope of a linear fit based on
Eq. (1), after measuring the strip geometrical parameters. The planar
dimensions of the strips were measured by the optical image of the
strip (Fig. 2), while its thickness was estimated using AFM analysis,
after a thermal annealing treatment, which removed the graphitic
layer by oxidation reaction (T = 600 "C, for 150 min, in air) [11].
Knowing the average height of every graphite bump before the an-
nealing treatment, and measuring the crater average depth after
that, the total thickness was determined by adding the two values.
The measured and estimated geometrical parameters together with
the corresponding calculated electrical resistivity values are report-
ed in Table 2.

The obtained electrical resistivity values for the strips are consistent
with the expected one for graphite p =10 > — 10 ° Om [3,5]. In
particular, the strip with the lowest value of electrical resistivity p =
(4.0 £ 0.8)10 > Qm was realized with F = 7 J/cm ? and C = 6 (probe
contact resistance Rc = 92 Q). This structure was that one with the
only graphite phase and without diamond phase (micro-Raman analy-
sis), therefore, with the greatest quantity of graphite.

Table 2

Geometric parameter (length 1, width w, thickness t) and resistivity values (p) of the gra-
phitic strips realized at different irradiation fluence values (F = 5 and 7 J/cm 2) and laser
scan cycles (C = 6 and 8).

Strips 1 w t p

(m) (m) (m) (Qm)
F5C6 1x10°73 3x10°° 1.81x 107 7.5x10°
F5C8 1x10°7 3x107° 1.7x1077 9% 10°°
F7C6 1x1073 4x107° 1.69x 107 40x107°
F7C8 1x10°7 4x10° 226x 107 55x 10

4. Characterization of a full carbon strip detector

A diamond detector is a solid state detector working like an ionization
chamber. The low thermal carrier generation, even at room temperature,
allows operating the intrinsic diamond as a detector, without any needs
of a diode structure to deplete the carriers and limit the thermal genera-
tion current. The bulk and surface dark currents of diamond sensors are
~1 pA/cm ? for a typical electric field of 1 V/um. The charge collection
is very fast, more than 100 um/ns in velocity saturation regime [12].
Ohmic contacts are necessary to apply the electric drift field and collect
the generated charge in a reproducible way. The best combination of
laser irradiation parameters (see third row of Table 2) were considered
as starting point for the realization of electrical contacts to fabricate the
graphitic electrodes for a full carbon nuclear detector prototype. The
used sample was a CVD detector grade polycrystalline diamond (EL) pro-
vided by Element Six Ltd. (UK) of dimensions 5 x5 x 0.325 mm >, This
sample has a limited quantity of impurities (boron concentration
<1 ppb and nitrogen concentration <50 ppb) and the roughness of
both the surfaces after the polishing < 20 nm. Twenty graphitic strips
with a width of about 100 pm and a length of about 3.5 mm were realized
on one sample side and a 3.5 x 3.5 mm 2 graphitic pad on the other side
(Fig. 11). Both the strips and the pad were made with the same laser irra-
diation parameters (fluence F = 7 J/cm 2 and scan cycles C = 6), but with
a gap of about 68 pm for the strips and a geometrical overlap of 50% be-
tween adjacent laser scans for the pad. In principle, the strip processing
optimization could depend on diamond type, quality and surface
polishing. Nevertheless, the graphitization-ablation process, in this case,
is expected not strongly dependent on diamond type after the first graph-
itization layer is formed [13].

4.1. Electric measurements

To test the uniformity of the graphitization process, the electric resis-
tance was measured with the TLM method for various graphite elec-
trodes, for different incremental distance (five steps of 100 um in both
directions for four strips and five steps of 500 um in one directions for
six strips) and for different zones of the same graphite strip (the group
of measurements of 100um step was done starting from 100 um from
the strip border and repeated again starting from the strip center). In
Fig. 12 (left scale), the diamond electric resistance measurements of
one graphitic strip are shown as a function of the contact separation
and its linear fit provides the electric resistance per unit length (1.5 M
/m) and the graphite/probe contact resistance (Rc = 225 Q). Measuring
the electrode width of 100 um and assuming an electrode thickness of
0.169 um like the sample F7C6 (our best guess from Table 2), the resistiv-
ity is evaluated to be about 2.5 x 10 > Qm and it have to be compared

FF

Fig. 11. Full carbon detector: CVD detector grade polycrystalline diamond sample
graphitized on both surfaces with 20 strips on the front side and a pad on the back side.
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with 4 x 10 ~> Qm, value of the sample F7C6 (Table 2). The relative stan-
dard deviation of the measured resistances per unit length, correspond-
ing to a total of 24 measurements, turn out to be about 15% and it is
dominated by the systematic error related to the reproducibility of the
graphite/probe contacts (for these, a variation from 0 to 250 Q were ob-
served). It is possible to conclude that the electrical resistance uniformity
of the graphitization process is much better than 15%. The electric isola-
tion between strips can also be measured with the TLM method by fixing
the first contact on a graphitic strip and changing the position of the sec-
ond contact on the subsequent graphite electrodes. Also in this case, an
almost linear behavior was observed over the voltage range investigated,
from — 10V to + 10 V, which suggests an ohmic nature for the graphite/
diamond contact (Fig. 12 right scale). The effective diamond bulk electric
resistance was also evaluated contacting a central graphitic strip on one
side and the graphitic pad on the opposite side and determining the cur-
rent-voltage curve. A linear behavior was observed over the voltage
range between —20 V and 20 V and using Eq. (1), with R ¢ = 0,
w x d = 0.1 x 3.5 mm ? respectively electrode width and length, and
t = 0.325 mm diamond thickness, thus the diamond resistivity turn out
tobe 3 + 2 x 10 ' Qm in a dark box. It is worth to report that the mea-
sured diamond resistivity is an order of magnitude lower in presence of
light.

4.2. Response to an ionizing particle

In order to verify the charge collection properties of the graphitic
electrodes, the device response to nuclear radiations was investigated
in a testbeam at CERN SPS (Super Proton Synchrotron) by means of
pions with an energy of 120 GeV, a rate of about 50 kHz and a beam
spot of about 5 cm 2. An ultrarelativistic pion creates an average number
of electron-hole pairs of about 36 e-h/um. Anyway, the free charge car-
rier lifetimes are limited by the presence of trapping defects like impu-
rities and grain boundaries. Consequently, the charge collection
efficiency is strongly correlated with crystal quality. One of the main pa-
rameter used to assess the quality of CVD diamond as particle detector is
the Charge Collection Efficiency (CCE) defined by the ratio between the
collected and created charge due to the passage of a ultra-relativistic
charged particle crossing the sensor orthogonally. In order to apply
the high voltage bias, the diamond sensor was mechanically kept by
two gold arms soldered to the electric contacts of a SMA connector.
The electromagnetic shielding was obtained packaging the detector in
a small anodized aluminum box. Two diamond detectors with tradition-
al metal contacts were placed up-stream and down-stream the device
under test in order to select events with particle crossing the fiducial
area with high probability. The temporal coincidence between the sig-
nals of the two reference detectors triggered the recording of the
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Fig. 13. Charge distribution of the graphitized diamond detector with a Landau curve fit
superimposed as measured with ultra-relativistic pions.

pulse response of the detector under test. The diamond detector signal
was amplified by a fast charge amplifier with a peaking time of about
5 ns and digitized by a fast waveform digitizer of 500 MHz bandwidth,
a 5 G Sample/s sampling speed and a 12 bit Analog-to-Digital conver-
sion. The electronic chain, made of the charge sensitive amplifier plus
the digitizer, was calibrated by injecting of a known charge Q o =
C oV using a AC coupled calibration capacitance C . of about 1 pF
and a voltage square generator of amplitude V = 10 mV and 1 kHz fre-
quency. The injected charge uncertainty is about 10% and it is dominat-
ed by the uncertainty on the value of C 4. Fig. 13 shows the charge
spectrum of the graphitized detector obtained after the calibration of
the electronic chain. The average collected charge is about 5000 + 500
electrons, corresponding to a CCE of 42 + 4%. This CCE value is reason-
ably in agreement with what reported on the supplier datasheet, which
is expected to be higher than 36% for a diamond thickness of 500 pm.

5. Conclusion

The intent of this work was to optimize the experimental parameters
for realization of graphitic ohmic contacts on diamond surface by UV laser
irradiation in order to realize full carbon nuclear particle detector. Spot-
like and strip-like graphitic test structures realized on diamond with dif-
ferent laser energy density and number of pulses or scan cycles allowed
to get insight on the graphitization process and select the best experi-
mental conditions to realize good ohmic contacts. This was possible
thanks to an extensive and exhaustive characterization work employing
micro-Raman Spectroscopy, Atomic Force Microscopy and Current-Volt-
age measurements. These techniques enabled investigating the evolution
from diamond to graphite phase, the morphology of the irradiated dia-
mond and the electrical resistivity of the graphitic structures. In particu-
lar, the graphitic strip realized with a fluence of 7 J/cm 2 and 6 laser
scan cycles turn out to have the lowest electrical resistivity p =
4.0 x 10 > Om. This combination of the laser irradiation parameters
was used to built a highly segmented full carbon detector prototype
and subsequently it was tested with a 120 GeV pion beam at CERN infra-
structures showing good nuclear detection performances. This work
paves the way to the realization of position sensitive full carbon nuclear
detectors. Work is in progress to fully characterize the diamond micro-
strip detector in terms of efficiency and space resolution.
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